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Current Status of BCR:ABLT Quantitative PCR Analysis in Korea (2022)
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Background: BCR::ABLI real-time quantitative PCR (RQ-PCR) is the optimal test for monitoring patients with chronic myeloid leukemia after treat-
ment; however, standardization among testing institutions is required to assess molecular response. We performed an online survey to investigate
the actual status and standardization of the BCR::ABL1 RQ-PCR test in Korea.

Methods: The survey was provided by e-mail to the laboratory experts in molecular genetic testing at university hospitals, tertiary medical insti-
tutions, and specialized testing institutions. Questionnaires covered each institution’s BCR::ABL1 RQ-PCR test (eight questions), reporting format
(six questions), verification of the lower limit of detection and quantitation (seven questions), and internal and external quality control (two ques-
tions).

Results: Responses were received from 15 institutions. Every institution utilized RQ-PCR kits that were commercially available. All of them used
the ABLI gene as a reference gene and had a copy number range of at least 10,000, which is necessary for determining a deep molecular re-
sponse (DMR). The majority of laboratories established their own laboratory detection limits suitable for determining a DMR. The reporting of re-
sults and internal and external quality control procedures differed by institution.

Conclusions: The survey confirmed that testing institutions are implementing standardized RQ-PCR methods, but it is necessary to perform de-
tection limit verification and internal and external quality control to improve the precision and sensitivity of the results. Standardization and guide-

lines are required to enhance the consistency of testing result reports across institutions.
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1. BCR::ABL1 82 PCR ZAIH

BCR:ABLI 737 PCR AALE $18F AA| B3k A 85E A
A7) 4A17F oY 2 PABH= 713H0] 53.3% (8/15)% 7H Wk
o 24A17F oY 33.3% (5/15), 48A17F oW 13.3% (2/15)<=0] Tk
PCR FAAFS $J8}F RNA 322 QlAamp RNA Blood Mini kit (Qia-
gen, Hilden, Germany)& AM&-51= 7|3o] 73.3% (11/15% 713+

ko RNAqueous™ Total RNA isolation kit (Ambion, Thermo
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Fisher Scientific, Waltham, MA, USA) 13.3% (2/15), High Pure RNA
isolation kit (Roche Life Sciences, San Francisco, CA, USA) 6.7%
1/15) =ol3ler trizol o] &34 7|2 FEdhH= 7| 17]
T At 371382 QlAcube (Qiagen, Hilden, Germany) 53}
FEHE ARSI 0l = Sake] A2 93.3% (14/15)
7]3o] spectrophotometryt © 2 215} 17]3-2 4200 TapeS-
tation (Agilent Technologies, Inc., Santa Clara, CA, USA) S =& &}2]
Shokar 9519ick. BCR:ABLT A& A5o) @8k mE 7] 2ol A
AT PCRYE S o8-8l QIS om ABLT RS ARtz
A1 Z1RolA] AR Fel R nke] SRk 2%
9}4= 100,000 ©]4F1 745 40% (6/15), 50,000-100,000Q] 73-- 20%
(3/15), 32,000-50,00091 7 20% (3/15) <=0]%lom oo =
10,000-50,000, 10,000-100,000, 32,000-100,000 5 7|HH=Z c}
et 1= AHESAL QUSITk K= 7] ollA] Ipsogen BCR:ABLI
Mbcr Is-MMR kit (Qiagen, Hilden, Germany)& AR-&-3}91.00 7
F A BH3E QP8 AAIY 18] AARE AlR¥shs 71dke] 86.7%
13/15).01 27| o] At 28] HAS AlRYRHHaL Tkt

2. BCR::ABL1 E¥ PCR Zut&E 1

A3} B Ao ABLT F3-3AFe] 342 BA|5=(copy num-
benE 71&38H= 71382 60% (915} BCR-ABL1 %% PCR Z
= Aiol] Fholfdt s 7]l Al %IS= K skl QIgich %IS,
NCN % BCR:ABLI 5% AAHA|S] 34 Bl & B Has)
= 7o) 46.7% (/152 714 wkom %St B Alsk= 7)o
20.7% (4/15), %IS W NCN& o] Hi1sh= 7]80] 20% (3/15),
%IS B BCR:ABL1 §% AAAS] 47 BEAl4=E o] Barst
£ 713o] 17]3o]Qdth IS g4 o2 %Isyt Hilsk= 7|3
73.3% (11/15), %IS & MRL 31| B 118} 7|30 26.7% (4/15)0]
ek W= 7)ol A v AAhakh IS HAEAE of-&sto] ALl
ok ©e1o o 1% CFE o] 85h= 7|32 iict

