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Effect of metformin on ABCB1 and AMPK gene expression in
adolescents with acute lymphoblastic leukemia.

BACKGROUND

Acute lymphoblastic leukemia

Acute lymphoblastic leukemia (ALL) is a malignant neoplasm that originates from lymphoid progenitors in the
bone marrow. In most countries it is the most common malignancy in children, and is the most frequent
cause of death secondary to cancer in children under 20 years of age. L2311 the United States, the incidence
of ALL varies according to ethnicity, with Hispanics being the most affected, with figures up to 40.9 cases per
million. * In Mexico, according to the records of the popular insurance program, leukemia has a prevalence
of 49.8%, in the period 2007-2012, 83% of these correspond to ALL?

Clinical characteristic at diagnosis of ALL include anemic, hemorrhagic and infiltrative syndromes. *ALL in
children has had progressive improvement due to multimodal therapy and risk stratification, offering the
patient an intensified treatment depending on the risk of relapse. This risk stratification is based on the
patient's clinical data, biological characteristics of the leukemic cells and early response to treatment, which
predict the likelihood of relapse.3 These help to select the intensity of treatment, to achieve the best chance
of cure. Patient age and leukocyte count at diagnosis are among the most important, based on this, age less
than 1 year and greater than 10 years confers an adverse prognosis. ®7 Genetic alterations have also been
related to the prognosis of children with ALL. 12

Early response to treatment refers to the time required to eliminate the bulk of the leukemic cell population
to undetectable levels; this is the single most powerful prognostic factor in pediatric ALL. Measurement of
submicroscopic levels of minimal residual disease (1 leukemic cell in 10*° normal cells) can be obtained by
polymerase chain reaction amplification or flow cytometry. 131 The risk of treatment failure and death is 3
to 5 times higher in patients with minimal residual disease levels of 0.01% or greaterat the end of induction
than those with levels less than 0.01%. *°

Treatment of ALL

The combination of chemotherapy agents achieves remission in 80-90% of children with ALL, especially with
intensive protocols of 6-8 drugs in 4-8 weeks in the remission induction and consolidation phases, achieving
in our days rates of up to 85% event-free survival and 90% overall survival, in developed countries.’

Current regimens include induction therapy consisting of 4-6 weeks and include steroid, vincristine,
asparaginase, anthracyclines and intrathecal therapy. Consolidation includes 6 months of a combination of
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intense chemotherapy that is designed to consolidate remission and prevent the development of leukemia
in the central nervous system. This phase includes high-dose methotrexate. And finally, patients receive
maintenance treatment with low-intensity chemotherapy for 18 to 30 months. ® Another important part of
the treatment is therapy directed to the central nervous system. 16,17

Treatment failure occurs in 15-20% of children with ALL in developed countries, leading to lower cure rates
after relapse. When relapse occurs during treatment, the probability of achieving a second remission is 50-
70% and only 20-30% of patients are cured. 1819

ALL in adolescents

The treatment of adolescents with ALL has always been challenging, as the mere fact of being older than 10
years carries an adverse prognosis. These patients diagnosed with ALL have shown very little prognostic
benefit compared to younger patients with ALL younger than 10 years. It has even been reported that
adolescents and young adults have 7.7 to 10.5 times higher risk of relapse compared to children between 1
and 10 years of age. 2 The factors that cause this age group to have worse survival rates are unknown. Some
proposals are heterogeneity in the biology of leukemia, host factors, both physiological and psychosocial, and
the therapeutic approach proposed by the health care team. 21-23

Multidrug resistance (MDR)

Despite advances in treatment strategies, approximately 20% of patients will experience relapse. One of
the main theories of relapse is the presence of multidrug resistance. Several mechanisms responsible for
drug resistance have been described, both in vivo and in vitro. One of the most important mechanisms is the
increased expression of ATP-binding cassette transporters or ABC transporters (ATP-binding cassette
transporters). This is a superfamily of 49 human ABC genes, which are classified into 8 subfamilies from ABC-
A to ABC-G and ANSA, based on the degree of homology of their sequences. * These genes are specialized
in energy-dependent cellular transport and are involved in a wide range of events, such as removal of harmful
substances, secretion of toxins, mobilization of ions and peptides, as well as cell signaling. 2

Within this family, ABCB1/MDR1, ABCC1/MRP1, ABCC3/MRP3 and ABCG2/BCRP genes have been evaluated
in several studies, with controversial results in drug resistance in pediatric ALL. 2630 Inclusively, Rahgozar, et
al. demonstrated an increased risk of obtaining positive minimal residual disease in expression of ABCA2,
ABCA3, MDR1 and MRP1 genes. 31,3233

Metformin and cancer

Metformin is an antidiabetic drug used in patients with type 2 diabetes mellitus. Metformin is a synthetic
biguanide, whose main mechanism of action is through mitochondrial activity, among others that are not
well described. ** It has been experimentally demonstrated that high levels of insulin and glucose promote

cell growth in vitro, proposing a possible mechanism of action of metformin.
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mechanisms directly involving cancer and DM2, via hyperinsulinemia, hyperglycemia and inflammation. 39,36

In some epidemiological cohort studies of patients with type 2 diabetes, in which the use of metformin alone
or combined with sulfonylurea, decreased the risk of developing cancer, compared to those exposed to
insulin. *’ These findings have been replicated in different reports with consistent results. Currently, there
are many articles on the use of metformin in cancer, however, the most solid evidence is in breast, colorectal,

ovarian and endometrial cancer in adults; although more evidence is required to evaluate the therapeutic

. 38
effect in other cancers.

