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Abstract

Acute myeloid leukemia (AML) prognosis is affected by unique factors to each individual and studies have indicated that
dysregulated expression of circRNAs may serve as prognostic biomarkers for AML. Therefore, we conducted this study to
assess the prognostic value of circRNAs expression and it’s correlation with clinicopathological features. Comprehensive
search was conducted in WOS, Scopus, PubMed, Google Scholar, ProQuest, and grey literature. The certainty of evidence
was assessed using the modified GRADE approach for prognostic and clinicopathological meta-analysis. The hazard ratio
(HR) was employed to assess the prognostic value of dysregulated expression of circRNAs in patient survival, while the
risk ratio (RR) was utilized to analyze the correlation between circRNAs and clinicopathological features. Our results
demonstrated that dysregulation of circRNAs expression was associated with poor prognosis related to overall survival
(OS) indicator (HR:2.05; 95%CI: 1.75-2.40) and also related to non-OS indicators such as (EFS, LFS, RFS, and DFS)
(HR:2.09, 95%CI: 1.47-2.97). Priori and post-hoc subgroup analysis was conducted to describe variables that potentially
affected heterogeneity and effect size. We also evaluated the association between dysregulated expression of circRNAs
and 19 clinicopathological parameters. Our results show that there is significant relationship between the dysregulated
expression of circRNAs and the mentioned parameters: type M6 vs. other types (RR:1.51, 95% CI:1.12-2.03), FLT3-ITD
mutation (RR:1.17, 95%CI: 1.00-1.36), and risk status (RR:1.35, 95% CI: 1.13—1.60). This systematic review and meta-
analysis suggest that the investigation of circRNAs expression changes can serve as valuable biomarkers for the assess-
ment of prognosis in AML patients.
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Abbreviations (0N Overall Survival

AML  Acute myeloid leukemia PFS  Progression-free survival
HR Hazard ratio LFS Leukemia-free survival
RR Risk ratio EFS  Event-free survival
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DFS  Disease Free Survival
Cls Confidence intervals
Introduction

Leukemia is one of the major groups of hematological
malignancies with malignant transformation of the cells in
the bone marrow. Acute myeloid leukemia (AML) is the
most common acute leukemia in adults [1, 2] and it is char-
acterized by high and abnormal proliferation and incomplete
differentiation of myeloid cells. Following these features,
adverse outcomes such as clonal accumulation of blast cells
in the peripheral blood, bone marrow and rarely in organs
are observed in AML patients. This aberrant accumulation
of blast cells prevents the production of healthy and normal
white blood cells in the bone marrow. Bone marrow failure
can result in leukocytosis with anemia and thrombocytope-
nia. Moreover, different clinical symptoms such as Fever,
fatigue, headache and weight loss are possible in AML
patients; ignoring the mentioned symptoms and neglecting
the treatment can result in death in a few months by bleed-
ing or infection as secondary complications [3, 4]. In most
cases, AML occurs as a de novo malignancy in previously
healthy people [3], but it can have other reasons, such as
previous exposure to chemotherapy drugs, radiotherapy
for the treatment of other cancers or history of underlying
hematological disorders [5]. Genetic heterogeneity is one of
the most important points about AML malignancy [6]. Chro-
mosomal abnormalities such as inversion, translocation, and
deletion are common in AML [6]. However, approximately
50% of patients exhibit a normal karyotype. In such cases,
molecular changes, including mutations, play a crucial role
in leukemogenesis and predicting prognosis [3]. Based
mostly on cytogenetic data, the 5-year overall survival rate
of AML patients is split into three groups: favorable (55%),
intermediate (24—42%) and poor (11%) [7]. The presence of
myeloid blasts in the peripheral blood or bone marrow, flow
cytometry and immunophenotyping, extramedullary tissue
infiltration, karyotype analysis ar and presence of specific
genetic mutations, are diagnostic methods for AML. Despite
significant progress in AML treatment, allogeneic stem cell
transplantation in eligible patients and chemotherapy with
cytarabine and anthracycline are the main methods of treat-
ment. However in most cases, relapse and death of patients
have been reported [3].

