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Purpose: To investigate and evaluate the role of nucleated red blood cells (NRBCs) and
other markers in predicting remission failure in chronic myeloid leukemia (CML) patients
treated with imatinib.

Methods: Seventy-one CML patients with BCR-4BL(+) in bone marrow cells were selected for
this study. Molecular response evaluations were done every three months according to the
recommendations of European LeukemiaNet (ELN). Patients were defined as remission failure
if BCR-ABL transcripts >10% after 6 months (T6), >1% after 12 months (T12), and >0.1% after
18 (T18) months of treatment. The logistic regression was used to determine the optimal cut-off
point of each marker and test the association of marker level with remission failure.

Results: The median NRBC, white blood cells, blast cells, basophils, and platelets were
declined parallel with the decreases of BCR-ABL transcripts in bone marrow cells after
6 months of treatment (P<0.001). In addition, NRBC was almost not found in the blood of
patients who archived good response at T6, T12, and T18 time-points. Interestingly, patients
with a high level of NRBC (cut-off: 0.003x10°/L) have higher BCR-ABL transcripts com-
pared to others. The elevated NRBC at T6 (OR=6.49, P=0.042), T12 (OR=6.73, P=0.007),
and T18 (OR=5.96, P=0.009) time-points was identified as an independent factor for the
remission failure.

Conclusion: The results of this study showed that a high number of NRBC in peripheral
blood of CML patients is associated with higher BCR-ABL transcripts in bone marrow cells.
The elevated NRBC might serve as an independent marker for molecular remission failure in
CML.
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Introduction

Chronic myeloid leukemia (CML) is a hematological disease which has been char-
acterized by the malignant proliferation of hematopoietic stem cells carried the trans-
location #(9;22)(q34;q11)." This translocation leads to the formation of the BCR-ABL
fusion gene which encodes for the similar name protein with hyper tyrosine kinase
activity in cancer cells. The BCR-ABL rearrangement occurs in =95% CML patients
with two major (b3a2 and b2a2; or p210 variant), one minor (ela2 or p190), and some
rare variants.' Before the imatinib era, CML patients were treated with chemotherapy
agents in classical regimens such as hydroxyurea, cytarabine, and interferon-alpha.
Imatinib therapy (a tyrosine kinase inhibitor, TKI) is the breakthrough in treatment for
CML patients which help to improve the response rate, survival, and quality of life for
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patients compared to the classical chemotherapy.” The drug
acts as the competitor with adenosine triphosphate to block
the BCR-ABL fusion protein, hence inhibits the transduc-
tions of intracellular signaling pathways, and inhibits the
uncontrolled proliferation of CML cells. After the success
of imatinib, dasatinib and nilotinib were approved as the first-
line agents in CML treatment recently.'>*

On TKI treatment monitoring, the BCR-ABL transcripts
were recommended to be measured every three months to
determine whether patients reach the molecular remission
or not." This diagnostic test was suggested to perform on
the real-time quantitative polymerase chain reaction which
is the current standard technique. Although the peripheral
blood cells were approved recently as a sample source for
BCR-ABL quantification, the diagnostic test performed on
bone marrow cells still remains as the gold standard
method." Besides the BCR-ABL transcripts, the restore of
hematopoiesis to normal, and some related immune cells
such as neutrophils, blast cells, and basophils have been
used in response evaluation for CML.">”’

One of the well-known cells of the hematopoietic sys-
tem, the nucleated red blood cell (NRBC) is a promising
marker for clinical application. The presence of NRBC in
peripheral blood has been shown to be associated with a
variety of serious conditions including solid cancer, hema-
tological diseases, cardiovascular diseases, hemorrhage,

infections, and others.®® Besides, this cell plays an

important role as a powerfully predictive factor of survival
for both hospitalized adult patients and infants.®'*>
However, a little information of NRBC in CML has been
shown, especially in patients treated with TKL.? This study
aims to investigate and evaluate the role of NRBC and
other routine tests in predicting remission failure with

imatinib in CML, as the simple, cost-effective markers.

