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Abstract Chronic myeloid leukemia (CML) is a clonal
myeloproliferative disorder. CML cells contain a BCR-
ABL gene, not typically found in normal cells that produce
a protein (BCR-ABL) causing CML cells to proliferate.
CML occurs in three phases: chronic, accelerated and blast
crisis. Disease staging is primarily based on percent of
blasts in the blood and bone marrow. Most cases of CML
are diagnosed in chronic phase (CP). The major objective
in CML clinical management is to prevent progression
from chronic to accelerated and blast crisis phases. While
earlier treatments, such as cytoreductive chemo- and
interferon therapies increased overall survival rates among
patients, the advent of tyrosine-kinase inhibitors (TKIs)
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have changed the CML treatment landscape. Despite the
widespread use of these therapies, there have also been
associated side effects that could potentially affect its use.
Also it is necessary to avoid all deaths and complications
related to the treatment, by limiting as much as possible the
side-effects of the treatment while ensuring the compliance
of the patients. The aim of this work was to measure the
serum estrogen and its soluble receptor levels in patients
with chronic myeloid leukemia in order to extrapolate their
possible clinical significance. The present study included
40 (20 males and 20 females) healthy volunteers clinically
free from any disease, 40 (20 males and 20 females)
patients of newly diagnosed CML. Blood samples were
collected from all subjects and the level of serum estrogen
(E2) and serum soluble estrogen receptor (ER) were mea-
sured by enzyme linked immunosorbent assay (ELISA).
The level of serum E2 (pg/ml) in both male and female
patients groups with CML was significantly higher than in
control group. The level of serum ER (ng/ml) in both male
and female patients groups with CML was significantly
lower than in control group. Estimating the serum level of
E2 and soluble ER is of informative diagnostic value.
Estimation serum level of E2 and soluble ER in patients
with CML is of value in deciding use of antiestrogen as
therapeutic target in treatment protocol.

Keywords Chronic myeloid leukemia - Estrogen -
Estrogen receptor

Introduction

Chronic myeloid leukemia (CML) is a pluripotent hema-

topoeitic stem cell neoplasm characterized by the BCR-
ABL1 fusion gene, derived from a balanced translocation
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between the long arms of chromosomes 9 and 22 t
(9;22)(q34;q11.2) known as the Philadelphia chromosome.
It is present in 95% of CML cases [1].

The BCR-ABL fusion gene gives rise to hybrid tran-
scripts, translated into an oncoprotein which has a consti-
tutive active tyrosine kinase activity. It has the capacity to
phosphorylate a number of cytoplasmic substrates with
other activities of the chimeric protein leading to alter-
ations in proliferation, differentiation, adhesion and sur-
vival [2, 3].

The leukemic clone has a tendency to acquire additional
oncogenic mutations over time. This clonal evolution is
associated with progression to the accelerated and the ter-
minal blastic phases of the disease or resistance to tyrosine
kinase inhibitors [4].

Identification of the association of Philadelphia chro-
mosome and tyrosine kinase resulted in the successful
development of Imatinib mesylate which is a protein
inhibitor of the BCR-ABL tyrosine kinase as well as other
subclass III receptor tyrosine kinases including c-kit and
platelet derived growth receptor (PDGF-R) [5].

Although imatinib has dramatically reduced the yearly
risk of CML progression, it does not eradicate the disease
and in most patients, leukemic stem cells persist [6, 7].
Resistance to tyrosine kinase inhibitor causes structural
cleavage that closes the ATP-binding factor of BCR-ABL
that the drug cannot enter and inhibit the kinase domain
[8]. Clinical trials have formally demonstrated that in CML
patients treated with TKI who achieved and maintained
deep molecular responses could discontinue their treatment
after several years without facing overt signs of disease
relapse in approximately 50% of the cases. In patients with
a molecular relapse, prompt re-introduction of TKI therapy
was able to rapidly restore deep molecular responses. The
concept of a lifelong therapy with TKI has thus been
challenged and treatment-free remission (TFR) strategies
will soon integrate clinical practice, providing that safe
recommendations will be established [9].

Sokal score is a multivariate prognostic model that can
help predict shorter survival and make decisions regarding
use of aggressive therapy [10].

