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Abstract
BACKGROUND 
Early detection, early diagnosis, and early treatment are currently accepted 
methods that can effectively improve the efficacy of colorectal cancer (CRC) 
treatment. Exosomes were demonstrated to be potential tumor molecular mar-
kers.

AIM 
To evaluate the diagnostic value of CRC by detecting four exosomal microRNAs 
(miRNAs) (miR-15b, miR-16, miR-21, and miR-31) that were demonstrated to 
have potential diagnostic value in serum.

METHODS 
Relative expression levels of miR-15b, miR-16, miR-21, and miR-31 in 123 CRC, 
117 colorectal adenoma, and 150 healthy controls were detected, and single and 
panel models were evaluated. The 2-ΔΔCt method was used to calculate the re-
lative expression of miRNA compared to the internal control (U6). Eighty-one 
CRC patients, 67 colorectal adenoma patients, and 90 healthy controls were used 
for validation.

RESULTS 
Compared to the healthy control group, the best indicator of the four miRNAs 
was miR-15b, and the sensitivity and specificity were 81.33% and 91.80%, re-
spectively. For miR-15b, miR-21, and miR-31 individually, the sensitivity and 
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specificity were 91.95% and 97.62%, 95.06% and 94.44%, respectively. Compared 
to the colorectal adenoma group, miR-15b, miR-16, and miR-21 in the CRC group 
showed significant differences (P < 0.05). The best single indicator was miR-16, 
with a sensitivity and specificity of 79.05% and 71.55%. The sensitivity and spe-
cificity of a panel that included miR-15b, miR-16, and miR-21 were 81.21% and 
81.03%, and 85.19% and 82.09%, respectively, in the validation.

CONCLUSION 
We built and validated a diagnostic model containing miR-15b, miR-21, and miR-
31 expression levels to discriminate the healthy control group and CRC group, 
and its sensitivity and specificity were 95.06% and 94.44%, respectively. The miR-
15b, miR-16, and miR-21 panel was used to discriminate the colorectal adenoma 
group and CRC group with a sensitivity and specificity of 85.19% and 82.09%, 
respectively.

Key Words: Colorectal cancer; Exosome; Serum; miRNAs; Biomarker

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: In this study, we aimed to evaluate the diagnostic value of colorectal cancer 
by detecting the exosome four microRNAs (miR-15b, miR-16, miR-21, miR-31). The 
diagnostic model may serve as a novel diagnostic model for colorectal cancer.

Citation: Han L, Shi WJ, Xie YB, Zhang ZG. Diagnostic value of four serum exosome 
microRNAs panel for the detection of colorectal cancer. World J Gastrointest Oncol 2021; 
13(8): 970-979
URL: https://www.wjgnet.com/1948-5204/full/v13/i8/970.htm
DOI: https://dx.doi.org/10.4251/wjgo.v13.i8.970

INTRODUCTION
Colorectal cancer (CRC) is a common malignant tumor and the third most common 
malignant tumor in China. The 5-year survival rate of patients with early-stage CRC 
after effective treatment exceeds 90%. However, 25% of patients have local or distant 
metastasis at the time of initial diagnosis, and the 5-year survival rate is only 12%[1]. 
Early detection, early diagnosis, and early treatment are currently accepted methods 
that can effectively improve the efficacy of CRC treatment. At present, commonly used 
clinical laboratory diagnostic tests mainly include fecal occult blood detection and 
blood marker detection, but their sensitivity and specificity are still insufficient. 
Imaging examination can effectively assess the extent of the lesion and stage the 
tumor, but it is of limited value for the diagnosis of early lesions. Endoscopy combined 
with tissue biopsy is currently the gold standard for the early diagnosis of CRC, but it 
has the disadvantages of cumbersome operation, poor patient compliance, and 
invasiveness.

At present, the available diagnostic methods for early CRC are insufficient[2]. A 
minimally invasive or noninvasive, sensitive, and accurate early diagnostic method is 
urgently needed in clinical practice. Liquid biopsy technology is highly valued due to 
its noninvasive, comprehensive, real-time, and repeated monitoring features[3]. Liquid 
biopsy technology is mainly aimed at body fluid components such as peripheral 
blood, saliva, and urine to provide tumor heterogeneity and genetic information[4,5], 
and it can provide strategies for the early diagnosis of CRC and optimal individu-
alized treatment.

