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Received November 4, 2020 The quality control of pathological specimens is important for accurate molecular pathology testing.
Revised 11 November 15, 2020 This study evaluated that specimen factors affecting the DNA quality during tissue processing and
Revised 2% November 17, 2020 sample types for BRAF, EGFR, and KRAS mutations tests. One thousand seven hundred and
Accepted November 19, 2020 . ) ) .
seventy-two molecular pathology tests were investigated for the factors influencing the DNA
quality, such as sample type, formalin fixation time, and reexamination status. Cytology samples
stored in a saline solution had better DNA quality than commercial cytology preservation. Tissue
samples fixed in formalin within 24 hours had better DNA quality than the samples fixed over 24
hours. Between the types of samples, fresh tissue samples and tissue samples with a high tumor

Key words cell density had relatively better DNA quality than the formalin—fixed paraffin—embedded (FFPE)
DNA tissues and cytology specimens. Of real-time PCR, the non-PNA Ct value increased proportionally
Formalin fixation with samples held for longer than 24 hours in formalin, and that the formalin—fixed time affects the

Molecular test

Qua | sample DNA quality. In conclusion, the appropriate tumor cellularity and 10% neutral formalin fixation
uality contro

time are the most important factors for maintaining the DNA quality. These factors should be
managed properly for an accurate pathological molecular test to ensure optimal DNA quality.
Copyright © 2020 The Korean Society for Clinical Laboratory Science. All rights reserved.
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% ¥FE7](Microtome)& AFESHY] 5 pm FAIZ B&dsto] 1.5
mL AAE7 0l 3519t DNA 341 HAk= JA 71ES
AL85}e] DNAE 353519 2 H(Maxwell 16 MDx, Promega,
Madison, W1, USA) 353 DNAS] 5= 2 == UV/VISE
F3=A(NanoDrop Technologies, Wilmington, DE, USAYS
A5l 24319t TESEDNA 452 Quanti-It PicoGreen
(Thermo Scientific, Waltham, MA, USA)S A8-51o] B7}

=

E9¥o] AAR= peptide nucleic acid (PNA) Clamp &%
o] AA} 7|E(Pangene, Daejeon, Korea)E ©]-85}0]
Real-time PCR (polymerase chain reaction)< Al3¥5I3
o}, AAEPYE 7S] 32kshH &3 DNA 10 ng, Primer,
PNA probe, SYBR green PCR master mixtureS 2Z3ol=
20 pL ¥k EF= 7} BlAEof| ARESISIT, Real-time PCR
k32 CFX96 PCR AlAHI(Bio-Rad, Philadelphia, PA,
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Table 1. Summary of pathological data of 1,772 mutation tests
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opAEe 2

A7t 54974(30.9%), =

o 1
= 9 5244 334

U2 gEjolA e &

Aeto] OPEPO R BAlE 5

Total BRAF EGFR KRAS P-value
Total N (%) 1,772 (100) 1,045 (100) 304 (100) 423 (100)
Gender <0.001
Male 707 (39.9) 272 (26.0) 164 (53.9) 269 (63.6)
Female 1,065 (60.1) 773 (74.0) 140 (46.1) 154 (36.4)
Specimen type <0.001
Biopsy 242 (13.7) 0 (0.0 162 (53.3) 80 (18.9)
Resection 981 (55.4) 508 (48.6) 130 (42.8) 343 (81.1)
Cytology 549 (30.9) 537 (51.4) 12 (3.9) 0 (0.0)
Organs <0.001
Thyroid 1,045 (59) 1,045 (100) 0 (0.0) 0 (0.0)
Lung 227 (12.8) 0 (0.0) 227 (74.7) 0 (0.0)
Except lung 77 4.3) 0 (0.0 77 (25.3) 0 (0.0
Colon 404 (22.8) 0 (0.0 0 (0.0 404 (95.5)
Except colon 19 (1.1) 0 (0.0) 0 (0.0) 19 (4.5
Formalin fixation time (hr) <0.001
<24 1,605 (84.9) 1,044 (99.9) 234 (77) 227 (53.7)
24~48 132 (7.4) 0 (0.0) 34 (11.2) 98 (23.2)
48~72 42 (2.4) 0 (0.0) 10 (3.3) 32 (7.6)
72~96 84 (4.7) 1(0.1) 21 (6.9) 62 (14.7)
>96 9 (0.5 0 (0.0 5 (1.6) 4 (0.9)
Result <0.001
Invalid 8 (0.45) 2 (0.2 5 (1.6) 1(0.2)
Wwild 938 (52.9) 476 (45.6) 196 (64.5) 266 (62.9)
Mutant 826 (46.6) 567 (54.2) 103 (33.9) 156 (36.9)
Retest <0.001
Test 1,723 (97.2) 1,032 (98.8) 277 (91.1) 414 (97.9)
Retest 49 (2.76) 13 (1.2) 27 (8.9) 9 (2.1)
o v}Ro] o 74.0%E AT, HAS] FRE MBS 20~38%0] Felo] A4S Bk 2efA EHS-7). 1

