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Abstract

Background—Monitoring of molecular response (MR) using quantitative polymerase chain 

reaction (PCR) for BCR-ABL1 is a pivotal tool for guiding tyrosine kinase inhibitor therapy and 

the long-term follow-up of patients with chronic myeloid leukemia (CML). Results of MR 

monitoring are standardized according to the International Scale (IS), and specific time-dependent 

molecular milestones for definition of optimal response and treatment failure have been included 

in treatment recommendations. The common practice to use peripheral blood (PB) instead of bone 

marrow (BM) aspirate to monitor the MR monitoring in CML has been questioned. Some studies 

described differences between BCR-ABL1 levels in paired PB and BM specimens.

Methods—We examined 631 paired PB and BM samples from 283 CML patients in a 

retrospective single-center study using an IS normalized quantitative reverse transcription (qRT)-

PCR assay for quantification of BCR-ABL1 IS.

Results—A good overall concordance of BCR-ABL1 IS results was found, a systematic tendency 

towards higher BCR-ABL1 IS levels in PB was observed in samples of CML patients in a major 

MR. This difference was most pronounced in patients treated with imatinib for at least 1 year. 

Importantly, the difference resulted in a significantly lower rate of deep MR when BCR-ABL1 IS 

was assessed in the PB compared to BM aspirates.

Conclusions—In summary, our data suggest that the classification of deep MR in patients with 

CML is more stringent in PB than in BM. Our study supports the current practice to primarily use 

PB for long-term molecular follow-up monitoring in CML.

Keywords
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Introduction

Chronic myeloid leukemia (CML) is a myeloproliferative neoplasm characterized by the 

presence of the BCR-ABL1 fusion gene (BCR, BCR activator of RhoGEF and GTPase, 
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NG_009244.2; ABL1, ABL proto-oncogene 1, nonreceptor tyrosine kinase, NG_012034.1). 

The reciprocal translocation t(9;22)(q34;q11) is associated with the BCR-ABL1 fusion that 

can be detected by fluorescence in situ hybridization (FISH) or reverse transcriptase 

polymerase chain reaction (RT-PCR) to establish the diagnosis [1]. Tyrosine kinase 

inhibitors (TKI) targeting BCR-ABL1 are highly effective and have become standard of 

treatment for patients with CML [2]. Monitoring of molecular response (MR) by 

quantitative RT-PCR (qRT-PCR) is widely used as it provides important prognostic 

information particularly for patients undergoing TKI treatment. In fact, time-dependent 

molecular milestones for definition of optimal response and treatment failure are included in 

international treatment recommendations. In particular, the achievement of the major 

molecular response (MMR or MR3; 3 log reduction) is the most important milestone for 

CML patients undergoing TKI treatment [3, 4].

QRT-PCR for BCR-ABL1 is a highly sensitive method for detection and quantification of 

minimal residual disease (MRD) in CML. The amount of BCR-ABL1 mRNA is normalized 

to an internal reference gene, most commonly ABL1, and expressed as a percentage [5]. 

Tremendous efforts have been made to standardize molecular BCR-ABL1 results obtained 

by a variety of different assays with a substantial inter-assay variability. In particular, the 

development of an International Scale (IS) with the application of laboratory-specific 

conversion factors or the usage of reagents that have been calibrated to the World Health 

Organization (WHO) International Genetic Reference Panel for quantitation of BCR-ABL1 
mRNA significantly improved comparability between laboratories and led to a standardized 

reporting of BCR-ABL1 IS levels [5, 6]. MMR corresponds to ≤0.1% BCR-ABL1 IS, and the 

terms MR4, MR4.5 and MR5 are used to indicate levels of MRD that are ≤0.01%, ≤0.0032%, 

or ≤0.001% BCR-ABL1 IS, respectively (corresponding to 4-, 4.5- or 5-log reduction from 

standardized baseline) [5, 7]. A 4 to 5 log reduction is of particular relevance for definition 

of deep molecular response (DMR) that has been established as a surrogate parameter of 

complete response and as a prerequisite for discontinuation of TKI treatment in CML [8, 9].

