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Tarihce:

» Thomas Alexander McBean (38 yasinda, Londra)

» 1844 yilinda Iskocya'da bir seyahatte iken ani gogus agdnsi (bisey kopmus
ya da gevsemis gibi) tarif ediyor

» Geleneksel tedaviler, tekrarlayan agn ataklar

» 30 Ekim 1845 Pratisyen Dr. William Maclintyre (siddetli kemik agrilari ve
periferik ddem)

» Nefroz olasiigi=idrarda Albumin
» Dr. Henry Bence Jones

» -Sevqili Dr. Jones, tUp cok yuksek 6zgUl agiriga sahip idrar iceriyor.
Kaynatildiginda hafifce opak hale geliyor. Nitrik asit eklendiginde
kopUrlyor, kirmizimsi bir renk aliyor ve oldukca berraklasiyor, ancak
sogudukca gordigunUz kivami ve gorunUmu aliyor. Isi onu tekrar
sivilastinyor. Bu nedir?

» Sarah Newburry (Solly tarafindan tanimlanmis); 1844 iyi tanimlanmis ilk
hasta.
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I\/\Ulﬂple I\/\yelom: Monoklonal bir immuonoglobulin (M protein)
Uretebilen plazma hicrelerinin anormal cogalmasi ile karakterize B hucreli
malignite (PCD) Plazma Hucre Diskrazileri olarak adlandirmak daha dogru
olabilir.

» Kemik agrilar, patolojik kirklar » ESR>100
» Halsizlik ve yorgunluk » Anemi, frombositopeni
» Ciddi, tekrarlayan enfeksiyonlar » P.Yaymada Rulo formasyonu
» Bobrek yetmezligi » K.liginde Plazma hUcreleri > %10
» Kanama bozukluklar » Hiperproteinemi
» Hiperkalsemi
» Proteinuri
» Azotemi
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GUideIines summary ANNUAL CLINICAL UPDATES IN g WILEY

The following organizations have published guidelines on multiple myeloma (MM): SEMATOIOCICAL HALIGRARTIFS

Multiple myeloma: 2024 update on diagnosis,

(2024) National Comprehensive Cancer Network (NCCN)[?] — Diagnosis and
risk-stratification, and management

treatment

(2021) European Hematology Association and European Society for Medical S. Vincent Rajkumar
Oncology (EHA-ESMO) [27] — Diagnosis and treatment

Division of Hematology, Mayo Clinic,
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. . 28] . .
(2022) International Myeloma Working Group[ ! — Prognostic staging e Diseiss overvies: Multiile Trvaloms Bccomns for aprosimalaly 106 of hanst-

S. Vincent Rajkumar, Division of Hematology, logic malignancies.

(2021) International Myeloma Working Group 194l — Management of MM- M Clnk. 200Fest S W, Rchee. | Diagnoss:The dagrosis reqires 10% conal bone marrow plasma el o a opsy

. Emait rajkumar.vincent@mayo.edu proven plasmacytoma plus evidence of one or more multiple myeloma defining
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(2018) American Society of Clinical Oncology [*°! — Role of bone-modifying et s kg
agents
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(2015) International Myeloma Working Group Diagnosis ULUSAL TANI VE TEDAVI KILAVUZU 2020

Emedicine Hcancem ﬁu\npl M ULTlPL MYE LOM

- TANI VE TEDAVI

Minimal Residual Disease in Multiple Myeloma: Past, Present, KILAYUZU
and Future

Alejandro Medina-Herrera ', Maria Eugenia Sarasquete ¥, Cristina Jimenez -, Noemi Puig

and Ramon Garcia-Sanz
Sirim 1.03 - Mart 2020
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Multiple Myelom

vV Vv
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TUm kanserlerin %1 ila 1.8'i, Hematolojik kanserlerin %10'u (En sik 2.)
Insidansi yilda 100.000'de 5 ila 7

A.B.D verilerinden yola cikarak Ulkemizde tahminen yilda 7500 yeni tani
ve 3000 kayip

Ortanca tani yasi 66-70 arasi

Tan aninda <65 yas hasta orani % 37, <40 yas hasta orani % 2

Erkek > Kadin

Genetik kalitsal hastalik olmadigr halde nadir ailesel olgular bildiriimis

Halen kesin tedavi edilebilen bir hastalik degil ancak yeni ilaclar ile
birlikte; 5 yillk genel sagkalm orani %30’'lardan %50’lerin Uzerine cikmis
durumda
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» Tani dncesinde asemptomatik selim evre: MGUS

» Onemi belirsiz monoklonal gamopatsi
(Monoclonal gammopathy of undetermined
significance=MGUS)

» Klinik olarak heterojen bir hastalik:

» Tedavi gerektirmeyen sessiz-sinsi myelom
(Smoldering Multiple Myeloma-SMM)

» Tedavi gerektiren aktit MM
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Diger kanserlerden farki (tani-bir dizi faktoron bilesimi)

Kemik iligi veya ilgili doku calismasi

Plozma hUcre >%60 ise olasi tan

Plazma hucre yeterince yuksek degilse diger destekleyici faktorler
Uluslararasi Myelom Calisma Grubu (IMWE) 2014 Tani kriterleri revizyonu

SMM hastalarnin %80, 2 yillik izlemde tedavi gerektiren myeloma
evriimekte

Bu revizyonda daha dnce tedavi gerektiren myelomu tanimlayan CRAB
(Hiperkalsemi, Bobrek Yetmezligi, Anemi, Kemik Hastaligi) bulgularnna
kisaltmasi ile ¢ yeni belirtec eklenmis

