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Abstract

Background: Octreotide has been used to control bleeding episodes with variceal origin in the pediatric population. To date, there
is no clear evidence of octreotide use for non-variceal bleeding in clinical trials.
Objectives: We aimed to assess the octreotide efficacy as an add-on therapy to the conventional regimen of proton pump inhibitors
for controlling upper non-variceal gastrointestinal (GI) bleeding in the pediatric population.
Methods: This prospective randomized controlled clinical trial was performed on pediatric patients aged 1 - 15 years and diagnosed
with acute non-variceal upper GI bleeding. The participants were allocated to receive octreotide or placebo and pantoprazole con-
comitantly. The study was conducted in Mofid Children’s Hospital, Tehran, Iran, during February 2019 - December 2019. Patients with
hepatic failure, liver stigma, and coagulopathy due to thrombocytopenia were excluded. Demographic, clinical, and preclinical data
were recorded in prepared sheets. All the patients were followed until therapy discontinuation. P-value < 0.05 was considered sig-
nificant.
Results: Forty-three patients with a mean age of 4.98 ± 3.79 years and confirmed non-variceal upper GI bleeding were included
in the present study. Most patients had no specific etiology for their bleeding episodes. Patients in the intervention and control
groups received pantoprazole in comparable doses. No differences were observed between the two groups in terms of baseline
hemoglobin values (P = 0.08), while final hemoglobin values were significantly higher in the intervention group (P = 0.014). The
bleeding duration was not significantly different between the two groups (P = 0.99). Moreover, none of the cases showed adverse
drug reactions due to octreotide infusion.
Conclusions: Our study demonstrated that octreotide did not alter bleeding duration or need for blood transfusion. However,
positive results were observed for hemoglobin, affecting blood loss volume.

Keywords: Adverse Reactions, Child, Drug-Related Side Effects, Gastrointestinal Hemorrhage, Octreotide, Pantoprazole, Proton
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1. Background

Upper gastrointestinal bleeding (UGIB) is an uncom-
mon but life-threatening condition in the pediatric popu-
lation. The UGIB encompasses bleeding originating from
the esophagus to the ligament of Treitz (1). The source of
UGIB could be in the esophagus, stomach, or duodenum.
Bleeding from other sources, such as the pancreas or bil-
iary system, may occur but is not common (2). The mor-
tality rate for pediatric UGIB has a range of 5% - 15% or
more in developing countries based on various properties

of populations that experience different conditions associ-
ated with UGIB, such as acute variceal hemorrhage (1, 3, 4).

Management of UGIB consists of fluid resuscitation,
hemodynamic stabilization, blood transfusion for unsta-
ble patients, and pharmacotherapy. Proton pump in-
hibitors (PPIs), vasoconstrictive agents, and octreotide
have been used for patients with UGIB (2). Octreotide, a so-
matostatin synthetic peptide analog, mimics the pharma-
cologic activity of somatostatin with advantages in phar-
macokinetics parameters. It is a good alternative for so-
matostatin due to its potency and longer half-life (5). The
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octreotide mechanism of action and its pharmacologic ac-
tivity is to decrease the production of gastrointestinal (GI)
peptides, namely gastrin, cholecystokinin, and secretin
via binding to the G protein-coupled receptors (6, 7). Oc-
treotide has been widely administered in acute variceal
bleeding treatment (8). However, it has been utilized less
frequently to manage UGIB by other etiologies. Most clin-
ical trials involving octreotide have been performed in
adults (9). To our knowledge, no clinical trial has inves-
tigated octreotide efficacy in pediatric non-variceal UGIB.
Few reports exist on octreotide efficacy in the pediatric
population (10, 11).

2. Objectives

In this placebo-controlled randomized clinical trial, we
aimed to evaluate octreotide efficacy and safety in treating
non-variceal UGIB as an add-on therapy to PPIs in the pedi-
atric population.

3. Methods

This prospective randomized, double-blind placebo-
controlled clinical trial was performed on patients with
acute non-variceal UGIB aged 1 - 15 years referred to Mofid
Children’s Hospital affiliated to Shahid Beheshti Univer-
sity of Medical Sciences, Tehran, Iran, a tertiary pediatric
medical center, during February 2019 - December 2019. The
study was conducted in accordance with the declaration
of Helsinki and was approved by the Ethics Committee
of Shahid Beheshti University of Medical Sciences, Tehran,
Iran, and was registered in the Iranian Registry of Clini-
cal Trials (IRCT20120415009475N6). Written informed con-
sents were obtained from the legal guardian of all the pa-
tients before enrollment.