In contrast to the tremendous effort in standardization of BCR-ABL1 IS measurements, the 

question whether to use peripheral blood (PB) and/or bone marrow (BM) as optimal material 

is not finally answered. BM is generally accepted as gold standard material for 

determination of cytogenetic response using karyotyping in CML [10]. PB is commonly 

used for MR assessment as it is easier to obtain and enables frequent monitoring without the 

need of a more invasive BM puncture. It has also been suggested as an appropriate specimen 

in the European Leukemia Net (ELN) and National Comprehensive Cancer Network 

(NCCN) guidelines on CML [3, 4]. Despite this common practice, there are controversial 

studies arguing in favor of either using specifically BM or PB for MRD measurements in 

CML. While in general there is a good overall agreement between the level of BCR-ABL1 
in PB and BM, relevant difference at specific cut-offs or time points have been described 

that might influence the sensitivity of molecular MRD testing in CML [11–16]. To further 

standardize MR testing and clinical practice in CML, the definition of an optimal specimen 

for the precise quantification of low levels of BCR-ABL1 mRNA is of utmost importance. 

The comparison of BM and PB using an IS-standardized qRT-PCR assay has not been 

performed in a large patient series so far and is subject of the present study.
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Materials and methods

Patients

We examined 631 paired samples (BM aspirates vs. PB) from 283 CML patients (118 

females, 165 males), diagnosed between October 1982 and January 2016 and stored in a 

local registry. PB and BM samples at diagnosis and during follow-up were obtained after 

informed consent was given and the study was approved by the institutional review board 

(EK: EK-1063/2018). Inclusion criteria were the presence of a BCR-ABL1 transcript of the 

major breakpoint type (e13a2 or e14a2) and a maximal diff ence of 7 days between PB and 

BM sampling was accepted for definition of a paired sample although 93.2% of samples 

were obtained with a maximal diffence of 1 day. Detailed clinical data were available in a 

sub-cohort of 163 patients. According to WHO criteria [1], 119 patients were diagnosed as 

having chronic phase (CP), eight patients had accelerated phase (AP) and three had blast 

phase. In 33 patients no information on the phase was available. The patients’ characteristics 

are shown in Table 1.

Molecular analysis of BCR-ABL1 

A total of 1 × 107 leukocytes from PB or aspirated BM were lysed using RLT-Puffer 

(Qiagen, Hildesheim, Germany). RNA extraction was performed using the QIAcube 

instrument with the RNe-asy Mini Kit (both Qiagen) and cDNA was generated out of 3 μg 

of RNA using the High-Capacity cDNA Reverse Transcription Kit with RNase Inhibitor 

with a random primer (Applied Biosystems, Foster City, CA, USA) according to the 

manufacturer’s recommendations. RNA was quantified using the NanoDrop 2000 instrument 

(Thermo Fisher Scientific, Waltham, MA, USA). Quantification of BCR-ABL1 mRNA was 

performed in duplicates with the Ipsogen BCR-ABL1 Mbcr IS-MMR KIT (Qiagen) 

according to the manufacturer’s recommendations and analyzed on the LightCycler® 2.0 

Instrument (Roche, Basel, Switzerland) and LightCycler® Software. ABL1 was used as 

internal control gene and BCR-ABL1 mRNA values were normalized to the IS (BCR-ABL1 
IS) using a conversion factor determined by sample exchange with the European Treatment 

and Outcome Study (EUTOS) for CML reference center Mannheim (Germany) [6]. A 

minimum of 10,000 control gene copies was required for MR assessement, and MR was 

diagnosed according to the standardized ELN recommendations [7].

Statistical analysis

Statistical analysis was performed using R (R: The R Project for Statistical Computing, 

Vienna, Austria) [17] and GraphPad Prism (GraphPad Software, La Jolla, CA, USA). 

Categorical data was assessed using McNemar’s chi-square (χ2)-test or Fisher’s exact test. 

Metric data was given as median and group diff ences were evaluated by the Wilcoxon rank 

test. The correlation was assessed by applying Spearman’s rank correlation coefficient (ρ). 

Diffences between the quantitative PCR results obtained from diffent specimen were 

graphically displayed using a Bland-Altman plot and statistically compared by applying 

ordinary least squares regression and Passing-Bablok regression on log transformed data. 

Differences were considered to be significant when the p-value was <0.05.
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Results

Differences between BCR-ABL1 IS in paired samples: PB vs. BM

BCR-ABL1 IS was measured in 631 paired samples from 283 patients (Table 1, Figure 1). 