AFA] i EE A1 ZA] 0] 98171(55.4%), SHHA - 10% 573
=g 17y o 2uE FAF24270(13.7%)01H, 471
HE= VA 1,04571(58.9%), ™ 22771(12.8%), W 404
21(22.8%), 71 &1 HA7H9671(5.4%)°1%Tk. 10% 578 =T
& A7) whek 24 A17E B9t A 1,50571(84.9%), 4841
Ztolst 1327(7.4%), 72417k ofst 4274(2.3%), 96AIZT vt
8471(4.7%), 96Xt 231+ 971(0.5%)°1 31Tt A S| A
AFEIR= wild type 9387(52.9%), mutant type 82671
(46.6%), HAHEZF8A(0.4%)°1Uet. A 5= E5orH A
AQle] AIF U HAR= 1,72371(97.2%), 13]o13 A5t
o] A7} U2 AL I 497(2.7%)°19= 8, EGFR A
Hﬂgol 277(8.9%) 2= A Ugko™, BRAF A = A4
1374(1 2960 & WA Uk=t -] AAE10% %
z=9 3R] 24417F o ol ]t 71 At =

* X}Eoﬂ w2 I A4 papillary thyroid car-
cinoma, PTC)OlA BRAF &AHOI7F F 69%, HollA
EGFRER0]= °F 40%, tPdollA KRAS Aol oF

A 91 70| AANHE FAA HAE Algsle] Setste] 2
Ao e vl T 4

2. ANl SR FFAIZE, SAHO| 200 TE MHE X0
A S-S A SFE= vlashd Al A1 493 5
a0l 2471(48.9%), A4°] 1371(26.5%), AEAA=

7(
1274(24.5%)°1H(=0.028), 10% /3 ZE2 114A|7t0]
o2 AHEE 2441%F oo} 3874(77.6%), 48A1%t] 67
(12.2%) 501K 2=0.062) (Table 2). E3HEAHo] HAE
o) & A2 HH Wildof| A 327A4(65.3%), MutantollA]
167(32.6%), THE7IA 17(2.0%S 21 4= Ak
(P=0.043). A2 Y1e BRAF AR Ad 134 % 114
(84.6%)°] AIZAA] v-&o] EW=T(=0.016) o= Al
mﬁg}uo 7-]0] OJo]_E_,J-]EJq o]‘— 10% /Ré Lul—
& a7 A7to] 24A17E ool A= Aol 0% 22T 1
A= 1o )7 YTk Alolct. HtollA] Alf¥ok= EGFR
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Table 2. Difference in retest rate by specimen type, 10% neutral formalin fixation time, and mutation result