The patients were randomly selected and divided into
test and control groups. Permuted block randomization
method was applied, and randomization sequence was
generated using sealed envelope randomization service
and online databases for clinical trials, London, United
Kingdom. The study was designed as a double-blinded
placebo-controlled clinical trial, and both the administra-
tor and the analyzer were blinded. All octreotide and
placebo vials were similar in shape and label, so they
were not distinguishable from each other. The medica-
tion and placebo were provided in coded packages, and the
codes were based on the permuted block randomization
sequence provided to the researcher by a designated per-
son.

Patients with a diagnosis of non-variceal UGIB, as well
as with normal serum glutamic oxaloacetic transaminase,

glutamic pyruvic transaminase, alkaline phosphatase, and
bilirubin, normal coagulation profile [i.e., international
normalization ratio (INR)], and with an age range of 1 - 15
years were enrolled in the study. The exclusion criteria
were variceal UGIB, hepatic impairment defined as Child-
Pugh category C (12), chronic liver disease, symptomatic
hepatosplenomegaly, platelet count < 30000 cell/mL, and
unstable hemodynamic despite maximum hydration and
blood transfusion if indicated (13). The patients were first
examined for hemodynamic status and initial resuscita-
tion considering correct fluid and electrolyte. The in-
cluded patients received pantoprazole at the dose of 1
mg/kg/day (max = 8 mg/kg/h) for gastric pH of 4 or more for
at least 24 h and octreotide at the dose of 1µg/kg/h titrated
to response (max = 2 µg/kg/h) concomitantly.

All patients were investigated for the time of bleed-
ing discontinuation as the primary outcome of the study.
Secondary outcomes were the need for blood transfu-
sion and hemoglobin value-related severe adverse drug
reaction (ADR) considered as safety outcomes. The de-
mographic, clinical, and preclinical data were collected
under the supervision of a clinical pharmacist. The
recorded demographic data included age, gender, weight,
and height for all the patients. Moreover, clinical data
about the chief complaints of patients, physician diag-
nosis of non-variceal UGIB, underlying disease and condi-
tions, coagulation profile, GI problems, and endoscopic re-
sults were recorded. Laboratory data, including complete
blood count, liver function, and enzymes tests, were also
recorded. In addition, daily pantoprazole and octreotide
doses were recorded with ongoing therapy.

3.1. Statistical Analysis

All statistical analyses were performed using the sta-
tistical package for the social sciences (SPSS) version 20.0
software. Mean and standard deviation were used to de-
scribe continuous variables and numbers, and the percent-
age was applied to express categorical variables. A paired
t-test and a chi-square test were utilized to examine the
quantitative and qualitative data, respectively. P-value <
0.05 was considered statistically significant.

4. Results

In this study, 26 male and 17 female participants were
recruited. The median age of the patients was 4 (IQR =
5) years. The distribution of gender, age, and other de-
mographic data were not significantly different between
the two research groups. The study flow diagram is rep-
resented in Figure 1. The patients received treatment for a
median duration of 7 days (maximum ten days). The demo-
graphic values of the recruited participants are presented
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in Table 1. Non-variceal acute GI bleeding (AGIB) was di-
agnosed for all the patients by a pediatric gastroenterolo-
gist. All the cases were hemodynamically stable during the
investigation. Hematemesis, melena, and coffee ground
vomiting were the most frequent chief complaints. There
were no statistically significant differences between the in-
tervention and control groups in terms of patients’ com-
plaints at the first presentation.

The GI bleeding mainly occurred in patients with no
past medical history, followed by patients with a his-
tory of receiving chemotherapy or non-steroidal anti-
inflammatory drugs and those diagnosed with AGIB. The
two groups were not significantly different regarding past
medical history distribution (P = 0.052). Twenty-seven of
the subjects underwent the endoscopic procedure. Nor-
mal GI mucosa was observed in eight patients, and ten
of the patients were diagnosed with gastritis. Moreover,
nine patients were diagnosed with antral ulcers, gastric ul-
cers, and duodenitis. The endoscopic findings were not
different between the two groups (P = 0.381). However,
GI bleeding did not stop in one patient in the interven-
tion group despite receiving treatment with pantoprazole
and octreotide, and an invasive procedure was performed.
Moreover, one patient in the test group who underwent
chemotherapy for hematologic malignancy died because
of severe infection. Baseline hemoglobin values were not
different between the two groups (10.2±0.03 vs. 11.1±6.75,
P = 0.08). However, hemoglobin drops were significantly
more in the control group (P = 0.014). Figure 2 demon-
strates hemoglobin values in the two groups. None of the
patients in the two groups had coagulopathy.