Bu bulgular bUtinune myelom Tanimlayici Olaylar (Myeloma Defining
Events-MDE) adi verildi.
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» Semptomatik hastaliga ilerleme riski yUksek
hastalarnn erken tedavisi,

» Tedavi faydasi yuksek,

» Ciddi organ hasarlarinin Snune gecmek
mMuUmkun,

» Yasam suresi uzatilabilir.
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CRAB Belirti ve bulgularn

>

>

hyperCalcemia +1 mg/dL ya da
>11mg/dL

Renal dysfunction Cr Cl <40 mL/dk
ya da Cre > 2mg/dL

Anemia - 2g/dL ya da < 10g/dL

Destructive Bone lesions Tum vUcut
BT ya da PET-BT'de 1 veya daha
fazla osteolitik lezyon

SLIM Kriterleri

» > %60 Bone Marrow Clonal PlaSma
Cells

» Light Chain Ratio, with an
involved/uninvolved serum-free light-
chain ratio of > 100*

» More than one focal lesions (> 5mm)
on MRI

(*)Etkilenen hafif zincir dizeyi 100 mg/L’'nin Uzerinde
olmalidir. Eger tek MDE; hafif zincir oran bozuklugu ise ilgili
hafif zincirin idrar atiiminin gésterilerek klinik
degeriendirme yapilmasi gerexir.
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Myelom iliskili ve Myelom OncUlU durumlann Tani Kriterleri

MGUS (Onemi Bilinmeyen Monoklonal Gamopati) SMM (Smoldering Multipl myelom) Multipl myelom

lgM dist MGUS (IgG & IgA) [Biitiin kriterler karsilanmali] e Serum M Proteini e Kemik iligi Klonal Plazma Hiicre Orani 2 %10
e Serum M (Monoklonal) Proteini >3g/dL
<3 g/dL Veya
Kemik iligi Klonal Plazma Hiicre Orani < %10° Veya
idrar M proteini < 500 mg/24 saat Biyopsi ile kanitlanmis ekstramediiller plazmasitom
idrar M Proteini = 500 mg/ 24 saat
lgM MGUS [Biitiin kriterler karsilanmali] Ve
¢ Serum M Proteini IgM < 3 g/dL Ve/Veya
e Kemik iligi Lenfoplazmositer Hiicre Infiltrasyonu
< %10° Kemik iligi Klonal Plazma Hiicre Oran %
Lenfoplazmasitik siirece bagh B semptomlari, anemi, hiperviskosite, 10-60° i
organomegali, lenfadenopati olmamasi

Ve Myelom Tamimlayici Olay Varlig:
Hafif Zincir MGUS [Biitiin kriterler karsilanmali]
e Anormal Serum FLC Orani (< 0,26 veya > 1,65) : Tutulu serum hafif Amiloidozun eslik etmemesi En az bir veya daha fazla CRAB belirti veya
zincir diizeyinde artis (artmis olan kappa ise FLC Orani > 1,65 , artmis bulgusunun olmas
olan lambda ise FLC Orani < 0,26 ) (son ddnem bhébrek yetmezliginde Ve
referans degerler 0.37-3.1 olarak kullamiimasi uygun olacaktir.) Veya
immiinfiksasyonda immiinglobulin agir zincir karsiliginin bulunmamasi Hichir myelom Tanimlayici Olayin (SLiM ve
(gD ve IgE tipinin de ayirt edilmesi uygundur.) CRAB) bulunmamasi
Kemik iligi Klonal Plazma Hiicre Orani < %10°
idrar M proteini < 500 mg/24 saat
Ve
Hichir myelom Tammlayici Olayin (SLiM ve CRAB) bulunmamasi ve
Amiloidozun eslik etmemesi

En az bir veya daha fazla SLiM kriterinin
bulunmasi
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Oligosecretory Multiple Myeloma (OSMM)
Non-Secretory Multiple Myeloma (NSMM)

Olciilebilir Hastalik Kriterlerini Karsilamayan Serum M Proteini (g/dL) Idrar M Proteini (mg/gtin) sFLC (sSHO) Tutulu Hafif Zincir (mg/dL)
Multipl Myelom Hastalik Tamimlar

Oligosekretuar Myelom <1 <200 Normal/Anormal <10

Gercek Non-Sekretuar Myelom IF negatif IF negatif Normal Normal

IMWG Olgiilebilir Hastahlk Tanimi: Serum M proteininin = 1 g/dL olmasi veya 24 saat idrar M proteininin = 200 mg olmasi veya serum tutulu serbest hafif zincir diizeyinin =
10 mg/dL olmasi (Serbest hafif zincir araninin bozuk olmasi sarti ile).
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Guncel risk belirleme sistemleri

Uluslararasi Evreleme Sistemi (1SS)* Giincellenmis Uluslararasi Evreleme Sistemi (R-1SS)?

