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Next-generation sequencing is widely used to detect a variety of genetic
defects in many disorders. The detection of somatic variants in patients
with cancer, including hematologic malignancy, is important for diagnosis,
treatment, and prognosis. However, due to the complicated process, accurate
and reliable detection of somatic variants by next-generation sequencing
remains challenging. We investigated the proficiency tests conducted by the
Korean Association of External Quality Assessment Service from 2018 to 2020
and their effects on the analytical performance of clinical laboratories. During
the 3-year study period, six rounds of proficiency tests were conducted. In
each round, the participating laboratories were required to report Tier I/
Il somatic variants detected from electronic data and a DNA specimen.
The analytical performance was evaluated by calculating the acceptance
rate for each genomic position investigated. The possible causes of ‘non-
evaluable’ and ‘unacceptable’ variants were also explored. Among the six
rounds of proficiency tests, the acceptance rates for all tested variants were
above 80% and acceptance rates of 100% were identified in more than half
of the variants in the target regions. Issues of variant classification and false-
negative variants were addressed through the analysis of ‘non-evaluable’
variants. The significant causes of ‘unacceptable’ variants were identified as
wrong protein or nucleotide numbering. In conclusion, the proficiency tests
demonstrated the good analytical performance of the participating clinical
laboratories. Although the findings identified some problems awaiting
solutions, the proficiency tests may help clinical laboratories to improve their
performance in detecting somatic variants by next-generation sequencing.
(Lab Med Qual Assur 2021;43:65-71)
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1. MMEZA BN RHE

2018HEE 2020E7HK| CHEHAMHARY =225 of 2
S A=l NGS-somatic A EZAL XIRE AFRSIRLCE NGS-

somatic AUEZAL= A7 23| AIMEFOH, S|kt 2424 194
| TAC|O|E](fastqIt! tE&= bamIt!)et 17H2| $HAHDNA) &
M7t AFSE|ACE MXIH|O|E & CHet A A AP 22|32l o Al
= ZAMAY ZH|O|X| (http://eqas.keqas.org)ollM CHREE
ol BAMSHEE StAUOM, SiAt e ofiT AMZAAME S

=— 0O o oo
£[0] 2MEACH

HEE|= 22 0|2 Human Genome Variation Society2|
EHOQ0| w2t 7|SSHE S SIRILE 7|&E Ho|7F o= Zat
oF Ux|st £Ho{ 7|22 80% O| Aol A BHel(concordance)El &
B8 20|= &P ‘acceptable’Z HrtstF, LKX|oHX| b=
2 ‘unacceptable’2 HIISIRALE. 07|22l 80% O|PtO = B

-

Table 1. Scheme for the proficiency tests for next-generation sequencing of somatic variants during 2018-2020

Variant type (no.
Specimen Type par':icc)i:;nts No.rg;i?':get No variant SI\)II\F/) el INDEL
GNS-18-01 Fastq file 12 30 27 1 2
GNS-18-02 DNA 11 30 28 0 2
GNS-18-03 Fastq file 9 30 29 1 0
GNS-18-04 DNA 12 30 28 1 2
GNS-19-01 Fastq file 12 31 29 0 2
GNS-19-02 DNA 15 31 29 1 1
GNS-19-03 Fastq file 13 31 30 1 0
GNS-19-04 DNA 18 31 30 1 0
GNS-20-01 Bam file 15 31 29 2 0
GNS-20-02 DNA 21 31 29 2 0
GNS-20-03 Bam file 17 24 23 1 0
GNS-20-04 DNA 21 24 22 1 1

Abbreviations: SNV, single nucleotide variant; INDEL, insertion/deletion variant.
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OlE|X| ¢h= ZES EO0l= Hol= WM H 25t CHnon-

evaluable).