Materials and methods

Patients and sample

A total of 71 CML patients with BCR-ABL(+) in bone
marrow cells who were treated with imatinib from Jan-
2016 to May-2019 at Cho Ray Hospital were selected
for this study (approval number 602-2017-CN-HDDD)
(Figure 1). The molecular response evaluations were
done every three months according to the recommenda-
tions of ELN.! Patients reach response milestones if
the quantitative BCR-ABL transcripts <10% after
6 months, <1% after 12 months, and <0.1% after
18 months of treatment. Conversely, patients were
defined as remission failure if BCR-ABL transcripts
above these values. About 2mL bone marrow sample
was used for BCR-ABL transcripts quantification at
diagnosis time-point and serial treatments. The NRBC
with other immune cells and biochemical markers were
recalled from the laboratory database. These blood
tests were performed on the Alinity-hq hematology
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Figure | Patient selection.
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analyzer and Accelerator a3600 automation system
(Abbott Laboratories, Illinois, USA). Other diagnostic
results of bone marrow cytology and #(9,22) transloca-
tion were collected from the medical records. Authors
were permitted to collect the data with the responsibil-
ities of personal information security. Because of the
retrospective study, patients were not requested to write
consent form.

Total RNA extraction

The total RNA was extracted from 107 leukocytes from bone
marrow sample using kit QIAamp RNA Blood Mini (Cat
No./ID: 52304) according to the instructions of the manufac-
turer (Qiagen, Hilden, Germany). Briefly, samples were
mixed with 10 mL EL buffer and incubated in 4 °C/
15 mins to lysis red blood cells, then centrifuged at 400xg/
4 °C/10 mins to remove supernatant. The collected leuko-
cytes were lysed by 600 pL RLT buffer added 10 pL
B2-mercapthoethanol 100%. After that, the entire lysate
was transferred to the QIAshredder column and centrifuged
for 2 mins at 14,000xg to homogenize the samples. The RNA
in the homogenized lysate was precipitated by 600 pL etha-
nol 70%, then captured on the silica membrane of QIAamp
spin column in the centrifuge step (10,000xg/4 °C/1 min).
Approx of 700 pL RW1 and 700 pL RPE buffers were added
to wash silica membrane, respectively. The total RNA was
eluted in 30 pL RNase-free water and checked the concen-
tration with purity by the BioDrop nLITE machine (BioDrop
Ltd, UK) before storing in —80 °C until uses.

BCR-ABL transcripts quantification

The BCR-ABL p210 b2a2 or b3a2, and p190 ela2 transcripts
in patient’s sample were quantified by using kit Ipsogen
BCR-ABL1 Mbcr IS-MMR DX (Cat No./ID: 670823) and
Ipsogen BCR-ABL1 mbcr (Cat No./ID: 670023), performed
on the RotorGene Q 5Plex HRM machine according to the
instructions of the manufacturer (Qiagen, Hilden, Germany).
In the first step, reverse transcription reaction was prepared
by mixing 1 pg heated RNA (10 pL) with 15 pL of RT
buffer, then cycled at 25 °C for 15 mins, 50 °C for 60 mins,
and 85 °C for 5 mins. In the second step, the quantitative
polymerase chain reactions (QPCR) were prepared by mixing
12.5 pL qPCR master mix with 6.5 uL nuclease-free water,
1 pL primers and probe mix, and 5 uL. PCR product from
step one. PCR temperatures were set up as follows: 95 °C/
10 seconds; 50 cycles of 95 °C/5 seconds and 60 °C/1 min;
and then at 36 °C for 1 min. The standard curve was con-
structed using a standard series of 10'~10° copies BCR-ABL/

5 pL which were run within one-batch with the patient’s
sample. PCR reactions were analyzed by the Rotor-Gene Q
Series Software V.2.3.1. BCR-ABL transcripts were reported
as normalized copy number on the international scale.