Serum B2 Mikroglobulin diizeyi <3,5 mg/L ve ISS evre gruplanina ek olarak

Serum Albumin Dizeyi 5g/dL Interfaz FISH ile kromozomal anomaliler

1SS evre 1 ve evre 3 kriterlerinin saglanmamasi Yiiksek Risk: del 17p varhgi ve/veya t(4;14) varhigi ve/veya t(14;16) varligi
Serum B2 Mikroglobulin dizeyi 2 5,5 mg/L Standart Risk: Yiksek risk sitogenetik anomalilerin yoklugu

Mormal: Laboratuar st limitinin altinda serum LDH diizeyi
Yiiksek: Laboratuar Gst limitinin stlinde serum LDH diizeyi

Yeni risk modellemesi (R-155)
R-1SS evresi
l. ISS evre 1 ve iFISH ile standart risk kromozomal anomaliler ve
normal LDH
R-15S evre 1 ve evre 3 kriterlerinin saglanmamasi
‘e ek olarak ya iFISH ile yiksek risk kromozomal
anomaliler ya da yliksek LDH varlg

ISS'ye gore ortanca genel sagkalim R-1SS"ye gore ortanca genel sagkalhm
1SS evre |: 62 ay R-1SS evre |: Ortanca sagkalima erisilememis
155 evre II;: 44 ay R-155 evre |I: 83 ay
155 evre lll: 29 ay R-155 evre IlI; 43 ay
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Multiple Myelom’da yuUksek riski belirleyen Faktorler

Hastaya Ozgiil Faktorler )

® Yas Hastaliga Ozgiil Faktorler

o Komorbiditeler (Kardiyak Hastaliklar, Diyabetes Mellitus gibi) ® 5SS evresi— R-ISS evresi

e Diisiik performans durumu K&t prognostik etkileri bilinen sitogenetik anomalilerin varhg

e Bobrek Hastalig Yilksek LDH, Plazmablastik hiicre morfolojisi
Artrmis plazma hiicre proliferasyon hizi
Tanida bébrek fonksiyon bozuklugu
Yilksek sayida (>400 hiicre / mikrolitre) dolasan plazma hiicre sayisi®
ilik cisi hastalik (Ekstramediiller plazmasitom veya plazma hiicreli l6semi)
Yanitsizhik durumu (Optimal tedaviyi takiben gelisen erken nitksler)
Tedavi sonrasi minimal kalinti hastalik ve koti sitogenetik (veya eklenen
kit sitogenetik dzellikler)
indiiksiyon tedavisine yetersiz yanit

K&tii Prognostik Sitogenetik Anomaliler Kot Prognostik Etkisi Olmayan Sitogenetik Anomaliler (Standart risk veya notral etki)
e Kompleks karyotipik anomali e Trizomiler {Tek sayil kremozomlarin trizomileri) (1,13,21 harig)
t(4;14)*, t(14;16)*, t(14;20)* e t(6:14)
del 17p* (heterozigot TP53 mutasyonuna neden olur) e t(11;14)*
1g amplifikasyonu (+ kopya sayisi)* e Hiperdiploidi {tek sayili kromozomlarnin trizomileri kéti sitogenetik dzellikleri
Yiiksek Riskli Gen Ekspresyon Profili dengeleyebilir)
1p delesyonlar
Hipodiploidi * Plazma Hiicreli Lésemi veya AL-Amiloidoz ile iliskili Olabilir.

* Bu genetik anomalilerin herhangi ikisinin birlikte varlig Double Hit, G¢liniin hirlikte varhig Not: daha dnce dell3q da kot risk grubundaydi ancak neredeyse cogu myelom hastasinda
Triple Hit Myelom olarak adlandinlmaktadir. saptandigindan dolayi risk gruplandirmasindan cikarilmistir.
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Myelom oncUlu durumlarda riski belirleyen faktorler

Yiiksek Riskli Smoldering Multipl myelom* Yeni/Revize IMWG Risk Belirleme
e Mayo: Serum M Protein diizeyi = 3 g/dL, Kemik iliginde Klonal Plazma Hiicre Orani = %10, SHO >8 (tutulu/tutulu olmayan SHD) Kriterleri:
e ispanyol Grubu: Kemik iliginde Klonal Plazma Hiicre Orani = %10, kemik iliginde immiinfenotipleme ile normal plazma hiicre
yoklugu (aPC/nPC > %95) (aPC:Anormal plazma hilcresi/Normal plazma hilcresi), bir veya daha fazla imminglobinde Kemik iliginde %20 nin
immiinparez tzerinde klonal plazma hiicre
artisi (KIiPH > %20)
Ek Olarak Diger Calismalarda Kot Prognostik Roll Gosterilmis Durumlar M protein miktarinin 2
Anormal sFLC Orani (8-100) g/dL'nin Gizerinde olmasi (M
_IgA SMM protein > 2 g/dL)
lki tutulu olmayan lg izotipinin distklig ile karakterize immiin parezi Serbest hafif zincir oraninin
Del 17p veya t(4,14) veya 1q amp 20'nin tizerinde olmasi (SHO >
llerleyis hizi* 20)
Kemik iligi klonal plazma hiicre oranimin %50-60 arasinda olmasi
Periferik kanda artmis dolasan plazma hilcre sayis Bahsi gecen risk faktarlerinin higbirini
Diffliz degisiklikler gbsteren MR, veya MR’da bir adet fokal lezyon icermeyen hastalarda diistik risk, en
PET-BT'de altta yatan osteolitik kemik yikiminin gosterilemedigi fokal lezyon ve artrmis FDG tutulumu fazla birini iceren hastalarda orta risk,

. iki veya daha fazlasina sahip
e |lerleyici Hastalik: 6 aylik periyot icerisinde élciilen iki serum M protein degerinde %25'in Uizerinde artis hastalarda yiiksek riskli Smoldering
Myelom’'dan bahsetmek mimkiandir
ve bu modellemeye gore ylksek riskli
Smoeldering Myelom hastalannda 2 yil
icerisinde tedavi gerektiren Multipl
Myelom’'a déniisiim oram %46 dir,
Yiiksek Riskli MGUS*