The main antitumor mechanism of antidiabetic drugs such as biguanide and thiazolindiones, which have been
shown in various cell lines to inhibit cancer cells, is likely due to their disruption of the AKT/mTOR signaling
pathway in various ways, resulting in differences in leukemic cell proliferation, apoptosis and chemo-
sensitivity. Some researchers have identified activated adenosine 5'-monophosphate protein kinase, or
AMPK, which is an energy regulator for homeostasis, as a target for ALL treatment because of its effect on
cell proliferation, cell cycle regulation, and its crosstalk with critical metabolic and oncogenic pathways.w’40

Metformin has a positive charge, which accumulates in the mitochondrial matrix and inhibits complex | of
the respiratory chain, preventing the oxidation of NADPH with the consequent decrease in ATP levels,
which causes the accumulation of AMP. When there is an elevated AMP/ATP ratio, the activity of LBK1 (liver
kinase B1 or serine/threonine kinasell STK11) responsible for the phosphorylation and activation of AMPK,
a metabolic sensor that inhibits energy-intensive cellular processes as in neoplastic cells, is promoted.

AMPK is activated due to the change in ATP levels, shifting the cell from an anabolic to a catabolic state,
restoring energy balance. 4311y addition, activated AMPK phosphorylates TSC2 (tuberous sclerosis complex
2) which stimulates the activity of GTPaseRheb (Ras homolog enriched in brain), with subsequent inactivation
of mMTOR (mammalian tardet of rapamycin), essential for cell proliferation because it regulates the expression
of cyclin D1, HIF-1alpha/2alpha (hypoxia-inducible factors), and the so-called Yamanaka transcription factors,
OCT4, KLF4, SOX2, c-Myc.”**

AMPK activation inhibits mTOR, and the transcriptional regulation of FOXO3A program, which is important in
autophagic cell death of persistently stressed cells. In summary, treatment of pre-B ALL and T-cell ALL cell
lines with AMPK activators, including metformin, has been shown to significantly induce cell growth inhibition
and apoptosis.%’47

In addition to the systemic effect of metformin on insulin levels, this drug can suppress malignant cells by a

direct mechanism involving cancer stem cells, epithelial-mesenchymal transition (EMT) and cellular

48,49
senescence.

Studies, such as that of Jingxuan, demonstrated that the use of metformin improves the chemosensitivity of
the anthracyclics, L-asparaginase, vincristine and ethoposide, through the impact on the AKT/mTOR pathway,
which are used in LAL.*® Other mechanisms involving metformin with other metabolic pathways involving the

. 43,47, 51-55
cancer response have also been described.
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Another possible effect of metformin is on the multidrug resistance gene family mentioned above.ZSAIthough
chemotherapy resistant cells is a fundamental problem for oncologists, there are few studies on
ABCB1/MDR1. However, metformin has shown a decrease in the expression of MDR1, mainly through two
pathways, the first one initiates with the activation of AMPK which decreases the activity of adenylate cyclase
which in turn reduces the activity of PKA (protein kinase A), preventing the final phosphorylation of CREB,

. . 56,57
necessary to carry out the transcriptional function.

Second, metformin reduces NF-kB levels through
inhibition of the TNF-alpha receptor signaling cascade. >’ Some drugs, such as vincristine, anthracyclines,
epipodophyllotoxins and tyrosine kinase inhibitors, are substrates of these receptors, which are present in

25,58
several types of cancer.

Metformin in pediatrics

In pediatrics, metformin is a drug approved by the Food and Drug Administration (FDA) for the treatment of
type 2 diabetes, and is indicated for children over 10 years of age based on studies that demonstrate its safety
and clinical benefit for type 2 diabetes at this age. > For this indication, it is generally dosed twice daily with
an excellent safety profile in this age range. ¢ Pharmacokinetic data in children between 12 and 16 years of
age have been shown to be within 5% of those compared to controls for age and gender in adults, with C
max898ng/ml and ABCiny 6311ng hr/ml. ®1 The recommended phase 2 dose for metformin is 1000mg/m?2/day,
with the main side effects reported at the gastrointestinal and metabolic level. 0

The only study so far where metformin has been used in patients with ALL was published by Trucco, et.al.,
where he used a traditional induction scheme with 4 drugs plus metformin in pediatric patients with
refractory and relapsed ALL, in 14 patients, without reaching definitive conclusions regarding the response
of ALL and metformin, however he demonstrated that the use of metformin is safe with an acceptable toxicity
profile.40

RESEARCH QUESTION

What is the effect of metformin use on ABCB1/MDR1 and AMPK gene expression in the remission induction
phase in adolescent patients with newly diagnosed ALL?