With the advent of the era of precision medicine, liquid biopsy has become an 
important branch of the field of oncology and testing. Circulating tumor cells (CTCs), 
circulating tumor DNA (ctDNA), and exosomes are currently the main targets of 
liquid biopsy. CTCs refer to cells shed from the primary tumor or metastasis that enter 
the peripheral blood and are highly heterogeneous. The detection of CTCs mainly 
depends on capturing trace CTCs in the peripheral blood and then monitoring the 
change trend of the type and number of CTCs. CTCs play an important role in the 
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metastasis and recurrence of metastatic solid tumors, the evaluation of therapeutic 
effects, and prognosis evaluation[6,7].

ctDNA refers to double-stranded DNA fragments released into the blood circulation 
system after shedding or apoptosis of tumor cells, and their length is approximately 
150-250 bp. Studies have shown that the tumor-related information carried by ctDNA 
has the same biological characteristics as the tumor tissue and can provide relevant 
information about the genetic changes in the tumor (including mutations, deletions, 
insertions, gene copy number variation, microsatellite changes, methylation, etc.) It can 
provide important clues for the diagnosis and treatment of tumors. The results of one 
study found that the later the stage of CRC patients, the more significant the increase 
in serum ctDNA content. However, due to its removal by macrophages, the content of 
free DNA in body fluids is extremely low, and ctDNA only accounts for a very small 
part of free DNA, which requires detection equipment with extremely high sensitivity
[8,9].

Exosomes are small vesicles secreted and released by cells under normal or pa-
thological conditions, with a diameter of approximately 30-100 nm[10]. They carry 
DNA and other biomolecules into recipient cells to promote interactions among cells. 
Exosomes also have potential clinical application value in the early diagnosis of tu-
mors, treatment efficacy evaluation, and prognostication. One study found that the 
content of seven microRNAs (miRNAs) in the serum of patients with primary CRC 
and even early CRC was significantly higher than that in the healthy group, sugges-
ting it can be used as a potential early diagnostic marker for CRC.

Analysis of the protein profile expression of serum exosomes revealed that 22 
patients with CRC had a downregulation of protein-peptide profiles. Bioinformatics 
analysis found that the downregulated protein-peptide profiles mainly participated in 
the occurrence and development of CRC and had potential clinical application value. 
Exosomes, as tumor molecular markers, have the advantages of protecting nucleic 
acids and having good specificity, but their extraction methods and identification 
methods have low efficiency[11].

In our study, we aimed to evaluate the diagnostic value of CRC by detecting four 
exosomal miRNAs (miR-15b, miR-16, miR-21, miR-31) that were demonstrated to have 
potential diagnostic value in serum.

MATERIALS AND METHODS
Patient sample
The expression levels of serum exosome miR-15b, miR-16, miR-21, and miR-31 in CRC 
patients, colorectal adenoma patients, and healthy controls were detected. With 
patient consent, the samples were collected in Beijing Daxing District People’s Hos-
pital from June 2019 to June 2020. This study was approved by the Ethics Committee 
of Beijing Daxing District People’s Hospital.

The CRC inclusion criteria included: (1) Diagnosed by surgery and pathology; and 
(2) No radiotherapy, chemotherapy, or other tumor-related treatments were accepted. 
The exclusion criteria included: Patients with liver, kidney, and other organ dysfunc-
tion.

Colorectal adenoma patient inclusion criteria included: Diagnosed by enteroscopy 
pathology. The exclusion criteria included: No history of tumors, no other intestinal 
diseases, and no T3, liver, kidney, or other organ dysfunction.

The healthy control group inclusion criteria included follow-up. After enteroscopy, 
there could be no abnormality found in the intestine. The exclusion criteria included: 
History of a tumor and dysfunction of the heart, liver, kidney or other organs.

The blood of all subjects was collected on an empty stomach in the morning. We 
collected 5 mL of peripheral venous blood in a test tube without anticoagulant, 
centrifuged it at 3500 g for 7 min at room temperature to remove the cells or cell 
debris. The supernatant was subjected to 4 °C, 17000 g centrifugation for 10 min to 
produce the serum, which was transferred to a new centrifuge tube and then stored at 
-80 °C until analysis.