3. MUIEZXA}

2018HEE 2020 =77HX| NGS-somatic
ot 7|2te| ot MY EZRALY| AFSE X2 O1ET AMCHY
H 22 2l T H0| o] HEHE ZAISIRICE. TWI7t Al E 242t

QEH| 229 812 E (acceptance rate [%])2 AlABIH2H, Of
i 22 i RTA| F2l0l Z2E METH 7|12 2, 2Xte
0| & ‘acceptable’s 82 7|2t2| £2 5t0] H|Z0| A=E|ALE.
IItof| A H 2=l #0|%t ‘unacceptable’2 HItE tHo|2| EA
S HIZEE RALSHICE

H -||. _E_I_M

Table 2. Acceptance rates for the variants of the intended response
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2018 HEE 2020E7MX| A=l NGS-somatic M EZAL
o712 £, AMl 35, ZAICHA STA 2212 TH4 U #Ho| 7
Hg Zt S|kt Z He|stCHTable 1). &oj7|2e] &= 2} g|%
HE X}0|7t YoM, S J[Xte| AM U HAHA FTHM| 220
M2t = Fof7|ate| 7} CHE 20| HQlx[QUCH Fof7|ate| &
= Alzto] X|ofl et MTMO R BItste F=ME EXCH A
9| ZR& 3AHERE 1742 MXtH|0[E{Ql 17HO| SHAt AX|TH 24
E|AoH, MXIE|O|E{Q] ZL 2018k 1A} MY E=ZAHRE] 2019
2%t MRIEZAIK] fastq fileO| O| &[T 20201 1, 2%t 4
HEZALO| A= bam fileO| O|E|RAL}. AACHA STA| 222
2018 1, 2+ M= ZALO M= 3071, 2019'F 1XF M ETAL
£E 2020'E 1XF AMBIEZRADIEX| 3170, 2|10 20201 2Kt Al
TZRALOIAM 24707} 242 MAI=IACE MIAIE HAICHA RTH| &

= =

Variant of intended response

Acceptance rate*

Specimen Gene E— - - (%)
pt Nucleotide change Protein change
GNS-18-01 CEBPA NM_004364.4 ¢.430dupG p.Glul44GlyfsTer26 9/10 (90.0)
IDH1 NM_005896.2 .394C>G p.Argl32Gly 12/12 (100.0)
NPM1 NM_002520.6 €.860_863dupTCTG p-Trp288CysfsTerl2 11/12 (91.7)
GNS-18-02 CEBPA NM_004364.4 €.282_312del p.Val95ThrfsTer55 9/11 (81.8)
IKZF1 NM_006060.5 c.14_17dupAGGG p.GIn7GlyfsTer21 9/10 (90.0)
GNS-18-03 KIT NM_000222.2 C.244TA>T p-Asp816Val 9/9 (100.0)
GNS-18-04 DNMT3A NM_022552.4 €.2645G>A p.Arg882His 12/12 (100.0)
FLT3 NM_004119.2 ¢.1784_1804dup p.Arg595_Leu601dup 11/11 (100.0)
NPM1 NM_002520.6 €.860_863dup p-Trp288CysfsTerl2 12/12 (100.0)
GNS-19-01 CALR NM_004343.3 €.1154_1155insTTGTC p.Lys385AsnfsTer47 12/12 (100.0)
GNS-19-02 NPM1 NM_002520.6 €.863_864insCATG p.Trp288Cysfs*12 12/14 (85.7)
NRAS NM_002524.4 c.182A>G p.Gln61Arg 15/15 (100.0)
GNS-19-03 JAK2 NM_004972.3 c.1849G>T p.Val617Phe 13/13 (100.0)
GNS-19-04 TP53 NM_000546.5 c.833C>T p.Pro278Leu 18/18 (100.0)
GNS-20-01 CEBPA NM_004364.4 c.324C>A p.Tyr108Ter 14/14 (100.0)
TET2 NM_001127208.2 c.4393C>T p.Argl465Ter 15/15 (100.0)
GNS-20-02 IDH2 NM_002168.2 c.419G>A p.Argl40Gln 21/21 (100.0)
NRAS NM_002524.4 c.37G>C p.Gly13Arg 20/20 (100.0)
GNS-20-03 TP53 NM_000546.5 c.818G>A p.Arg273His 17/17 (100.0)
GNS-20-04 IDH2 NM_002168.2 c.419G>A p.Argl40Gln 19/21 (90.5)
NPM1 NM_002520.6 €.860_863dup p.Trp288CysfsTer12 20/21 (95.2)

Values are presented as number (%), unless otherwise stated.