PROBLEM STATEMENT

ALL is the most common oncologic disease in the pediatric population, representing 35% of childhood cancer
cases in world statistics, and up to almost 50% according to Mexico's national statistics. In countries with
limited resources, long-term survival is reported to be greater than 90%. In countries such as Mexico, the 5
year overall survival of this disease has been described to be around 50%, and in those patients with poor
prognostic factors even lower, including adolescents.
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The expression of the ABCB1/MDR1 and AMPK gene in adolescents, as well as in patients with ALL and its
variation during treatment, is currently unknown.

In recent years, the use of metformin has proven to be useful in the treatment of different hematological
malignancies and solid tumors, such as breast cancer and leukemia, through different metabolic pathways.
Although the usefulness of this drug has been demonstrated in adults, in pediatrics it is still an unproven
field. Clinical trials in children and adolescents are beginning to be conducted in refractory or relapsed solid
tumors; however, there are none in acute lymphoblastic leukemia.

To date, the benefit of metformin use in ALL in pediatrics, especially in the high-risk group of adolescents,
and the interaction it may have with ABCB1/MDR1 and AMPK gene expression, has not been reported.
Therefore, it is necessary to evaluate the expression of these genes and the usefulness of metformin in
adolescents with acute lymphoblastic leukemia.

JUSTIFICATION

The description of ABCB1/MDR1 and AMPK gene expression in adolescents with ALL may help to
understand their involvement in the biological behavior of ALL in this population.

The search for new alternatives in cancer treatment to improve patient survival is one of the main objectives
of current research. The repositioning of old drugs in cancer treatment is one of the lines being analyzed,
as is the case of metformin.

In basic and clinical studies, the antineoplastic activity of metformin has been demonstrated. It has been
studied in breast cancer, prostate cancer and hematological neoplasms, all in adults. Therefore, transferring
these studies to other populations, such as adolescents, may contribute to improve the survival rate in this
group with poor prognosis in ALL.

The generation of knowledge regarding the usefulness of metformin in this specific group of patients can
lay the groundwork for research on the effect of this drug in solid tumors and other pediatric neoplasms.

HYPOTHESIS

If metformin is added to standard chemotherapy during the remission induction phase in Mexican
adolescents with newly diagnosed ALL, then it will decrease the level of ABCB1/MDR1 gene mRNA
expression and increase AMPK expression levels, at the end of this treatment period.
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OBIJECTIVES

General:

* To evaluate the efficacy of metformin in modifying ABCB1 and AMPK gene expression in
adolescents diagnosed with ALL during the remission induction phase.

Specific

* To describe the expression levels of ABCB1/MDR1 and AMPK genes in adolescents with ALL at
diagnosis and in healthy controls.

* To compare the expression levels of ABCB1/MDR1 and AMPK genes at diagnosis and at the end of
induction in adolescents with ALL treated with conventional chemotherapy and those additionally
treated with metformin.

* To compare overall and disease-free survival in adolescents with ALL treated in relation to
ABCB1/MDR1, and AMPK gene expression.

* To compare overall and disease-free survival in adolescents with ALL treated with conventional
chemotherapy with those treated with convectional chemotherapy plus metformin.

METHODOLOGY

Type and design of study
Type of study: randomized clinical trial
Study design: analytical, experimental, longitudinal and prospective study.

Population
The population to be studied are patients with newly diagnosed ALL between 10 and 21 years.

Eligible population: patients with newly diagnosed ALL between 10 and 21 years old, diagnosed at the
Hospital General de México “Dr. Eduardo Liceaga” from February 2021 to December 2023.

Inclusion, exclusion and elimination criteria
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1 Inclusion criteria:
1. Patients aged between 10 and 21 years with a new diagnosis of ALL at the
Hospital General de México, Dr Eduardo Licega.
2. Patients and legally authorized person who sign the informed consent.

1 Exclusion criteria:
1. Patients with antineoplastic treatment prior to admission.
2. Patients with Down syndrome.
1 Elimination criteria:
1. Patients who abandon treatment for more than a few weeks.4
2. Patients who withdraw informed consent
Sample size
To calculate the sample size, we used data from the publication by Ramos Pefiafiel®®, where a decrease in

the expression pattern of ABCB1 gene expression from high to low expression after metformin
administration was 50%.

The sample size calculation was based on the formula for estimating a proportion, with a confidence level
of 95% and a precision of 5%:

_Z *p*g
d?