¢ Serum M Proteini Diizeyi = 1,5 g/dL veya

e gG disi agir zincir tutulumu veya

e Anormal sFLC Orani (<0,26 veya >1,65)
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Multiple Myelom’da Tedavi Oncesi Degerlendirme

Hemogram, Periferik Yayma

Serum BUN, Kreatinin, Urik asit, Elektrolitler, Ca, P, KCFT

Serum Albumin, T.Protein

Kreatinin Klirensi (eGFR ya da 24 saatlik idrar)

Nutrisyonel Faktorler (Ferritin, Vit B12)

Beta-2 mikroglobulin, LDH

Serum Protein elektroforezi M protein kantitasyonu

Serum Immufiksasyon Elektroforezi

Kantitatif immunglobulinler (IgG, IgA, IgM)

Serum serbest hafif zincir DUZEY ve ORANI (Serumda total HZ dlcUmUnUn yeri yok)

24 soo’r)idrordo Protein ve Total Hafif zincirler (idrarda serbest hafif zincirler dogru sonuc
vermez

Idrar Protein elekiroforezi, M protein kantitasyonu
idrar ImmUnfiksasyon Elekiroforez

Gerekirse IgD ve IgE spesifik ImmUnfiksasyon

AL Amiloidoz dusunUlUyor ise NT-ProBNP ve Troponin T
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Multiple Myelom’da Tedavi Oncesi Degerlendirme
Kemik lligi Tetkikleri

Kemik iligi aspirasyonu ve Biyopsi

Dikkat: Yamali tutulum = biyopsi hedefi icin goruntuleme kullanilabilir.
Genetik inceleme; Plazma hucrelerinde interfaz FISH teknigi

TUm kemik iliginde degil Myelom hucre populasyonunda yapilmal.

FISH panellerinde tfranslokasyon problarnnin yanisira, sentromerik problar
(trizomi tespiti icin)

del 17p, t1(4;14), t(14;16), 1 (14;20), +1g veya dellp (Yuksek riskli hastalar %25)

Next Generation Sequencing (NGS) + Gene Expression Profile (GEP) ileri
genetik analizler = 6zgul tedavi secimi, prognoz ve MRD takibi

Flow Sitometri icin ilk drnek, , Ideal panel secimi, etkin kullanim MRD
takibi
Uzmanlasmis Merkezler
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SPECIAL ARTICLE

Multiple myeloma: EHA-ESMMO Clinical Practice Guidelines for diagnosis,
treatment and follow-up’'

M. A. Dimopoulos®, P. Moreau”, E. Terpos?®, M. V. Mateos", S. Zweegman ', G. Cook®, M. Delforge®, R. Hiajek”,
F. Schjeswvold®®, M. Cavo®®, H. Goldschmidt®®, T. Facon™, H. Einsele®®, M. Boccadoro™®, ). San-Miguel™, P. Sonneveld™® &
U. Mey'’, on behalf of the EHA Guidelines Committee  and ESMO Guidelines Committee”
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Table 1. Recommendations on examinations at diagnosis, response assessment, during follow-up and at relapse of MM

Tool Diagnosis At response At follow-up At relapse
Blood Blood count and Obligatory Obligatory Obligatory Obligatory

blood smear

Serum electrophoresis Obligatory Obligatory (IF for Obligatory (IF for Obligatory

and IF CR confirmation) CR patients)

Serum-free light chain Obligatory Obligatory to Obligatory Obligatory

confirm sCR

Serum immunoglobulin  Obligatory Obligatory Obligatory Obligatory

levels

Renal and liver function Obligatory Obligatory Obligatory Obligatory

tests

Calcium Obligatory Obligatory Obligatory Obligatory

Lactate dehydrogenase  Obligatory Obligatory Obligatory Obligatory

Albumin, #2m Obligatory Not required Optional Obligatory

Flow cytometry Optional Not required Not required Optional
Urine Urine sample from 24 h  Obligatory Obligatory Obligatory Obligatory

urine collection to check

for proteinuria and

light-chain proteinuria

Urine electrophoresis Obligatory Obligatory (IF for Obligatory (IF for Obligatory

and IF electrophoresis

CR confirmation)

CR patients)

ASCT, autologous stem cell transplantation; (32m, beta-2 microglobulin; BM, bone marrow; CR, complete response; CT, computed tomography; FISH, fluorescent in
situ hybridisation; GEP, gene expression profiling; IF, immunofixation; IMWG, International Myeloma Working Group; MM, multiple myeloma; MRD, minimal residual disease; MRI,
magnetic resonance imaging; NGF, next-generation flow cytometry; NGS, next-generation sequencing; PET, positron emission tomography; PF5, progression-free survival; sCR,
stringent complete response; WBLD-CT, whole-body low-dose computed tomography.