Advances in high throughput sequencing indicate that
about 2% of the human genome is made up of coding DNA
sequences; thus, the vast majority of the human genome
could be transcripted into RNAs that remain untranslated
and are called Non-coding RNAs(ncRNAs) [8]. Based on
their functions, ncRNAs are divided into regulatory and
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housekeeping groups which, the first of group includes long
non-coding RNAs (IncRNAs), microRNAs (miRNAs) and
circular RNAs (circRNAs) [9]. CircRNAs have covalently
closed loop structure with phosphodiester bonds between
the 3" and 5’ ends and lack of 5'cap and 3’ polyadenyl tail
conserves them from ribonuclease (RNase) activity; thus,
they are more stable compared to linear messenger RNAs
(mRNAs) [8—11]. The four main biological functions of cir-
cRNAs consist of: First, circRNAs act as a protein adaptor
for interaction with RNA binding proteins (RBPs) and their
effect on gene regulatory functions. Second, circRNAs act
as miRNA sponges. They can bind to miRNAs and regu-
late miRNA-mediated gene activity. Third, circRNAs act
as protein translators. New researches show that circRNAs
can encode proteins. For example, circ-ZNF609 could be
translated into proteins and control myoblasts prolifera-
tion and fourth, circRNAs act as transcriptional regulators.
Intron-containing circRNAs regulate RNA polymerase 11
and promote maternal gene expression [12]. CircRNAs can
have tumor suppressor or oncogenic roles and their aberrant
expression is effective in tumorigenesis, metastasis and drug
resistance in various cancers [10].The role of circRNAs in
the pathogenesis of hematopoietic malignancies and leuke-
mogenesis has been proven in various studies [13].
Continuous monitoring of AML patients, whether before
or after treatment, leads to an improved prognosis, bet-
ter treatment and finally higher survival rate. Therefore,
according to the significant features and benefits of circular
RNA:s, it is possible to identify them as new prognostic fac-
tors. Many studies have investigated the role of circRNAs
as new prognostic factors. For example, Yi et al. showed
that circ-VIM can act as a prognostic marker and its high
expression is associated with shorter leukemia-free survival
and overall survival in AML patients [14]. Another study
predicted that has-circ-0004520 modulates the expression
of vascular endothelial growth factor A (VEGFA), which
results in angiogenesis in AML-EMI [1]. Extramedullary
Infiltration (EMI) in AML is associated with poor prognosis
and is known by the accumulation of blasts in extramedul-
lary places such as the liver, central nervous system, skin
and spleen [12]. Furthermore, the study of Hongli Chen et
al. indicated that circ-ANAPC7 sponging with the miR-181
family and dysregulated their biological functions, which
finally worsens the prognosis in AML patients [15]. On the
other hand, in AML the information provided by Clinico-
pathological parameters plays a key role in understanding
the disease status and predicting treatment outcomes. It is
important to consider the significance of these parameters
when diagnosing AML and predicting treatment results, as
it helps determine the appropriate strategies for patient care.
By examining these parameters, we can improve the accu-
racy of diagnosis and identify suitable treatment approaches
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and ultimately leading to better clinical outcomes for indi-
viduals with AML. The evaluation of Clinicopathological
parameters encompasses factors like the patient’s age, type
of leukemic cells, blast cell ratio and chromosomal abnor-
malities, all of which contribute to predicting treatment out-
comes and patient survival.

Finally, based on the mentioned examples and other rea-
sons such as tissue-specific expression and abundance in
blood and other body fluids, non-invasive and cost-effective
examination can be considered for circRNAs as new suit-
able prognostic biomarkers in AML patients [8, 10, 11]. So,
this study aims to investigate the role of circRNAs in the
prognosis of AML patients and their correlation with their
clinicopathological features.

Methods
Eligibility criteria

According to the registered protocol (PROSPERO ID:
CRD42023399738), we accomplished a systematic review
and meta-analysis. This study was carried out based on
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis (PRISMA) guidelines [16]. The inclusion
criteria were: (A) case-control and cohort study design;
(B) confirmation of AML diagnosis was reported for all
patients; (C) the studies have provided data (directly or indi-
rectly extracted) relevant to the expression of circRNAs and
prognostic and clinicopathological parameters of the patient
with AML; (D) the studies that have analyzed the effects of
circRNAs on the therapy response or progression of patients
with AML. The exclusion criteria were: (A) studies without
a complete paper, insufficient data, or just employing an in-
silico methodology were not accepted; (B) review studies;
(C) studies that have worked on animals; (D) Considering
the language limitations, only articles in English (at least in
the abstract) were considered for this review.

Information sources

The WOS, Scopus, PubMed, Google Scholar, and ProQuest
databases were searched, and studies were extracted up to
March 2023. Also, grey literature sources such as allcon-
ferences.com, conferencealerts.com, and oatd.org were
searched. Further, all references to the included studies were
reviewed.