A sample number of 8 patients in each group is obtained, assuming a loss of 20%, 10 patients are calculated
for each group.

b

Definition of the variables to be evaluated and how they are to be measured

Variable Conceptual Definition Unit of Type of Coding
measurement variable

Time elapsed in years since birth. .
Age P y Years Quantitative Not

applicable
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Male or female phenotype of the Qualitative 0: male
Gender Male/female )
person. Dichotomous 1: female
Leukocyte Number of total leukocytes
count at reported on complete blood count XlO/mI3 Quantitative Not applicable
diagnosis at diagnosis.
Measurement of the amount of
Hemoglobin at oxygen transport proteinreported L .
. g . . yg ) port P P g/dL Quantitative Not applicable
diagnosis in initial complete blood count.
Platelet Measurement of the number of
count at platelet fragments produced by the XlO/mI3 Quantitative Not applicable
diagnosis megakaryocytes, reported in the
Initial complete blood count.
Immunophenot . L .
. Cellular variant of acute Qualitative 0:strain B
ype of leukemia . ) B/ T ) )
. lymphoblastic leukemia dichotomous | 1:lineage T
lymphoblastic
0: none
) o ) None/ I 1:1(9;22),
Cytogenetic Alterations in the genetic structure Qualitative
alterations of leukemic cells t(9;22)/ polytomous 2:1(12,21),
t(12,21)/ 3:t(4,11),
t(4,11), 4: other
other
No expression . 0: not expressed
MDR-1 and Amplification of gene expression P . / Qualitative . P .
lowexpression / 1: high expression
AMPK gene by RT-PCR . . polytomous .
) high expression 2 low expression
expression. .
expression
Pre-phase Decrease in total peripheral blood o
response blast count less than 1000 after 7 Present/absent Qualitative 0: Yes
) P days of steroid (day 0) dichotomous 1: No
with
prednisone
Morpholo Presence of blasts in bone L 0: M1
. Qualitative
gical marrow sample per day M1, M2, M3 | 1: M2
status at +14 referral induction polytomous 2: M3
day +14
Morphological Presence of bla.ststm thetboneth Qualitative 0: M1
marrow aspirate a e i
response atth . P T ) M1, M2, M3 1: M2
completion of remission induction polytomus
eend of phase. 2: M3
induction
Minimal
residual disease Flow cytometry measurement of . . Qualitative 0: positive
Positive /Negative| . .
at the end of the presence of 1x10-3 blasts. dichotomous 1: negative
induction.
Presence of bla.st§ in  bone Qualitative 0: absent
Relapse marrow after remission has been | Present/absent )
achieved dichotomous 1: present
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. Time from diagnosis of leukemia
Time to e .
to relapse Days Quantitative Not applicable
relapse
ualitative 0: absent
Death Cessation of life Present/absent Q
dichotomous 1: present
Time to death Time from leukemia diagnosis to
death
Days Quantitative Not applicable
Table 1. Variable definitions.

10
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PROCEDURES

Patients with a newly morphological diagnosis of ALL at the Hospital General de México "Dr. Eduardo
Liceaga" will be invited to participate in this trial, and informed consent will be requested from parents and
participants.

The data collection is obtained from the patients chart such as age, gender, leukocyte count, hemoglobin,
platelet count and immunophenotype.

Peripheral blood samples will be collected in EDTA tube. The sample will be centrifuged obtaining
mononuclear cells, and the analysis of ABCB1 and AMPK expression will be performed. This will be done on
samples obtained before the start of treatment and at the end of the induction phase. Samples will be
collected by peripheral vein puncture, and mononuclear cells will be separated using density gradient.
Mononuclear cells are separated and suspended in PBS medium and stored at -702C. RNA isolation is
performed using TRIzol® (Invitrogen/life Technologies), and will be stored at -802C until use. For cDNA
synthesis, 2g of RNA, final volume of 20L will be combined with 200U of MMLV RT enzyme (Invitrogen,
Carlsbad, CA, USA).

Expression of mRNA levels will be measured using the TagMan gene expression assay (Applied Biosystems
Foster city, CA, USA). The cut-off point between low and high expression will be determined according to
mean values obtained in healthy controls, selected during case recruitment in a 2:1 ratio for each case.

Regarding treatment, patients will be randomized into 2 groups, where in both cases the conventional
remission induction treatment will be given, and to intervention group metformin will be added at a dose
of 1000mgm2Scday, divided into two doses, with a maximum dose of 850mg every 8 hour,orally.

The assignment will be made by means of the block randomization technique, in which, from a table of
random digits, two-digit numbers are selected, each of which corresponds to a block of 6 patients, to which
the intervention is assigned in the corresponding sequence.

All patients will start treatment with steroid window, with prednisone at a dose of 60mgm2Scday (maximum
dose 100mg/d), for 7 days (from day -7 to-1). Patients in the study group (treatment with conventional
chemotherapy + metformin) are added metformin hydrochloride orally, at a dose of 1000mgm2Scday,
divided into two doses, with a maximum dose of 850mg every 8 h starting from day -7 of treatment. On day
0 the response to the pre-phase with prednisone (60mgm2scd) will be assessed by means of blood biometry
with differential count and blast count.