The mean INR of the recruited patients was 1.08±0.22.
Participants in the intervention group received 15 (IQR =
26) mL/kg of packed red blood cells, and in the control
group, they received 10 (IQR = 11.00) mL/kg to correct se-
vere anemia in the bleeding condition. No significant dif-
ference was observed between the two groups regarding
packed red blood cells (P = 0.056).

Table 2 demonstrates octreotide doses in the test group
for a maximum of ten days of treatment. The time of
GI bleeding resolving was not significantly different be-
tween the two groups (60.47 ± 00.74 vs. 59.87 ± 00.91, P
= 0.99). Concerning ADRs, no patient receiving octreotide
showed ADR (14) consistent with severe conditions, such as
hypersensitivity reactions, cholelithiasis, pancreatitis, or
hyperglycemia. Alteration in the heart rate and rhythm,
such as QTc interval prolongation or any arrhythmias, did
not occur in patients receiving octreotide. Hepatomegaly,
splenomegaly, and rise in hepatic aminotransferases were
not observed in any patients.

5. Discussion

In this clinical trial, octreotide add-on therapy to pan-
toprazole was not associated with a decrease in the dura-
tion of bleeding. Medication administration did not re-
sult in a reduced need for blood transfusion in this pop-
ulation. Octreotide as a peptide could alter various as-
pects of physiologic pathways in the GI tract and has a
valuable therapeutic role as add-on therapy in the pharma-
cotherapy of a variety of GI disorders. In adults, approved
octreotide indications include vasoactive intestinal pep-
tide tumors, treatment for the management of esophageal
variceal bleeding, secretory or chemotherapy-induced di-
arrhea, excessive ileostomy losses, gastroenteropancreatic
neuroendocrine tumors, and pancreatitis (15, 16). In the pe-
diatric population, octreotide is mainly used for secretory
diarrhea or variceal GI bleeding (17). No clinical trial has in-
vestigated the safety and efficacy of octreotide in the phar-
macotherapy of AGIB for the pediatric population without
esophageal varices.

In an eighteen-month survey of the adult population,
patients admitted to the hospital with the diagnosis of
AGIB underwent the endoscopic procedure. Patients with
variceal bleeding and those undergoing surgical proce-
dures were excluded from the study. Next, the patients
were randomly assigned to receive 50 mg ranitidine every
8 h alone or 100 mg octreotide every 8 h subcutaneously
concomitant with ranitidine. Based on the pathologic data
from endoscopic findings, no differences were observed
between the two groups of patients in this study (18).

Similarly, blood transfusion and the length of hospi-
tal stay were not different between the two groups. A ma-
jor part of the data in our study was extracted from adult
studies as there is no data on the use of octreotide in the
pediatric population. However, based on the pharmacoki-
netic data in children, it is known that octreotide clearance
is more rapid than adults, and we should use it as intra-
venous infusion but not at bolus doses. In limited retro-
spective studies in children, it was shown that octreotide
might be beneficial in controlling non-arterial and also
variceal GI bleeding in children, but not in bleeding from
mucosal ulcers (19).

In a prospective nonrandomized clinical study on the
safety and efficacy of octreotide in controlling acute up-
per GI bleeding, all patients received octreotide for 5 days.
Twenty-two patients had non-variceal bleeding confirmed
by endoscopic evidence (20). In contrast to our study,
GI bleeding did not stop in about one-third of patients
in the latter investigation (20). Patient population, dos-
ing, and the length of therapy were different between the
two groups. In a survey of three children with chronic
hepatic impairment, octreotide was efficacious in control-
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Enrollment 
Assessed for eligibility (n = 154) 

Excluded (n = 111) 
  •  Bleeding stops after the 1st dose of PPI 
      (n = 11)

Randomized (n = 43) 

Allocation 

Follow-Up

Analysis

Allocated to intervention (n = 20) 

• Received allocated intervention (n = 20) 