Search strategy

Using Medical Subject Headings (MeSH) and non-MeSH
keywords, a strategy search formula was developed based

on our research question (PICO). The keywords were used:
#1 “RNA, Circular” or “CircRNAs” or “Closed Circular
RNA” or “Circular RNA*”; and #2 “Leukemia, Myeloid,
Acute” or “Acute Myeloid Leukemia” or “Leukemias,
Acute Myeloid”. The strategy search formula was: (#1 AND
#2) (the full text of search strategies for all databases can be
found in supplementary data S1).

Selection process

Following the extraction of studies from databases, dupli-
cate studies were removed. Initial screening of articles
for inclusion or exclusion by using the title and abstract
information was done by two researchers (A.A and Y.M).
Then, the full text of the studies was independently assessed
by two researchers to verify whether they qualified to be
included according to the inclusion and exclusion criteria
mentioned in Sect. 2.1. When researchers were uncertain
whether to include the study, the project manager (M.R)
consulted with the team to find a consensus. Initial screen-
ing was performed on the extracted articles using the web-
based software Rayyan [17].

Data collection process

In order to extract data from the included articles, three
researchers (A.A, Y.M and D.M) independently conducted
their tasks, and if there were unresolvable disagreements,
the final decision was made by fourth researcher (M.R).
In order to indirectly extract the data from Kaplan Meier
curves for prognostic meta-analysis, the WebPlotDigitizer
4.6 software was used and also the methods described by
Tierney to indirectly calculate HR and 95% CI was used
[18]. To obtain information, the corresponding authors of
the included studies were contacted three times (by email)
prior to the indirect extraction of data.

Data items

By using a pre-specified form, three researchers extracted
the required data. The general data that were extracted were:
(1) study characterization, including the first author’s name,
the name of the circRNAs, study date, country, and year;
(2) sample type, sample size (patients and healthy people),
the control gene, possible intervention, and follow-up cri-
teria; (3) methods for circRNAs analysis (techniques);
(4) Differences in circRNAs expression (upregulation or
downregulation); (5) the effects of the circRNAs on the
cell biology, microRNA sponging, and so on. (6) the effects
of the circRNAs on survival indicators such as OS, LFS,
RFS, and so on; (7) the effects of the circRNAs on the treat-
ment response. The specific data that were extracted for
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prognostic meta-analysis includes the following: hazard
ratio (HR) with 95% confidence interval (CI) for survival
indicators (if reported in the article), follow-up time, and
survival outcome. Finally, for the meta-analysis of clinico-
pathological features, the specific data were extracted from
the clinicopathologic characteristics tables and are as fol-
lows: Gender, risk status, French-American-British (FAB)
classification, and different cytogenetic abnormalities and
mutations.

Bias assessment

MESH words were used to ensure that no study was missed.
Two reviewers (A.A. and Y.M.) reviewed the risk of bias,
and discrepancies were resolved by consensus with the proj-
ect manager (M.R.). The risk of bias assessment was done
based on the Newcastle-Ottawa Scale (NOS) checklist for
cohort and case-control articles [19] (see supplemental file
S2, NOS bias assessment). According to the NOS checklist,
each article receives a maximum of 9 points, and the NOS
checklist evaluates three domains: selection, comparabil-
ity, and outcome (cohort studies) or exposure (case-control
studies). Each domain is awarded a maximum of one star
within the selection and outcome/exposure categories. A
maximum of two stars can be given for comparability.

In addition, the certainty of evidence was assessed for
the results using the modified method of GRADE assess-
ment for prognostic and clinicopathological meta-analysis
[20]. Certainty of evidence shows more confidence than
the effect size. The certainty of evidence includes several
domains such as study design, risk of bias, indirectness,
inconsistency, imprecision, and publication bias (see sup-
plemental file S3 for description of the GRADE framework
used). Based on the certainty of the evidence, our meta-
analysis results are classified as high, moderate, low, or very
low. High certainty means high confidence in the estimated
effect, which indicates a close association between the true
effect and the estimated effect. Moderate certainty means
being moderately confident about the estimated effect,
which shows that the estimate of the effect is likely to be
close to the true effect, but there is also a possibility that it
is substantially different. Low certainty means low confi-
dence in the estimated effect; in fact, the true effect might be
substantially different from the estimate of the effect. Very
low certainty means little confidence in the estimated effect,
meaning that the true effect is likely to be substantially dif-
ferent from the estimate of the effect [20, 21].