BCR-ABL1 was detected in 559 BM samples with a median BCR-ABL1 IS of 0.34% and in 

563 PB samples with a median BCR-ABL1 IS of 0.30%. Overall, a high degree of 

correlation between the two specimens was observed (rP = 0.98), and no relevant systematic 

deviation was found in ordinary least squares regression analysis of log-transformed data, 

with a slope of 0.94 (95% confidence interval [CI] 0.92–0.96) for the conversion from BM 

to PB (Figure 2A). Regression coefficients of the Passing-Bablok regression disclosed a 

similar result (intercept: 0.0 [CI: 0.0–0.001], slope: 0.98 [CI: 0.96–1.00]), without evidence 

of a systematic or proportional difference. However, a Bland-Altman plot showed a 

deviation tendency toward higher levels in PB for samples with a low BCR-ABL1 IS level 

(Figure 2B). We therefore restricted the analysis to 315 samples pairs with ≤0.1% BCR-
ABL1 IS in at least one material. In this subgroup of samples that met the criteria for MMR, 

a weaker correlation between the two types of specimens (rP = 0.85) and a systematic 

deviation towards slightly higher BCR-ABL1 IS results in PB for samples with low average 

BCR-ABL1 IS was observed with a slope of 0.83 ([95% CI 0.76−0.89] and an intercept of 

0.39 [CI: 0.27−0.52] in ordinary least squares regression analysis of log-transformed data) 

(Figure 2C). Regression coefficients of the Passing-Bablok regression also indicated 

systematic deviation (intercept: 0.0 [CI: 0.0−0.0], slope: 1.33 [CI: 1.14−1.50]). In line with 

this observation, paired samples meeting the MMR criteria in at least one material showed 

significantly higher BCR-ABL1 IS levels in PB (median 0.011%) than in BM (median 

0.009%; p ≤ 0.0001) (Figure 2D).

DMR of CML in PB and BM

We next analyzed whether the difference between BCR-ABL1 IS in PB and BM had an 

impact on the MR classification of the samples. Three hundred of the 631 PB samples 

(47.5%) and 305/631 BM samples (48.3%) were classified as MMR or below. When taking 

DMR (MR4, MR4.5 or MR5) into account, a significant difference between response 

classification in PB and BM was observed (p <0.001, Figure 3A). In particular, a DMR of 

MR4 or below was found in at least one specimen of 185 paired samples (29.3%). One 

hundred and thirty-two paired samples (20.9%) were concordantly classified as at least MR4 

in both specimens, while 53 (8.4%) were discordantly classified with significantly more 

samples meeting the MR4 criteria in the BM (n = 38) than in the PB (n = 15; p = 0.0025; 

Table 2). Individual analysis of these sample pairs in Sankey diagrams showed a substantial 

amount of samples that were classified as MR4 in BM but only as MMR in the PB. In 

contrast, samples that were classified as MR4 in PB were only rarely classified as a deeper 

response in BM (Figure 3B). In summary, we observed a statistically significant tendency 

towards deeper MR levels in the BM compared to PB.

The depth of MR can be limited either by the level of BCR-ABL1 IS or by an insufficient 

number of control gene copies. When we compared BCR-ABL1 IS and ABL1 copy numbers 

at the MR4 cutoff, no difference in the control gene copy numbers were observed 

(Supplementary Figure 1A). In particular, all samples met the MR4 requirement of 10,000 
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ABL1 copies, while the BCR-ABL1 IS levels were higher in the PB than in the BM 

(Supplementary Figure 1B) – indicating that the observed differences were not observed due 

to technical issues.

Impact of treatment modalities on the MR in PB and BM

To investigate the relationship between treatment modalities and the MR in PB and BM, we 

next restricted the analysis to 459 samples of 163 patients with detailed clinical follow-up 

data available (Table 1). In the early phase of TKI treatment (3–9 months) we observed 

significantly higher levels of BCR-ABL1 IS in the BM (median 1.23%) than in the PB 

(median 0.66%, p < 0.001; Figure 4A), while contradictory results with significantly higher 

BCR-ABL1 IS in the PB were found after at least 12 months of treatment (median 0.014% 

vs. 0.017%, p = 0.001; Figure 4A). Like in the total cohort, paired samples obtained from 

patients after at least 12 months of TKI treatment showed a trend towards deeper MR in the 

BM (Figure 4B). The deviation towards higher BCR-ABL1 IS levels in PB was also 

confirmed when restricting the correlation analysis to samples with sustained DMR 

(Supplementary Figure 3). A DMR of MR4 or below was found in at least one specimen of 