• Did not receive allocated intervention (n = 0) 

Allocated to intervention (n = 23) 

• Received allocated intervention (n = 23) 

• Did not receive allocated intervention (n = 0) 

Lost to follow-up (n = 0) 

Discontinued intervention (n = 1) 

Lost to follow-up (n = 0) 

Discontinued intervention (n = 0) 

Analyzed (n = 19) 

• Excluded from analysis (n = 0) 

Analyzed (n = 23) 

• Excluded from analysis (n = 0) 

Figure 1. Study flow diagram illustrating the enrollment and disposition procedure of trial participants.

ling bleeding from portal hypertension, unknown origin,
or arteriovenous malformations. The three children re-
ceived octreotide at the dose of 4 - 8 µg/kg/day, which
led to bleeding cessation and hemoglobin rise in the first
week (21). Our study did not observe hepatic impairment
from octreotide administration or significant elevation of
hepatic aminotransferases. The GI bleeding is more fre-
quent in critically ill patients than in other cases (22). How-
ever, acute GI bleeding with clinical symptoms, including
hemodynamic instability, decreased hemoglobin to 2 g/dL,
and less frequent blood transfusion. In developing coun-
tries, GI bleeding mainly occurs due to GI varices. The
PPIs are the mainstay of non-variceal GI bleeding treat-
ment. Recently published studies on GI bleeding in chil-

dren showed that octreotide administered concomitantly
with a PPI would not affect bleeding, as in our study (2).

Considering no differences in baseline values in our
research, patients receiving octreotide showed a signifi-
cantly higher hemoglobin value than the controls. In a
study conducted at Alberta Pediatric Hospital during Jan-
uary 1998 - December 2004, octreotide was used in chil-
dren for different purposes (11). Among 21 patients receiv-
ing octreotide, eleven cases received octreotide for mas-
sive GI bleeding. The causes of GI bleeding in these pa-
tients included esophageal and gastric varices, portal hy-
pertension, and gastropathy. Octreotide was administered
in these patients at the dose of 2.2 ± 1 mg/kg/h, tapered to
the half dose after 24 h, and discontinued after the bleed-
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Table 1. Demographic and Clinical Values of Recruited Patients

Value Intervention Group (n = 20) Control Group (n = 23) P-Value

Gender, No. (%) 0.5

Male 9 (45) 8 (34.78)

Female 11 (55) 15 (65.22)

Age (y) 4.25 (IQR = 4) 4 (IQR = 4.7) 0.386

Weight (kg) 21.23 ± 14.24 16.36 ± 8.91 0.215

Height (cm) 111.29 ± 50.17 114.18 ± 89.90 0.604

Past medical history (3 most common) (%) 0.053

None 4 (20) 15 (65.22)

Chemotherapy 5 (25) 0 (0)

NSAID usage 2 (10) 3 (13.04)

Prior GI bleeding 1 (5) 2 (8.7)

Presenting chief complaint (3 most common) (%) 0.416

Hematemesis 7 (35) 11 (47.83)

Melena 4 (20) 4 (17.39)

Coffee ground emesis 2 (10) 2 (8.7)

Abbreviations: NSAID, non-steroidal anti-inflammatory drugs; GI, gastrointestinal.
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Figure 2. Hemoglobin values trend in the intervention and control groups.

ing stopped. In this retrospective study (11), cardiovascu-
lar adverse events and hyperglycemia were the most com-
mon ADRs. Moreover, in this prospective randomized clin-
ical trial, we did not observe any ADR related to octreotide

consumption in pediatric patients. However, we recorded
hypertension in one patient admitted to the hospital due
to hypertension under treatment by labetalol. Neverthe-
less, it was not distinguishable that this hypertension was
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Table 2. Octreotide Dose a (µg/h) in the Intervention Group During the Study Period

Day 1 Day 2 Day 3 Day 4 Day 5 Day 6 Day 7 Day 8 Day 9 Day 10

10 (34) 17 (20) 17 (20) 12.5 (16) 10 (13.5) 10 (28.5) 10 (27) 10 (35) 10 (18) 6 (20)

a Median (interquartile range).

octreotide ADR or resulted from uncontrolled hyperten-
sion. A critical issue about octreotide safety in the pe-
diatric population is that most ADRs reported in studies
are observed in patients receiving octreotide for longer
than our study. For example, in the study in Alberta, pa-
tients received octreotide for 7 - 90 days which was longer
than our study in which patients received octreotide for
only 10 days. In investigating pediatric population, per-
forming studies with large sample size and multicentric
trials are difficult. The current study had some limita-
tions, including recruiting patients in the Gastroenterol-
ogy Ward, which affects the study population, difficulty in
the diagnosis of non-variceal bleeding before diagnostic
endoscopy and its influence on patient recruitment, lim-
ited sample size, single-centered study design, not mon-
itoring ADR after discharging the patients, and not per-
forming diagnostic endoscopy procedures for all the pa-
tients.