Statistical analysis

The data from studies that met the inclusion criteria were
synthesized. For prognostic analysis, the hazard ratio (HR)
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and 95% ClIs were combined to investigate the effect of
circRNAs on survival indicators. For clinicopathological
meta-analysis, the risk ratio (RR) and 95% confidence inter-
vals (CIs) were used to analyze the correlation between cir-
cRNAs and clinicopathological features in AML patients.
As the primary study was methodologically heterogeneous,
HR and RR values were combined by using the Random
Effects Model (REM) [22]. It was determined that the mag-
nitude of association between the study variables and the
dysregulated expression of circRNAs and its interpretation
area for the prognostic index (HR) and clinicopathologic
characteristics index (RR) were the following: 1 to 1.21:
trivial (inconsiderable); 1.22 to 1:85: small; 1:86 to 2:99:
moderate; 3 or more: large [23]. In order to assess heteroge-
neity between studies, we used the chi-square test and the I
statistic. It was considered heterogeneous if the I? value was
over 50%. For the purpose of assessing the potential sources
of heterogeneity for prognostic meta-analysis, priori (as
specified in the Prospero protocol, such as expression sta-
tus, sample size, and follow-up time) and post-hoc subgroup
analysis was performed based on the similarity between the
included studies. Furthermore, sensitivity analysis of all the
included articles were conducted in order to determine the
influence of each article on the final effect of the meta-anal-
ysis. Publication bias was examined using the funnel plot,
Egger’s and Begg’s tests, and the Trim and Fills method.
STATA version 14.2 was used for the meta-analysis, and it
was considered statistically significant if the p-value was
less than 0.05.

Results
Study selection

The process of study selection based on the PRISMA flow
diagram [16] is shown in Fig. 1. A total of 1049 studies were
extracted from the mentioned database. Initially, 204 dupli-
cate articles were removed. After two researchers initially
screened 845 titles and abstracts, 768 were excluded because
they were not compatible with the inclusion and exclusion
criteria. Next, 77 studies were selected for full-text exam-
ination. 2 full-text studies could not be retrieved, and 17
studies were excluded as a result of the reasons outlined in
Fig. 1. Finally, the number of articles included in the quali-
tative synthesis was 58 [14, 15, 24-79], and the number of
articles included in the quantitative synthesis meta-analysis
was 21 [14, 24, 26-33, 35, 36, 38-40, 42, 43, 49-52]. Of
these, 20 articles were associated with the prognostic meta-
analysis [14, 24, 26-33, 35, 3840, 42, 43, 49-52] and 14
cohort articles were associated with the clinicopathological
meta-analysis [14, 24, 26-33, 35, 36, 38, 39].
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Fig. 1 The study selection processes based on the PRISMA flow diagram

Study characteristics

All the articles included in the qualitative synthesis were
published between 2017 and 2023 and included 3243
patients with AML and 2188 controls. For prognostic meta-
analysis, the study population was exclusively Chinese, and
for clinicopathological meta-analysis, the majority of the
study population was Chinese, with the exception of one
article with an Egyptian population [36]. Table (1) indicates

the features of the 58 included studies for qualitative syn-
thesis, such as the role of circRNAs in cell biology function
and their relationship with various microRNAs, as well as
the effect of circRNAs on survival, response to treatment,
and so on. In some studies, changes in circRNAs expression
were measured using microarrays and confirmed using qRT-
PCR. In 45 studies, circRNAs had upregulation expression,
and in 13 studies, circRNAs had downregulation expres-
sion. In cohort studies, the minimum follow-up period was
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50 months, and the maximum was 100 months. In the study
of Safaa I Tayel [36], three circRNAs were measured along
with different expression levels and varied clinicopathologi-
cal characteristics; therefore, to avoid multiplicity [80], only
one circRNA (Circ-0075001) was chosen for clinicopatho-
logical meta-analysis.

Results of syntheses
Prognostic value of circrnas in AML patients

In the prognostic meta-analysis, 1758 AML patients from
20 primary studies were included, and the main features
of these studies are shown in Table 2. 18 studies reported
an overall survival (OS) indicator, and the pooled results
related to the OS indicator demonstrated that dysregula-
tion of circRNAs expression were associated with a poor
prognosis (HR=2.05; 95% CI: 1.75 to 2.40) in patients with
AML (Fig. 2A). Also, I>=15.7% in the OS indicator showed
that heterogeneity between studies was non-considerable.
In addition, 8 studies reported non-OS indicators such as
(EFS, LFS, RFS, and DFS). The pooled results related to
non-OS indicators revealed that dysregulation of circRNAs
expression were associated with shorter EFS/LFS/RFS/
DFS than the normal expression of circRNAs (HR=2.09,
95% CI=1.47-2.97) (Fig. 2B). Also, ?’=59.7% in non-OS
indicators showed that heterogeneity between studies was
considerable.