Serum exosomes extraction and identification
The serum was centrifuged at 3000 g for 15 min at room temperature. According to the 
ExoQuick kit instruction manual, the vortexed serum and exosome reagent mixture 
was precipitated at 4 °C for 30 min. After centrifuging at 1500 g for 30 min, we 
discarded the supernatant and centrifuged it again at 1500 g for 5 min to obtain the 
precipitate, resuspended it in 200 μL phosphate buffered saline, and filtered it through 
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a 0.22 μm sterile filter to prepare the desired size and concentration of the exosomes. 
After extracting the serum exosomes, nanoparticle tracking analysis technology and 
western blotting, which were used to detect the expression of exosome marker pro-
teins, were used to identify the serum exosomes. Briefly, the serum was diluted with 
phosphate buffered saline, the exosomes were characterized, and finally, the size and 
concentration of the exosomes was calculated. After nanoparticle tracking analysis, the 
serum exosome proteins were extracted and detected by a bicinchoninic acid kit, and 
then the proteins were identified by CD63 and CD9 western blotting.

Serum exosome miRNA detection
Total RNA from the serum exosomes was extracted by the TRIzol method. Briefly, 
TRIzol reagent was added to the exosome suspension for 5 min to allow the exosomes 
to be fully lysed and release their internal nucleic acid substances, and then chloroform 
reagent was added at room temperature for 15 min. After centrifugation, the upper 
transparent water phase was moved to a new centrifuge tube, and then isopropanol 
was added. After mixing and centrifugation, ethanol was added to the centrifuge tube, 
and then diethyl pyrocarbonate water was added to the centrifuge tube to obtain total 
RNA. A NanoDrop was applied to detect the concentration and purity of the total 
RNA from the serum exosomes.

The RNA reverse transcription reaction system included 12 μL of total RNA, 2.5 
U/μL PolyA polymerase 1 μL, Mix 1 μL, 5× Reaction Buffer 5 μL, and ddH2O (RNase/ 
DNase free) 6 μL. U6 small nuclear RNA was used as an internal control, and the 
relative expression of miR-15b, miR-16, miR-21, and miR-31 was detected by an ABI 
7500 instrument. The three-step real-time polymerase chain reaction amplification 
reaction conditions were 95 °C for 10 min; followed by 95 °C for 10 s, 60 °C for 20 s, 
and 72 °C for 10 s for 40 cycles. The 2-ΔΔCt method was used to calculate the relative 
expression of miRNA compared to the internal control (U6).

Statistical analysis
The data were analyzed by SPSS 22.0 statistical software (Armonk, NY, United States). 
The relative expression of miR-15b, miR-16, miR-21, and miR-31 are expressed as the 
median (25%, 75%). The significance of the four serum exosome miRNAs was 
compared by analysis of variance. The diagnostic value of miR-15b, miR-16, miR-21, 
and miR-31 was analyzed by receiver operating characteristic curve analysis. The area 
under the curve (AUC) was used to evaluate the diagnostic value of single and panel 
detection. After calculating the cutoff value, the sensitivity and specificity were 
determined. Binary logistic regression analysis was used to evaluate the serum exo-
some miRNA panel. The AUCs of single and panel detection were compared by Z 
scores, and P < 0.05 was identified as statistically significant.

RESULTS
Clinical characteristic information
There were 123 newly diagnosed patients with CRC, including 59 men and 64 women, 
with an average age of 51.60 ± 11.41 years. A total of 117 patients who were diagnosed 
with colorectal adenoma by video colonoscopy during the same period were enrolled, 
including 59 men and 58 women, with an average age of 51.55 ± 10.17 years. A total of 
150 healthy controls in our hospital were enrolled as the healthy control group, 
including 76 men and 74 women, with an average age of 52.30 ± 11.25 years. The age 
and gender were group matched and showed no significant difference. In addition, 81 
newly diagnosed patients with CRC, 67 patients who were diagnosed with colorectal 
adenoma, and 90 healthy controls were enrolled for the validation of the model.