5.1. Conclusions

According to the findings of our study, octreotide
did not reduce the bleeding duration and blood transfu-
sion rate in patients with non-variceal AGIB. However, the
hemoglobin value was significantly higher in patients re-
ceiving octreotide than others. No serious ADR leading to
drug cessation was reported. Further investigations are re-
quired concerning the usage of octreotide due to the high
cost and poor efficacy of this medication in pediatric pa-
tients. Moreover, it is recommended to perform multicen-
tered, prospective, randomized trials with a larger sample
size to evaluate the safety and efficacy of octreotide in the
pediatric population.

Footnotes

Authors’ Contribution: Conceptualization: Mirrahimi,
B., Rohani, P.; methodology: Mirrahimi, B.; statistical anal-
ysis: Mirrahimi, B.; investigation and data curation: Mir-
rahimi, B., Hemmati, A.; original draft writing: Moradi, O.,
Hemmati, A.; review and editing: Mirrahimi, B., Rohani, P.,
Moradi, O.; supervision: Mirrahimi, B., Rohani, P.

Clinical Trial Registration Code: This study
was registered in the Iranian Registry of Clin-
ical Trials (Code IRCT20120415009475N6, Link:
https://www.irct.ir/trial/10069).

Conflict of Interests: The authors declare none.

Data Reproducibility: The data presented in this study is
available on request from correspondence.

Ethical Approval: The current study was approved by the
Ethics Committee of Shahid Beheshti University of Medical
Sciences (IR.SBMU.PHNM.1396.734) on 2017-07-01.

Funding/Support: The present study was conducted un-
der the supervision of the Deputy of Research and Tech-
nology, Shahid Beheshti University of Medical Sciences,
Tehran, Iran, and did not receive any funding from other
sources.

Informed Consent: Written informed consent was ob-
tained from the legal guardians of each patient before en-
rollment.

References

1. Geng L, Wang J. Molecular effectors of radiation resistance in colorec-
tal cancer. Precis. Radiat. Oncol. 2017;1(1):27–33. doi: 10.1002/pro6.5.

2. Haraldsdottir S, Einarsdottir HM, Smaradottir A, Gunnlaugsson
A, Halfdanarson TR. [Colorectal cancer - review]. Laeknabladid.
2014;100(2):75–82. Icelandic. doi: 10.17992/lbl.2014.02.531. [PubMed:
24639430].

3. Nishida N, Yamashita S, Mimori K, Sudo T, Tanaka F, Shibata K,
et al. MicroRNA-10b is a prognostic indicator in colorectal cancer
and confers resistance to the chemotherapeutic agent 5-fluorouracil
in colorectal cancer cells. Ann Surg Oncol. 2012;19(9):3065–71. doi:
10.1245/s10434-012-2246-1. [PubMed: 22322955].

4. Tanzadehpanah H, Mahaki H, Moradi M, Afshar S, Rajabi O, Najafi R,
et al. Human serum albumin binding and synergistic effects of gefi-
tinib in combination with regorafenib on colorectal cancer cell lines.
Colorectal Cancer. 2018;7(2). doi: 10.2217/crc-2017-0018.

5. Van der Jeught K, Xu HC, Li YJ, Lu XB, Ji G. Drug resistance and new ther-
apies in colorectal cancer. World J Gastroenterol. 2018;24(34):3834–48.
doi: 10.3748/wjg.v24.i34.3834. [PubMed: 30228778]. [PubMed Central:
PMC6141340].

6. Afshar S, Sedighi Pashaki A, Najafi R, Nikzad S, Amini R, Shabab N,
et al. Cross-Resistance of Acquired Radioresistant Colorectal Cancer
Cell Line to gefitinib and regorafenib. Iran J Med Sci. 2020;45(1):50–
8. doi: 10.30476/ijms.2019.44972. [PubMed: 32038059]. [PubMed Cen-
tral: PMC6983275].