It has been reported that estrogen deficiency and in
estrogen receptor knockout mice, there is significant
alteration in bone marrow hematopoiesis [11]. Estrogen
exerts its effect through two distinct receptors, estrogen
receptor (alpha ER-o and beta ER-P). Estrogen receptor
alpha has been detected in non-hematopoietic cells in bone
marrow and in B lymphocyte precursors in mouse [12].
Estrogen can still partially decrease the percentage of
c-kit 4 cells in the absence of ER -o,suggesting that
estrogen receptors are mediator of estrogenic control of
c-kit + cells [13]. Studies of ovariectomized mice have
shown that ovarian hormone deficiency promotes the

expansion of a pool of bone marrow derived progenitors
that differentiate into myeloid and lymphoid cells. Normal
peripheral monocytes originating from bone marrow
myeloid cells, predominantly express ER-B proteins and
undergo apoptosis after estrogen exposure [14].

Aim of the Work

The aim of this work was to measure the serum estrogen
and its soluble receptor levels in patients with chronic
myeloid leukemia in order to extrapolate their possible
clinical significance.

Subjects and Methods

Individuals submitted to this study were divided into two
groups.

Group 1

Involved 40 apparently healthy volunteers (20 males and
20 females) clinically free from any disease (control
group), their mean age was 45.90 + 6.19 years and were
chosen from the stuff members of MRI, Alexandria
University and clinical research center, Faculty of Medi-
cine, Alexandria University and their relatives.

Group 11

Involved 40 patients of newly diagnosed CML (20 males
and 20 females).They were of matched age and sex as the
control group and were recruited from Hematological
department, MRI, Alexandria University and clinical
research center, Faculty of Medicine, Alexandria Univer-
sity. An informed consent was taken from all contributors
in this study (10RG#10RG0008812; Alexandria, Egypt).

Patients with CML newly diagnosed in chronic phase
were orally treated with Glivec. The dose was 400 ml once
or twice daily. Patients with CML that were resistant to
Glivec, were orally treated with TASIGNA (300—400 ml /
day). Both Glivec and TASIGNA act as tyrosine kinase
inhibitor.

To all subjects the following investigations were done:1-
Full history recording, 2- Thorough clinical examination 3-
Complete blood picture [15], 4- Determination of Sokal
scoring [10], 5- Estimation of estrogen level by ELISA [16]
and 6- Estimation of soluble estrogen receptor level by
ELISA [17].
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Statistical Analysis

Statistical analysis was carried out using SPSS statistics
software version 20. Quantitative data were tested for
normality using Kolmogorov—Smirnov test. Abnormally
distributed data was given as range (minimum-maximum).
Non-parametric statistical tests of significance were
applied; Mann—Whitney test was used to compare two
independent groups. All applied statistical tests of signifi-
cance were two-tailed.

Results

Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/
ml) levels in Normal Male Control Subjects

and Male Patients Group with Chronic Myeloid
Leukemia CML

The statistical analysis of these results revealed that the
concentration of E2 (Pg/ml) in male CML patients group
was significantly higher than in control group
(P, = 0.022"). While the concentration of ER (ng/ml) in
CML male patients group was significantly lower than in
male control group (P, = 0.001*), Table 1.

Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/
ml) Levels In Female Control Group and Female
Patients Group with Chronic Myeloid Leukemia
CML

The statistical analysis of these results revealed that the
concentration of E2 in (Pg/ml) in CML female patients

Table 1 Statistical analyses of Estrogen E2 (Pg/ml) and Estrogen
receptor ER (ng/ml) levels in male control group and CML male
patients group

group was significantly higher than in normal female
control group (P; = 0.023 *). While the concentration of ER
in (ng/ml) in CML female patients group was significantly
lower than in control group (P, = < 0.001**), Table 2.

Sokal Score in CML Male and Female Patients
Group

As presented in Table 3, Sokal score in male patients group
ranged from 0.69 to 2.09 with a mean valuel.03 + 0.09.
Sokal score in female patients group ranged from 0.76 to
2.17 with a mean value 1.23 %+ 0.09.

Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/
ml) levels in Male Patients Group According
to Sokal Score

The statistical analyses of these results revealed that E2
level in CML male patients at low, intermediate and high
risk were nearly within the same range and showed
insignificant difference. In addition ER level in CML male
patients at low and high risk were nearly within the same
range and significantly lower than in CML male Patients at
intermediate risk, Table 4.

Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/
ml) levels in CML Female Patients Group
According to Sokal Score

The statistical analysis of these results revealed that E2
level in CML female patients group at intermediate and
high risk were nearly within the same range and insignif-
icantly lower than in CML female patients group at low

Table 2 Statistical analyses of Estrogen E2 (Pg/ml) and Estrogen
receptor ER (ng/ml) levels in female control group and female
patients group with chronic myeloid leukemia CML

Control (n = 20) Cases (n = 20)

Control (n = 20) Cases (n = 20)

E2(Pg/ml)
Range 8.80 — 27.30 10.90 - 46.20
Mean £ SE 17.86 &+ 1.99 26.72 + 2.33
Pl 0.022"

ER (ng/ml)
Range 1.44 — 15.50 0.87 - 8.20
Mean £+ SE 9.60 + 1.46 3.21 £ 0.52
P2 0.001"

E2(Pg/ml)
Range 8.24-58.90 10.5-253.0
Mean £ SE 18.40 &+ 4.57 95.46 + 27.61
Pl 0.023"

ER (ng/ml)
Range 4.14-17.50 0.56-7.80
Mean £+ SE 12.03 £ 1.37 3.07 £ 0.53
P2 <0.001"

P1: Values of E2 compared with control group. P2: Values of ER
compared with control

Significant was considered at p < 0.05
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P1: Values of E2 compared with control group. P2: Values of ER
compared with control

Significant was considered at p < 0.05
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Table 3 Sokal score in CML

male and female patients group Sokal (male)

Range 0.69-2.09

Mean + SE 1.03 £+ 0.09
Sokal (female)

Range 0.76-2.17

Mean + SE 1.23 £ 0.09

risk, similarly ER level in CML female patients group at
intermediate and high risk were nearly within the same
range and insignificantly lower than in CML female
patients group at low risk, Table 5.

Absolute Lymphocytes (count/ul), Monocytes
(count/pl) and lymphocytes/monocytes Ratio
in Normal Control Subjects and Patients with CML

The statistical analyses of these results revealed the mean
value of absolute Monocytes count in patients group with
CML were significantly higher than in control group
(P2 < 0.001*). The mean value of absolute lymphocytes
count in patients groups with CML was significantly lower
than in control group (P1 = 0.001%*). Also the mean value
of ALC/AMC ratio in patients group with CML was sig-
nificantly lower than in control group, Table 6.

ALC/AMC in Patients Group According to Sokal
Score

The statistical analyses of these results revealed that the
mean value of ALC/AMC ratio in patients group either at
intermediate or at high risk was significantly lower than in
patients group at low risk, also ALC/AMC in patients
group at high risk was significantly lower than in patients
group at intermediate risk Table 7.

Correlation between Sokal Score with ALC/AMC Ratio
in Patients Group

As presented in Table 8§, ALC/AMC in patients group has a
significant negative correlation with Sokal score.

Correlation between Philadelphia Chromosome %
with ALC/AMC Ratio in Patients Group

As presented in Table 9, ALC/AMC in patients group has a
significant negative correlation with Philadelphia chromo-
some %.

Table 4 Statistical analyses of
Estrogen E2 (Pg/ml) and

Sokal score

Estrogen receptor ER (ng/ml) in

< 0.8 Low risk

0.8 — 1.2 intermediate risk > 1.2 High risk

male patients group according

to Sokal score Estrogen (pg/ml) (n=238) n=7) (n=5)

Range 16.20 — 45.90 10.90 — 46.20 15.10 — 34.20
Mean + SE 26.34 + 3.63 27.61 £ 5.12 25.98 £ 3.07

p 0.942

p1 0.949

P2 0.570

P3 0.685
ER (n=238) n=17) (n=5)
Range 0.87 - 5.61 1.50 - 8.20 1.05 - 2.20
Mean + SE 2.66 £ 0.72 5.01 £ 091 1.57 £ 0.18
iy 0.043"

1 0.030"

P2 0.818

Ps 0.032"

P: P value for Kruskal Wallis test for comparing E2 between the three categories, Sig.bet.grps was done
using Post Hoc Test (Dunn’s multiple comparisons test).”p: "p value for Kruskal Wallis test for com-
paring ER between the three categories, Sig.bet.grps was done using Post Hoc Test (Dunn’s multiple

comparisons test)

pi1: p value comparing between < 0.8 and 0.8 — 1.2 p,: p value comparing between < 0.8 and > 1.2

pa: p value comparing between 0.8 — 1.2 and > 1.2 *: Statistically significant at p < 0.05
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Table 5 Statistical analyses of
Estrogen E2 (Pg/ml) and

Sokal score

Estrogen receptor ER (ng/ml)

< 0.8 low risk

0.8 — 1.2 intermediate risk > 1.2 High risk

levels in female patients group

according to Sokal score Estrogen (pg/ml) n=7) (n="7) (n=06)