Relative expression of miR-15b, miR-16, miR-21, and miR-31 in the healthy control 
group, colorectal adenoma group, and CRC group
The relative expression levels of miR-15b, miR-16, miR-21, and miR-31 in 123 newly 
diagnosed patients with CRC, 117 patients who were diagnosed with colorectal ade-
noma, and 150 healthy controls were detected. As shown in Table 1, compared to the 
healthy control group, miR-15b, miR-16, miR-21, and miR-31 in the colorectal adenoma 
group showed significant differences (P < 0.05). MiR-15b, miR-21, and miR-31 in the 
CRC group showed significant differences (P < 0.05). Compared to the colorectal 
adenoma group, miR-15b, miR-16, and miR-21 in the CRC group showed significant 
differences (P < 0.05).
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Table 1 Relative expression of miR-15b, miR-16, miR-21, and miR-31 in the three groups

RE HC, n = 123 CA, n = 117 CC, n = 150

miR-15b 1.21 (0.96, 1.49) 2.45 (1.84, 3.03) 3.94 (3.47, 4.19)

miR-16 0.79 (0.66, 0.94) 1.17 (1.03, 1.35) 0.83 (0.72, 1.01)

miR-21 1.27 (1.12, 1.38) 2.14 (1.40, 2.24) 3.59 (1. 25, 4.02)

miR-31 1.22 (1.08, 1.48) 1.38 (0.91, 2.26) 2.16 (0.98, 2.23)

CA: Colorectal adenoma; CC: Colorectal cancer; HC: Healthy control; RE: Relative expression.

Diagnostic value of single and panel building of miR-15b, miR-16, miR-21, and miR-
31 for discriminating the healthy control group and CRC group
To discriminate the healthy control group and CRC group, the diagnostic value of 
miR-15b, miR-16, miR-21, and miR-31 was evaluated. As shown in Figure 1A, the AUC 
of miR-15b was 0.86 (0.82, 0.91). The AUCs of miR-16, miR-21, and miR-31 were 0.58 
(0.51, 0.65), 0.75 (0.69, 0.81), and 0.75 (0.68, 0.82), respectively, as shown in Figure 1B, 
1C, and 1D. When each miRNA was used alone for evaluation, the best indicator 
among the four miRNAs was miR-15b, and the sensitivity and specificity were 81.33% 
and 91.80%, respectively. After evaluating the diagnostic value of a single indicator, 
binary logistic regression analysis was used to evaluate the combined miR-15b, miR-
21, and miR-31 panel, and the sensitivity and specificity were 91.95% and 97.62%, 
respectively, as shown in Figure 2.

Diagnostic value of individual and panel miR-15b, miR-16, miR-21, and miR-31 for 
discriminating the colorectal adenoma group and CRC group
To discriminate the colorectal adenoma group and CRC group, the diagnostic value of 
miR-15b, miR-16, miR-21, and miR-31 was evaluated. As shown in Figure 3A, the AUC 
of miR-15b was 0.79 (0.73, 0.85). The AUCs of miR-16, miR-21, and miR-31 were 0.84 
(0.80, 0.88), 0.66 (0.59, 0.73), and 0.55 (0.48, 0.63), respectively, as shown in Figure 3B, 
3C, and 3D. When the miRNA was used alone for evaluation, the best indicator among 
the four miRNAs was miR-16, and the sensitivity and specificity were 79.05% and 
71.55%, respectively. For the panel that included miR-15b, miR-16, and miR-21 
together, the sensitivity and specificity were 81.21% and 81.03%, respectively, as 
shown in Figure 4.

Diagnostic model validation for discriminating the healthy control group and CRC 
group, colorectal adenoma group, and CRC group
After building the diagnostic panel model for discriminating the healthy control group 
and CRC group and the colorectal adenoma group and CRC group, 81 newly diag-
nosed patients with CRC, 67 patients who were diagnosed with colorectal adenoma, 
and 90 healthy controls were enrolled for the validation of the model. For discrim-
inating the healthy control group and CRC group, the sensitivity and specificity were 
95.06% and 94.44%, respectively. For discriminating the colorectal adenoma group and 
CRC group, the sensitivity and specificity were 85.19% and 82.09%, respectively.