® Sustained MRD negativity is supported by IMWG guidelines,” although it is not fully reimbursed in several countries. In a recent ‘Real-World” study, MRD assessments were
carried out in 139 patients before starting lenalidomide maintenance after ASCT and/or at the achievement of CR, while additional assessments were subsequently carried
out on an annual basis until sustained MRD negativity was confirmed. In total, 34.3% of patients who were MRD-positive after induction treatment achieved MRD-negative
status during maintenance and ultimately had improved PFS. Sequential MRD assessments identified patients with progressively decreasing MRD levels who also had better
PFS outcomes, compared with patients not showing a decreasing pattern of MRD.™

® Recommended based on panel consensus in order to confirm extramedullary MRD negativity in patients who are MRD-negative in the bone marrow.
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Bone marrow

Imaging

BM cytology a-nd biopsy

to confirm plasmacytosis

and monoclonality
NGF or NGS to detect
clonal plasma cells

Cytogenetics: karyotype
and FISH for detection
of del17p, t(4;14),
t{14;16), ampl

1q/ gain 1q, t(11;14)
Advanced techniques:
GEP, NG5S

WELD-CT

PET-CT

Whole-body MRI

Obligatory

Obligatory

Obligatory

For clinical trials
use only
Obligatory

Optional (it may be
carried out instead
of WBLD-CT if available)

Obligatory in
WBLD-CT-negative
cases and if PET-CT is
not carried out

Obligatory to confirm
CR or for non-secretory
MM

Obligatory to confirm
MRD negativity in

CR or sCR patients

Not required

For clinical trials
use only
Mot required

Obligatory to confirm
imaging MRD

Not required

Nnt- require-d

Every 12 months in
CR and/or
MRD-negative
patients”

Not required

For clinical trials
use only

When symptomatic
(or CT of the
symptomatic area)
Every 12 months in
bone marrow
MRD-negative
na‘cie-n‘csb

When symptomatic

Optional (obligatory
for non-secretory
disease)

Optional

Obligatory for
del17p, ampl 1q/
gain 1q and t(11;14)

For clinical trials
use only
Obligatory

Optional

Optional

ASCT, autologous stemn cell transplantation; @2m, beta-2 microglobulin; BM, bone marrow; CR, complete response; CT, computed tomography; FISH, fluorescent in
situ hybridisation; GEP, gene expression profiling; IF, immunofixation; IMWG, International Myeloma Working Group; MM, multiple myeloma; MRD, minimal residual disease; MRI,
magnetic resonance imaging; NGF, next-generation flow cytometry; NGS, next-generation sequencing; PET, positron emission tomography; PFS, progression-free survival; sCR,
stringent complete response; WBLD-CT, whole-body low-dose computed tomography.

® sustained MRD negativity is supported by IMWG guidelines,” although it is not fully reimbursed in several countries. In a recent ‘Real-World’ study, MRD assessments were
carried out in 139 patients before starting lenalidomide maintenance after ASCT and/or at the achievement of CR, while additional assessments were subsequently carried
out on an annual basis until sustained MRD negativity was confirmed. In total, 34.3% of patients who were MRD-positive after induction treatment achieved MRD-negative
status during maintenance and ultimately had improved PF5. Sequential MRD assessments identified patients with progressively decreasing MRD levels who also had better
PFS outcomes, compared with patients not showing a decreasing pattern of MRD. ™

® Recommended based on panel consensus in order to confirm extramedullary MRD negativity in patients who are MRD-negative in the bone marrow.
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Tam Yanit (CR)

MUkemmel Tam Yanit (Stringent CR)
Cok iyi Kismi Yanit (VGPR)

Kismi Yanit (PR)

Minimal Yanit (MR)

Duragan/Stabil hastalik

Yanit Durumu
IMWG MRD Kriterleri (Tam yanit elde edilmesi durumunda uygulanabilir)
Kalict MRD Megatifligi

FLOW ile MRD Megatifligi

Sekanslama ile MRD Negatifligi

Gdrintileme ile MRD Negatifligi

Yanmt Kriterleri

Hem kemik iligi (NGF veya NGS veya her ikisi) hem gdrintileme ile enaz 1 yil ara ile
vapilmis 2 farkh degerlendirmede siregiden MRD negatifligi.

Daha uzun sdreli kalio MRD negatifligi ilerleyen donemde de degerlendirilebilir
{Ornegin 5. Yidaki MRD negatifligi gibi)

En az 10° hiicrede bir veya daha yiksek hassasiyet ile Multipl Myelom icin Euroflow
MRD tespit standart islem prosedirii (veya esdeger valide edilmis farkh bir metot)
uygulanarak yapilan NGF'de kemik iligi aspirasyonunda fenotipik olarak aberan klonal
plazma hacrelerinin gdsterilememesi.

En az 107 hilcrede bir veya daha yiiksek hassasiyet ile ve ClonoSeq platformu veya
esdeger valide edilmis farkh bir metot) kullanarak kemik iligi aspirasyonunda klon
varliginin DMA sekanslamasi sonrasi ikiden az drtisen sekans okumasi seklinde
tanimlanmas durumunda NGS5 ile klonal plazma hicrelerinin gésterilememesi.

MNGF veya NGS ile MRD negatiflifine ek olarak baz alinan PET BT de artmis SUV
tutulumu gbsteren tim bdlgelerde tutulumun kaybolmas veya tutulumun mediastinal
kan havuzu 3UV'y veya etraf normal doku dizeyinin altina dismesi.
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Review

Minimal Residual Disease in Multiple Myeloma: Past, Present,
and Future

Alejandro Medina-Herrera =, Maria Eugenia Sarasquete *, Cristina Jimenez =, Noemi Puig
and Ramon Garcia-Sanz

Departament of Hematology, University Hospital of Salamanca (HUSA/IBSAL), CIBERONC,
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* Correspondence: mealonsos@saludcastillayleon.es
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(months)

Multiple Myelom MRD degerlendiriimesinde;
Konvansiyonel Flow-Sitometri ve kantitatif PCR gibi
molekUler teknikler geleneksel olarak kullanimda

Yeni tedavi protokolleri ile saglanan ‘derin yanit’
nedeni ile residu hucrelerin tespiti icin artik daha
‘yuksek dUzey hassasiyet’ saglayan tekniklere
ihtiyac var.