Range 30.90 - 253.0 10.50 — 227.0 47.20 - 151.0
Mean + SE 141.95 £+ 111.05 77.32 £ 51.25 90.35 £ 23.62

p 0.683

p1 0.355

P2 1.000

P3 0.564
ER (n=5) (n=6) n=9)
Range 1.90 — 7.80 0.56 — 5.02 0.57 - 7.15
Mean + SE 431 £ 145 243 + 0.82 294 £ 0.78
Hp 0.174

p1 0.088

P2 0.189

P3 0.346

P: P value for Kruskal Wallis test for comparing E2 between the three categories, Sig.bet.grps was done
using Post Hoc Test (Dunn’s multiple comparisons test).”p: "p value for Kruskal Wallis test for com-
paring ER between the three categories, Sig.bet.grps was done using Post Hoc Test (Dunn’s multiple

comparisons test)

p:i: p value comparing between < 0.8 and 0.8 — 1.2 p,: p value comparing between < 0.8 and > 1.2

pa3: p value comparing between 0.8 — 1.2 and > 1.2 *: Statistically significant at p < 0.05

Table 6 Statistical analyses of Absolute Lymphocytes (count/ul),
Monocytes (count/pl) and lymphocytes/monocytes ratio in normal
control subjects and patients with chronic myeloid leukemia CML

Control(n = 40) Cases(n = 40)

Absolute Lymphocytes

Range 2256.0 — 4950.0 83.20 - 13,318.0
Mean + SE 3123.25 + 161.07 2729.85 + 418.32
Pl 0.001"

Absolute Monocytes
Range 75.0 — 360.0 78.0 — 2481.0
Mean + SE 189.30 £+ 20.34 498.74 + 84.62
P2 0.001"

ALC/AMC ratio
Range 8.0 —43.05 0.43 - 38.0
Mean + SE 20.81 £ 2.62 9.36 £ 1.45
P3 < 0.001"

P1: Values of absolute lymphocytes compared with control group
P2: Values of absolute monocytes compared with control group
P3: Values of absolute ALC/AMC ratio compared with control group

*: Significant was considered at p < 0.05

Discussion
Chronic myeloid leukemia occurs in 15- 20% of adult

leukemia and less than 10% of CML patients are below
20 years. The disease runs a chronic phase to be

@ Springer

Table 7 Statistical analysis of ALC/AMC in patients group accord-
ing to Sokal score

ALC/AMC ratio Sokal
<08 08—-12 >12
(n=12) (n=13) (n = 15)
Range 3.20 - 38.0 0.43 - 38.0 1.13-11.0
Mean =+ SE 1315 £ 264 8994284 443 +0.80
Hp 0.005"
P2 0.002"
Ps 0.465

Hp: Hp value for Kruskal Wallis test for comparing ER between the
three categories, Sig. bet. grps was done using Post Hoc Test (Dunn’s
multiple comparisons test)

p1: p value comparing between < 0.8 and 0.8 — 1.2
p2: p value comparing between < 0.8 and > 1.2
ps: p value comparing between 0.8 — 1.2 and > 1.2
*: Statistically significant at p < 0.05

accelerated phase, end by blast crisis. The chronic phase is
characterized by high leukocyte count, less than 5% blasts
in the peripheral blood, increased basophils and increased
or normal platelets counts [18].

In the present study, we observed that males were
affected by the disease more than females, this agrees with
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Table 8 Correlation between Sokal score with Absolute lymph/mono
ratio in patients group (n = 40)

Sokal score

Iy p

ALC/AMC ratio — 0.488" 0.002"

rs: Spearman coefficient
" Statistically significant at p < 0.05

Table 9 Correlation between Ph. Chromosome % with ALC/AMC
ratio in patients group (n = 40)

Ph. Chromosome %

Ts p

ALC/AMC ratio —0.333" 0.038"

rs: Spearman coefficient
" Statistically significant at p < 0.05

previous studies. The mean age of the patients was
45.67 £ 9.37 years which agree with Tobassum et al. [19].

Before initiating the treatment, patients are assessed by
Sokal score to be stratified into risk profiles. Sokal score
criteria are age, spleen size, number of platelets and blast
% in peripheral blood. A score below 0.8 indicates low
risk, score of 0.8—1.2 represents intermediate risk, while
1.2 or higher score indicates high risk [20].