Both groups will start remission induction and consolidation treatment according to the Institutional High
Risk protocol, which includes administration of vincristine, prednisone, daunorubicin and L-asparaginase.
Patients assigned to intervention group will also continue with metformin at the established doses.

A bone marrow exam will be performed at day +14 of remission induction to determine the marrow
response to chemotherapy. A bone marrow aspirate will be performed at the end of remission induction to
evaluate the response to this phase of treatment with morphological study and minimal residual disease,
as well as determination of the expression of the ABCB1/MDR1 and AMPK gene with the methodology
described above. At the end of remission induction, metformin will be discontinued in group assigned to it.

11
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Patients will be followed up for 12 months from the start of treatment, and any relapses of the disease or
deaths, as well as the time at which they were diagnosed, will be recorded on the data collection sheet.

STATISTICAL ANALYSIS

Data analysis will be carried out using the Statistical Package for Social Sciences (SPSS) version 25.0.
Descriptive data will be expressed in percentages and absolute values for qualitative variables, and will be
described in medians, ranges, means and standard deviation for quantitative variables.

The Kolmogorov-Smirnov test will be performed for continuous variables to determine if they have normal
distribution; if they have normal distribution, both groups will be analyzed by means of the t-student test; if
they do not have normal distribution, the chi-square test, Fisher's exact test and Mann Whitney U test will
be used for the bivariate analysis. To compare the expression of ABCB1/MDR1 and AMPK genes at the time
of diagnosis and at the end of induction, McNemar's test will be used.

For the calculation of the overall and disease-free survival function, the Kaplan Meier survival test will be
used for both groups and the differences between groups will be analyzed by means of the log Rank test,
both for overall and disease-free survival. Similarly, the overall and disease-free survival function will be
analyzed with the Kaplan Meier test and log rank for ABCB1/MDR1 and AMPK gene expression.

ETHICAL AND BIOSAFETY ASPECTS

According to the General Health Law regarding research on human subjects, this protocol is considered a
higher than minimal risk research, since randomized methods of assighnment to therapeutic schemes are
used.

This protocol takes into account the Mexican General Health Law regarding the provision of health care
services and health research, as well as national and international ethical standards.

This study will be carried out with strict observance of recognized scientific principles and respect and
confidential handling of the data obtained. The security mechanisms to maintain the ethical aspects of
this study are:

1. Review of this protocol by the research and ethics committees of the Hospital General de México
"Dr. Eduardo Liceaga".

2. All information obtained in this study will be made available to the Ethics and Research
Committees.

3. The confidentiality of the study information is assured, as well as the identity of the patients. The
identification data of the participants will be codified, assigning a consecutive participation
number. The identification information and the relation between the identification numbers and
the data obtained will be known only to the participating investigators and will be preserved
confidentially in electronic media.

4. There will be no charge for the study, nor will there be any consistency for participation in this
study. Refusal to participate in the study will not influence the patient's treatment or clinical care.

12
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Informed consent and assent will be requested for participation in this study, respecting the

autonomy of the participants.
The principles of fairness are respected since the participants will be randomly assigned by blocks

The responsible investigators have no conflicts of interest in the conduct of this study or its publication.

13



HOSPITAL
l: B GENERAL
SALUD de MEXICO

DR. EDUARDO LICEAGA

REFERENCES

10.

11.

12.

Smith MA, Seibel NL, Altekruse SF, et al. Outcomes for children and adolescents with cancer:
challenges for the twenty-first century. J Clin Oncol 2010;28:2625-34.

Linabery AM, Ross JA. Trends in childhood cancer incidence in the U.S. (1992- 2004). Cancer
2008;112:416-32.

Hunger, SP, Charles GM. Acute lymphoblastic leukemia in children. N Engl J Med. 2015; 373.16:
1541-1552.

Lim JY, Bhatia S, Robison LL, Yang JJ. Genomics of racial and ethnic disparities in childhood acute
lymphoblastic leukemia. Cancer 2014;120:955-62.

Rivera-Luna R. Descriptive Epidemiology in Mexican children with cancer under an open national
public health insurance program. BMC Cancer. 2014 14:790.

Smith M, Arthur D, Camitta B. Uniform approach to risk classification and treatment assignment for
children with acute lymphoblastic leukemia. J Clin Oncol 1996;14:18-24.

Hunger SP, Lu X, Devidas M, et al. Improved survival for children and adolescents from 1990-2005:
a report from the Children's Oncology Group. J Clin Oncol 2012;30:1663-9.

Moorman AV, Ensor HM, Richards SM, et al. Prognostic effect of chromosomal abnormalities in
childhood B-cell precursor acute lymphoblastic leukaemia: results from the UK Medical Research
Council ALL97/99 randomised trial. Lancet Oncol 2010;11:429-38.

Arico M, Schrappe M, Hunger SP, et al. Clinical outcome of children with newly diagnosed
Philadelphia chromosome-positive acute lymphoblastic leukemia treated between and1995 J
2005.Clin Oncol 2010;28:4755-61.