Bu hassasiyete ulasmak icin; Next Generation Flow
(NGF) & Next Generation Sequencing (NGS),
birlikte digital PCR (ddPCR), mass spectrometry ve
goruntlleme teknikleri gelisti.
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Monoklonal Protein tespifi ve miktar belirfiminde yeni bir paradigma:
MALDI-TOF MS (Matrix Asisted Laser Desorption lonizaiton Time-Of-Flight)

» M protein tespiti icin kullanilan MS yéontemlerinin temeli antijen
baglanma bdlgesinin benzersiz dizisidir. (Complementary
Determining Region CDR)

» Her plazma hucresi, Ig'in hedef antijenine olan affinitesini artirmak
amaci ile belirli bir CDR'a sahip (aminoasit dizisi) benzersiz bir Ig
Uretir.

» Her plazma hucre klonunun farkl bir peptid dizisi ve genel kUtlesi
vardir. Bu da MS ile M-proteini tespitinin temelidir.

» Hasta Ig'lerinin zenginlestirmesi ile baslayan, fakat analitik hedefte
farkllasan iki ydntem var:
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Monoklonal Protein tespifi ve miktar belirfiminde yeni bir paradigma:
MALDI-TOF MS (Matrix Asisted Laser Desorption lonizaiton Time-Of-Flight)

Clonotypic Peptide Approach

Ig’in tripsin ile sindirimi sonrasi ortaya cikan M-proteine spesifik peptidierin tespiti
prensibine dayanir.

Kullanim: CR hastalarinda MRD degerlendirmesi, M-proteininin Daratumumab’dan
ayrmi

Hassasiyeti cok yuksek (0.001g/L) (Serum based MRD Method)
TUmM hastalar icin uygun deqgll

Ozellikle M-proteini > 10 g/L olan bazi hastalarda sabit/cerceve peptidleri, M-proteini
tespit ya da takibini imkansiz hale getirebilir.

Ayrica CDR da polikonal arka planda daha az cesitlilige sahip cerceve bolgeleri
icerdiginden, klonoftipik peptidin M-proteinine 6zgu oldugundan emin olmak icin
dikkatli bir sekilde secim yapilmasi gerekir.
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Monoklonal Protein tespiti ve miktar belirfiminde yeni bir paradigma:
MALDI-TOF MS (Matrix Asisted Laser Desorption lonizaiton Time-Of-Flight)

Clonotypic Pepfide Approach

» Basansi hala, kot0 huylu plazma hucrelerinden genetik CDR dizi bilgisi gerektirir,
Olasi bir klonotipik pepftid belirlendikten sonra, benzersizligini garantilemek icin
iINsan proteomunun aranmasi gerekir.

» Ne yazik ki, olasi insan CDR triptik peptidlerinin tam bir kUtUphanesi henUz mevcut
degil.

» TUM bunlar kesin test sonuclarnni garantilemek icin immunoglobulin CDR bdlgesinin
cok kapsamli bir sekilde anlasiimasini gerekitirir.

» Son olarak, klonoftipik peptit ydontemi kullanilarak M-proteinleri icin tarama
gOsterilmemistir. IFE'yi farama rolUnden cikarmaz.

» Klonotip yontemiyle MRD pozitifliginin hastaliksiz ve genel sagkalm faydalarina
donusup donusmedigini belirlemek icin daha fazla klinik veriye ve zamana ihtiyac
vardir.
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Monoklonal Protein tespiti ve miktar belirfiminde yeni bir paradigma:
MALDI-TOF MS (Matrix Asisted Laser Desorption lonizaiton Time-Of-Flight)

Intact Ig Light Chain Approach

>
>

Mprotein tespiti icin ikinci, daha basit ve pratik yaklasim,

Kimyasal olarak hafif ve agir zincirlerine denature edilmis intakt Ig LC'lerin genel
kOtle dagiiminin faranmasina dayanir.

Kappa ve Lambda 2 poliklonal dagiim

Intakt LC kUtle dlcUm ydnteminin ilk versiyonu, sivi kromatografisi ile daha yUksek
performansli kutle spektrometrelerinde (ESI-Q-TOF'lar) gerceklestirildi.

Bu yontemin (monoclonal immunoglobulin Rapid Accurate Mass Measurement
= mMIRAMM) 0,05 g/L analitik kanfitasyon sinirtna ve 0,01 g/L'lik bir tespit sininna
sahip oldugu bulunmustur. Daha sonra bu yontem, kromatografi adimini
ortadan kaldiran ve analitik sureyi 20 dakikadan 10 saniyeye dusuren (MALDI-
TOF MS)’e uyarlanmis.
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Monoklonal Protein tespiti ve miktar belirfiminde yeni bir paradigma:
MALDI-TOF MS (Matrix Asisted Laser Desorption lonizaiton Time-Of-Flight)

Intact Ig Light Chain Approach

» Sonuc olarak, MALDI-TOF yontemi, IFE'ne benzer sekilde M-protein izotipini kesin
olarak tfanimlamak icin immuno-zenginlestirmeleri icerecek sekilde degistirildi.