*The acceptance rate is calculated as the number of participants achieving an acceptable result per the total participants.
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2| = Tier I/Il 'H0l= 2 AA|OLCH 17H0| A 37H77EX| ER{SHALCE.
Zi2tol o[ El AutE H|A|El Ho|So| thet A ES Helst
CHTable 2). 2t AA|OHCH ’é.*017|* 7%”%&2 gk ofL | f
H| LHoll A e Ho|otCt &Hof 7|2t

E2 MEE|X| AACEL HE °|E._

O|&e| HAHES ER D, 72 U2 HAHER 81.8%= GNS-18-
022| CEBPA TR0 A 2HEEl insertion/deletion variant
(INDEL) #Ho|oi|A ZQI=| ALt & 21702] o= El Z2tZ A&l
Ho| & 14700l A 100%2| EtHE0| &I AL},

CIE o=, HIHoM H2IEl Ho|7} = HAIt s Hole| 2~
£ ZARICH O EMTt X9 ALRE Me[stHCHTable 3). TA|
12702 AH| T 97He| AHolM Z 17712 Bt M| Ho|7t &
Z=[ACH 3 F TXICOIE 0| A 971, A AK[0l|AM 87HIt BHE
oA, Ho|o] RHE R single nucleotide variant (SNV)& 9
7H, INDEL2 877t HEE|UC RTXEZ= ASXLI, RUNXI,
TET20{| A 282 37H& ) CEBPAOIIA 174, 2|11 BCR, CSF3R,

F—E Xﬂ)\l = ﬁoloﬂkl 80%

rtrl

Table 3. Non-evaluable variants
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DNMT3A, KMT2A, MYD8SOIIA 242} 1704 2HE | ATt HIt H|
Q| AFRE 177 #0| 25 FO{7|HO2RE 80% 0|gte| golg
(concordance rate)2 200, 1 & 5700l M HMZ Ho| £

Foil 2t Z/7H A}, 37H= Sanger sequencing ZHRAAA}

A SHo = EQIE|ULE KB 1712 0| = Sanger sequencing
SOIAAMY SHOE HQIE|ROLE NGSH AL AETHA o 28
oh 5te tHOo| CHEQAX} HIE S HO|= HO|2 TEHE|of TG K|

Q|E|AL, LIHX| 17| #0l= NGSAAS| 7|&X SHAIZ 6]
HESH| 022 AX[0|M BHEE|= HO|2 2QIE|0f HItet=of|
M |2l =| ATt

OpX|eto 2, ‘unacceptable’2 HIHEl HO|7} Q= ZHH|
2ot ofiek Mol 5 ZAMRMOH st Holo| E43t ‘un-
acceptable’ AFRE H2|5IRUCHTable 4). HA| 12702] HH| &

7{

5749 AMAIAM = 97H9| ‘unacceptable’Z2 L7HEl #HO| 7} &
SIQUCE 2 & ®XH|O|E{0f| A 27H, SHA A0 7747 2HEEE|
0, Ho|9l QHEHZ SNVE 37, INDELE 6707} ZHEE| QLT

Variable Category No.
No. of specimen with non-evaluable variant 9/12
Total no. of non-evaluable variants 17
Characteristics of non-evaluable variants
Data type Electronic data 9
DNA 8
Variant type Single nucleotide variant 9
Insertion/deletion variant 8
Gene ASXL1 3
RUNX1 3
TET2 3
CEBPA 2
BCR 1
CSF3R 1
DNMT3A 1
KMT2A 1
MYD88 1
Cause of non-evaluation* Concordance rate <80% 17
Conflict on the variant classification 5
Confirmed as false negative 3
Low VAF close to the detection limit 1
Technical issue of NGS 1

Abbreviations: VAF, variant allele frequency; NGS, next-generation sequencing.

*Duplicate counts were made for the causes of non-evaluable variants.
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Table 4. Unacceptable variants

Variable Category No.

No. of specimen with unacceptable result 5/12
Total no. of unacceptable results 9

Characteristics of unacceptable variants

Data type Electronic data 2
DNA 7
Variant type Single nucleotide variat 3
Insertion/deletion variant 6
Gene NPM1 4
IDH2 3
CEBPA 1
IKZF1 1
Cause of unacceptance* Wrong protein numbering 8
Wrong nucleotide numbering 2
Wrong nucleotide nomenclature format 2
False negative 2
Transcription error 2

*Duplicate counts were made for the causes of unacceptance.
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