Harrison CJ, Moorman AV, Schwab C, et al. An international study of intrachromosomal amplification
of chromosome 21 (IAMP21): cytogenetic characterization and outcome. Leukemia 2014;28:1015-
21.

Mullighan CG, Su X, Zhang J, et al. Deletion of IKZF1 and prognosis in acute lymphoblastic leukemia.
N Engl J Med 2009; 360:470-80.

Kuiper RP, Waanders E, van der Velden VH, et al. IKZF1 deletions predict relapse in uniformly treated
pediatric precursor B-ALL. Leukemia 2010;24:1258-64.

14



13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

HOSPITAL
l: B GENERAL
SALUD de MEXICO

DR. EDUARDO LICEAGA

Campana D. Minimal residual disease monitoring in childhood acute lymphoblastic leukemia. Curr
Opin Hematol 2012; 19:313-8.

Pui CH, Pei D, Coustan-Smith E, et al. Clinical utility of sequential minimal residual disease
measurements in the context of risk-based therapy in childhood acute lymphoblastic leukaemia: a
prospective study. Lancet Oncol 2015;16:465-74.

Schrappe M, Valsecchi MG, Bartram CR, et al. Late MRD response determines relapse risk overall. and
in subsets of childhood T-cell ALL: results of the AIEOP-BFM- ALL study2000. Blood
2011;118:2077-84

Pui CH, Campana D, Pei D, et al. Treating childhood acute lymphoblastic leukemia without cranial
irradiation. N Engl J Med 2009;360:2730-41.

Veerman AJ, Kamps WA, van den Berg H, et al. Dexamethasone-based therapy for childhood acute
lymphoblastic leukaemia: results of the prospective Dutch Childhood Oncology Group (DCOG)
protocol ALL-9 (1997-2004). Lancet Oncol 2009;10:957-66.

Nguyen K, Devidas M, Cheng SC, et al. Factors influencing survival after relapse from acute

lymphoblastic leukemia: a Chil- dren's Oncology Group study. Leukemia 2008;22:2142-50.

Raetz EA, Bhatla T. Where do we stand in the treatment of relapsed acute lymphoblastic leukemia?
Hematology Am Soc Hematol Educ Program 2012;2012: 129-36.

Wolfson JA, Richman JS, Sun CL, et.al. Causes of inferior outcome in Adolescents and Youn Adults
with Acute Lymphoblastic leukemia: across Oncology Services and Regardless of Clinical Trial
Enrollment. Cancer Epidemiol Biomarkers Prev 2018;27:1133-1141.

Moorman AV, Chilton L, Wilkinson J, Ensor HM, Bown N, Proctor SJ. A population-based
cytogenetic study of adults with acute lymphoblastic leukemia. Blood. 2010;115(2):206-214.

Moorman AV, Harrison CJ, Buck GA, et al; Adult Leukaemia Working Party, Medical Research
Council/National Cancer Research Institute. Karyotype is an independent prognostic factor in adult
acute lymphoblastic leukemia (ALL): analysis of cytogenetic data from patients treated on the
Medical Research Council (MRC) UKALLXIIl/ Eastern Cooperative Oncology Group (ECOG) 2993 trial.
Blood. 2007;109(8):3189-3197.

Veal GJ, Hartford CM, Stewart CF. Clinical pharmacology in the adolescent oncology patient. J Clin
Oncol. 2010;28(32):4790-4799.

Dean M, Rzhetsky A, Allikmets R. The human ATP-binding cassette (ABC) transporter superfamily.

Genome Res. 2001; 11: 1156-1166.
15



25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

HOSPITAL
l: B GENERAL
SALUD de MEXICO

DR. EDUARDO LICEAGA

Moitra K, Lou H, Dean M. Multidrug efflux pumps and cancer stem cells: insights into multidrug

resistance and therapeutic development. Clin Pharmacol Ther. 2011; 89: 491-502.

Szakéacs G, Paterson JK, Ludwig JA, Booth-Genthe C, Gottesman MM. Targeting multidrug resistance
in cancer. Nat Rev Drug Discov 2006; 5:219-34.

Litman T, Brangi M, Hudson E, Fetsch P, Abati A, Ross DD, Miyake K, Resau JH, Bates SE. The
multidrug-resistant phenotype associated with overexpression of the new ABC half-transporter, MXR
(ABCG2). J Cell Sci 2000; 113:2011-21.

Benderra Z, Faussat AM, Sayada L, Perrot JY, Tang R, Chaoui D, Morjani H, Marzac C, Marie JP, Legrand
0. MRP3, BCRP, and P-glycoprotein activities are prognostic factors in adult acute myeloid leukemia.
Clin Cancer Res 2005; 11:7764-72;

Kourti M, Vavatsi N, Gombakis N, Sidi V, Tzimagiorgis G, Papageorgiou T, Koliouskas D, Athanassiadou
F. Expression of multidrug resistance 1 (MDR1), multidrug resistance-related proteinl (MRP1), lung
resistance protein (LRP), and breast cancer resistance protein (BCRP) genes and clinical outcome in
childhood acute lymphoblastic leukemia. Int J Hematol 2007; 86:166-73.