Statistical analysis

The Chi-square or Fisher’s exact tests were used to com-
pare the relative frequencies while the Kruskal-Wallis rank
was used to test the difference of median diagnostic values
between groups. To determine the optimal cut-off point of
each marker for the treatment failure (failure to reach
response milestones), the logistic regression was used to
construct the receiver operating characteristic (ROC) curve
and calculate the Youden’s index. Association of marker
levels with treatment failure were assessed by the odds
ratio (OR) with 95% confident interval (95% CI). All data
of the study were analyzed by R statistical software v.3.5.1
(R foundation, 1020 Vienna, Austria). P<0.05 was consid-
ered statistically significant.

Results

Patient characteristics

A total of 71 CML (39 males and 32 female) patients with
BCR-ABL (+) in bone marrow cells were selected for this
study (Figure 1). Patients were categorized into three groups
based on the leukemic phenotype and NRBC cut-off
(0.003x10°/L): 7 cases of accelerated phase  with
NRBC>0.003x10°/L; 64 cases of chronic phase including 31
cases with NRBC>0.003x10°/L and 33 cases with
NRBC<0.003x10”/L (Table 1). The median age of all patients
was 39 (from 31 to 47) years old.

Most of the patients had been diagnosed with the
hypercellular bone marrow (56 cases, 78.9%), myeloid-
to-erythroid ratio >5:1 (58 cases, 81.7%) and peripheral
white blood cells >50x10°/L (63 cases, 88.7%)
(Table 1). The increased blast cells (=10%; in the bone
marrow and peripheral blood) was observed in 7 cases
(accelerated phase), of which one patient had basophils
number >20%. In the cytogenetic assessment, the ¢
(9;22) translocation was found in bone marrow cells
with a median value of 56.5% (95% CI: 49.2-62.7%).
Sixty-one cases (85.9%) have the translocation value
>35%. The PCR analyses found the BCR-ABL p210
transcripts in bone marrow cells with a median value
of 63.81% (95% CI: 53.44-74.37%). Almost patients
(64 cases, 90.1%) have the quantitative BCR-ABL p210
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Table | Baseline characteristics of the patients

Variable Total (n=71) Accelerated phase, n=7 Chronic phase, n=64 P-value
High-NRBC, n=31 Low-NRBC, n=33

Age, years (95% CI) 39 (3147) 45 (26-59) 39 (28-46) 39 (29-49) -

Gender 0.832
Female 32 14 14
Male 39 3 17 19

Bone marrow cellularity 0.443
Normal 15 0 8 7
Hyper 56 7 23 26

Myeloid:Erythroid ratio 0.952
<5l 13 | 6 6
>5:1 58 6 25 27

Peripheral white blood cells 0.192
<50%10°/L 8 0 6 2
>50%10°/L 63 7 25 31

Blast cells <0.001
<10% 64 0 31 33
=210% 7 7 0

Basophils 0.099
<20% 70 6 31 33
>20% | | 0

Platelets 0.545
<1000% 10%/L 63 7 26 30
>1000x 10°/L 8 5 3

FISH: t (9;22) translocation 0.996
<35% 10 | 4 5
>35% 6l 6 27 28

BCR-ABL transcripts 0.805
<35% 7 0 4 3
>35% 64 7 27 30

Treatment 0.046
Imatinib 67 5 30 32
Imatinib+Nilotinib 4 | |

Notes: High-NRBC: NRBC=0.003x 10%/L; Low-NRBC: NRBC<0.003x [ 0%/L.

Abbreviations: 95% Cl, 95% confident interval; FISH, fluorescent in situ hybridization; NRBC, nucleated red blood cell.

transcripts >35% at the diagnosis. BCR-ABL p190 tran-
script was not found in the study subjects.