Subgroup analysis The results of subgroup analysis for
both OS and non-OS indicators are shown in Table 3. Sub-
group analysis for the OS indicator was performed based on
expression status (Upregulation vs. Downregulation), gene
control (GAPDH vs. non-GAPDH), follow-up time (<=60
vs. >60), sample size distribution (<=60 vs. >68), and
extraction method (Direct vs. Indirect) (Fig. 3A-E). Accord-
ing to subgroup analysis results, an obvious difference was
observed in the results of sample size and control gene that
seems to have been overestimated. Also, subgroup analy-
sis for non-OS indicators was conducted based on sample
size (<74 vs. >=74) and extraction method (Direct vs. Indi-
rect) (Table 3) (Fig. 4A-C). The result of HR in studies with
sample size>=74 was 2.69 (95% CI: 1.22-5.94) whereas
the result of HR in studies with a sample size<74 was 1.79
(95% CI: 1.26-2.56). Studies with direct extraction indi-

cated a higher HR (2.71 vs. 1.81) than studies with indirect
extraction.

The clinicopathological significance of circrnas in AML
patients

For clinicopathological meta-analysis, in 14 cohort primary
studies, the association between dysregulated expression of
circRNAs and clinicopathological parameters such as Gen-
der, Risk status, French—American—British (FAB) classifi-
cation, Different Cytogenetic abnormalities and Mutations
were investigated (Table 4). Parameters with at least five
studies were included in the clinicopathological meta-anal-
ysis. In the French—American—British (FAB) classification,
type M6 vs. other types showed significant associations with
dysregulated expression of circRNAs (RR: 1.51, 95%CI:
1.12-2.03) (Fig. 5A), while other types of this classification
weren’t related to dysregulated expression of circRNAs. The
results for different cytogenetic abnormalities and mutations
showed a relationship between dysregulated expression of
circRNAs and the FLT3-ITD mutation (RR: 1.17, 95%CTI:
1.00-1.36) (Fig. 5B), while there was no significant rela-
tionship between dysregulated expression of circRNAs and
other mutations. Furthermore, a significant relationship was
observed between dysregulated expression of circRNAs and
Risk status (RR: 1.35, 95%CI: 1.13-1.60) (Fig. 5C). Also,
dysregulated expression of circRNAs wasn’t linked to Gen-
der (RR: 1.03, 95%CI: 0.93-1.14) (Fig. 5D) (Figures related
to other parameters are available in supplementary data S4/
Figs. 1 and 2).

Publication bias evaluation

The funnel plot, Egger’s and Begg’s tests, and trim and
fill method were performed to assess publication bias. For
prognostic meta-analysis, the results of the funnel plot
pattern (asymmetric distribution) (Fig. 6A), Begg’s test
(P-value=0.001), Egger’s test (P-value=0.005) (Fig. 6B),
as well as the results of the trim and fill method (Fig. 6D),
indicated considerable publication bias for the OS indicator.
Also, the results of Begg’s test (P-value=0.009), Egger’s
test (P-value=0.006) (Fig. 6C), and the results of the trim
and fill method (Fig. 6E) showed considerable publica-
tion bias for non-OS indicators. As is shown in Table 4, for
clinicopathological meta-analysis, Begg’s and Egger’s tests
showed that type of M2 (FAB classification), CEBPA muta-
tion, DNMT3A mutation, and NPMI mutation had obvious
publication bias, and also that only Egger’s tests for type
of M6 (FAB classification) showed publication bias. Mean-
while, other clinicopathological parameters had low publi-
cation biases.
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Fig. 2 Forest plots for the prognostic value of circRNAs in AML patients. Prognostic value of circRNAs related to overall survival (OS) indicator

(A) and Prognostic value of circRNAs related to non-OS indicators (B)

Table 3 The subgroup analysis for OS indicator and non-OS indicators

Subgroups No. of studies ~ Hazard Ratio 1% Subgroups No. of studies ~ Hazard Ratio *%