3. BCR::ABL1 Xz PCR ZIAle| X|AAESH &

ZlAMEeH 4d

HAMA 2| #AAE3H | (ower limit of detection, LOD) 2
A (lower limit of quantification, LOQ) AdAof| gt &
ZAJo| A LODYE A% 713 40% (6/15), LOD X LOQ7| 5 A
Aelo] 9l 713 33.3% (5/15), LOQYF AR 713 13.3% (2/15)4
o]9l.em LOQ ¥ LOD7} B AA 7] k2 7|3 2713 1%l
th LOD 2 LOQ ZFS NCNO. & A3} 713 53.8% (7/13), %ISE
AR 7]13 46.2% (6/13)0]92H 7|13 LODE= 0.006921 7|2
0] 455% (5/1D= 7} w9ko1} 0.0022, 0.0001, 0.01, 3 copies 5
chFagi). 7|38 LOQ= LODELE 543t 0.006931 713o0] 42.9%
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Table 1. Response to the questionnaire about the BCR::ABL1 quantitative PCR in Korea

Questionnaires & Answer options

Response, % (institution)

1 Select the institution-recommended BCR::ABLT quantitative PCR sample storage period (the time between drawing blood and receiving

the sample).
1) Less than 4 h
2) Less than 24 h
3) Less than 48 h
4) Others
2 What methods are used for RNA extraction?
2-1 Please describe the product name of RNA extraction kit
1) QlAamp RNA Blood Mini Kit
2) RNAqueous™ Total RNA isolation
3) High Pure RNA isolation
4) Others (manual extraction using trizol)
2-2 If an automated RNA extraction system is used, describe the system name
1) QlAcube
3 How can the quality of isolated nucleic acids be evaluated?
1) Spectrophotometry (e.g., NanoDrop)
2) Microfluidic analysis (e.g., Bioanalyzer)

4) Fluorescent dye detection (e.g., RiboGreen)
5) Others (4200 TapeStation)
4 How do you determine the concentration of BCR:ABL1?
1) Real-time PCR
2) Digital droplet PCR
3) Others
5 What reference gene is used for real-time PCR?
1) ABLT gene
2) GUSB gene
3) BCR gene
4) Others
6 How many average copies of the reference gene are detected by quantitative BCR::ABLT PCR?
1) 100,000 or more
2) 50,000-100,000
3) 32,000-50,000
)
)

)

3) Capillary gel electrophoresis
)
)

4) 10,000-32,000
5) Less than 10,000
6) Others (10,000-50,000/10,000-100,000/32,000-100,000)
7 Please provide the name of the product used for BCR::ABLT quantitative PCR.
1) Ipsogen BCR::ABLT Mbcer Is-MMR kit
8 To report quantitative results, how many tests are performed and reported for each sample?
1) One test
2) Two tests
3) Three tests
4) Others

9 Do you describe the copy number of the reference gene in the BCR:ABLT quantitative PCR report?

1) Yes
2) No

10 Do you include the copy number of the BCR::ABLT fusion transcript in the quantitative PCR report?

1) Yes
2) No

53.3 (8/15)
33.3 (5/15)
133 (2/15)

733 (11/15)
133 (2/15)
7 (1/15)
7 (115)

20.0 (3/15)

93.3 (14/15)
10 (0/15)

0 (0/15)

0 (0/15)

7 (115)
100.0 (15/15)
0.0 (0/15)
00 (0/15)

15/15)
0/15)
0 (0/15)
0 (0/15)

100.0
0.0

400 (6/15
200 (3/15
200 (3/15
0 (0/15
0 (0/15
200 (3/15)

100.0 (15/15)

86.7
133

13/15)
2/15)
0 (0/15)
0 (0/15)

60.0 (9/15)
400 (6/15)

53.3 (8/15)
46.7 (7/15)
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Table 1. Continued

Questionnaires & Answer options Response, % (institution)

11 Do you describe the normalized copy number in the BCR:ABLT quantitative PCR report (copy number of the BCR::ABL1 fusion transcript
or copy number of the reference gene)?

1) Yes 66.7 (10/15)

2) No 333 (5/15)
12 Do you include the international scale (IS) in the quantitative PCR report for BCR::ABL1?