In the present study, Sokal score varied from 0.69-2.09
with a mean of 1.03 & 0.4 in males and 0.76 + 2.17with a
mean of 1.23 &+ 0.41 in females these values reflect that
most of our patients were in the chronic phase.

Before the discovery of tyrosine kinase inhibitors (TKIs)
treatment of CML had a poor outcome. Imatinib (Glivec) is
the first generation TKI and nilotinib (Tasigna) is one of
the 2nd generation TKIs. Their action is mainly by
blocking the BCR-ABL tyrosine kinase in their pathways
of proliferation. However the only curative therapy of
CML is by allogeneic bone marrow transplantation. After
initiation of treatment, patients are monitored by quanti-
tative real time PCR for BCR-ABL transcripts on periph-
eral blood or bone marrow samples. The response to
treatment entails hematologic response with normalization
of the peripheral blood counts and major cytogenetic
response which is assessed at major months intervals [21].

Loss of initial response to first generation TKI might be
related to multiple molecular events which make the dis-
ease progress from chronic phase to accelerated phase or
blast phase due to imatinib resistance [22-24]. It has been
reported that cancer stem cells exist which are resistant to

therapy, leading to disease progression. These quiescent
BCR-ABL positive hematopoietic stem cells constitute
around 0.5% of CD34 + cell population and refractory to
therapeutic agents and are responsible for persistent
residual disease [22]. On the other hand studies have sug-
gested that the resistance of these stem cells to therapy
result from BCR-ABL kinase domain mutations that are
present at the start or appear during treatment [23, 24].

The chimeric protein has various sizes due to hetero-
geneity of BCR-ABL rearrangement, importing different
clinical behavior as well as response to tyrosine kinase
inhibitors [25]. In addition, expression of two or more
transcripts has been reported by Yghmaie et al. [25, 26]

In the present study, patients were started on imatinib
those who failed to respond to the drug or did not reach
molecular remission were shifted to second generation TKI
(Tasigna). We could relate the weak response to imatinib to
the possible presence of BCR—ABL variant transcripts
which were not detected by the conventional PCR. In
agreement with our results Prejzner et al. [27] reported on
the relationship of the BCR gene breakpoint and the type of
BCR/ABL transcript to clinical course, prognosis and
survival in patients with CML. These various transcripts
are detected by multiplex reverse transcription polymerase
chain reaction. More ever Deb et al. [28] studied the cor-
relation of transcript variants with presenting features, risk
score and response to imatinib mesylate. Most patients with
b2a2 presented with higher Sokal risk score, achieved
complete hematologic response at 3 months.

Balatzenko et al. [29] studied the influence of BCR-
ABL transcripts on multidrug resistance gene (MDR1) as a
possible cause of resistance to imatinib, an intense devel-
opment of strategies aiming at targeting the stem cell sig-
naling pathways have been advocated [5].

In present study, we estimated estrogen and soluble
estrogen receptor in patients with CML in attempt to dis-
close their relation to sokal score.

In present study, the mean level of soluble ER was
statistically significant low in patients groups (males and
females) compared to their control groups. This could be
explained by lower expression of the receptor on leukemic
cells compared to the control. These results are corrobo-
rated with Issa et al. [30] who found that estrogen receptor
CPG Island is methylated in most hematopoietic neoplasm.
The ER gene, which has growth and metastasis suppressor
activity in different cells, is inactivated by promoter
methylation in ER negative tumor and in hematopoietic
neoplasm. [30] The methylation of ER gene is associated
with very low even absent ER expression. In addition, this
methylation could be a major step in the subsequent pro-
duction of hematopoietic neoplasms. Hence, it could be a
useful molecular marker for monitoring the clinical state of
these diseases. Furthermore the ER gene is located on the
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long arm of chromosome 6 which is often altered most
hematopoietic neoplasms, whether of lymphoid or myeloid
origin.

To the best of our knowledge, our study is the first to
relate ER to Sokal scoring. In the present study, a statis-
tically significant relation was found between Sokal risk
and ER (H = 6.931, p = 0.043), notably in male patients,
the highest ER level was found in those with intermediate
risk. In females patients the lowest ER level was found in
those with intermediate risk.

On looking to the estrogen level according to Sokal
score in our patients; male patients had E2 level nearly
within the same range in the different Sokal categories,
while in females a marked discrepancy was found in the
different Sokal stages. This could be explained by the
fluctuation of estrogen levels with menstrual cycle in
females, on one hand whether these females are pre or
post-menopausal on the other hand.