For OS indicator (95% CI) For Non-OS indicators (95% CI)

Total study 18 2.05(1.75-2.40) 157  Total study included 8 2.09 (1.47-2.97) 59.7

included

Expression status: 2.07 (1.75-2.45) 0.0 Non-OS indicator: 2 4.18 (1.56-11.22)  56.1

Up regulation 11 1.93 (1.40-2.67) 42.7 LES 3 2.10 (0.98-4.50) 58.4

Down regulation RFS 2 1.45 (1.09-193) 0.0
EFS 1 2.28 (1.14-4.58) --
DFS

Sample size: 10 2.52(1.97-3.22) 0.0 Sample size: 4 1.79 (1.26-2.56) 24.0

<=68 8 1.84 (1.48-2.28) 353 <74 4 2.69 (1.22-5.94) 77.7

>68 >=74

Extraction method: 7 1.84 (1.39-2.76)  41.3  Extraction method: 4 2.71 (1.25-5.88) 76.2

Direct 11 2.20(1.82-2.64) 0.0 Direct 4 1.81 (1.23-2.67) 34.1

Indirect Indirect

Gene Control: 9 2.51(1.96-2.44) 0.0

GAPDH 9 1.83 (1.49-2.23) 247

Non - GAPDH

Follow up- time: 10 1.98 (1.56-2.53)  23.5

<=60 8 2.14(1.74-2.63) 8.8

>60

Sensitivity analysis

The one-out remove method was used for sensitivity analy-
sis, which evaluates the influence of individual studies on the
effect size. The one-out remove method showed that remov-
ing any of the primary studies had no significant effect on
the pooled results (Fig. 7A). Furthermore, for non-OS indi-
cators, the trim and fill method indicated that four studies
were added, whereas publication bias had no impact on the
results (Fig. 6E). Also, the one-out remove method showed
that the study of Yun-Yun YI [14] can change the overall
effect of circRNAs on the combination of HRs but has no
significant impact (Fig. 7B). Also, sensitivity analysis for

clinicopathological parameters demonstrated that the study
of Yuanyuan Lin [27] in the CEBPA mutation parameter
and the study of Xiao-Yu Su [35] in the t (15;17) parameter
can have an effect on the pooled results. Further analysis
revealed that the exclusion of the Xiao-Yu Su [35] study
doesn’t change the pooled results of the t (15;17) parameter,
but the exclusion of the Yuanyuan Lin [27] study makes
the CEBPA mutation parameter significant with (RR=1.21
95%CI: 1.04—4) and reduced heterogeneity between studies
(I>=0%) (Figures related to sensitivity analysis for clinico-
pathological parameters are available in supplementary data
S4/Figs. 3 and 4, and 5).
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Fig. 3 Forest plots of subgroup analysis for overall survival (OS) indi-
cator. Subgroup analysis based on expression status (A), subgroup
analysis based on Sample size (B), subgroup analysis based on Gene

GRADE assessment

The modified method of GRADE assessment was used to
appraise the certainty of evidence for prognostic and clinico-
pathological meta-analysis [20]. According to the results of
the GRADE assessment for prognostic meta-analysis, mod-
erate certainty of evidence related to pooled results of OS
and non-OS indicators was observed (the scoring method
and the results are shown in Table 5). In addition, the results
of the GRADE assessment for clinicopathological meta-
analysis are shown in Table 4. For significant clinicopatho-
logical parameters, high certainty of evidence for results of
FLT3-ITD and risk status parameters and low certainty of
evidence for type of M6 were obtained (the scoring method
and the results of GRADE assessment for clinicopathologi-
cal meta-analysis are available in supplementary data S5).

Discussion
Acute myeloid leukemia (AML) is a heterogeneous disease
with a highly variable prognosis [81]. Despite the advances

in research into blood cancer and treatment, patients with
AML still experience a poor overall survival rate [82]. The

@ Springer

control (C), subgroup analysis based on Extraction method (D), sub-
group analysis based on Follow up— time (E)

