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Abstract 

BCR-ABL1 is a chimeric oncogene underlying chronic myeloid leukemia (CML) and serves as a key marker for 

monitoring minimal residual disease. Quantitative RT-qPCR analysis of BCR-ABL1 transcripts enables assessment 

of molecular response depth and timely detection of treatment failure or resistance. In international practice, the 

introduction of the International Scale (IS), along with method standardization, has significantly improved the 

comparability of results between laboratories. Participation in external quality assessment (EQA) programs is a 

mandatory accreditation requirement in countries with established CML monitoring systems, allowing laboratories 

to evaluate analytical accuracy and to adjust protocols when deviations are detected. 

Until recently, Russia lacked both standardized IS calibration and a national EQA program for BCR- ABL1 testing, 

which hindered the assessment of interlaboratory precision. This pilot study represents the first interlaboratory 

comparison of quantitative BCR-ABL1 measurement in the Russian Federation. Two panels of lyophilized control 

samples (five levels each, from M1 to M4.5) were distributed and analyzed by 14 laboratories (15 datasets) using 

their routine protocols without IS conversion. Interlaboratory variability was high: the overall coefficient of 

variation ranged from approximately 40 percent to 50 percent, with individual laboratory results at the high level 

(about 10 percent) varying from 3 percent to 27 percent. Most laboratories' results were within plus/minus 3 

standard deviations of the consensus median, but two laboratories showed consistent overestimation (bias about 

+3.8 percentage points) or underestimation (bias about -1.7 percentage points), leading to multi-fold errors at level 

M1. These findings highlight the urgent need to implement IS calibration and to establish a national EQA program 

for BCR-ABL1 testing in Russia to improve result comparability. Adoption of these measures will help align 

molecular monitoring of CML in Russia with international standards and strengthen clinician confidence in 

laboratory testing 
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Introduction 

Quantitative measurement of BCR-ABL1 transcripts by RT-qPCR is the 

cornerstone of molecular response monitoring in CML [1-3]. In international 

practice, the adoption of a unified International Scale (IS) along with 

standardized methods has significantly improved the comparability of BCR-

ABL1 results across laboratories [4-6]. Furthermore, regular participation in 

external quality assessment (EQA) programs (e.g., CAP in the US, UK 

NEQAS in the UK) is mandatory for laboratory accreditation in countries 

with established CML monitoring [7-11]. Such programs allow each 

laboratory to verify its measurement accuracy and prompt those with 

outlying results to adjust their methods and calibration. 

Until recently, the Russian Federation had no unified system for converting 

BCR-ABL1 results to the IS and no national EQA program for BCR-ABL1 

testing. This lack of standardization has made it difficult to evaluate 

interlaboratory accuracy and compare CML monitoring data within the 

country. We report the first attempt at an interlaboratory comparison of 

BCR-ABL1 quantitative testing in Russia. The goal was to assess variability 

in results between laboratories, identify problem areas, and substantiate the 
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need to implement the international scale and to participate in external 

quality control programs. 

For this study, two panels of lyophilized control samples (designated panel 

1 and panel 2) were prepared, each comprising 5 samples with different 

BCR-ABL1 transcript levels corresponding to molecular response (MR) 

levels M1 through M4.5. Each panel thus contained samples at 

approximately the following %BCR-ABL1/ABL1 ratios: ~10% (M1), ~1% 

(M2), ~0.1% (M3), ~0.01% (M4), and ~0.003–0.005% (M4.5), covering the 

range from no significant molecular response to deep MR4.5. These samples 

were produced by mixing cells from K562 (BCR-ABL1 e14a2-positive) and 

HL60 (BCR-ABL1-negative) cell lines in varying proportions, followed by 

lyophilization for stability. This approach mirrors the design of EQA panels 

used in other countries. Each sample was labeled OK-M1, OK-M2, … OK-

M4.5. 

A total of 14 laboratories from various regions of Russia participated, 

providing 15 data sets (one lab submitted results from two independent 

methods, counted separately). Each lab extracted RNA from the provided 

samples and performed RT-qPCR according to its routine protocol. A variety 

of amplification platforms (e.g., Rotor-Gene, CFX96, DTprime) and reagent 

kits commonly used in Russia (such as the domestic “AmpliSens Leucosis 

Quant” kit) or equivalent in-house methods were employed. None of the 

laboratories had the capability to convert their results to %IS due to the lack 

of conversion factors or certified IS reference standards in Russia at the time. 