Changes of BCR-ABL transcripts and

other diagnostic values during treatment
All of 71 patients were treated with a standard dose of
imatinib (400 mg/day), in which 4 cases were switched
to the treatment with Nilotinib (300 mg/day) (Novartis,
Basel, Switzerland). The median time of the treatment

follow-up was 39 months. We noted that median values
of BCR-ABL transcripts, white blood cells, blast cells,
basophils, platelets, and NRBC were declined after
6 months of treatment compared to the initial values
(at TO time-point) (P<0.001) (Table 2). After 12 and
18 months of treatment, the BCR-ABL transcripts were
continued to be decreased considerably compared to the
value at T6 time-point (P=0.008) while white blood
cells (P=0.582) and basophils (P=0.070) were not
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Table 2 Laboratory data at serial treatment time-points
Variable TO (n=71) T6 (n=71) TI12 (n=59) TI18 (n=58) P-value
BCR-ABL, % (All patients) 63.81 (53.44-74.37) | 4.83 (1.73-10.82) 1.07 (0.28-2.98) 0.51 (0.09-1.81) <0.0012
0.008°
BCR-ABL, % (Low-NRBC) 58.04 (48.61-74.54) 1.59 (0.06-9.92) 0.60 (0.04-2.66) 0.09 (0.04-0.67) <0.0012
0.069°
BCR-ABL, % (High-NRBC) | 71.35 (52.47-80.93) 12.15 (4.09-26.17) 7.73 (3.47-25.07) 17.04 (2.10-38.86) <0.0012
0.724°
RBC, x10'2/L 3.26 (3.08-3.41) 3.73 (3.57-4.02) 3.71 (3.46-3.94) 3.70 (3.51-3.86) <0.0012
0.754°
NRBC, x10°/L 0.043 (0.000-0.253) | 0.000 (0.000-0.001) | 0.000 (0.000-0.002) | 0.000 (0.000-0.000) | <0.001°
0.766°
WBC, x10°/L 160.7 (138.4-185.7) | 5.5 (4.8-6.2) 5.5 (4.3-6.1) 5.5 (4.8-6.3) <0.001?
0.582°
Blast cells, % 1.6 (1.3-1.9) 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.0 (0.0-0.0) <0.001?
0.998°
BASO, % 7.5 (6.7-8.9) 0.5 (0.4-0.5) 0.5 (0.4-0.7) 0.6 (0.5-0.6) <0.001?
0.070°
PLT, x10°/L 402 (352-487) 157 (126-162) 157 (135-176) 183 (163-204) <0.001*
0.004°
Uric acid, mg/dL 5.52 (4.92-6.32) 474 (4.12-5.80) 4.95 (4.71-5.59) 5.11 (4.69-5.46) 0.776*
0.968°
Bilirubin, mg/dL 0.59 (0.53-0.67) 0.60 (0.55-0.70) 0.60 (0.51-0.71) 0.60 (0.52-0.67) 0.802°
0.618°
Creatinine, mg/dL 0.75 (0.70-0.81) 0.71 (0.70-0.81) 0.75 (0.70-0.80) 0.78 (0.70-0.80) 0.284*
0.104°
Sodium, mmol/L 138.0 (138.0-139.0) 139.5 (138.9-140.1) 139.2 (138.6-139.7) 139.2 (138.7-139.7) | 0.0912
0.480°
Potassium, mmol/L 3.89 (3.70-3.99) 3.62 (3.57-3.70) 3.64 (3.60-3.75) 3.67 (3.61-3.83) 0.0012
0.252°
Chloride, mmol/L 104.8 (104.0-105.4) 107.1 (106.2-108.0) 107.2 (106.6-107.9) 107.0 (106.4-107.6) | 0.003°
0.962°
Calcium, mmol/L 22 (2.1-22) 22 (2.1-22) 22 (2.2-22) 22 (2.2-22) 0.673*
0.577°

Notes: Results were presented as median with 95% confident interval (95% Cl); High-NRBC: NRBC=20.003x 10%/L; Low-NRBC: NRBC<0.003x 10%/L; *T6, T12, T18 versus

TO. ®T6 versus T12 versus TI8.