5-year survival rate for AML patients is still below 50% in
adults and is drastically lower in elderly individuals [83].
For example, the typical survival of patients aged 65 and
over is less than 12 months [84]. For patients with acute
myeloid leukemia, selecting appropriate prognostic factors
is essential for predicting the course of the disease, select-
ing the treatment, and monitoring the response to treatment
[85]. An assessment of the prognosis of patients with AML
is based on their cytogenetic abnormalities, gene mutations,
age, white blood cell count and etc [81]. Recent studies
have gradually explored non-coding RNA’s role in AML.
As is demonstrated in Table 1, circRNAs have various func-
tions in intracellular processes (proliferation, apoptosis,
metastasis, cell cycle regulation, and so on) by sponging
with miRNAs and other ways. Due to their impact on the
survival rate, trend of treatment, and their circular structure
(highly stable in tissues and bodily fluid), circRNAs can be
considered novel prognostic biomarkers in AML. So, our
attention in this systematic review and meta-analysis was
to investigate the prognostic value of circRNAs in AML
and to find the correlation between circRNAs and patients
clinicopathological features, which can finally be useful in
the prognosis and treatment process of AML patients. From
58 primary studies, we extracted descriptive information



Annals of Hematology (2025) 104:2095-2124 2117
e N indicat et B . Hazard raio %
008 indicators _ azard ratio
and STUDY CircRNAs on-os indicators (95% CI) Waight Sample size and STUDY CircRNAs Sample SIZB (95%C1) Weight
LFS
' <74
Lellei Lin 2021-LFS Circ - PLXNB2 e 256(105,627) 961
Yun Yun Yi 2018-LFS Cwrc - VIM ) —— 702(2.70,1829) 881 Leilei Lin 2021-LFS Circ - PLXNB2 [ 256(1.05.6.27) 961
Subgroup, DL (1" = 56.1%, p = 0.131) <> 418(1.56,1122) 1842 Tao Chen 2021-EFS Circ - PVT1 L 138(1.01, 1.88) 212
p— : Xian-Fu Sheng 2023-RFS Circ - PVT1 el 262(1.01,6.80) 887
Liang Guo 2022-RFS  Circ - 0079480 ! 1.34(1.00,1.79) 2175 Nanxue Wang 2021-DFS  Circ - 0040823 —_— 228(1.14,458) 1273
Xian-Fu Sheng 2023-RFS  Circ - PVT1 ——— 262(1.01,680) 887 Subgroup, DL (F = 24.0%.p = 0.267) <> 1.79(1.26, 256) 5249
Xiaodan Liu 2021-RFS  Circ - RNF220 —_————  575(122.27.00) 427
Subgroup. DL (F = 58.4%, p = 0.091) e 210(0.98,450) 3489 :
H >=74
EFS ¥ Liang Guo 2022-RFS Circ - 0079480 f—— 1.34(1.00, 1.79) 2175
Tao Chen 2021-EFS Gitc - PVT1 = 138(1.01,188) 2129 N o _
Ting Xiong 2022-EFS Circ - SPI1 —— 188(093,3.78) 1267 Ting Xiong 2022-EFS Carc- SPY1 1 $ 18803, 3.78) 1267
Subgroup, DL (1 = 0.0%, p = 0.429) O: 145(1.09,193) 3396 Xiaodan Liu 2021-RFS Circ - RNF220 —— 575 (122,27.10) 427
E Yun Yun Yi 2018-LFS Circ - VIM e G, 7.02(2.70, 18.29) 881
oFs ,
Nianxue Wang 2021-DFS Circ - 0040823 ——— 228(1.14,458) 1273 Subgrowp, DL (F = 77.7%, p = 0.004) O 269(1.22.594) a8
Subgroup, DL (F = 0.0%, p= ) - 228(1.14,458) 1273 :
' Heterogeneity between groups: p = 0.357 ¥
Heterogeneity between groups: p = 0.148 ' o
Overall, DL (I = 59.7%, p = 0.015) 0 209(1.47,297)  100.00 Overall, DL (1= 58.7%. p = 0.015) O 209(147.297 10000
T T T T
03125 1 32 03125 1 2
Extration method . Hazard rato
wasOY - Extraction method o e
Direct
Tao Chen 2021-EFS Circ - PVTY —_—— 1.38(1.01, 1.88) b1b-]
Ting Xiong 2022-EFS Crc - P11 —— 188 (0.3, 3.78) 1267
Xiaodan Lu 2021-RFS Circ - RNF220 e ——— 5,75 (122, 27.10) a7
Yun Yun Y1 2018-LFS Circ- VM | —— 702 (270, 18.29) 881
Subgroup, DL (= 76.2%, p = 0.006 i 271(125,588) 4704
Indirect !
Ledei Lin 2021-LFS Circ - PLXNB2 —_— 256(105,627) 961
Liang Guo 2022-RFS Circ - 0079480 2o 1.34(1.00,1.79) Fik:]
Xaan-Fu Sheng 2023-RFS  Circ - PVT1 ———— 262(1.01,680 887
Nianxue Wang 2021-DFS  Circ - 0040823 _— 228(114, 458 2n
Subgroup, DL (F = 34.1%, p = 0.208) 0 181(123,267) 529
Heterogenelty between groups: p = 0.360 H
Overall, DL (' = 59.7% p = 0.015) O 200(147,297) 10000
T T
03125 1 2

