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Standards and Guidelines for Reporting Diagnostic Test Results in Acute Leukemia
Patients: Bone Marrow Examination, Flow Cytometry, and Cytogenetic/Molecular

Genetics Tests
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Reports on hematological neoplasms are produced in various formats in different laboratories. For best patient care, standardization of reports
adopting a format that provides concise and clear information is necessary. To this end, the Diagnostic Hematology Standardization Committee, or-
ganized by the Korean Society for Laboratory Hematology, has proposed a standardized format for reporting diagnostic test results for acute leu-
kemia patients. It is hoped that this standardization will broadly improve communication with clinicians and improve patient care.
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A %: 000 SEHS: 1234567 gd/Ltol/ g EH Y 6§/70/1950.01.01
ZFX|9]: 000

AHIKF LAl: 2020.01.03 9:00 AM

A = 2
AN LY (V)/EFEATUR (V)/EFEE (V)
HF LA FLBMSH (VI/ERRS ( )

S5 (VAR ( V/REFZ (V)/HERE ()
<FEHy>

PMLRARAS SHist S4B uEY, 0T HY

SHESLTTS
Hb-WBC-PLT-Retic-RDW: 8.2g/dL-12,080/uL-34,000/uL-2.3%-15.6%
YT HPE-YME- MY PSS BHHEREOE0
T LRS- BN E(0%)- S F 41,700/
PSP

<BRME Zd>

D= 70.8% HEHER T 1.2%
a4 22% SYI|HEn 24%
Z43 5.2% e xNgn 1.2%
2EFT 4.6% DY EHEE A 0.6%
sz 1.2% Zmy 6.0%
HossE 24% o 1.6%
SAp 04% SEMNZ 0.1%
CIPIE 01% =X

=FAAE A HE 167:1

AN ZEA: 24-0l AN HEHHO)
Yz Za-"ejoly

HEME: 01%

Ol4MZ: OEYE g JH BNEE HASD 2

olgd ()

Mot A HYM: X7 = (Grade 3-4/Grade 6), EHOIME ()-BHHHOINZ ()

Peroxidase: ¥

PAS: 24

ANAE: 24
A XX A MPO+, CD3-, cCD79a-
O] ES{&: CD34+, CD33+, HLA-DR+, CD64+, CD13+, CD64+, cMPO+, CD117+
M3 ZH AL 46,XX,1(15;17)(q22;q12)[19]/46,XX[1], FISH,PML/RARA: Detected [88%)]
EAeHAAL PML/RARA gene rearrangement: Detected

<O|™MZAnt>

He
e
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E=1
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E YA 2020.01.06 3:00 PM
ZAFR/E 19| 000 M.T/000 M.D.

HA Fa/Heus

Fig. 1. Sample bone marrow report for a patient diagnosed with acute myeloid leukemia, PML-RARA according to consensus guidelines.

A sol ZbE 5 Slrk fArEdtols A ke

ox

ox

=

]

—

o)
[,
ox
>
A = R <A « AR E L)

X
o
ro
)
mt)
oH.
flo

=]
o
o

x0,
o
e
o
=2
fron
o
B
1o
Y
o
=
:c,)g
>
2
¥0,
<
>
1o
2
ot
o
=)
r'l
At

r&

e
o

e BAHO R fAFo
2

https://doi.org/10.47429/lm0.2021.11.1.1

Fig. 2, Supplementary Fig. 29} 7t} w]A|2k& 23} 810l
AZAS] 7%, 22T Al] ZHSoIoF B Aol 23
5}oq Fig. 3, Supplementary Fig, 3] A|A)=]o] qlck.
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<HEH/ADE QMHE HARHYE HA 2ot BaM>
ZAHS: 1P-001
YMAARIE U KEH): S0 ZHE 2E
a4 BF: = ANel B gz
<Zat>
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cD2 Y] cD3 Y]

b5 24 cD7 [=Vt}

D10 o4 ge D19 oA 2
CD20 24 CD34 RS B2E
D38 oA o5 013 Ere

CD33 e gdY  oFE CD117 248

HLA-DR %N e TdT EI 25
cytCD3 24 cytCD22 RIS B2E
cytCD79a IS BE Myeloperoxidase 24