Total BRAF EGFR KRAS
Test Retest A-value Test Retest A-value Test Retest A-value Test Retest A-value
Total N (%) 1,723 (100) 49 (100) 1,032 (100) 13 (100) 277 (100) 27 (100) 414 (100) 9 (100)
Specimen type 0.028 0.016 0.875 0.218
Biopsy 229 (13.3) 13 (26.5) 0 (0) 0 (0 149 (53.8) 13 (48.2) 80 (19.3) 0 (0)
Resection 957 (55.5) 24 (48.9) 506 (49.0) 2 (15.4) 117 (42.2)13 (48.2) 334 (80.7) 9 (100)
Cytology 537 (31.2) 12 (24.5) 526 (50.9) 11 (84.6) 139 1@7 0 (0) 0 (0)
Formalin fixation time (hr) 0.062 >0.999 0.582 0.338
<24 1,467 (85.1) 38 (77.6) 1,031 (99.9) 13 (100.0) 214 (77.3) 20 (74.1) 222 (53.6) 5 (55.6)
24~48 126 (7.3) 6 (12.2) 0 (0) 0 (0 30 (10.8) 4 (14.8) 96 (23.2) 2 (22.2)
24~72 39 2.3) 3(6.1) 0 (0) 0 (0 9@3 137 30 (7.3) 2 (22.2)
72~96 83 (4.8) 1 (2.0 1(0.1) 0 (0 20 (7.2) 1 3.7) 62 (14.9) 0 (0)
>96 8 (0.5 1(2.0) 0 (0) 0 (0) 4 (1.4 137 4 (0.9 0 (0)
Result 0.043 0.596 0.624 0.023
Invalid 704 120 2 (0.2 0 5 (1.8) 0 0O 1011
Wild 906 (52.6) 32 (65.3) 469 (45.5) 7 (53.9) 176 (63.5) 20 (74.1) 261 (63.1) 5 (55.6)
Mutant 810 (47.0) 16 (32.7) 561 (54.4) 6 (46.2) 96 (34.7) 7 (25.9) 153 (36.9) 3 (33.3)
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Non-PNA Ctzro] $718F & 4= AATHP<0.001). Figure
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Figure 1. Variation of Non-PNA Ct value by 10% neutral formalin
fixation time.

SHA S71kE & 4= UATH2=0.008) (Table 3).
o] Non-PNA Ctg}o] AAFKit A1-A4F30.0 o0& A&
= SE8-80] oA AAFEATS] Al=|=r} Wolkd 4= glo.
], JE0] <oteof w2t DNAYS 52 AAre 2he dislar
At
YRt Ao gt KRASEAHO] A 4237014 %
L F& Crgtol 7t B3] 9641 oV 10% 3/ 22
o]l 73k AHAA Cige] 29.29= Ut 2=+ 11
JAIzro] EOWr‘ﬂ B35 DNAZA 2 A HL dfof 5= 7
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Table 3. Changing non-PNA Ct value by 10% neutral formalin
fixation time

Non-PNA Ct value

Variable
N Mean +SD
Total 1,772 26.70+2.32
Formalin fixation time (hr)

<24 1,505 26.61+2.34

24~48 132 26.88+2.36

48~72 42 27.35+1.14
72~96 84 27.59+1.99
>96 9 28.80+2.53

P for trend <0.001
BRAF 1,045 26.48+2.30
Formalin fixation time (hr)

<24 1,044 26.48+2.30

24~48 0 -

48~72 0 -
72~96 1 2591+
>96 0 -

P for trend 0.806
EGFR 304 26.82+2.63
Formalin fixation time (hr)

<24 234 26.69+2.58

24~48 34 26.47+2.81

48~72 10 27.59+1.26
72~96 21 28.12%x2.92
>96 5 28.41+2.84

P for trend 0.008
KRAS 423 27.18+2.05
Formalin fixation time (hr)

<24 227 27.13+2.19

24~48 98 27.02+2.18

48~72 32 27.27+x1.11
72~96 62 27.44+1.56
>96 4 29.29+2.38

P for trend 0.129
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AP 729452 AR e BRAFBARE TAAZEAolo] mhe
Crgte] Mol 2 17 ofeITH 720.800).