Cortez MA, Scrideli CA, Yunes JA, Valera ET, Toledo SR, Pavoni-Ferreira PC, Lee ML, Petrilli AS,
Brandalise SR, Tone LG. mRNA expression profile of multidrug resistance genes in childhood acute
lymphoblastic leukemia. Low expression levels associated with a higher risk of toxic death. Pediatr
Blood Cancer 2009; 53:996-1004.

Rahgozar S, Moafi A, Abedi M, Entezar-e-ghaem M, Moshtaghian J, et.al. mRNA expression profile
of multidrug-resistant genes in acute lymphoblastic leukemia of children, a prognostic value for ABC3
and ABCA2. Cancer Biology & Therapy 2014; 15:1, 35-41.

Marzac C, Garrido E, Tang R, Fava F, Hirsch P, De Benedictis C, Corre E, Lapusan S, Lallemand JY, Marie
JP, et al. ATP Binding Cassette transporters associated with chemoresistance: transcriptional profiling
in extreme cohorts and their prognostic impact in a cohort of 281 acute myeloid leukemia patients.
Haematologica 2011; 96:1293-301.

Berger W, Steiner E, Grusch M, Elbling L, Micksche M. Vaults and the major vault protein: novel roles
in signal pathway regulation and immunity. Cell Mol Life Sci 2009; 66:43-61.

Chan K, Truong D, Shangari N, O'Brien PJ. Drug-induced mitochondrial toxicity. Expert Opin Drug
Metab Toxicol. 2005; 1:655-669

Feng YH, Velazquez-Torres G, Gully C, Chen J, Lee MH, Yeung SC. The impact of type 2 diabetes and
antidiabetic drugs on cancer cell growth. J Cell Mol Med 2011; 15:825-36.

16



36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

HOSPITAL
l: B GENERAL
SALUD de MEXICO

DR. EDUARDO LICEAGA

Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gapstur SM, Habel LA, et al. Diabetes and
cancer: a consensus report. Diabetes Care 2010; 33:1674- 85.

Bowker SL, Yasui Y, Veugelers P, Johnson JA. Glucose-lowering agents and cancer mortality rates in

type diabetes2: assessing effects of time-varying exposure. Diabetologia. 2010; 53: 1631-1637.

Zhang ZJ, Li S, The prognostic value of metformin for cancer patients with concurrent diabetes: a
systematic review and meta-analysis. Diabetes Obes Metab. 2014; 16: 707-710.

Sengupta TK, Leclerc GM, Hsieh-Kinser TT, Leclerc GJ, Singhl, Barredo JC. Cytotoxic effect of 5-
aminoimidazole-4-carboxamide-1-beta-4- ribofuranoside (AICAR) on childhood acute lymphoblastic

leukemia (ALL) cells: implication for targeted therapy. Mol Cancer. 2007;6:46

Trucco M, Barredo JC, Goldberg J, et al. A phase | window, dose escalating and safety trial of
metformin in combination with induction chemotherapy in relapsed refractory acute lymphoblastic
leukemia: Metformin with induction chemotherapy of vincristine, dexamethasone, PEG-
asparaginase and doxorubicin (VXLD). Pediatr Blood Cancer. 2018;e27224.

Leclerc GM, Leclerc GJ, Kuznetsov JN, DeSalvo J, Barredo JC. Metformin induces apoptosis through
AMPK-dependent inhibition of UPR signaling in ALL lymphoblasts. PLoS One. 2013;8:e74420.

Shackelford DB, Shaw RJ. The LKB1-AMPK pathway: metabolism and growth control in tumour
suppression. Nat Rev Cancer. 2009; 9: 563- 575.

Dowling RJ, Niraula S, Stambolic V, Goodwin PJ. Metformin in cancer: translational challenges. J Mol
Endocrinol. 2012; 48: R31-43.

Shore GC, Papa FR, Oakes SA. Signaling cell death from the endoplasmic reticulum stress response.
Curr Opin Cell Biol. 2011;23:143-149.

Oyadomari S, Mori M. Roles of CHOP/GADD153 in endoplasmic reticulum stress. Cell Death Differ.
2004;11:381-389.

Emami Riedmaier A1, Fisel P, Nies AT, Schaeffeler E, Schwab M. Metformin and cancer: from the old
medicine cabinet to pharmacological pitfalls and prospects. Trends Pharmacol Sci. 2013; 34: 126-

135.

Pernicova |, Korbonits M. Metformin-mode of action and clinical implications for diabetes and cancer.
Nat Rev Endocrinol. 2014; 10: 143-156.

17



HOSPITAL
l: B GENERAL
SALUD de MEXICO

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

A DE SALL
DR. EDUARDO LICEAGA

Leclerc GM, Leclerc GJ, Fu G, Barredo JC. AMPK-induced activation of Akt by AICAR is mediated by
IGF-1R-dependent and independent mechanisms in acute lymphoblastic leukemia. J Mol Signal.
2010;5:15.