Abbreviations: RBC, red blood cells; WBC, white blood cells; BASO, basophils; NRBC, nucleated red blood cells; PLT, platelets; TO, at diagnosis; T6, after 6 months of
treatment; T12, after |12 months of treatment; T 18, after |18 months of treatment.

changed. We also noted that median blast cells and

circulating NRBC dropped down to zero from the 6th
months to beyond (Table 2). Interestingly, we found that
of circulating NRBC
(0.003x10°/L) have higher BCR-ABL transcripts com-
pared to others (Figure 2).

patients

with a high level

The median red blood cells, electrolyte sodium, and
chloride values were increased after 6 months of treatment
(P-values were <0.001, 0.091, and 0.003, respectively),
then stable for the following months (P=0.754, 0.480,
and 0.962, respectively) (Table 2). Conversely, the potas-

sium level was decreased after 6 months (P=0.001), and
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Figure 2 Changes of quantitative BCR-ABL transcripts during tyrosine kinase inhibitor (TKI) therapy.

unchanging for the later (P=0.252). Other biochemical
values were not changed during treatment (P>0.05).

Associated factors for the response

failure

By the end of 6 months of treatment, forty-four (62.0%)
patients reached good response (BCR-ABL<10%), in
which optimal response (BCR-ABL<1%) was noted in 27
(38.0%) cases. Twenty-seven (38.0%) cases failed to reach
response milestone at T6 time-point (Table 3). At T12
time-point, the molecular data of 59 cases were available
for response evaluation. Of which, thirty patients (50.8%)
attained while 29 (49.2%) cases failed to reach the

Table 3 Molecular response of the study subjects

response target (BCR-ABL<1%). These numbers at T18
time-point were 24 (41.4%) and 34 (58.6%) cases,
respectively.

The optimal cut-off point and the area under the ROC
curve (AUC) value of each marker for the treatment failure
at T6, T12, and T18 time-points were shown in Table 4 (only
markers with AUC>0.55 have been shown). At the first mile-
stone (T6), patients with high levels of circulating NRBC
(20.003x10%/L, P=0.009), basophils (>0.6%, P=0.029), and
low levels of peripheral red blood cells (<4.29x10'%/L,
P=0.057), electrolyte sodium (<138.9 mmol/L, P=0.051),
and chloride (<108.1 mmol/L, P=0.018) have the higher inci-
dence of treatment failure (BCR-ABL>10%) compared to
others. The multivariable analysis has shown that elevated

Response targets Yes, n (%) No, n (%)

High-NRBC Low-NRBC High-NRBC Low-NRBC
BCR-ABL<10% at Té (n=71) 2 (2.8) 42 (59.2) 8 (11.3) 19 (26.7)
BCR-ABL<1% at T12 (n=59) 3(5.0 27 (45.8) 10 (17.0) 19 (32.2)
BCR-ABL<0.1% at T18 (n=58) 2 (3.5) 22 (37.9) 12 (20.7) 22 (37.9)

Notes: High-NRBC: NRBC=0.003x 10%/L; Low-NRBC: NRBC<0.003x [ 0%/L.

Abbreviations: T, after 6 months of treatment; T12, after 12 months of treatment; T18, after 18 months of treatment.
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Table 4 Associated factors for the treatment failure
Variable Cut-off AUC Univariable analysis Multivariable analysis
OR (95% CI) P-value OR (95% CI) P-value
BCR-ABL>10% after 6 months of treatment
RBC, x10'%/L <429 0.6166 3.73 (0.96-14.51) 0.057 - -
NRBC, x10°/L =>0.003 0.6006 8.84 (1.71-45.65) 0.009 6.49 (1.09-39.33) 0.042
BASO, % 0.6 0.5816 3.16 (1.12-8.87) 0.029 - -
Sodium, mmol/L <138.9 0.5913 2.42 (0.98-6.45) 0.051 - -
Chloride, mmol/L <108.1 0.6481 4.37 (1.29-14.77) 0.018 - -
BCR-ABL>1% after 12 months of treatment
RBC, x10'%L <40l 0.6517 5.78 (1.42-23.44) 0.014 7.09 (1.29-38.84) 0.024
NRBC, x10°/L =0.003 0.6977 4.92 (1.55-15.64) 0.007 6.73 (1.69-26.76) 0.007
Potassium, mmol/L 23.62 0.5989 2.54 (0.87-7.36) 0.086 - -
Chloride, mmol/L <104.7 0.5672 3.43 (0.81-14.53) 0.095 - -
BCR-ABL>0.1% after 18 months of treatment
RBC, x10'%L <40l 0.6294 3.10 (1.17-8.24) 0.023 4.11 (1.28-13.20) 0.018
NRBC, x10°/L =>0.003 0.6690 6.00 (1.59-18.10) 0.007 5.96 (1.54-21.71) 0.009
BASO, % 0.8 0.6183 3.08 (0.99-9.66) 0.051 - -
Sodium, mmol/L <139.8 0.6218 3.67 (1.31-10.24) 0.013 - -