» Mayo Clinic; IFE benzerligini vurgulamak icin Mass-Fix adini verdi ve validasyonu
tamamladi (> 40.000 calisma)

» Mass-Fix; turnaround time ve yorumlama kolayhgr acisindan IFE ile
karsilastinlabilir ve ayrnca daha az emek gerektirir.

» Bu Ozellikler, intakt LC yontemini klonotipik yonteme kiyasla ekonomik olarak
daha cazip hale getirir.

» Otomatiklestirmek ve rutin laboratuvar uygulamalari icin yaygin olarak erisilebilir
olacak yuksek verimli bir ydntem saglamak mumkuaon.
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Murray et al. Blood Cancer Journal (2021)11:24
https://doi.org/10.1038/541 408-021-00408-4 Blood Cancer Jou rnal

ARTICLE Open Access

Mass spectrometry for the evaluation of International Myeloma Working Group (IMWG) Mass Spectrometry Committee reviewed the
monoclonal proteins in multiple myeloma and literature in order to summarize current data and to make recommendations regarding the role
related disorders: an International Myeloma of mass spectrometric methods in diagnosing and monitoring patients with myeloma and related
Working Group Mass Spectrometry Committee disorders. Current literature demonstrates that immune-enrichment of immunoglobulins coupled
to intact light chain MALDI-TOF MS has clinical characteristics equivalent in performance to IFE
{0, Giadh Bianch?® with added benefits of detecting additional risk factors for PCDs, differentiating Mprotein from
SIS CEN therapeutic antibodies, and is a suitable replacement for IFE for diagnosing and monitoring
multiple myeloma and related PCDs.

Table 1 List of IMWG recommendations regarding mass spectrometry.

Intact LC MALDI-TOF can be used in lieu of immunofixation in the dinically assessment of patients and the assessment of patients on clinical trials.

We recognize thatusing mass spectrometric methods in lieu of conventional IFE may lead to lower rates of CR, and therefore ernassscomparisons of CR

ratestinitrialsidone in different time periods IS ROE recommended.

We endorse the collection of futhér@data from mass spectrometry (MALDIETOF, miBAMM, or clonotypic peptide approach) to document the ability t6

test for MRD negativity in the peripheral blood, and to guide timing of BM tests for next-generation flow oytometry and NG5 studies.
We encourage further investigations to further clarify the relationship and implications of N-linked glycosylation in MGUS progression to myeloma and

AL amyloidosis.




Maldi-TOF MS Monoklonal Protein Tespit Hassasiyefi:

LOD (g/L)+* LoQ (g/L)*3

SPE / CZE 0.5-1 1-3

IFE 0.05-0.1
Diagnosis Treatment Stable Disease Relapse

EXENT® GAM Assay positive EXENT® GAM Assay positive

EXENT® GAM Assay negative

Measuring Range (g/L)

IgG MALDI MS* 1 0.015-889
+  SPE/CZE limit

EXENT GAM IlgA MALDI MS*
Assay + IFElimit

lgM MALDI MS* L . EXENT GAM Assay

limit

i

Potentially delay bone Detect relapse
marrow biopsy earlier

1. Keren 2016; 54(6):947-961, 2. Turner 2020; 58{4):533-546, 3. Giles Blood 2022;10;139(6):946-950
*EXENT® GAM Assay Instruction For Use
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TmADb (Therapeutic monoclonal
antibodies) ayrmi

¢ Co-migration of tmAb commeonly causes
interference with endogenous monoclonal
proteins

M-protein — .
GA

In a study by Kirchhoff, 43 out of

48 patients with lgGk treated with
daratumumab had an M-protein that co-
migrated with daratumumab on

M-protein —» immunofixation?

Daratumumab —»

Monoclonal therapeutics can be

identified by their unique molecular mass

using mass spectrometry

Tsumoto Immunotherapy. 2019 Feb;11(2):119-127, 2. Kirchhoff J Appl Lab Med. 2021 Nov 1;6(6):1476-1483
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Atypical pattern: Increased molecular mass, broad
overall peak, irregular-shaped peaks

“Monoclonal LC [light chain] glycosylation is a potent risk factor for
progression to AL, myeloma, and other PCDs [plasma cell disorders]”

Dispenzieri Leukemia 2020; 34, 2749-2753
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Non-invazif takip suresi uzar

» NGF icin kemik iligi biyopsi zamanini otelemek
MUMKUN

» Konvansiyonel tetkiklere gore serum takibi daha
uzun sure yapllabilir ve invazif bir islem olan kemik
iigi biyopsi ihtiyacini oteler, sayisini azaltir
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Non-Secretory Multiple Myeloma (NSMM)
Oligosecretory Multiple Myeloma (OSMM)

The same mass-to-charge ratio (m/z)

» NSMM hastalarnda 13/22 (%59) M-
TO THE EDITOR: profein tespifi
Redefining nonmeasurable multiple myeloma using > NSMM hastalarnda M-protein

mass spectrometry konsantrasyonundaki degisiklikler,
Hannah V. Giles,"* Mark A. Cook,”* Mark Trehane Drayscm,'= Gordon Cook,>® Nicola Jane '-l"'.r'ri:‘;ht,"r Simon John North,” TedO Vi SU reCind e TespiT ed ile b|||r Ve b U

Stephen Harding,” David A. Caims, Anna Hockaday,® Martin F. Kaiser,® Paul Moss,'? Faith E. Davies,” Gareth J. Morgan, '