4. MHAFZ0| 2 Non-PNA Ctafat 10% 54 Z=2UZ
A2 Fat H]u

A AA S A4 5ol Tk Non-PNA Ct#kS Hlwshd
NS HA] G2 AAL 1,723 700041 B 26.689] Crgho] U2
HhA s AL 49730141 27,5022 Bt Non-PNA Ctgho]
Z715k= A BATH=0.110). E3|, EGFR BAL % A
A AL 277710014 26.73, A 27739014 27.759] Btgtol
ugton, KRAS AL S A A 414700014 27.10, A4
AAF97A0NA 30.429] Btgke] Rl H K Table 4). B
2 Oo= ROI5IA] AUAITH2=0.342), A N4 Non-
PNA Ctgte] == 212 A2 AAIFE DNAS] Edo| £4|
of S k= AR & 4= Slrk

5. 4| ZhF L =20 IHE Non-PNA Ct 2t Bl

A A AA AF 2P w2l w184, =
2], M| AAZ B35, Non-PNA Ctgh H-A7F 4484
A| 24271 26.79, 22 HA7F98174 26.39 22 H|S5}
O, ISR MR A 549742 27.222 Non-PNA Ctgel
SR RS & S AATHP<0.001) (Table 5). o2 WA £
A A} AEHA| 2 FRole] gaEH, SYAES] 74
& A2 IY%7F DNAEE T #-io] 9l AR ket
 BRAF=A|EQ} &34 27, EGFRE N, B4, &%
2] 33, KRAS= AT} ax2] 2901 717} H| sl

oY BN

A s

Table 4. Average comparison of non-PNA Ct value and formalin fixation time with or without retest

Variable Test Retest P-value

Total

N 1,723 49

Non-PNA Ct 26.68+2.28 27.51+3.562 0.110

Formalin fixation time (hr) 1.28+0.77 1.39+0.86 0.342
BRAF

N 1,032 13

Non-PNA Ct 26.50+2.3 24.98+2.143 0.018

Formalin fixation time (hr) 1.00+0.09 1+0 0.318
EGFR

N 277 27

Non-PNA Ct 26.73+2.56 27.75%3.16 0.054

Formalin fixation time (hr) 1.45+0.96 1.48+1.01 0.862
KRAS

N 414 9

Non-PNA Ct 27.12+1.94 30.42+3.87 0.033

Formalin fixation time (hr) 1.87+1.13 1.67+0.87 0.602
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Table 5. Comparison non-PNA Ct value by specimen type

Specimen type Biopsy Resection Cytology P-value
Total N 242 981 549
Non-PNA Ct 26.79+2.37 26.39+2.16 27.22+2.49 <0.001
BRAF 0 508 537
Non-PNA Ct - 25.61+1.76 27.29+2.45 <0.001
EGFR 162 130 12
Non-PNA Ct 26.97+2.69 26.93%£2.45 23.72+1.6 0.021
KRAS 80 343 0
Non-PNA Ct 26.45+1.46 27.35+£2.14 - <0.001
Table 6. Comparison non—-PNA Ct value by pathological diagnosis
N Non-PNA Ct P-value
BRAF 1,045 <0.001
- Scanty 66 27.67+2.76
- Benign 254 27.47+2.45
- AUS, FLUS 113 27.13+2.34
- Papillary carcinoma 603 25.78+1.84
- Other malignancy 9 28.41+4.45
EGFR 304 0.387
- Lung carcinoma 227 26.93+2.47
- Metastatic carcinoma 73 26.45+2.77
- Others (negative) 4 27.92+6.94
KRAS 423 0.410
- Adenocarcinoma 412 27.19+2.06
- Non-adenocarcinoma 1 26.68+1.53

Abbreviations: AUS, atypia of undetermined significance; FLUS, follicular lesion of undetermined significance.