Abbreviations: RBC, red blood cells; WBC, white blood cells; BASO, basophils; NRBC, nucleated red blood cells; PLT, platelets; AUC, area under the ROC curve; OR,

odds ratio.

NRBC is an independent factor for the treatment failure at T6
(adjusted OR=6.49, 95% CI: 1.09-39.33, P=0.042).

At the second and third milestones (T12 and T18), we
noted that red blood cells and circulating NRBC are inde-
pendent factors for the failure of response targets (adjusted
OR: 7.09 and 4.11 for RBC; 6.73 and 5.96 for NRBC,
respectively). Remarkably, at all three evaluation time-
points, the elevated NRBC is the worse indicator in treat-
with imatinib (P=0.042, 0.007, and 0.009,
respectively).

ment

Discussion

NRBC is a part of the hematopoietic system which
appears in peripheral blood of neonates for several days
after birth, but not in the blood of healthy adults.'**® The
mechanism in which NRBC is released into the blood of
critical illness such as CML is uncleared to date. It might
because of the hypoxia and inflammation in the tumor
microenvironment which causes hematopoietic stress, or
the increased level of erythropoietin, and cytokines such
as interleukin 3 and interleukin 6.'%'??"7° Previous stu-
dies have shown that the presence of NRBC in peripheral
blood is associated with high mortality in many severe
diseases including leukemia.®'* Some studies even
showed the role of NRBC as a supplementing factor

which helps to improve the prognostic power of the
current used clinical standard.'*'® In spite of that, a few
studies described the role of this cell in CML, especially
in patients treated with targeted therapy.’

We investigated and showed that the number of NRBC
and other immune cells such as white blood cells, blast
cells, and basophils dropped quickly parallel with the
decreases of BCR-ABL transcripts in CML bone marrow
cells after 6 months of treatment with imatinib (P<0.001).
Besides, the NRBC has not been found in peripheral blood
of almost patients who archived good response (Table 3).
This is consistent with results of Danise et al, in which
100% of patients at diagnosis decreased to 0% of cases at
remission time-point have the presence of NRBC in per-
ipheral blood.’ Notably, we found that the maintenance of
high NRBC number in the blood is associated with high
BCR-ABL transcripts. This might be explained by the
existence of a high number of leukemic cells with BCR-
ABL arrangement which causes the extramedullary hema-
topoiesis leads to the penetration of NRBC to the
bloodstream. '’

Importantly, patients with elevated NRBC have a
higher likelihood of remission failure at different mile-
stones (T6, T12, and T18) according to the ELN defini-
tions (P=0.042, 0.007, 0.009, respectively). To our
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knowledge, this is the first time that NRBC is identified as
an independent factor for the treatment failure in CML. In
clinical practice, the appearance with a high number of
NRBC suggests the clinicians about the loss of remission,
thereby lead to the next decision makings such as drug
interaction evaluation and mutational analysis.' Besides,
NRBC is a simple marker integrated with the complete
blood count, therefore the uses of this parameter in treat-
ment evaluation do not require additional costs.

In this study, the BCR-ABL transcripts in bone marrow
cells (gold standard sample) were quantified and reported
according to the international scale which was highly
recommended in targeted treatment monitoring for
CML." However, this study has limitations of a single-
center and retrospective study. In addition, the sample size
in the study is limited. Further research with a large cohort
should be conducted to confirm our findings.

In conclusion, the results of this study showed that
patients with a high number of NRBC in peripheral
blood have higher BCR-ABL transcripts in bone marrow
cells compared to others. The elevated NRBC might serve
as an independent marker for remission failure in CML

treated with imatinib.
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