CD45 O{£20f SSC W2 ZAE FEH| TH| M| o 80%0)A BEECL BA|EE HLA-DR
CD10, CD38, TdT, ZH I M| ZE 2H@IQl CD34, B-BZ 17 &9l CD19, cytCD79, cytCD220f 40|
0 27 FR0 D330 Y FHOICh CH2 24 A T-YZTA Y o2 SYOIUCE 47
Zite B-@ETY YR Ho| dEsict

<O|™Zat>

£

=3
=

5 T QAJ: 2020.01.06 3:00 PM
ZAMAL/ 2 12| 000 M.T/000 M.D.
LAY Fa/Hetdz

Fig. 2. Sample leukemia/lymphoma flow cytometric immunopheno-
typing report for a patient diagnosed with B-lymphoblastic leukemia
according to consensus guidelines.
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[e]
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=
HEe 2 QR S o] 983 Wiivh B 4 ik A
L oy dutE 2AR sho] #Ao] B FISH AAF £ RT-
$A0A) o] AL 5 ANBHE Ro] Basit 3l
24 ofoldkaryogram= Aol 2 ol BYE AS Fsh
Lo 7o) EZEsubclone)dt} 1710] 33 Haoln]z| & 37}
3tch(Fig. 4, Supplementary Fig. 4).
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R
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Xt E: 000 SEHD: 1234567 /L0l E &Y 01/70/1950.01.01
HED HASYUT F%|2l: 000
AN Hs: 7654321 AR 3 LAl: 2020.01.03 9:00 AM
™= Al: 2020.01.03 9:30 AM
<OMZHEZBH(RME ZAD 21t H0M>
HAHH=: MRD-001
YLAATE U AR B YTPY Wy Fetwg
#H 57 B34
Aol 2 2y, 81
<Zat>

OMTEEe ¥d, vy 0d% B-A= Ttho| HEF

LR

HITA 0% B-HEE HA RUMEL] OXXK%E AX|SID Ol FE B-ATRR wEH o
Tt a7,

HlE4 084 B ME BAENY

A%4: CD19, CD10, CD34, CD38, CD81, CD66c/CD123, CD45

24: CD20, CD73

/\

B
SE

v

A2 El BH4|: CD81, CD73, CD66c/CD123, CD34, CD19, CD10, CD20, CD38, CD45
N 24 event %= 0,000,000
A= A1 0.000%

StA|: 0.000%

ek
ST

<oz

2019.12.19. IP-001 B-lymphoblastic leukemia (aberrant CD33+)

ETYUAJ: 2020.01.06 3:00 PM
ZAFR}/ 5 10]: 000 M.T/000 M.D.

DA FA/Hsts

Fig. 3. Sample minimal residual disease flow cytometric immunophe-
notyping report for a patient receiving follow up care for B-lympho-
blastic leukemia, according to consensus guidelines.

go Haheloof T} FISH AAHloli= AHET FISH Thix)
(probe)2
probe 5)% 7|1 3hL, AHESE A ALE T A A2

A O)2-S 187 A QL AET FUAE AT FOE

Z+(break apart, dual color dual fusion, centromere

bacterial artificial chromosome (BAC) 0]& &2 7|=3F 4= QJth
HASE A E ZEQPIHE B 274 B9 A E 25 7|23
R FISHE A1RE Al 327} vijoyshA] k-2 Aol 323k Ajazel

5 Aol Z3HE A EZ AR T B AFR] of B
= 71%8% o] B asicy YUNEF S-S A2 3 FISH
HIA Wolls FEAE 55 O R CDI38 AL (mag-

netic bead), FICTION (fluorescence immunophenotyping and in-

r{m

terphase cytogenetics as a tool for investigation of neoplasia) 5=
AHRBIAER] oHE 7], 5 T FENEL] 2 (purity)
7} =R 71%6}% ol By

FISH 27K QA 3932797} nbir b 2 34 2299
of ZA3te] 7|50 jhtt. of2f]l FISH A-E =1 ]slst
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<HMH HA 20N>

2 A=) RO FHMEY
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<EEAR>
PML-RARA RT-PCR (qualitative/quantitative)

<HAel HBHE>
$4|:|710§ ZHEHO | oz D|H|ol

<dhes

AN E: H™ QIR DXFD 24A|7HT} 48A|ZH HYQE

Mg G2y SIALE: 400 BHE (SHO4ZQHO|ME SIALE EHO| WAQA Ofd)
GMH 2 M= 20 SHE HA M E 2

H 1Al 2020.01.06 3:00 PM
HARE/219]: 000 M.T/OOO M.D.
AAHY Fa/Metds

Fig. 4. Sample chromosome analysis report for a patient diagnosed
with acute myeloid leukemia, PML-RARA according to consensus
guidelines.

