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Test Guidelines for Initial Diagnosis of Hematologic Neoplasms
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The standardization committee of the Korean Society for Laboratory Hematology sought to establish standardized testing guidelines for the diag-
nosis of hematologic malignancies. The guidelines were developed on the basis of survey results and international guidelines, including the Nation-
al Comprehensive Cancer Network Guidelines and European LeukemiaNet recommendations. The committee expects that the diagnostic guidelines
presented here will enhance diagnostic test standardization and clinical decision making and that the novel developments due to new molecular
technologies will be integrated into the diagnostic algorithms through ongoing consensus initiatives.
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1, DT MEISIH(chronic myelogenous leukemia, BCR-ABL1 positive)

1Xt ZA E=(primary)

CBC, differential count

Blood cell morphology

Bone marrow aspirate and biopsy = clot section
Cytogenetics analysis involving standard karyotyping
Fusion transcript (RT-PCR)

Real-time quantitative PCR'

Gene mutation

BCR-ABL1 (major and minor)
BCR-ABL1
ABL1 kinase mutation?

'Major molecular response (MMR)Z 2t015}7| L|5H 3742
2MM O 2 tyrosine kinase inhibitor LIA0] QA< tf A|gSt
Abbreviation: CBC, complete blood cell count.

OfCh 248 (MMR: BCR-ABL1T <0.1% international scale or 3-log reduction)

2x} ZA} SH=(secondary)

FISH!
Immunohistochemistry (biopsy or clot section)
Cytochemistry

Immunophenotyping®

Gene mutation

BCR-ABL1

CD34% CD117% CD61®

Reticulin/collagen*

Myeloperoxidase (MPO) or Sudan black B®

Periodic acid-Schiff (PAS)®

Nonspecific esterase®

- Acute panel:

CD2, cCD3, CD5, CD7, CD10, CD13, CD19, CD20, cCD22, CD33, CD34, CD45, CD56,
¢CD79a, CD117, HLA-DR, MPO, TdT

JAK2 \/617F mutation’

oA AN FA B2 FHSINES 285 23 FP U AUMELF
W3, B4 UHE W25 R B2 L2 HUOR AAES AIY

2Abnormal localization of immature
32{CH& M Z (megakaryocyte) BHOIS 2IaH AlE

“dRek(fibrosis) 7t 2| M E T S Z0IAM AIRKE.

SEM|Z|(blast phase) Y T S-S HO| cytochemistry2t S5 A4St
CDNET|Y rf SOl acute panellt SLSHA AlatE

THE 34-SAZY(myeloproliferative neoplasms) 2t ZHE0| 0242 T A4S

=2
= .
e precursors (ALIP) 0125 &01517| 2|5 Al3HE

CIA{ELZ(RT-PCR) ZAIOIM BCR-ABLT St AHIE S EHQISH| R3US T BIEA| Al

Abbreviations: cCD3, cytoplasmic CD3; cCD22, cytoplasmic CD22; cCD79a, cytoplasmic CD79a.

DEAIZO

2. 255 AIE2(myeloproliferative neoplasms)

1X} ZAL B (primary)

CBC, differential count

Blood cell morphology

Serum LDH level

Serum erythropoietin

Bone marrow aspirate and biopsy = clot section
Cytochemistry

Cytogenetics analysis involving standard karyotyping
Fusion transcript (RT-PCR)

Gene mutation

Reticulin/collagen’

BCR-ABL1
JAK2 V617F mutation

MR8 OIAE T BN AL,

Abbreviation: LDH, lactate dehydrogenase.
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2X} ZA} &= (secondary)
Immunohistochemistry (biopsy or clot section) CD34',CD117',CD61% CD14° CD64% CD11c?, CD2*, CD25*, tryptase*

FISH BCR-ABL1®
FIP1L1-PDGFRA®, PDGFRB breakapart®, FGFR1°
+1q7, +8, +97, del(13q)’, del(20q)’