1) Yes 1000 (15/15)

2) No 0.0 (0/15)
13 What format is used to describe the IS in the BCR::ABL1 quantitative PCR report?

1) Report only %IS 73.3 (11/15)

2) Report %IS and molecular response 26.7 (4]15)

3) Report only molecular response 0 (0/15)

4) Others 0 (0/15)
14 How do you determine the IS?

1) Calculate the results of each test using the IS calibrator (e.g., Normalized copy number IS-calibrator value / IS-normalized copy number 100.0 (15/15)

of the IS calibrator)

2) Calculate using a fixed conversion factor (e.g., number of normalized copies multiplied by conversion factor) 0.0 (0/15)

3) Others 0.0 (0/15)
15 Avre the lower limits of detection (LOD) and quantification (LOQ) established for BCR::ABLT quantitative PCR?

1) Both LOD and LOQ are set 33.3 (5/15)

2) Only LOD is set 400 (6/15)

3) Only LOQ is set 13.3 (2/15)

4) Neither set 13.3 (2/15)
16 The LOD and LOQ of BCR::ABLT quantitative PCR were established for which of the following values?

1) NCN 53.8 (7/13)

2) %IS 46.2 (6/13)

3) Others 0.0 (0/13)
17 Please describe the LOD for BCR::ABLT quantitative PCR established by your institution.

1) 0.0069 455 (5/11)

2) 0.0022 18.2 (2/11)

3) 0.0001 18.2 (2/11)

4)0.01 9.1 (1/11)

5) Three copies 9.1 (1/M1)
18 Please describe the LOQ for BCR::ABLT quantitative PCR established by your institution.

1) 0.0069 429 (3(7)

2) 0.0032 14.3 (1/7)

3)0.0017 14.3 (1/7)

4001 143 (1/7)
19 If the BCR:ABL1 quantitative PCR result is below the LOD or a value is detected, do you perform a retest?

1) No, we do not test again 83.3 (10/12)

2) Yes, the retest is performed once 3 (1/12)

3) Yes, the retest is performed twice 0 (0/12)

4) Others (the necessity of a retest is determined by the first or second visit of the patient, previous test results, and related test 3 (1/12)

results)

20 How do you report the BCR::ABL1 quantitative PCR result if they are below the LOD but a value is detected? (If the LOD is not specified

and only the LOQ is specified, the value is considered to be smaller than that of the LOQ)

1) Report the value as is with a comment indicating that it is less than the LOD or LOQ. 385 (5/13)

2) Report a positive result below the LOD or LOQ 23.1 (3/13)

3) Indicate that the result is negative 23.1 (3/13)

4) Provide the value as is 7.7 (113)

5) Others (report the value is formed as %IS with a comment indicating that it is less than the analytical measurement range) 7.7 (113)

(Continued to the next page)
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Table 1. Continued

Questionnaires & Answer options

Response, % (institution)

21 How do you report the BCR::ABLT quantitative PCR result if they are below the LOQ and above the LOD?

1) Report the positive result below the LOQ

2) Report the value as is with a comment indicating that it is less than the LOD

3) Provide the value as is

50.0 (2/4)
250 (1/4)
250 (1/4)

22 Are you performing internal quality control procedures for BCR::ABLT quantitative PCR 7 If yes, please describe in detail how to implement

1) Yes (e.g., use positive and negative samples for each test)

1000 (15/15)

(
Use positive, weakly positive, and negative samples for each test 400 (6/15)
Use positive and negative samples for each test 26.7 (4/15)
Use positive samples of two levels for each test 7 (1/15)
Use a positive sample for each test 7 (1/15)
Use a laboratory-created low-positive sample (0.1-0.001%IS) for each test 7 (1/15)
Use the supplied control for each test 7 (1/15)
Use the IS calibrator for each test 7 (1/15)
2) No 0 (0/15)
23 Are you performing external quality control procedures for BCR::ABLT quantitative PCR?

1) Participate in the external quality control program (please describe all participating programs) 73.3 (11/15)
The College of American Pathologists survey 727 (8/11)
Molecular program of the Korean Association of External Quality Assessment Service 455 (5/11)
Korean institute of genetic testing evaluation 27.3 (3/11)

2) Comparison with other laboratories 27.3 (3/15)

3) Others (interobserver comparison) 6.7 (1/15)

/701901 o]2lel] 0.0032, 0.0017, 0.01% B3tgick Ak PCR
Z3}7}FLOD ulgto|ut gho] Uk 79 A8 = 71to] 83.3%
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