AP A3 7123 gk Aabel] 2] AMsks Zo] gt
o A5 B et e 4 90 s Aok )
A EL g0 R B715H A HERe WY ER Ao
N e A v
2 2 AU A §-45P) ol 5 9l FISH Bk}

£ 23 Aol AATsH o] Wasick ot FISH ofu| 2|2 Ay
&} 4= QIth(Fig. 5, Supplementary Fig. 5).

SARHEA BN

Y
oZ
“i
ok
_101
o}i
kg

1E](Natlona Center for Biotechnology Informa-
tion, NCBI) 2F2H S (reference number), 4% 9-Z 2} o|AF2] Ak
O %
o

Al AR, S A o] siA] 9l 11 219, AR e| At
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A, A Y RuAY So SR LR Vsshe de AT
ot AR, CEBPA 7342 A A71ME 4l 27t &

A A
o] BAof djgt A} B9k Ief YehfIThFig. 6, Supple-
mentary Fig, 6).

2. AIAIZ} B PCR ' Z1t BT

KA1 e PCRAe] O1F 417 o)) e o] it 2
0 QpAlol AAle] $5, AAN, Al ALSE A
o £5, 2%, 23} 21 Yol ek 9 @ A8E
) A3, 3l BRpe] 5 Akl that o) Ak B 1A
= AL R 7]Eths e 338, dlX = BCR-ABLT A
of gt %% PCR Hofl thgt 2
(Fig. 7, Supplementary Fig. 7) [16].

of
>nTE

=

=2
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o mE 2

4
2}2]

A

Y

3. ATACHS PCR H Znt B

FAEe] $A07 B0 U2 AHgEE oAlhE PCR
el Hemavision (DNA Technology, Aarhus, Denmark) A} 1 37
FAell= A F57, AR, A 3 B Gplitout A3 He-
mavision AALE A& 7}53F G AR} o|Ae] 25 AHALe] oo W
A R IAY §& SAH 2 T AL Fast, o
A& T2of YEFNRITHFig. 8, Supplementary Fig. 8) [17].

SXFHEAL - XMCHE7 | MEEN
(next-generation sequencing, NGS) E11A{

3
B AL sk 838 Sheol ghofe 4 Qs st
ofof gtk ¢

Sh= Z2lo] L, 7 WA #o]A] o] %9 HH= Ao A AL
A @& 7HsAdol mthe A& Aol Folok itk St AR e
w0l & S0l =5 F/dstoiof shH, Ths st T, ARE,
2 ARE AAFFO RN B A0 A A HEAYL = 4
St} (Fig. 9, Supplementary Fig. 9).

ﬂJ_

-

AEE e F4AF Blol= HUGO g9 #(hitp://www.gene-
names.org), Human Genome Variation Society (HGVS) H™H
(http://www.hgvs.org), NCBI 35 A2 (RefSeq, https:/www.
ncbi.nlm.nih.gov/refseq/), ¥ -FAA(Standard genome build
version)7} 3ESHE|ojof SHCH1S) o]@]of] Yrkxo 2 2 ozl o
A F7he 23 4 Qi) ol S0 TERT 342 22 HE
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X Y: 000 SEMZ: 1234567 /Lol ME e 01/70/1950.01.01
TR YA Fxl9l: 000

P=hs| 17654321 ZHxHF L Al: 2020.01.03 9:00 AM

2

]

<FISH 211 A>

oY
>
B rE
™ fob
-
A
S
o
2

AR 9L AR RO SAUEY
+ HHlel L gz

oY oo
=
op

PETS

2Rt g: 000 SEH35: 1234567 Ae/Lbo| /A3 22 01/70/1950.01.01
gk Azt ZX|9]: 000
AN S: 7654321 M| X3 LA|: 2020.01.03 9:00 AM
AMT 4= Al: 2020.01.03 9:30 AM

<QHX} tHo| HA>
UMAAZICH U KZ2H): YUY T

87}1X| probeZ 0|8310f Z7| N E FISHZ Alist Z1)
78% ZEIIMBOIM KMTZAMLY) TERY SMo= BHEE|QiLICh