7. Elbadawy M, Usui T, Yamawaki H, Sasaki K. Development of an Exper-
imental Model for Analyzing Drug Resistance in Colorectal Cancer.
Cancers (Basel). 2018;10(6). doi: 10.3390/cancers10060164. [PubMed:
29843359]. [PubMed Central: PMC6025190].

8. Hasan Abdali M, Afshar S, Sedighi Pashaki A, Dastan D, Gholami MH,
Mahmoudi R, et al. Investigating the effect of radiosensitizer for Urso-
lic Acid and Kamolonol Acetate on HCT-116 cell line. Bioorg Med Chem.
2020;28(1):115152. doi: 10.1016/j.bmc.2019.115152. [PubMed: 31771799].

9. Tanaka T, Tanaka M, Tanaka T, Ishigamori R. Biomarkers for colorec-
tal cancer. Int J Mol Sci. 2010;11(9):3209–25. doi: 10.3390/ijms11093209.
[PubMed: 20957089]. [PubMed Central: PMC2956090].

6 Iran J Pediatr. 2022; 32(2):e122344.

http://dx.doi.org/10.1002/pro6.5
http://dx.doi.org/10.17992/lbl.2014.02.531
http://www.ncbi.nlm.nih.gov/pubmed/24639430
http://dx.doi.org/10.1245/s10434-012-2246-1
http://www.ncbi.nlm.nih.gov/pubmed/22322955
http://dx.doi.org/10.2217/crc-2017-0018
http://dx.doi.org/10.3748/wjg.v24.i34.3834
http://www.ncbi.nlm.nih.gov/pubmed/30228778
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6141340
http://dx.doi.org/10.30476/ijms.2019.44972
http://www.ncbi.nlm.nih.gov/pubmed/32038059
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6983275
http://dx.doi.org/10.3390/cancers10060164
http://www.ncbi.nlm.nih.gov/pubmed/29843359
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6025190
http://dx.doi.org/10.1016/j.bmc.2019.115152
http://www.ncbi.nlm.nih.gov/pubmed/31771799
http://dx.doi.org/10.3390/ijms11093209
http://www.ncbi.nlm.nih.gov/pubmed/20957089
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2956090


Mirrahimi B et al.

10. Bermudez M, Aguilar-Medina M, Lizarraga-Verdugo E, Avendano-Felix
M, Silva-Benitez E, Lopez-Camarillo C, et al. LncRNAs as Regulators
of Autophagy and Drug Resistance in Colorectal Cancer. Front On-
col. 2019;9:1008. doi: 10.3389/fonc.2019.01008. [PubMed: 31632922].
[PubMed Central: PMC6783611].

11. Chen J, Xue Y. Emerging roles of non-coding RNAs in epigenetic regu-
lation. Sci China Life Sci. 2016;59(3):227–35. doi: 10.1007/s11427-016-5010-
0. [PubMed: 26825947].

12. Vafadar A, Shabaninejad Z, Movahedpour A, Mohammadi S, Fathul-
lahzadeh S, Mirzaei HR, et al. Long Non-Coding RNAs As Epige-
netic Regulators in Cancer. Curr Pharm Des. 2019;25(33):3563–77. doi:
10.2174/1381612825666190830161528. [PubMed: 31470781].

13. Afshar S, Seyedabadi S, Saidijam M, Samadi P, Mazaherilaghab H, Mah-
davinezhad A. Long Non-coding Ribonucleic Acid as a Novel Diagnosis
and Prognosis Biomarker of Bladder Cancer. Avicenna Journal of Medi-
cal Biochemistry. 2019;7(1):28–34. doi: 10.34172/ajmb.2019.06.

14. Sun W, Ren S, Li R, Zhang Q, Song H. LncRNA, a novel target
biomolecule, is involved in the progression of colorectal cancer. Am
J Cancer Res. 2019;9(11):2515–30. [PubMed: 31815050]. [PubMed Central:
PMC6895445].

15. Zhou Z, Lin Z, Pang X, Tariq MA, Ao X, Li P, et al. Epigenetic regulation of
long non-coding RNAs in gastric cancer. Oncotarget. 2018;9(27):19443–
58. doi: 10.18632/oncotarget.23821. [PubMed: 29721215]. [PubMed Cen-
tral: PMC5922409].