In our study, the mean level of E2 was significantly high
in patients groups (male and female) than their control
groups; Yom-Tov et al. [31, 32] conducted a phase II on
the use of anti-estrogen as a novel modality for the treat-
ment of acute myeloid leukemia. We could suggest the use
of anti-estrogen in treating CML as adjuvant therapy.
MandelKar and Kong [33] postulated that the anti-tumor
activity of anti-estrogen is ER- independent and is medi-
ated via apoptosis.

In the present study, we observed that male and female
patients with high estrogen levels had lower values of ER.
This could be explained by lower ER occupancy i.e. more
estrogen molecules are circulating in the blood.

In the present study the absolute lymphocyte /monocyte
ratio was statistically significantly low in all patients
compared to the control (p < 0.001). Both lymphocytes
and monocytes are biomarkers of immune response and
tumor microenvironment. [34] Wilox et al. [35] stated that
their score predicts survival and identifies high risk patients
with diffuse large B cell lymphoma.

In the present study a statistically negative correlation
was found between ALC/AMC ratio and molecular
response assessed by PCR (-0.333, P = 0.038) this makes it
a biomarker of response to therapy. Our results are justified
by Yan-Li et al. [36], who stated that this score is inde-
pendent prognostic marker as lymphocytes included natu-
ral killer cells (NK) and mediate antibody-dependent cell
mediated cytotoxicity. Patients with higher ALC/AMC
ratio fared better than those with a lower ratio.

A striking observation in our study was that the ALC/
AMC ratio negatively correlated with Sokal score. This
further confirms that a lower ALC/ AMC ratio and higher
Sokal score reflects amore aggressiveness disease status.

@ Springer

3. The ALC/AMC ratio

Conclusion

From the present study it could be concluded that;

1. The ER is significantly low in patients with CML while
E2 is significantly high in CML patients.

2. The ALC/ AMC ratio negatively and statistically

correlated with Philadelphia chromosome and Sokal
score.

Recommendations

1. Patients with CML should have their ER determined at
diagnosis and at molecular monitoring.

2. Anti-estrogen could be tried as novel modality of

therapy in patients with CML.
is a valuable tool in the
diagnostic work up and monitoring of CML patients.

4. Further study is needed to disclose any relationship

between and ALC/AMC ratio and response to therapy
as well as molecular monitoring.

Acknowledgements Authors would like to thank all the patients and
their families for participating in this project

Authors’ Contributions SA, SE, EN and NS designed the research
and performed the experiments. SA, KA and EN recruited the patients
and processed the samples. All authors analyzed the data, shared in
writing the manuscript and read and approved the final version of this
manuscript.

Funding This research did not receive any specific grant from
funding agencies in the public, commercial, or not-for-profit sectors.

Availability of Data and Material Data and materials are available
upon request.

Declarations

Conflict of interest The authors confirm that they have no competing
interests.

Consent for Publication The Authors grant the Publisher permission
to publish this work.

Ethics Approval and Consent to Participate The authors give
thanks to all the study participants. Written consent to inclusion was
obtained from all participants and they were informed of the study.
The study was conducted after being authorized by the Medical Ethics
Committee of Alexandria Faculty of Medicine.



Indian J Hematol Blood Transfus (Apr-June 2022) 38(2):246-254

253

References

10.

11.

12.

14.

15.

16.

. Jabbour E (2014) Chronic myelod leukemia — what Else is there

Beyond Protein Kinase Inhibitors? Oncol Hematol Rev

10:97-102

. Ross LL, Tie RV (2013) Myeloproliferative neoplasm. ASH —

SAO, pp 401-446

. Eiring AM, Page BD, Kraft IL, Mason CC, Vellore NA, Resetca

D et al (2015) Combined STAT3 and BCR-ABLI1 inhibition
induces synthetic lethality in therapy-resistant chronic myeloid
leukemia. Leukemia 29:586-597

. Suttorp M, Millot F (2010) Treatment of pediatric chronic mye-

loid leukemia in the year 2010: use of tyrosine kinase inhibitors
and stem-cell transplantation. Hematology Am Soc Hematol
Educ Program 2010:368-376

. Carella AM, Branford S, Deininger M, Mahon FX, Saglio G,

Eiring A et al (2013) What challenges remain in chronic myeloid
leukemia research? Haematologica 98:1168-1172

. Druker BJ, Guilhot F, O’Brien SG, Gathmann I, Kantarjian H,

Gattermann N et al (2006) Five-year follow-up of patients
receiving imatinib for chronic myeloid leukemia. N Engl J Med
335:2408-2417