Graham Jackson, ™12 and Guy Pratt'? hastalarn serum orneqi ile dogrudan
'University Hospitals Birmingham NHS Foundation Trust, Birmingham, United Kingdom; “University of Birmingham, Birmingham, United Ki ngdum *Bristol IZle nm es I ne OlO n O |< TO nlr

Myers Squibb, Boudry, Switzerand; *Institute of Immunology and Immunotherapy, University am, Brm ngham, Un ted Ki rgd m; 5t Jamu::;

Institute of Oncol United Kingdom; ®*Cancer Research UK Institute of Clinical Trials e : .
Binding Site Lt:l gham, United Kingdom; *The Institute of Cancer Research, Royal Mar Ier. er > OSMM hO STO'O rl nd O 25/25 M prOTeln
Center : epartment of Hematology, NYU Langone Health Care, New York, NY; Mo earc -Jewc stle U1 versity, I

Newcastle upon Tyne, United Kingdom; and “Newcastle Upon Tyne Hospitals NHS Foundation Trust, Newcastle upon Tyne, United Kingdom ‘I'espl‘l'l

1m.az

48mg/L free kappa hasta serumu,
normal serum ile 1/20 dilusyon sonrasi
gOsterilebilmis

946 @ blood® 10 FEBRUARY 2022 | VOLUME 139, NUMBER & LETTERS TO BLOOD »

» Tedavi sonrasi IFE negatif olan bir
hastada 0.12 g/L IgG-lambda residu
monoklonal protein tespit edilebilmis.
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Figure 1. Paraproteins are detectable by MALDI-TOF MS in the sera of the majority of patients with NSMM and the unigue m'z an be wed to track the para-
protein through treatment. (4] A 0085 ofL IgA & paraprotein that was detectable in the presentation sample of 2 patient with MNSMM [immunaofiation negative, lois
731 /L, lgA 41 ofL, IgM 0.8 g, serum free k 79.4 mg/fL, serum free k 227 moflL, sFLCr 3.50) at m/z 11 670 and monoclonal k FLC were detectable at mdz 11 659 for
the doubly charged light chains, respectively. At day+100 after ASCT, the sFLCr had normmalized (serum free k 227 mgfL, serum free & 14.12 mgfL, sFLCr 1.60) but MS
detected residual monoclonal k FLC with the same my'z a5 detected in the baseline sample. (B] A 014 o/L G A monodonal protein detectable by MS at m/az 11 432
for the doubly charged light chain in the presentation sample from 2 patient with MSMM (immunafocation negative, Igl 5.40 g, 1gA 0.5 g/, Igh 0.39 g/, serum fres
k 546 mgl, serum free & &.08 mgfL sFLCr 0.90). At day+100 after ASCT cligoclonal peaks are present in the lgla and & spectra but no residual monoclonal protein is

detectable at m/Zz 11 432
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Figure 1. Paraproteins are detectable by MALDI-TOF M5 in the sera of the majority of patiemts with NSMM and the unigue m'z @n be wsed to track the para-
protein through treatment. (4] A 0085 oL lgh k paraprotein that was detectable in the presentation sample of 3 patient with NSMM {immunofxation negative, |gG
7.31 ofL, lgA 40 ofL, IgM 08 o, serum free k 79.4 mofl, serum free X 227 mofL, sFLCr 2.50) at méz 11 &70 and monoclonal & FLC were detectable at msz 11 &89 for
the doubly charged light chains, respectively. At day+100 after ASCT, the sFLCr had nomalized (serum free k 227 mafL, serum free & 1412 ma/L, sFLCr 1.80) but M5
getected resigual monoclonal k FLC with the same myz 25 detected in the baseline sample. (Bl &0 ofl igE L moncdonal protein detectable by M5 2t m2 117432
for the doubly charged light chain in the presentation sample from a patient with NSMM (immunofiation negative, IgG 5.40 o/, I1gA 0.5 o/, IgM 0.39 o/, serum fres
k 546 magl, serum free & 6.08 mgfl, sFLCr 0.90). At day+100 after ASCT oligoclonal peaks are present in the g and & spectra but no residual monaclonal protein is
detectable 2t msdg 11 432
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Eve Goturtlecek Mesajlar

>

Multiple Myelom (Plazma hUcre diskrazileri) henUz tam olarak tedavi
edilebilen hastaliklar degil, ancak yeni tedavi protokolleri daha kaliteli ve
uzun bir yasam sansi sunabilmekte

Bu nedenle hastalann etkin tedaviye zamaninda ulasabilmeleri icin iyi
uygulanmis ve sonuclandirnimis laboratuvar verilerine ihtiyac var

Tani, siniflandirma ve risk belirlemede; Rutin Laboratuvar testleri ile
geleneksel Elektroforez (SPE ve IFE), serum serbest hafif zincir dlcimleri
yaninda Flow Sitometri ve sitogenetik incelemeler cok dnemlidir ve uzmanlik
gerektirir.

Son donemde gelisen MALDI-TOF MS uygulamalar M-protein tespiti,
kantifikasyonu, tmAb’lerden ayrimi, MRD takibinde potansiyel faydalari
yonunden one cikmakta

MRD takibinde NGS ve NGF en dnemli silahlanmiz ancak kemik iligi biyopsi
zamanlamasinda MALDI-TOF MS'in katkisi umut verici, hatta kendi basina
MRD takibinde...
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