DISCUSSION
Circulating miRNAs are an important part of “liquid biopsy”, including free and 
vesicle miRNAs. Studies have confirmed that free miRNAs account for only a small 
proportion of miRNAs and are unstable, and the miRNAs wrapped in vesicles (es-
pecially exosomes) in the blood are the main source of circulating miRNAs. As an 
important medium for signal communication between the tumor stroma and tumor 
cells, exosomal miRNAs participate in almost all biological processes of tumor oc-
currence and metastasis[12]. MiRNAs are small, noncoding RNA molecules consisting 
of 19 to 24 nucleotides. They trigger the degradation of mRNA by binding to the 3’-
end untranslated region of the target gene mRNA, thereby inhibiting protein trans-
lation to regulate gene expression[13]. Under stimulation of the microenvironment, 
cells can actively and specifically package miRNAs and secrete them into the extra-
cellular environment in the form of exosomes in response to different stimulation 
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Figure 1 Diagnostic value of miR-15b, miR-16, miR-21, and miR-31 for discriminating healthy control group and colorectal cancer group. 
A: MiR-15b; B: MiR-16; C: MiR-21; D: MiR-31.

Figure 2 Diagnostic value of miR-15b, miR-21, and miR-31 panel for discriminating healthy control group and colorectal cancer group.

signals.
Many studies have shown miRNAs are involved in tumor cell proliferation, apop-

tosis, migration and invasion, and other important functions; the abnormal expression 
of miRNAs is closely related to many tumors and other diseases, and it has been 
confirmed that miRNAs have carcinogenic or tumor suppressor activity.

Detecting the type and content of miRNAs in tumor-derived exosomes is of great 
significance for clinical diagnosis and treatment. There are many ways to obtain 
exosomes. They can not only be extracted from the supernatant of cultured cells but 
can also be easily obtained from body fluids such as blood, urine, pleural and ascites, 
cerebrospinal fluid, saliva, and milk[14]. Compared with traditional tumor markers, 
exosome-derived miRNAs have high sensitivity and specificity[12]. The formation 
process of exosomes and the characteristics of their shedding in body fluids are being 
studied for the development of clinical disease monitoring methods[11].

CRC is one of the most common malignant tumors. The incidence and mortality due 
to CRC in China rank third and fifth among cancers, respectively, and the overall 
trend is increasing because of a lack of sensitivity and specificity of the methods used 
for its early diagnosis.
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Figure 3 Diagnostic value of miR-15b, miR-16, miR-21, and miR-31 for discriminating colorectal adenoma group and colorectal cancer 
group. A: MiR-15b; B: MiR-16; C: MiR-21; D: MiR-31.

Figure 4 Diagnostic value of miR-15b, miR-16, and miR-21 panel for discriminating colorectal adenoma group and colorectal cancer 
group.

A study analyzed 746 CRC patients and 476 healthy people, and the sensitivity and 
specificity of miR-21 for diagnosing CRC were 72% and 85%, respectively. It has good 
potential as a diagnostic marker in CRC. A miRNA panel, as a combination of different 
miRNAs, can improve its detection efficiency. A meta-analysis included 24 studies, 
including 1558 CRC patients and 1085 healthy individuals, and the diagnostic sen-
sitivity and specificity were 81% and 84%, respectively. In addition, the sensitivity of 
the miR-1246 and miR-23a expression profiles of circulating exosomes can be as high 
as 95% and 92%, respectively.

Serum exosomes have been used not only for cancer detection but also for detection 
of recurrences and drug therapy effect evaluation. MiR-29c is expected to be a risk 
monitoring indicator for early recurrence, and miR-203 and miR-19a are also closely 
related to the poor prognosis of metastatic CRC. Studies have found that circulating 
miR-106a, miR-484, miR-130, miR-27b, miR-148a, miR-326, and other molecules may 
be used as predictors of response to oxaliplatin chemotherapy regimens.

miR-15b belongs to the miR-15 family and is located in the 3q25.33 chromosomal 
region. Studies have shown that miR-15b is abnormally expressed in many tumors. 
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MiR-15b is upregulated in tongue cancer, cervical cancer, and pancreatic cancer cells 
and acts as an oncogene. The abnormal expression of miR-15b could be used in the 
diagnosis of various tumors and can also be used as an important biomarker for 
recurrence detection[15-17]. A study demonstrated that miR-15b expression in liver 
cancer cells was significantly increased.