158 paired samples (49.1%). One hundred and twelve paired samples (34.8%) were 

concordantly classified as at least MR4 in both specimens, while 46 (14.3%) were 

discordantly classified with significantly more samples meeting the MR4 criteria in the BM 

than in the PB (p = 0.0007; Table 3). As expected, DMR was only rarely observed in the 

early phase of TKI treatment (3–9 months) (Figure 4B). We therefore analyzed whether the 

specimen had an impact on the 1% BCR-ABL1 IS cut-off that is used for definition of 

optimal response at 6 months of TKI treatment according to ELN guidelines [3]. An MR 

below 1% BCR-ABL1 IS was found in 54 paired samples (54.0%): 46 paired samples 

(46.0%) were classified as <1% BCR-ABL1 IS in both types of specimens. Eight samples 

(8.0%) were discordantly classified with a not significant trend towards more PB samples 

meeting the definition of optimal response (p = 0.08; Supplementary Table 1).

Finally, we stratified this cohort (459 samples of 163 patients with detailed clinical follow-

up data available) into paired samples under treatment with imatinib (n = 330) or other TKI 

(n = 75) (54 samples without TKI treatment). Patients treated with imatinib represented the 

majority of our cases and the shift towards higher BCR-ABL1 transcripts in PB vs. BM were 

confirmed (Supplementary Figure 2A). In particular, detailed comparison of DMR in 134 

paired samples of imatinib-treated patients with MR4 in at least one specimen showed a 

substantial amount of samples that were classified as MR4 in BM but only as MMR in the 

PB (Figure 4C) and significantly more samples met the MR4 criteria in the BM than in the 

PB (p = 0.0015; Supplementary Table 2). In contrast, only minor differences between BCR-
ABL1 IS levels in PB and BM were observed for other TKI (Supplementary Figure 2B). In 

particular, we did not observe a difference for the DMR response defined as MR4 or below 

between the two types of specimen (PB vs. BM) (Figure 4D; Supplementary Table 3). In 

summary, the observed differences between MR in PB and BM were most pronounced in 

patients treated with imatinib for at least 12 months while a limited number of samples from 

patients treated with other TKI showed no obvious difference between BCR-ABL1 IS levels 

in both specimens.
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Discussion

We systematically compared molecular quantification of BCR-ABL1 in 631 paired PB and 

BM samples from 283 CML patients using an IS normalized qRT-PCR assay. While a good 

overall correlation of BCR-ABL1 IS results was found, a systematic tendency towards higher 

BCR-ABL1 IS levels in the PB was observed for CML patients in MMR. This resulted in a 

significantly higher rate of DMR (MR4) when assessed in the BM in comparison to the PB 

in these patients. This effect was most pronounced for patients treated with imatinib for at 

least 1 year, while contrary results with slightly higher BCR-ABL1 IS levels in the BM were 

found in the first months of treatment.

Despite the tremendous effort in the standardization of BCR-ABL1 measurement and the 

common practice to use PB for MR assessment, there has been an ongoing discussion about 

the potential differences between BM and PB as specimens for MRD measurement in CML 

[11–16]. Stock et al. reported frequent differences between PB and BM BCR-ABL1 
measurements in 36 paired samples with a trend towards lower values in PB samples 

obtained during treatment compared to the corresponding BM values (of note, 34 of the 36 

paired on-treatment samples were studied between 3 and 9 months of TKI treatment). 

Subsequently, the authors recommended caution against interchanging BM with PB 

sampling for MRD monitoring during treatment of CML [11]. In contrast, Jiang et al. 

reported conflicting results in 634 paired on-treatment samples where the level of BCR-
ABL1 was significantly lower in PB than in BM for samples with a <2 log reduction and 

significantly higher for samples with a ≥2 log reduction. In total, the reported depth of the 

MR in PB was lower than that in BM (corresponding to significantly higher levels of BCR-
ABL1 in PB compared to BM) [12]. Although the results of these studies seem to be 

conflicting at first glance, they fit very well to our results when the duration of TKI 

treatment is taken into account. We also observed slightly higher BCR-ABL1 IS levels in 

BM samples at an early time point of TKI treatment (3–9 months) while BCR-ABL1 IS 

levels in the PB were significantly higher compared to BM in samples after a longer duration 

of TKI treatment (≥12 months). In summary, our data confirm results from a previous study 

indicating that the differences between of BCR-ABL1 in PB and BM were associated with 

the depth of MR during imatinib therapy [12]. Although differences were small in the 

majority of samples, we and others have observed differences of up to 1 log between BCR-
ABL1 IS in PB and BM in some paired samples [11–16]. While in general both cell sources 

are considered suitable for molecular analysis, our results also argue against an uncritical 

interchanging of BM and PB results for MRD testing. Differences in the individual follow-

up of a patient need to be critically evaluated when changing the type of specimen and 

should be confirmed before making a treatment decision. This is also in line with previous 

recommendations stating that the serial use of qRT-PCR values based on interchangeable use 

of PB and BM can lead to misinter-pretation of results [18].