Therefore, all results were reported simply as the percentage of BCR-ABL1 

relative to a control gene (typically ABL1) without IS transformation. 

Each laboratory measured each sample in duplicate (two replicates per 

sample in panel 1 and similarly in panel 2). For analysis, the mean %BCR-

ABL1/ABL1 value of replicates was calculated for each lab on each sample 

(if one replicate was missing, the single available value was used). 

Using the aggregate of all labs’ results, we determined assigned consensus 

values for each control level M1–M4.5 by taking the median of all laboratory 

results for that sample. The median was chosen as a robust estimate of the 

true value in the absence of an established calibrator. We then assessed each 

lab’s deviation from the consensus by computing z-scores:    lab  median / , 

where σ is a robust standard deviation estimate (the median absolute 

deviation, MAD) for that sample’s results. Results with |z| > 3 were 

considered significant outliers (beyond acceptable limits). In addition, to 

quantify each laboratory’s overall accuracy, we calculated the bias (mean 

difference between the lab’s results and the assigned values across all 

samples), the mean absolute error (MAE; average of absolute differences), 

and the root mean square error (RMSE) for each lab. These metrics, 

expressed in the same units (percentage points of BCR-ABL1), indicate each 

lab’s systematic error (positive or negative bias), typical error magnitude 

(MAE), and sensitivity to large errors (RMSE). Data visualization included 

boxplots to show result distributions at each control level and a heatmap of 

z-scores (equivalently, relative biases) for each lab across all levels. 

Results 

The assigned consensus values and overall variability are summarized first. 

Combining results from both panels, the median %BCR-ABL1 values for 

levels M1, M2, M3, M4, and M4.5 were approximately 10.1%, 1.02%, 

0.136%, 0.010%, and 0.005%, respectively. As expected, these values 

closely correspond to the target MR levels (for example, M3 ~0.1% ≈ major 

molecular response, MMR). However, the spread of individual laboratory 

results was considerable. For the highest level M1 (~10%), the participant 

labs’ mean values ranged from ~3% up to ~27%. At the M2 level (~1%), lab 

means spanned ~0.19% to ~2.12%, and at M3 (~0.1%) from ~0.018% 

to~0.235%. Even at the very low M4–M4.5 levels, appreciable variation 

persisted – for example, for a true ~0.005% sample, reported values ranged 

~0.003–0.011% (Figure 1). The interlaboratory coefficient of variation 

(%CV) was on the order of 40–47% across the control points, reflecting the 

lack of a uniform calibration or method. By comparison, in the first Chinese 

multi-center EQA for BCR-ABL1 (66 labs), an even larger variability was 

noted (CV up to 60–100% without IS calibration), with a trend toward 

reduction (to ~62% CV) among labs that converted results to the IS [8]. 

 
Figure 1: Distribution of BCR-ABL1 measurement results (% relative to control gene) for five control levels (M1–M4.5) across all participating 

laboratories. Boxes show the interquartile range and median; whiskers show the range excluding outliers. Y-axis is on a logarithmic scale. As 

BCR- ABL1 concentration decreases (from M1 to M4.5), the absolute interlaboratory spread in results diminishes, but the relative variability 

remains high due to proximity to the detection limit. The greatest absolute spread is observed at level M1 (~10%): the interquartile range is 

~9–11%, and individual laboratories reported values outside these bounds. 

Next, we evaluated individual laboratory biases and identified specific issues 

(Figure 2). Most labs showed acceptable agreement with the consensus (|z| 

≤ 2–3 at all levels). However, two laboratories exhibited clear systematic 

errors. One lab (code #8) consistently overestimated BCR-ABL1 at all 

levels, with an average bias of +3.75 percentage points (pp) – meaning this 

lab’s results were on average 3.75 pp higher than the true values. At the 

~10% level (M1), lab 8 reported ~27% BCR- ABL1 instead of ~10%, an 

~2.7-fold high bias (z ≈ +11.6), which appears as a bright red outlier on the 
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heatmap. Another lab (code #12) conversely underestimated results, with 