. Hehlmann R, Hanfstein B, Miiller MC, Erben P, Lauseker M,

Fabarius A et al (2012) The prognostic significance of early
molecular and cytogenetic response for long-term progression-
free and overall survival in imatinib-treated chronic myeloid
leukemia (CML). J clin Oncol 30:6510

. Lahaye T, Riehm B, Berger U, Paschka P, Miiller MC, Kreil S

et al (2005) Response and resistance in 300 patients with BCR-
ABL-positive leukemias treated with imatinib in a single center: a
4.5-year follow-up. Cancer 103:1659-1669

. Goni D, Jindal N, Mishra K, Jain A, Lad D, Naseem S et al

(2018) Treatment free remission with generic imatinib. Indian J
Hematol Blood Transfus 34:298

Bonifazi F, De Vivo A, Rosti G, Tiribelli M, Russo D, Trabacchi
E et al (2000) Testing Sokal’s and the new prognostic score for
chronic myeloid leukaemia treated with alpha-interferon. Italian
Cooperative Study Group on Chronic Myeloid Leukaemia. Br J
Haematol 111:587-595

Shim GJ, Wang L, Andersson S, Nagy N, Kis LL, Zhang Q et al
(2003) Disruption of the estrogen receptor beta gene in mice
causes myeloproliferative disease resembling chronic myeloid
leukemia with lymphoid blast crisis. Proc Natl Acad Sci USA
100:6694-6699

Smithson G, Medina K, Ponting I, Kincade PW (1995) Estrogen
suppresses stromal cell-dependent lymphopoiesis in culture.
J Immunol 155:3409-3417

. Thurmond TS, Murante FG, Staples JE, Silverstone AE, Korach

KS, Gasiewicz TA (2000) Role of estrogen receptor alpha in
hematopoietic stem cell development and B lymphocyte matu-
ration in the male mouse. Endocrinology 141:2309-2318

Mor G, Sapi E, Abrahams VM, Rutherford T, Song J, Hao XY
et al (2003) Interaction of the estrogen receptors with the Fas
ligand promoter in human monocytes. J Immunol 170:114-122

Bain BJ, Lewis SM, Bates I (2001) Basic haematological tech-
niques. In: Lewis SM, Bain BJ, Bates I, Dacie J (eds) Dacie and
Lewis’s Practical Haematology, 9th edn. Churchill, Livingston,
New York, pp 19-46

Ebied SAE, Sadek NA, Zaki NES, Abd El-Kaream SA, El Kashif
HKA (2018) Prognostic value of soluble angiotensin II receptor 1
and soluble angiotensin converting enzyme [CD 143] in patients
with acute leukemia. Acta Haematol Pol 49:240-250

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Zwart W, de Leeuw R, Rondaij M, Neefjes J, Mancini MA,
Michalides R (2010) The hinge region of the human estrogen
receptor determines functional synergy between AF-1 and AF-2
in the quantitative response to estradiol and tamoxifen. J Cell Sci
123:1253-1261

Horfath A, Baghiu MD, Pap Z, Banescu C, Marginean CO (2011)
Pavai Z Follow up child hood chronic myeloid leukemia with
monitoring the BCR-ABL fusion gene expression in peripheral
blood. Rom J Morphol Embryol 52:907-913

Tobassum N, Sabour M, Ghani R, Moinddin M (2014) The
heterogeneity of breakpoint cluster region-Abelson (BCR-ABL)
rearrangements with chronic myeloid leukemia. Park J Med Sci
30:850-853

Sinha SK, Sinha S, Mandal PK, Bhattacharyya NK, Pandey A,
Gupta P (2013) A comparative study of Has ford score and Sokal
index in prognostication of the novo chronic myeloid leukemia
patients and a search for new prognostic markers. Indian J Pathol
Microbiol 56:216-220

Deininger MW (2008) Milestones and monitoring in patients with
CML treated with imatinib. Hematology Am Soc Hematol Educ
Program. https://doi.org/10.1182/asheducation-2008.1.419
Quintas-Cardama A, Cortes J (2009) Molecular biology of BCR
ABL 1 positive CML. Blood 113(8):1619-1630

Hochhaus A, La Rosse P (2004) imatinib therapy in cml:
strategies to avoid and overcome resistance. Leukemia
18:1321-1331