Although our data show that BCR-ABL1 IS results in PB and BM are not completely equal, 

the relevance of the observed differences for response classification and monitoring in CML 

remains uncertain. Regarding the early phase of TKI treatment, we observed a slight trend 

towards higher rates of achieved molecular milestones (e.g. <1% BCR-ABL1 IS) in PB than 

in the BM that did not meet statistical significance. At the MMR cut-off of 0.1% BCR-

Greiner et al. Page 7

Clin Chem Lab Med. Author manuscript; available in PMC 2021 July 28.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



ABL1 IS we observed a very good correlation between BM and PB that is in line with 

previous studies [19]. In comparison to previous data, our study was designed to detect 

potential differences in long-term follow-up (due to the median time from diagnosis to 

sampling of 48 months). Long-term molecular follow-up has become increasingly important 

as it was realized that assessment of DMR is a prerequisite for the discontinuation of TKI 

treatment in CML [9]. It is of pivotal importance to standardize the assessment of BCR-
ABL1 as much as possible to minimize the effects of testing conditions on MR classification 

– this also includes the standardization of the specimen for DMR assessment. Although MR 

is commonly assessed in PB and recommended as appropriate material by international 

guidelines, additional testing of BCR-ABL1 IS in the BM has been discussed [11–16]. 

NCCN guidelines on CML state that a major advantage of qPCR is the strong correlation 

between results obtained from PB and BM, allowing molecular monitoring without BM 

aspiration. They do not discourage molecular testing in the BM [4]. ELN guidelines are 

more in favor of PB and state that PB is suitable for analysis of BCR-ABL1 transcripts in 

chronic-phase CML and that PB should routinely be used for monitoring, as PB samples 

correlate with clinical response and are easy to collect on a regular basis in patients within 

chronic phase CML [3]. Recommendations on discontinuation of TKI treatment and DMR 

do not always specify the specimen [4, 9, 20, 21]. In our cohort, we observed a trend towards 

a deeper MR classification in BM compared to PB. A substantial amount of paired samples 

were classified as MR4 only in BM but not in the PB. This argues for a slightly higher 

sensitivity to detect low level MRD in PB than in BM and supports the current practice to 

primarily use PB for molecular long-term follow-up in CML. The use of PB might not only 

be sufficient but even superior.

The reason for the differences between BCR-ABL1 IS in the BM and PB observed in this 

study remains unclear. We were able to exclude technical reasons as the majority of samples 

were obtained in-house without a delay in transportation, a defined amount of RNA was 

used for molecular testing and no differences in the control gene copy number were 

observed. Optimal performance of the molecular analysis is a prerequisite to detect low 

amounts of BCR-ABL1 in the PB and alterations of the protocol for RNA isolation, cDNA 

synthesis and PCR can substantially effect the sensitivity of the assay [22]. Thus, although 

sub-optimal analysis conditions might compromise the claim of superiority for BCR-ABL1 
IS in the PB, this is obviously not an issue in our study. Potential biological reasons for the 

differences are not well understood. Differences in the amount of BCR-ABL1 transcripts as 

well as the dynamic of response to TKI treatment have been discussed between BM 

precursors and more mature myeloid cells [12, 23–25]. In our study, patients undergoing 

TKI treatment with imatinib represented the majority of the study cohort. We cannot exclude 

that a faster or deeper MR with second generation TKI influences the differences between 

BCR-ABL1 IS levels of the specimens. Indeed, we did not observe the same effect under 

TKI treatment with nilotinib or dasatinib. However, the number of samples under second 

generation TKI was limited. Likewise, treatment free remission was not assessed within our 

study.