mean bias –1.65 pp (i.e. a systematic low bias. At M1, lab 12 reported ~2.8% 

instead of ~10% (~3.5-fold low, z ≈ –4.8, a bright blue block on the 

heatmap). Thus, at least two labs made fundamental systematic errors: in the 

first case likely an issue of calibration or contamination causing over-

quantification, and in the second perhaps poor RNA extraction or 

amplification efficiency, or a calculation error leading to under-

quantification. Aside from these, one lab (code #3) produced an outlying 

result at M1 (z ≈+4.9), though its other levels were closer to consensus; this 

suggests a one-time technical error (e.g. pipetting) with the highest-

concentration sample. At the low transcript levels (M4–M4.5), several labs 

showed within-lab inconsistency: for example, lab #13 obtained highly 

divergent replicates for the M4.5 sample (0.021% vs 0.0037% BCR-ABL1), 

yielding z-scores from +2 to –0.3 (seen as alternating red and blue in row 13 

for levels M4–M4.5). Lab #14 had a similar reproducibility problem at the 

highest and lowest levels (its two replicate results differed greatly, though 

the average still fell near the median; on the heatmap, lab 14 does not show 

a strong color, indicating the error canceled out upon averaging). These cases 

highlight the importance of internal reproducibility control, especially near 

the detection limits of the assay. 

 
Figure 2: Heatmap of z-scores for the results of 15 laboratories across five control samples (M1– M4.5). White indicates exact agreement with the 

median (zero deviation); red shades indicate results higher than the consensus (positive bias), blue shades indicate lower results (negative bias). 

Color intensity is proportional to the magnitude of deviation (z-score scale shown on the right); the black dashed line marks the ±3σ limits. Most 

laboratories’ deviations fall within ±2–3σ (gray background), with the exception of two systematically biased profiles – bright red (lab #8) and bright 

blue (lab #12). 

To provide an overall quantitative assessment of each laboratory’s accuracy, 

we computed the summary metrics bias, MAE, and RMSE across all 10 

sample measurements (5 levels × 2 panels) per lab (Table 1). Most 

laboratories showed only small systematic bias (|bias| < 0.3 pp) and a mean 

absolute error on the order of 0.2–0.8 pp (which corresponds to roughly 10–

20% relative error at the M1 level). The best performance was observed in 

labs #10 and #11 – their bias was near zero and their errors were minimal 

(MAE and RMSE ~0.07–0.12 pp), indicating results virtually coincident 

with the consensus values. In contrast, labs #8 and #12 stand out with much 

larger errors: lab 8 had MAE = 3.75 pp and RMSE = 7.86 pp (several-fold 

higher than others due to its systematic overestimation), and lab 12 had MAE 

= 1.65 pp, RMSE = 3.27 pp. Lab #3 also showed a notable average deviation 

(bias ~+1.57 pp, MAE 1.57 pp), attributable to its one large outlier at M1. 

These metrics align with the visual analysis in Figure. 2, confirming the 

presence of substantial interlaboratory discrepancies in the absence of a 

common standard. 

Laboratory Bias (pp) MAE (pp) RMSE (pp) 

Lab 1 +0.30 0.30 0.48 

Lab 2 –0.19 0.19 0.30 

Lab 3 +1.57 1.57 3.30 

Lab 4 +0.20 0.20 0.40 

Lab 5 +0.80 0.80 1.69 

Lab 6 –0.58 0.58 1.10 

Lab 7 +0.19 0.19 0.37 

Lab 8 +3.75 3.75 7.86 

Lab 9 –0.40 0.40 0.72 

Lab 10 –0.07 0.07 0.12 

Lab 11 –0.03 0.04 0.07 
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Lab 12 –1.65 1.65 3.27 

Lab 13 +0.05 0.05 0.10 

Lab 14 –0.18 0.18 0.40 

Lab 15 –0.26 0.26 0.55 

Table 1: Summary accuracy metrics of BCR-ABL1 measurements by laboratory. Bias – mean deviation of the laboratory’s result from the 

assigned value (positive bias indicates a systematic high deviation, negative bias a low deviation); MAE – mean absolute error; RMSE – root mean 

square error. All values are in percentage points (% BCR-ABL1). 

Accuracy was further analyzed based on the kits used. Eleven result sets were 

obtained using the commercial kit “AmpliSens Leucosis Quant,” while four 

sets were based on non-standardized (in- house) laboratory-developed 

protocols. Median bias values in both groups were close to zero, and the 

median MAE ranged from approximately 0.2 to 0.3 percentage points, 

indicating comparable accuracy across most laboratories. However, mean 

values revealed differences: the Ampli Sens group showed higher bias and 

error, largely due to several laboratories with substantial deviations. This 

underscores the importance of using median-based metrics for 

interlaboratory comparisons, particularly in the presence of outliers. Thus, 

employing a standardized reagent kit does not automatically guarantee 

higher accuracy—the reliability of results depends on the correct 

implementation of the methodology in each individual laboratory. 