-7/del(7q)®

Fusion transcript (RT-PCR) FGFR1 rearrangements®

Gene mutation PTPN11, NRAS, KRAS, NF1, CBL®
KIT D816 mutation*

JAK2 exon12 mutation®
MPL W515K/L mutation™, CALR exon9 mutation™
Hemoglobin F°
Erythroid colony formation assay"
GM-CSF hypersensitivity assay'"
'ALIP S5 =RI517| sl AlRtEt
S{CHEHM|ZE oIS 2ol AlgHE
3A0L7|Z34-CH e S (juvenile myelomonocytic leukemia, IMML)O| Q| AIE! tff A|3H3E
4HI‘F'_FHIE%(mastocytosis)0| o|ME mf AlGHE
°RT-PCR §2 2 BCR-ABLT FAF MBI B S EQISHA| AL, FAA| ZAOIA 1(9;22)(034:011.2)E H2BHA| R Z0l AltE
60 ZACHLEHEE (chronic myelomonocytic leukemia, CMML), 2Hd S ARLEIEE (chronic eosinophilic leukemia), BCR-ABLT S4 H| A& DA 4 ui 5l
(atypical chronic myeloid leukemia, BCR-ABL1 negative)0| | M E! [ A|&HE
T HAOIM o oz AL US I U S 24 SYO| Lo uf AlbE
SCMML &= JMMLOJIA A&t
R AHRZ IS (polycythemia vera)O| 2 ME|Lt JAK2 RA2| V617F SO0l S Y ff A|gst
RN EHATE TS (essential thrombocythemia) = Y2248 RS (primary myelofibrosis) 0] 24
NHALZbSEE =W 712 el

ME|LEJAKZ A2 VB17FESIH0| SHY T A3t

Z48M0|MS S (myelodysplastic syndrome)

1Xt ZAt &=(primary)

CBC, differential count with reticulocyte count

Blood cell morphology

Bone marrow aspirate and biopsy = clot section

Cytogenetics analysis involving standard karyotyping

Serum erythropoietin

Serum vitamin Bi,, RBC folate/serum folic acid

Serum ferritin, iron, total iron-binding capacity

Immunohistochemistry (biopsy or clot section) CD34', CD117',CD61?

Cytochemistry Iron
Reticulin/collagen

0%
ogt

PO M| 2 2ol U D48H-10[ 4 (dysmegakaryopoiesis) THES 2ol Al

2X} ZA} &= (secondary)

FISH - Prognostic panel™:
- Y, inv(3)/t(3g)/del(3q), del(5q), -7/del(7q), +8, del(11q), del(12p), i(17q), +19, del(20q)
- t(8:21)4 t(15:17)% inv(16)

Flow cytometry for dyshematopoietic MDS clone® CD10, CD11b, CD13, CD15, CD16, CD33, CD45, CD64
Flow cytometry for PNH clone*
Gene mutation JAK2 \/617F mutation and/or MPL mutation®

Thyroid stimulating hormone

Copper, ceruloplasmin®

Virus /S| ZAY HBV, HCV, CMV,, herpes simplex, parvovirus B19, HIV
Chromosome breakage analysis®

'GMA DA 2ES7IMEES 25t RIS W A = Q20 3T GAUA| 0|40 o M= =234 (complex karyotype) Y T Al2gt
‘TSN (AML)S BiAISE | 2/al A
R IES REM|EO| YAO|A IHES 9|5t Z402 DA EIICHE2YIH (refractory anemia with excess blasts, RAEB)Y 2R SAHUMSEHO| acute panel2 483
MY, 537 Y P E (2 Z 5h, fluorescent aerolysin (FLAER)2F CD55 = CD595 2 58t6t0] Al 28 e

@
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*MDSOIM SATETIZ0| 22E|= B3R BIEA] A
6312| 2 Z(copper deficiency)0| Al i A3
g0l (dysplasia) Q1S BiAIGH | Slol AlRE

840} MDS, hypoplastic MDSO|A] TR L|EISD}o|

25l Alet.

Abbreviations: PNH, paroxysmal nocturnal hemoglobinuria; HBV, hepatitis B virus; HCV, hepatitis C virus; CMV, cytomegalovirus.

3Xt ZAt &= (tertiary)

Gene mutation

TET2, RUNX1, ASXL1, TP53, NRAS, DNMT3A, IDH2, EZH2, ETV6, Spliceosome mutations

4, S/dusH(acute leukemia)

1X} ZAt &=(primary)

CBC, differential count

Blood cell morphology

PT, PTT, fibrinogen, and D-dimer

Bone marrow aspirate and biopsy + clot section
Cytogenetics analysis involving standard karyotyping
Immunophenotyping®

Cytochemistry

Fusion transcript (RT-PCR® and/or FISH)

Gene mutation

- Acute panel:

CD2, cCD3, CD5, CD7, CD10, CD13, CD19, CD20, cCD22, CD33, CD34, CD45, CD56, cCD79a,
CD117, HLA-DR, MPO, TdT

- Monocytic panel (M4 or M5): CD14, CD64, CD11c

- Megakaryocytic panel (M7): CD41, CD61

- Erythroid panel (M6): CD71, glycophorin A

- Early T-cell precursor ALL panel: CD4, CD8, CD1a

MPO or Sudan black B

PAS

Nonspecific esterase

- AML: RUNXT-RUNX1T1, PML-RARA, CBFB-MYH11, MLL

- ALL: BCR-ABL1, E2A-PBX1, ETV6-RUNX1, MLL

- Mixed phenotype acute leukemia (MPAL): BCR-ABLT, MLL
FLT3-ITD', NPM1', CEBPA'

KIT mutation’

*HY0AM 1832 Y5t AT,

CEHOIETHE: RUNXT-RUNXTT1, PML-RARA, BCR-ABL1(major/minor),

QA AML ZITHA| A[RHE
2Core binding factor (CBF)- AML ZICHA| A|gH#Et
Abbreviations: PT, prothrombin time; PTT, partial thromboplastin time.

E2A-PBX1.

2X} ZAL = (secondary)

Immunohistochemistry (biopsy or clot section)®
Cytochemistry
FISH®

Real-time quantitative PCR®

Gene mutation

T cell receptor gene rearrangement”

CD3', CD34', CD45', CD79a', CD117', TdT', CD61?, glycophorin A®
Reticulin/collagen*

- AMLL: inv(3)/t(3;3), del(5q), -7/del(7q), TP53

- Chromosome X, 4, 10, 17, 21 enumeration®

- CDKN2A(p16)’, ETV6 breakapart’

- AML: RUNX-RUNX1T1, PML-RARA®, CBFB-MYH 11, NPM1, WT1, BAALC
- ALL: BCR-ABLT, ETV6-RUNX1

- MPAL: BCR-ABL1

FLT3-TKD®, NRAS®, TP53°

ABLT kinase mutation®

HHE 8Z U AYSIL US.

CEEOIHTS: RUNX-RUNXTT1, PML-RARA, BCR-ABL1T (major/minor),
'ZTEUBAZ RARE 2H0| 27t52 B BEAl AIRE

HCHHMIRE ol lsl AlRYE

2SI (erythroleukemia) O] QA1 Tf Al
‘HReP oY E o S4UZOIM ARE
B HAOM ZESVIMEE $2k6kA] R3S o ITYof T2t
°20F ALLOJIA Z1HH<| (hyperdiploidy) OfF 2015 2{aH Alg 4
TR ALBHS] ALLOJIA CF2 FISH At 25 A T 27+2 A|85H 4= Q)
83D M LS H (acute promyelocytic leukemia) 22 RITHe = &
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3t 4 ol
BCR-ABLT 24 ALL BA19] 3 AIEHA| AR 4 S
T cell ALLOA 224 24 U oly2E e stoI8

Y e AMLOIA A

3X} ZAL S (tertiary)
Gene mutation DNMT3, IDH2, TET2, RUNXT, MLL-PTD, ASXL1, ETV6, EZH2, CBL

5. HEMIEZES2(plasma cell neoplasms)

1Xt AL E=(primary)
CBC, differential count
Blood cell morphology

BUN/creatinine, albumin

Electrolytes with calcium

Serum free light chain assay

Serum quantitative immunoglobulins

Serum protein electrophoresis, immunofixation electrophoresis

24 hr urine for total protein, urine protein electrophoresis, urine immunofixation electrophoresis
Bone marrow aspirate and biopsy = clot section

Immunohistochemistry (biopsy or clot section) CD138, kappa/lambda
Immunophenotyping CD19, CD38, CD45, CD56, CD138
Cytogenetics analysis involving standard karyotyping

FISH' IGH-FGFR3, IGH-MAF, del(17p)

Serum LDH level
B,-microglobulin

TS 2IMIE sorting [Bead® £ fluorescence immunophenotyping and interphase cytogenetics as a tool for the investigation of neoplasms (FICTION)] & A|3i&t Z4s
Hag
Abbreviation: BUN, blood urea nitrogen.

2%} ZA} &=(secondary)

Cytochemistry Congo red stain’

FISH 1021 amplification, del(13q), IGH-CCND1, IGH breakapart, CEP5, CEP9, CEP15
Plasma cell labeling index

'0}UZ20|=F(amyloidosis) 2 E T Z+YZHO|Lt Z4-HHOM AlRE.