Gambacorti-Passerrini CB, Gunby RH, Piazza R, Galietta A,
Rostango R (2003) Sccapozza L Molecular mechanisms of
resistance to imatinib in Philadelphia -chromosome-positive
leukemias. Lancet Oncol 4:75-85

Yaghmei M, Ghaffari SH, Ghavamazadeh A, Alimoghadam K,
Jahani M, Mousavi SA et al (2008) Frequency of BCR-ABL
fusion transcripts in Iranian Patients with CML. Arch Iranian
Med 11:247-251

Goh HG, Hwang JY, Kim SH, Lee YH, Kim YL, Kim DW
(2006) Comprehensive analysis of BCR-ABL transcript trypsin
Korean cml patients using a newly developed multiplex RT-PCR
Translational Res 148:249-256

Prejzner W (2002) Relationship of the BCR gene breakpoint and
the type of BCR/ABL transcript to clinical course prognostic
indexes and survival in patients with CML. Med Monit 8:BR191-
BR197

Deb P, Chakrabarti P, Chakrabarty S, Aich R, Nath U, Ray SS
et al (2014) Incidence of BCR-ABL transcript variants in patients
with chronic myeloid leukemia: Their correlation with presenting
features, risk scores and response to treatment with imatinib
mesylate. Indian J Med Paediatr Oncol 35(1):26-30

Balatzenko G, Vundinti BR, Margarita G (2011) Correlation
between the type of BCR-ABL transcripts and blood cell counts
in the CML. A possible influence of mdr 1 gene expression.
Hematol Rep 3:3

Issa JP, Zehnbauer BA, Civin CI, Collector MI, Sharkis SJ,
Davidson NE et al (1996) The estrogen receptor CpG island is
methylated in most hematopoietic neoplasms. Cancer Res
56:973-977

Yom-Tov G, Nathan I, Shpilberg O, Polliack A, Levi I (2012)
Clomiphene as a novel modality for the treatment of acute
myeloid leukemia: A pilot phase II study. Leuk Res 36:42-45
Hayon T, Atlas L, Levy E, Dvilansky A, Shpilberg O, Nathan I
(2003) Multifactorial activities of nonsteroidal antiestrogens
against leukemia. Cancer Detect Prev 27(5):389-96

Mandelkar S, Kong AN (2001) Mechanisms of tamoxifen-in-
duced apoptosis. Apoptosis 6:469—477

@ Springer


https://doi.org/10.1182/asheducation-2008.1.419

254

Indian J Hematol Blood Transfus (Apr-June 2022) 38(2):246-254

34. Sun H-L, Pan Y-Q, He B-S (2016) Prognostic performance of
lymphocyte to lymphocyte ratio in diffuse large B cell lym-
phoma: an updated metanalysis of eleven reports. Oncotragets
Therapy 9:3017-3023

35. Wicox RA, Riow K, Habermann TM (2011) The absolute
monocyte and lymphocyte prognostic score predict survival and
identifies high risk patients in diffuse large B-cell lymphoma.
Leukemia 25:1502-1509

@ Springer

36. Li YL, Gu KS, Pan YY (2014) Peripheral blood lymphocyte/
monocyte ratio at the time of first relapse predicts outcome for
patients with relapsed or primary refractory diffuse large B-cell
lymphoma. BMC Cancer 14:1-11

Publisher’s Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.



	Serum Estrogen and its Soluble Receptor Levels in Egyptian Patients with Chronic Myeloid Leukemia: A Case--Control Study
	Abstract
	Introduction
	Aim of the Work
	Subjects and Methods
	Group I
	Group II


	Statistical Analysis
	Results
	Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/ml) levels in Normal Male Control Subjects and Male Patients Group with Chronic Myeloid Leukemia CML
	Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/ml) Levels In Female Control Group and Female Patients Group with Chronic Myeloid Leukemia CML
	Sokal Score in CML Male and Female Patients Group
	Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/ml) levels in Male Patients Group According to Sokal Score
	Estrogen E2 (Pg/ml) and Estrogen Receptor ER (ng/ml) levels in CML Female Patients Group According to Sokal Score
	Absolute Lymphocytes (count/microl), Monocytes (count/microl) and lymphocytes/monocytes Ratio in Normal Control Subjects and Patients with CML
	ALC/AMC in Patients Group According to Sokal Score
	Correlation between Sokal Score with ALC/AMC Ratio in Patients Group
	Correlation between Philadelphia Chromosome % with ALC/AMC Ratio in Patients Group


	Discussion
	Conclusion
	Recommendations
	Authors’ Contributions
	Availability of Data and Material
	References