Jl#z 9l BEE Y] ofolxdt Mz gl BEE ookt FAHol/oiEy

LT

Zat1

Probe SYMZE(%) =y 238X
1) BCR-ABL1 0.0% ( 0/200) Normal 15%
2) RUNX1-RUNX1T1 0.0% ( 0/200) Normal 15%
3) PML-RARA 0.0% ( 0/200) Normal 15%
4) CBFB 0.0% ( 0/200) Normal 15%
5) KMT2A 78.0% (156/200) Abnormal 15%
6) EGR1/D5S721, D5523  0.0% ( 0/200) Normal 3.8%
7) D75486/CEP7 0.5% ( 1/200) Normal 3.0%
8) TP53/CEP17 1.0% ( 2/200) Normal 5.0%

Z 1t 1 (ISCN 2016 Nomenclature)

nuc ish(ABL1,BCR)x2[200]

nuc ish(RUNX1T1,RUNX1)x2[200]

nuc ish(PML,RARA)x2[200]

nuc ish(CBFBx2)[200]

nuc ish(KMT2Ax2)(5'KMT2A sep 3'KMT2Ax1)[156/200]
nuc ish(D55721/D5523 EGR1)x2[200]

nuc ish(D7Z1,D75486)x2[1/200]

nuc ish(TP53,017Z1)x2[2/200]

B osiXe QAN 11230) QIKISHs AMT2A QEXAF RYHYRO| YAQULICH KMT24 FISHE=
breakapart probeZ AlHsIF o2 FUiES o7l MEHEMYE & £+ USLICH 19111k
GBE AMTZA TESE Mot LHA] MGEUMH S| kMT2A TEIE2 AMLOIA =3t
o2 2nglof s

<HAE>

AR B A KMT2A FISHE 0|2[8}0] FAIA|Q.

<ZAtel HzHE>
FISH ZIHe ARGSH probedl siEtehe SRR MelE &
ol T2 9X|el SAR MY olRE % % giELIC

ol chet geet MIste Aojn, 1

<dhe>

ANEE BHEoY
-2 ek ZIIME 2200
-FISH AAX}

BCR/ABL DC, DF translocation probe

RUNX1/RUNX1T1 DC, DF translocation probe

PML/RARA DC, DF translocation probe

CBFB dual color, break apart rearrangement probe

KMT2A dual color, break apart rearrangement probe
EGR1/D5S721, D5523 dual color, break apart rearrangement probe
D7S486/CEP7 dual color, break apart rearrangement probe

TP53 dual color probe

T QAAl: 2020.01.06 3:00 PM
HARl/E119]: 000 M.T/OOO M.D.

A Fa/detts

Fig. 5. Sample FISH report for a patient with KMT2A rearrangement
according to consensus guidelines.
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2%t A2 5lH, acute myeloid leukemia (AML) EXtO| 2F 5~14%0| A CEBPA S| &¢
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SHXE YIK|: CEBPA (CCAAT/enhancer binding protein, alpha) on chromosome 19q13.1
HAHER|: CEBPA coding region

T2 S: NM_004364.3 (GRCh37/hg19)

N AA: 2020.01.06 3:00 PM
AR}/ 2 12]: 000 M.T/O00 M.D.
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Fig. 6. Sample gene mutation test report for a patient with CEBPA
mutation according to consensus guidelines.
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Fig. 7. Sample BCR-ABLT real-time quantitative PCR test report for a
patient according to consensus guidelines.
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2 RO S HAE GUK| WD olY F PML-RARA | MEiEo| HAEEASL
Ct.
Gene Rearrangement Approved symbol* (Previous symbol) Result
(9;22)(q34.1,q11.2) BCR/ABLI =
1(15,17)(q24.1;,921.2) PML/RARA Detected
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*The official gene symbol approved by the HGNC (HUGO Gene Nomenclature Committee).
**KMT2A/AFDN, KMT2A/AFF1, KMT2A/ELL, KMT2A/MLLTI, KMT2A/MLLT3, KMT2A/EPS15, KMT2A/FOX04,
KMT2A/MLLT6, KMT2A/MLLTI0, KMT2A/MLLTI11.
F7HEY>
Hemavision Leukemia multiplex PCR ZAtE Bt HatEl MK XfE| €S Multiplex nested-
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@) ™71 38
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AN Fa/msHE

Fig. 8. Sample Hemavision, multiplex nested RT-PCR test report for a
patient according to consensus guidelines.
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Table 2. 0|9 211 Of|A|