miR-15b may bind to MTSS1 to regulate the cell cycle. MTSS1 is a multifunctional 
protein that plays an important role in tumorigenesis and development: Downregu-
lation of MTSS1 can be used as a marker of stage progression in early adjuvant 
treatment of lung squamous cell carcinoma. MTTS1 can also be used as a diagnostic 
marker or therapeutic target for cervical cancer and as a prognostic marker of glioma 
cancer and pancreatic adenocarcinoma. MiR-15b promotes the proliferation of CRC 
cells by targeting the downregulation of MTSS1 expression, and inhibiting miR-15b 
can upregulate the expression of MTSS1, thereby inhibiting the proliferation of cancer 
cells[16]. In our study, miR-15b was also demonstrated to be a potential biomarker for 
CRC diagnosis.

miRNAs are located in tumor suppressor genes on the chromosome, and there is a 
reduction or absence of genes and expression in most patients with chronic lympho-
cytic leukemia. In HCT116 and LOVO cells, a decrease in miR-16 was accompanied by 
an increase in the expression of Survivin. MiR-16 was involved in the apoptosis-
inducing effect. A meta-analysis found that blood levels of miR-21 can be used for 
detecting CRC with good sensitivity and specificity. The diagnostic efficiency of blood 
miR-21 is higher than that of fecal miR-21, and the detection of miR-21 in serum 
samples is better than that in plasma specimens[18-21]. Many studies have shown that 
miR-31, as a carcinogen, can regulate tumor growth, apoptosis, metastasis, and 
chemotherapy resistance[22,23]. MiR-31 shows a significant increase in CRC cells and 
is involved in its development and prognosis. The increased expression of miR-31 is 
related to the progression of CRC tumors, suggesting that serum miR-31 can be used 
for the diagnosis of CRC[24,25].

There are still some limitations of our study. First, although we identified serum 
exosomes, the relatively small sample size limited the study’s application value. 
Second, the diagnostic value of early and advanced CRC was not evaluated in this 
study; in future studies, we will evaluate their diagnostic value. Third, although we 
validated the diagnostic models that were built in our study, this study was performed 
only in our center, and a multicenter study with a larger sample size should be 
included in future studies.

CONCLUSION
In conclusion, we evaluated four serum exosome miRNAs: MiR-15b, miR-16, miR-21, 
and miR-31. By binary logistic regression analysis, we built and validated a diagnostic 
model that contained a panel of miR-15b, miR-21 and miR-31 to discriminate the 
healthy control group and CRC group, and its sensitivity and specificity were 95.06% 
and 94.44%, respectively. The miR-15b, miR-16, and miR-21 panel could discriminate 
the colorectal adenoma group and CRC group with a sensitivity and specificity of 
85.19% and 82.09%, respectively.

ARTICLE HIGHLIGHTS
Research background
Exosomes, as tumor molecular markers, have the advantages of protecting the nucleic 
acids in them and having potential diagnostic value for kinds of diseases. Diagnostic 
indicator panel may improve the diagnostic value when compared to the single indi-
cator.

Research motivation
The present study evaluated the diagnostic value of colorectal cancer (CRC) by de-
tecting the exosome four microRNAs (miRNAs) (miR-15b, miR-16, miR-21, miR-31), 
which were demonstrated to have potential diagnostic value in serum.

Research objectives
This study aimed to evaluate the potential biomarker-exome miRNA in serum for the 
diagnosis of CRC.
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Research methods
Relative expression of miR-15b, miR-16, miR-21, and miR-31 in CRC, colorectal ade-
noma, and healthy controls were detected; the single and panel model were evaluated 
for the diagnostic model building. 2-ΔΔCt method was used to calculate the relative 
expression of miRNA expression compared to the intern control (U6). Independent 
CRC, 67 colorectal adenoma, and 90 healthy controls were enrolled for the building 
validation.

Research results
A diagnostic model including miR-15b, miR-21, and miR-31 panel for discriminating 
healthy control group and CRC group was built; the sensitivity and specificity were 
95.06% and 94.44%. The sensitivity and specificity of miR-15b, miR-16, and miR-21 
panel for discriminating colorectal adenoma group and CRC group were 85.19% and 
82.09%, respectively.

Research conclusions
The diagnostic value of the exosome four miRNAs (miR-15b, miR-16, miR-21, miR-31) 
were evaluated and were demonstrated to have potential diagnostic value in serum for 
CRC.

Research perspectives
Although we confirmed the diagnostic value of serum exosome miRNAs for CRC, 
there remains research to be performed, mostly multi-center studies with a larger 
sample size.
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