Kuznetsov JN, Leclerc GJ, Leclerc GM, Barredo JC. AMPK and Akt determine apoptotic cell death
following perturbations of one-carbon metabolism by regulating ER stress in acute lymphoblastic
leukemia. Mol Cancer Ther. 2011;10:437-447.

Pan J, Chen C, Jin y, Fuentes-Mattel E, Velasquez-Torres G, et.al. Differential impact of structurally
different anti-diabetic drugs on proliferation and chemosensitivity of acute lymphoblastic leukemia
cells. Cell Cycle 2012; 11:12, 2314-2326.

Serrano M. Metformin and reprogramming into iPSCs. Cell Cycle. 2012; 11: 1058-1059.

Feng YH, Wu CL, Shiau AL, Lee JC, Chang JG, Lu PJ, et al. MicroRNA- 21-mediated regulation of
Sprouty2 protein expression enhances the cytotoxic effect of 5-fluorouracil and metformin in colon
cancer cells. Int J Mol Med 2012; 29: 920-926.

Dirat B, Ader |, Golzio M, Massa F, Mettouchi A, Laurent K, et al. Inhibition of the GTPase Racl
mediates the antimigratory effects of metformin in prostate cancer cells. Mol Cancer Ther. 2015; 14:
586- 596.

Fan C, Wang Y, Liu Z, Sun'Y, Wang X, Wei G, et al. Metformin exerts anticancer effects through the
inhibition of the Sonic hedgehog signaling pathway in breast cancer. Int J Mol Med. 2015; 36: 204-
214,

Lin CC, Yeh HH, Huang WL, Yan JJ, Lai WW, Su WP, et al. Metformin enhances cisplatin cytotoxicity
by suppressing signal transducer and activator of transcription-3 activity independently of the liver
kinase B1-AMP-activated protein kinase pathway. Am J Respir Cell Mol Biol 2013; 49: 241-250.

Bullock BP, Habener JF. Phosphorylation of the cAMP response element binding protein CREB by
cAMP-dependent protein kinase A and glycogen synthase kinase-3 alters DNA-binding affinity,
conformation, and increases net charge. Biochemistry 1998; 37: 3795-3809.

Kim HG, Hien TT, Han EH, Hwang YP, Choi JH, Kang KW, et al. Metformin inhibits P-glycoprotein
expression via the NF-kappaB pathway and CRE transcriptional activity through AMPK activation. BrJ
Pharmacol. 2011; 162: 1096-1108.

Gerrard G, Payne E, Baker RJ, Jones DT, Potter M, Prentice HG, et al. Clinical effects and P-
glycoprotein inhibition in patients with acute myeloid leukemia treated with zosuquidar

trihydrochloride, daunorubicin and cytarabine. Haematologica. 2004; 89: 782-790.

Jones KL, Arslanian S, Peterokova VA, Park JS, Tomlinson MJ. Effect of metformin in pediatric patients
with type diabetes2: a randomized controlled trial. Diabetes Care. 2002;25:89-94.

Silverstein JH, Rosenbloom AL. Treatmentoftype2diabetesmellitus in children and adolescents. J
Pediatr Endocrinol Metab. 2000;13(Suppl 6):1403-1409.

18



HOSPITAL
# gB GENERAL
SALU de MEXICO

SECRETARIA DE SALUD

DR EDUARDO LICEAGA
61. Gao X, Christensen M, Burghen GA, et al. Pharmacokinetics of met- formin in pediatric type 2

diabetic and healthy adult subjects. Clin Pharmacol Ther. 2003;73:P46-P46.

62. Ramos-Pefafiel C, Olarte-Carrillo I, Ceron Maldonado R, Miranda-Peralta E, et.al. Effect of metformin

in the induction stage in patients with acute lymphoblastic leukemia and its clinical impact on
survival. Rev Med Chile 2018; 146: 846-853.

63. Ramos-Pefiafiel C, Olarte-Carrillo |, Cerén-Maldonado R, Santoyo-Sanchez A, et al. Effect of
metformin on the expression of Multidrug-Resistance Genes (ABCB1, ABCG2) in Acute Lymphoblastic
Leukemia, in vitro and in Vivo study. Blood 2016;128(22):5142

19



SALUD

SECRETARIA DE

SALUD

Chemotherapy protocol for remission induction in high risk LAL

HOSPITAL
GENERAL
de MEXICO

DR. EDUARDO LICEAGA

INDUCCION A LA REMISION

Medicamento
Prednisona

60mg/m2
Vincristina
1.5mg/m2

Doxarrubicina
25mg/m2

L-asparaginasa
10,000U1/m2

Quimioterapia
intratecal

Etopdsido
300mg/m2

Citarabina
300mg/m2
Metformina
1000mg/m2 * Sele
Erupo A

Valoracion de la
prefase con
prednisena con BH

Aspirado de médula
dsea

Medicidn de
expresidn de genes
ABCB1 y AMPK
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