The results demonstrate substantial interlaboratory variability in BCR-ABL1 

quantification under conditions lacking standardized calibration. Similar 

challenges have been reported internationally: prior to the introduction of a 

unified International Scale (IS), discrepancies between laboratories often 

spanned several-fold, whereas IS conversion markedly reduced result 

dispersion [7-8]. Our findings confirm that the absence of IS calibration in 

Russian practice leads to similar large-scale differences between 

laboratories. Clearly, the lack of a common reference point (IS) contributed 

to the observed inconsistencies, and IS alignment is expected to significantly 

improve interlaboratory agreement. A limitation of this study is the relatively 

small number of participating laboratories (n = 14), as well as the lack of an 

absolute reference standard when assigning consensus values. 

Nevertheless, even under these conditions, significant deviations were 

observed in several centers. Expanding the program to include more 

laboratories and using certified reference materials (such as WHO 

international panels for %IS) would enable direct linkage of results to the IS 

[5-6]. 

In summary, this pilot study showed that the absence of standardization leads 

to a ~40–50% spread in results between laboratories. Some participants 

systematically over- or underestimated transcript levels by several-fold, 

which could potentially lead to incorrect clinical assessment of molecular 

response. Our data strongly support the urgent need to implement IS 

calibration and to establish a regular external quality assessment program for 

BCR-ABL1 testing in Russia. Implementing these measures would improve 

result comparability between centers, bring domestic CML monitoring 

practices in line with international standards, and enhance clinicians’ 

confidence in molecular test results. 

References 

1. Kang ZJ, Liu YF, Xu LZ, et al.( 2016). The Philadelphia 

chromosome in leukemogenesis. Chin J Cancer.;35:48. 

2. Soverini S, Mancini M, Bavaro L, et al. Chronic myeloid 

leukemia: the paradigm of targeting oncogenic tyrosine kinase 

signaling and counteracting resistance for successful cancer 

therapy. Mol Cancer. 2018;17:49. 

3. Hanfstein B, Lauseker M, Hehlmann R, et al. Distinct 

characteristics of e13a2 versus e14a2 BCR-ABL1-driven 

chronic myeloid leukemia under first-line therapy with imatinib. 

Haematologica. 2014;99:1441-1447. 

4. Hochhaus A, Baccarani M, Silver RT, et al. European 

LeukemiaNet 2020 recommendations for treating chronic 

myeloid leukemia. Leukemia. 2020;34:966-984. 

5. White HE, et al. Establishment of the 1st World Health 

Organization International Genetic Reference Panel for 

quantitation of BCR-ABL mRNA. Blood. 2010;116: e111-7. 

6. Cross NC, et al. Development and evaluation of a secondary 

reference panel for BCR-ABL1 quantification on the 

International Scale. Leukemia. 2016;30:1844-1852. 

7. Scott S, et al. Measurement of BCR-ABL1 by RT-qPCR in 

chronic myeloid leukaemia: findings from an international EQA 

programme. Br J Haematol. 2017;177:414-422. 

8. Fu Y, et al. External quality assessment of p210 BCR-ABL1 

transcript quantification by RT- qPCR: findings and 

recommendations. Int J Lab Hematol. 2019;41:46-54. 

9. Griffiths M, et al. Conversion, correction, and International 

Scale standardization: results from a multicenter external quality 

assessment study for BCR-ABL1 testing. Arch Pathol Lab Med. 

2015;139:522-9. 

10. Ruiz MS, et al. Programme for harmonization to the 

International Scale in Latin America for BCR-ABL1 

quantification in CML patients: findings and recommendations. 

Clin Chem Lab Med. 2020;58:2025-35. 

11. White HE, et al. Standardization of molecular monitoring of 

CML: results and recommendations from the European 

Treatment and Outcome Study. Leukemia. 2022;36:1834-1842 

 

  

 

 

 

 

 

 



J. Archives of Clinical and Experimental Pathology                                                                                                                                                                             Page 5 of 5 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2025. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 
(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more   https://clinicsearchonline.org/journals/archives-of-clinical-

and-experimental-pathology 

http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
https://clinicsearchonline.org/journals/archives-of-clinical-and-experimental-pathology
https://clinicsearchonline.org/journals/archives-of-clinical-and-experimental-pathology