In summary, our data support the common practice to use PB for assessment of DMR in 

CML. BM puncture is not necessary for additional molecular analysis of BCR-ABL1 IS in 

Greiner et al. Page 8

Clin Chem Lab Med. Author manuscript; available in PMC 2021 July 28.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



the BM and can be limited to cases with the suspicion of treatment failure for additional 

morphologic and cytogenetic assessments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Grouping of timepoints, MR and treatment modalities
MMR, major molecular response; DMR, deep molecular response; MR, molecular response; 

TKI, tyrosine kinase inhibitor.
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Figure 2. Comparison of BCR-ABL1 IS in BM aspirate and PB in samples of patients with CML
(A) Quantification of BCR-ABL1 IS in 631 paired samples from 283 CML patients showed 

a strong overall correlation (Spearman’s rank correlation ρ = 0.98). (B) Bland-Altmann plot 

of qPCR positive samples (n = 546) indicates a slight systematic deviation at low BCR-
ABLIS values ≤0.1%. (C, D) Detailed analysis of 315 paired samples with BCR-ABL1 IS 

≥0.1% in at least one specimen showed a weaker correlation (ρ = 0.85) with a systematic 

deviation (C) and significantly higher values in PB than in BM (D). ****p < 0.0001 in 

paired Wilcoxon signed-rank test. ρ, Spearman’s rho; BM, bone marrow; PB, peripheral 

blood; CML, chronic myeloid leukemia.
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Figure 3. Differences in MR assessed in paired samples in patients with CML
(A) Distribution of MR data from 631 paired samples from 283 CML patients. (B) A Sankey 

diagram of paired samples with DMR (≥MR4) in at least one specimen. ***p < 0.001 in 

Fisher’s exact test. DMR, deep molecular response; MR, molecular response; MMR, major 

molecular response; BM, bone marrow; PB, peripheral blood; CML, chronic myeloid 

leukemia.
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Figure 4. Effect of treatment modalities on the difference of BCR-ABL1 IS between specimens
(A, B) Differences of BCR-ABL1 IS between BM and PB at early time points of TKI 

treatment (3–9 months, left) differ from that observed in long-term follow-up (≥12 months, 

right) (A); effect on the distribution of MR classification (B). (C, D) A Sankey diagram of 

paired samples with DMR (≥MR4) in at least one specimen for patients receiving imatinib (n 

= 134, C) or other TKI (n = 29, D). **p < 0.01, ***p < 0.001. BM, bone marrow; DMR, 

deep molecular response; PB, peripheral blood; MR, molecular response; MMR, major 

molecular response; TKI, tyrosine kinase inhibitor.
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Table 1
Patients’ characteristics.

Patients’ characteristics Total cohort (n = 283) Subcohort (n = 163)

Age, years (median and range) 58 (19–86) 57 (19–86)

Sex (female | male) 118 | 165 66 | 97

Disease stage at diagnosis

   Chronic phase a 119 (73.0%)

   Accelerated phase a 8 (4.9%)

   Blast phase a 3 (1.8%)

Follow-up (months; median and range) a 63.2 (2.3–377.2)

TKI treatment duration (months; median and range) a 62.4 (2.1–177.9)

Best available response (number)

   No MMR a 50 (30.7%)

   MMR a 26 (16.0%)

   MR4 a 31 (19.0%)

   MR4.5 a 27 (16.6%)

   MR5 a 29 (17.8%)

a
Not available. MR, molecular response, MMR, mean molecular response.
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Table 2

Differences in achievement of MR4 in paired BM and PB samples of 283 CML patients.

All samples ≥MR4 PB

No, n Yes, n Total, n

BM No, n 446 (70.7%) 15 (2.4%) 461 (73.1%)

Yes, n 38 (6.0%) 132 (20.9%) 170 (26.9%)

p = 0.0025 Total, n 484 (76.7%) 147 (23.3%) 631 (100%)

Contingency table with McNemar test of all samples. BM, bone marrow; CML, chronic myeloid leukemia; MR, molecular response; PB, peripheral 
blood.
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Table 3

Differences in achievement of MR4 in paired BM and PB samples of 134 CML patients in 
long-term follow-up.

≥12 months ≥MR4 PB Total, n

No, n Yes, n

BM No, n 164 (50.9%) 11 (3.4%) 175 (54.3%)

Yes, n 35 (10.9%) 112 (34.8%) 147 (45.7%)

p = 0.0007 Total, n 199 (61.8%) 123 (38.2%) 322 (100%)

Contingency table with McNemar test of samples from patients undergoing TKI treatment for ≥12 months. BM, bone marrow; CML, chronic 
myeloid leukemia; PB, peripheral blood.
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