ASCO/AMP Classification Gene Accession Nucleotide Amino acid VAF (%)
Tier 1 TP53 NM_000546.5 €.829T>G p.Cys277Gly 14.1
Tier 3 NF1 NM_001042492.2 €.1318C>T p.Arg44QTer 18.5

Abbreviations: ASCOJAMP, American Society of Clinical Oncology/ Association for Molecular Pathology; VAF, variant allele frequency.

ra-geES OflA|
ZAL A NextSeq 550Dx System (llumina) MH|2 CHEF HE 7| MSEMS $3H56HACH
HIO|E 241 MO| = 2t2l Hra|et G7IMSEA2 RAME 24 TH0|Z2fRI0 2 S3GIACT, FMAL SHls B4 XAAA 24 mo|Zafeloz
SASIACY
HZ &7 |M(Reference sequence)  THE(mapping)2t #10] A& (variant calling)S 218t E& 7MY GRCh3T (hg19)S AF2GIRICH.
BO[o| 22 HE HolE= 0= 9=2R4st 2 HA|St|(American College of Medical Genetics and Genomics, ACMG) X0 Izt 25610 4N

£2 YUY 7t540| &2 H0l= HIQSHRICE H0l= & R, 0%, X=0]| TSt AAH ZQ HE0i| 7|Z5t0f 4709] H(tier) 2
—r?TEJEf 0l 2Xt2|8ts|(Association for Molecular Pathology AMP), D =2QIAFEQksHS|(American Society of Clinical Oncology,
ASCO) J12|11 0j=%2|sts|(College of American Pathologists, CAP)2| B& 2 X2 M2Lt

=Ao] Q= §AA} o)Ate| thel 7|« Zaoith Aratd] X% International Agency for Research on Cancer, 2017.

=2 AAFHA HaiAo] A= AL FASHA] ko) 8 2. Sever C, Abbott CL, de Baca ME, Khoury JD, Perkins SL, Reichard KK,

A 7S xglslo] FR)97F =4 A 77F 22E LSS 3ol 71 et al. Bone marrow synoptic reporting for hematologic neoplasms:

Sl Zge 4= 9tk Guideline from the College of American Pathologists Pathology and
Laboratory Quality Center. Arch Pathol Lab Med 2016;140:932-49.

Q C%F 3. Lee SH, Erber WN, Porwit A, Tomonaga M, Peterson LC. ICSH guide-
lines for the standardization of bone marrow specimens and reports.
ook 213 e K A= AARAnC) ohefgt 34l o & = Int J Lab Hematol 2008;30:349-64.

el glov 2419 3R A8E Yoloial= 7HEskar Wakst 4. Wood BL, Arroz M, Barnett D, DiGiuseppe J, Greig B, Kussick 3, et al.

AHE = 4 Q1= H A9 3231} I @3}t o] 9J5}e] gt 2006 Bethesda International Consensus recommendations on the

Ak olslglof A JLAJ3E ATkl 323193 = FAMEY immunophenotypic analysis of hematolymphoid neoplasia by flow

HIAS FA0 2 FZOHS Alokslgit) o] 2012 E5}o] ¢ cytometry: optimal reagents and reporting for the flow cytometric di-

Af OALETHR] A% W 3R} A Hof| E=go] E Ao 2 7|tgltt agnosis of hematopoietic neoplasia. Cytometry B Clin Cytom 2007:72:
S14-22.

O|SH=HA| 5. Clinical and Laboratory Standards Institute. Clinical flow cytometric

analysis of neoplastic hematolymphoid cells; Approved guideline-Sec-
AAEL E A Lo} 5o ojudl o]sjiA = S-S vhglych ond edition. CLSI document H43-A2. Wayne, PA: Clinical and Labora-
tory Standards Institute, 2007.

|7:=' AI-Q_ = 6. Claustres M, Kozich V, Dequeker E, Fowler B, Hehir-Kwa JY, Miller K,

et al. Recommendations for reporting results of diagnostic genetic test-

20209 %= TSkt NEls] sha QY Ee] AHES} Tkt o ing (biochemical, cytogenetic and molecular genetic). Eur ] Hum
8}3] 9] ojotH| x| of] ZAF=HY Tk Genet 2014;22:160-70.

7. Mikhail FM, Heerema NA, Rao KW, Burnside RD, Cherry AM, Cooley

REFERENCES LD. Section E6.1-6.4 of the ACMG technical standards and guidelines:
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