6. TITH| = Non—-PNAZ! !

BRAFAAIA = 433 A(PTC) 0= Ak A
o} 71 9] AAR F-=o] 7Fsdtt. PTC zlgks AA] 6034
(57.7%)2 Non-PNA Bto] 25.78, PTC et &] A4 4424
(42.3%)=27.12 oVd<] Bk Ho] F w71l 2u|9l=Ao]

7} UK P<0.001) (Table 6). o1=&¥0] =77] @D A4} =
SR *ﬂ%‘:g Q& k= A@xu &7], PIFF AR5 Al
A9 F= A6k ol 8310 AB5S A L& 75}
o, =5 Aﬂ <ﬂ Kol I g3t 7o g AlgHrt.

EGFR AAF 4 ﬂ_}f Ho|& :EBE ook 3004
(98.7%), B1214d Ak 47(1.3%)7+2] Non-PNA Ctgh Zjo]7}

UA2™(2=0.387), KRAS AL AAl= tiR-E tirg k<] AiQt
Z o7 2ZAcke HAo|m g AchdE Non-PNA Ctzke] 2}
oli= FJ5HA] UMK =0.41).
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ot TZ2)3 A8 AAI9] Non-PNA Ctgfe] EoHsth= A2
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T A& 241 A= e E HEaolA ZEgRo] o
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o A7 193l RAT A 5
Real-time PCRZ¥} Non-PNA Ct#ke] Zjo|&
= ARSI E FA R} ol o] 22 HAE 9t
&= AR 22 HA7F DNA #480] o £53=tl, oli=4AAt
of| 331 MIFTIANREL] BRH T A= F A H et 22 Ao
A =7 izl 2 0 & Azt the AoflA = HAlIA F
FY A ZU =7 A ZAHOIE A=t U= %—9-0}—9-
AT HAE QIEH10]. 2 Aol ZaTH g H &
ZAHA ) Y E AR A A 2] 5 e /\ﬂiﬁ’q
ARdof|A] HARsE | A7HA] AA HEAIZE 5, AAL AR
QI3F DNA #-8of| thigt 3 87 kA Zotsi=tl, E418E
HA|2] DNA #40f| v X|= QIX=e] et H&et 7S 26l
5 A7t H st 484 o= ] =T IPARE
= Yolal, et 4l&sHA Hx}mﬂ AALE AlgstE A
of| ZagtAdgt DN ﬁ" = 92 5 UoH, HA| 5ol o
2} DNA &4o] & pricA=i=S 7&*}750“ Ao dHEE
B7kskaL, o]23t 84S é F Y Rich Jelk AL 2iks
Bt Ef= £ 5 U Aotk

OF
=

o

JERt BAHHAARE lsh Aol thek de] 2] F-8/d0]
73Z5)3 Qle}, B Aol|lA BRAF, EGFR, KRASEAHo] 4
Aol thefl, A S5 2 A2|7g 5 DNA o] F3k 1A
= AALE Yol 1A} SRIH: B 1,772719] EAREE A
o, AA] S5, 2= IPARE, AH715 5 DNA &8
of] F I 4= Q= I 345 FASIITE Al
A= Ao 2 A2E 5 ﬁxﬂﬁt}*ﬂtﬂ*—l o] Byt
A7t DNA £2o] 9t} Z21HAR= 10% 34 22T

24AZF ool A= A } ol 1€ AAETHDNA #
Zo] 30t HA E7 5 AXRAEA|, 193 FIAZEE
7t 2AFAP s e 2] 9 AR SRS A2 A
Heop Aoidos DNA F80] £90th 10% 348 2=
24A7F oY @2 1178 AAY4S Non-PNA Ceglo] B
Z7Feto], 2229 115 A7ko] A DNA B4 93 <ot
1‘: AL s01619ith 2223 o 7 Zopx|xzo] U W AAs}
=99 IYAREO] DNA #85 FAsk=H 7 8% 84