6. ElZEo| Z£2IH(bone marrow involvement of lymphoma)

1t ZAL &= (primary)
CBC, differential count
Blood cell morphology

Serum LDH level
Bone marrow aspirate and biopsy = clot section’

Immunohistochemistry (biopsy or clot section) - Non Hodgkin lymphoma: CD3, CD20
- Hodgkin lymphoma: CD3, CD15, CD20, CD30

Immunophenotyping®? - Initial panel: CD2, ¢cCD3, CD5, CD7, CD10, CD19, CD20, cCD22, CD34, CD45, CD56
- B-cell: CD23, CD38, kappa/lambda, FMC7, TdT
- T-cell: CD4, CD8

Cytogenetics analysis involving standard karyotyping

FISH® - Chronic lymphocytic leukemia: del(11q), IGH-CCND1, del(17p)
- Follicular lymphoma: IGH-BCL2
- Mantle cell ymphoma: IGH-CCND1
- Burkitt lymphoma: IGH-MYC and MYC breakapart

YTE |y M} 25% O|AY FP AT 22 HUSID| 5% O140[2 23} HA BSOR MY 7H53:,
Th20l et YBZ0| B4HO| Sl FP B FISH ZAIS HHEA| AIE.
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2x} ZA} eH=(secondary)

Immunohistochemistry (biopsy or clot section)’

- High-grade lymphoma: Ki-67

- Hairy cell leukemia: Annexin A1, CD103

- Follicular lymphoma, diffuse large B-cell lymphoma (DLBCL), double-hit lymphoma: BCL2, BCL6

- Follicular lymphoma, DLBCL, plasma cell neoplasms: MUM1

- Mantle cell lymphoma: cyclin D1

- ALK+DLBCL, anaplastic large cell lymphoma: ALK

- T-cell prolymphocytic leukemia: TCL1

- T-cell large granular lymphocytic leukemia (T-LGL), hepatosplenic T-cell lymphoma,
subcutaneous panniculitis-like T-cell lymphoma: granzyme B, TIA1

- Adult T-cell leukemia/lymphoma: CD25

- NK/T cell lymphoma, T-LGL: CD16, CD56, KIR

- T-cell lymphoma (gamma-delta type), hepatosplenic T-cell lymphoma: TCR.»

- Sézary syndrome: CD26, CD28

- Angioimmunoblastic T-cell lymphoma: CD279

- Anaplastic large cell ymphoma: CD30

Cytochemistry Tartrate-resistant acid phosphatase (TRAP)?
Acid phosphatase®
Gene mutation BRAF V600E mutation?
MYD88 1265P mutation*
FISH® - Chronic lymphocytic leukemia: CEP12, del(13q)

- Follicular lymphoma: BCL2

- DLBCL: IGH-MYC or MYC breakapart, BCL2 breakapart, BCL6 breakapart

- Gastric MALT lymphoma, marginal zone lymphoma: BIRC3-MALT1

- Double-hit lymphoma: IGH-MYC or MYC breakapart, BCL2 breakapart, BCL6 breakapart
- Anaplastic large cell lymphoma: ALK-NPM or ALK breakapart

- Hepatosplenic T cell lymphoma: i(7)(q10)

EBV encoded RNA in situ hybridization (EBER-ISH)®
Real-time quantitative PCR

Immunoglobulin gene/T-cell receptor gene rearrangement
Human T-cell leukemia virus serologic test®
BB2-microglobulin

EBV quantitative PCR’

1ZLE0HAZ RME 2A0| 7ts
Hairy cell leukemiaZt Q| A1 E! I Al
3T-cell prolymphocytic leukemiaZt Q|41 2! wf A|3H&k
‘Lymphoplasmacytic lymphomaZ |4l €! i A|ist.

0ok ok

-

AR 12k HAL B0|M eSO AlRtSh= WS A

510 (D B2 2AH 22 BAEQ U TAYANN 24 T8

CHS0l| siiY st FEEO| Z+RO0| OME = F 2E FISH ZALE 2712 Al3ig 4~ AUS.
6T-cell large granular lymphocytic leukemia, hepatosplenic T-cell lymphoma, subcutaneous panniculitis-like T-cell ymphoma S0| 2|A1E! wf A|3H5H
Extranodal NK/T cell ymphoma, Burkitt lymphoma, post-transplant lymphoproliferative disorder, other EBV-associated lymphoproliferative disorders?t Q| AIZ! h A|

sk
ISA=

8Adult T-cell leukemia/lymphoma? |12l o A|gHEt

Abbreviations: MALT, mucosa-associated lymphoid tissue; EBV, Epstein-Barr virus.
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