16. Yao Q, Chen Y, Zhou X. The roles of microRNAs in epigenetic regula-

tion. Curr Opin Chem Biol. 2019;51:11–7. doi: 10.1016/j.cbpa.2019.01.024.
[PubMed: 30825741].

17. Bartel DP. MicroRNAs: genomics, biogenesis, mechanism, and func-
tion. Cell. 2004;116(2):281–97. doi: 10.1016/s0092-8674(04)00045-5.
[PubMed: 14744438].

18. Siegel RL, Miller KD, Jemal A. Cancer statistics, 2018. CA Cancer J Clin.
2018;68(1):7–30. doi: 10.3322/caac.21442. [PubMed: 29313949].

19. Afshar S, Afshar S, Warden E, Manochehri H, Saidijam M. Application
of Artificial Neural Network in miRNA Biomarker Selection and Pre-
cise Diagnosis of Colorectal Cancer. Iran Biomed J. 2019;23(3):175–83.
[PubMed: 30056689]. [PubMed Central: PMC6462295].

20. Siddiqui H, Al-Ghafari A, Choudhry H, Al Doghaither H. Roles of
long non-coding RNAs in colorectal cancer tumorigenesis: A Review.
Mol Clin Oncol. 2019;11(2):167–72. doi: 10.3892/mco.2019.1872. [PubMed:
31281651]. [PubMed Central: PMC6589935].

21. Rapado-Gonzalez O, Alvarez-Castro A, Lopez-Lopez R, Iglesias-Canle
J, Suarez-Cunqueiro MM, Muinelo-Romay L. Circulating microR-
NAs as Promising Biomarkers in Colorectal Cancer. Cancers (Basel).
2019;11(7). doi: 10.3390/cancers11070898. [PubMed: 31252648].
[PubMed Central: PMC6679000].

22. Li J, Chen Y, Zhao J, Kong F, Zhang Y. miR-203 reverses chemore-
sistance in p53-mutated colon cancer cells through downreg-
ulation of Akt2 expression. Cancer Lett. 2011;304(1):52–9. doi:
10.1016/j.canlet.2011.02.003. [PubMed: 21354697].

Iran J Pediatr. 2022; 32(2):e122344. 7

http://dx.doi.org/10.3389/fonc.2019.01008
http://www.ncbi.nlm.nih.gov/pubmed/31632922
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6783611
http://dx.doi.org/10.1007/s11427-016-5010-0
http://dx.doi.org/10.1007/s11427-016-5010-0
http://www.ncbi.nlm.nih.gov/pubmed/26825947
http://dx.doi.org/10.2174/1381612825666190830161528
http://www.ncbi.nlm.nih.gov/pubmed/31470781
http://dx.doi.org/10.34172/ajmb.2019.06
http://www.ncbi.nlm.nih.gov/pubmed/31815050
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6895445
http://dx.doi.org/10.18632/oncotarget.23821
http://www.ncbi.nlm.nih.gov/pubmed/29721215
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5922409
http://dx.doi.org/10.1016/j.cbpa.2019.01.024
http://www.ncbi.nlm.nih.gov/pubmed/30825741
http://dx.doi.org/10.1016/s0092-8674(04)00045-5
http://www.ncbi.nlm.nih.gov/pubmed/14744438
http://dx.doi.org/10.3322/caac.21442
http://www.ncbi.nlm.nih.gov/pubmed/29313949
http://www.ncbi.nlm.nih.gov/pubmed/30056689
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6462295
http://dx.doi.org/10.3892/mco.2019.1872
http://www.ncbi.nlm.nih.gov/pubmed/31281651
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6589935
http://dx.doi.org/10.3390/cancers11070898
http://www.ncbi.nlm.nih.gov/pubmed/31252648
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6679000
http://dx.doi.org/10.1016/j.canlet.2011.02.003
http://www.ncbi.nlm.nih.gov/pubmed/21354697

	Abstract
	1. Background
	2. Objectives
	3. Methods
	3.1. Statistical Analysis

	4. Results
	Figure 1
	Table 1
	Figure 2
	Table 2

	5. Discussion
	5.1. Conclusions

	Footnotes
	Authors' Contribution: 
	Clinical Trial Registration Code: 
	Conflict of Interests: 
	Data Reproducibility: 
	Ethical Approval: 
	Funding/Support: 
	Informed Consent: 

	References