H:l

Korean J Clin Lab Sci. Vol. 52, No. 4, December 2020 387

oJu, 41455111 ek B AL 98] oS A4S A4
3] Fejsto] 2o DNA 22 A3HES sk gk,

Acknowledgements: The author would like to thank the
members of the Department of Pathology, Kangbuk
Samsung Hospital for publishing this paper, especially
Seoung-Wan Chae, professor of pathology department
for valuable discussion and correction, and Mi-yeon Lee,
senior specialist of the Medical Statistics Division,
Kangbuk Samsung Hospital for statistical analysis.
Conflict of interest: None

Author's information (Position): Yun HG, M.T.; Kim BR,
M.T.; Lee JM, M.T.; Song EH, M.T.; Kim DH, M.D./Ph.D.

REFERENCES

1. CreeIA, Deans Z, Ligtenberg MJ, Normanno N, Edsjo A, Rouleau
E, et.al. Guidance for laboratories performing molecular pathology
for cancer patients. ] Clin Pathol. 2014;67:923-931. https://doi.
org/10.1136/jclinpath-2014-202404

2. Hunt JL. Molecular pathology in anatomic pathology practice: a
review of basic principles. Arch Pathol Lab Med. 2008;
132:248-260. https://doi.org/10.1043/1543-2165(2008)132[248:
MPIAPPI2.0.CO:2

3. Carithers 1], Agarwal R, Guan P, Odeh H, Sachs MC, Engel KB, et
al. The biospecimen preanalytical variables program: a multi-
assay comparison of effects of delay to fixation and fixation du-
ration on nucleic acid quality. Arch Pathol Lab Med. 2019;
143:1106-1118. https://doi.org/10.5858/arpa.2018-0172-0A

4. YunHG, Lee HJ, KimBR, Lee JH, Lee JH, KimK et.al. Factors af-
fecting KRAS mutation detection in colorectal cancer tissue.
Pathol Res Pract. 2019;215:1071-1075. https://doi.org/10.1016/
j.prp.2019.02.018.

5. Zhao], LiuP, YuY, Zhi J, Zheng X, YuJ, et al. Comparison of di-
agnostic methods for the detection of a BRAFmutation in papil-
lary thyroid cancer. Oncol Lett. 2019;17:4661-4666. https://doi.
org/10.3892/01.2019.10131

6. Yatabe Y, Kerr KM, Utomo A, Rajadurai P, Tran VK, Du X, et al.
EGFR mutation testing practices within the Asia Pacific region:
results of a multicenter diagnostic survey. ] Thorac Oncol.
2015;10:438-445. https://doi.org/10.1097/JTO.0000000000000422

7. Shackelford RE, Whitling NA, McNab P, Japa S, Coppola D.
KRAS testing: a tool for the implementation of personalized
medicine. Genes Cancer. 2012;3:459-466. https://doi.org/10.1177/
1947601912460547

8. Prentice LM, Miller RR, Knaggs ], Mazloomian A, Aguirre
Hernandez R, Franchini P, et al. Formalin fixation increases de-
amination mutation signature but should not lead to false pos-
itive mutations in clinical practice. PLoS One. 2018:13:e0196434.
https://doi.org/10.1371/journal. pone.0196434

9. Taguchi M, Inoue H, Motani-Saitoh H, Yajima D, Hayakawa M,

www.kjcls.org



388 Hyon-Goo Yun, et al. DNA Quality Control in Pathological Specimens

Otsuka K, et al. DNA identification of formalin-fixed organs is et al. Tumor cellularity as a quality assurance measure for accu-
affected by fixation time and type of fixatives: using the AmpF 1 rate clinical detection of BRAF mutations in melanoma. Mol
STR(R) Identifile(R) PCR amplification kit. Med Sci Law. Diagn Ther. 2014;18:409-418. https://doi.org/10.1007/s40291-
2012:;52:12-16. https://doi.org/10.1258/msl.2011.010140 014-0091-6

10. DudleyJC, Gurda GT, Tseng LH, Anderson DA, Chen G, Taube JM,

www.kjcls.org