Fig. 4 Forest plots of subgroup analysis for non-OS indicators. Subgroup analysis based on non-OS indicators (A), subgroup analysis based on

Sample size (B), subgroup analysis based on Extraction method (C)

regarding circRNAs function for our systematic review
and meta-analysis. Among the primary studies, 20 studies
provided prognostic information, and 14 cohort studies pro-
vided clinicopathological information. The results of our
study indicated that dysregulation of circRNAs expression
in AML patients is associated with poor prognosis related
to OS indicator as well as non-OS indicators (HR=2.05
and HR=2.09, respectively). The interpretation areas [23]
suggest that these relationships are moderate, and based
on the GRADE assessment [20, 21], the relationships are
moderately certain. The results of our study emphasize, as
in other articles [9, 10, 86, 87], the prognostic role of cir-
cRNAs in blood cancers such as AML. As well, other sys-
tematic reviews and meta-analysis (like our previous study)
demonstrate the prognostic value of circRNAs in variety of
diseases [87-90]. Moreover, based on Tables 1 and 2 and
HR data, over-expressed circTASP1, and under-expressed
Circ-0040823 are significantly correlated with poor OS and

dysregulated expression of these circRNAs are associated
with the greatest the HR in AML patients.

Although we conducted a comprehensive search that
included various databases as well as grey literature, publi-
cation bias still exists within our article, and language limi-
tations or negative results bias (studies with negative results
that weren’t published) might contribute to this bias [91].
In order to reduce heterogeneity in the prognostic meta-
analysis and to identify relationships between subgroups
for both OS and non-OS, subgroup analysis was conducted.
There was no significant difference between the subgroups
in terms of expression status, follow-up time, and extraction
method in terms of OS indicator. Based on subgroup analy-
sis for the OS indicator, it was determined that studies with
<=68 patients overestimated the hazard ratio results. On the
other hand, overestimation of the result in the GAPDH sub-
group related to the OS indicator was due to the use of this
control gene in studies with small sample sizes, so choosing
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Table 4 Association between circrnas and clinicopathological features of AML

Clinicopathologic No. of No. of Effect size 12 (%) Publication bias Certainty
parameter studies patients of
Risk 95%Cl P-value Begg’s Egger’s evidence
Ratio test test
Gender 13 1211 1.03 0.93-1.14 0.628 0.0 0.669 0.844 High
FAB classification: 12 897 1.15 0.98-1.35 0.079 0.0 0.373 0.391 High
M1 vs. non-M1 12 897 0.87 0.70-1.08 0.215 57.8 0.034* 0.002* Moderate
M2 vs. non-M2 11 857 1.10 0.96-1.25 0.163 0.0 0.119 0.051 High
M3 vs. non-M3 12 897 1.08 0.91-1.29 0.383 34.6 0.837 0.687 High
M4 vs. non-M4 12 897 1.19 0.96-1.48 0.110 47.8 0.537 0.358 High
MS5 vs. non-M5 12 469 1.51 1.12-2.03 0.006* 0.0 0.386 0.043* low
M6 vs. non-M6
Risk status (Poor/Good) 11 1034 1.35 1.13-1.60 0.001* 50.0 0.436 0.391 High
Cytogenetic Abnormalities 7 564 1.01 0.88-1.15 0.932 0.0 0.368 0.280 High
and Mutations: 7 564 1.05 0.81-1.35 0.723 17.0 0.764 0.730 Moderate
Normal cytogenetic 8 572 1.03 0.79-1.34 0.841 35.2 0.035* 0.058* low
Complex cytogenetic 6 439 1.01 0.79-1.29 0.926 0.0 0.060* 0.029* low
CEBPA 8 570 1.17 1.00-1.36 0.050* 0.0 0.386 0.465 High
DNMT3A 6 425 1.18 0.84-1.67 0.339 0.0 0.260 0.320 Moderate
FLT3-ITD 5 429 1.07 0.79-1.45 0.682 0.0 0.462 0.259 Moderate
IDH1/2 5 383 0.98 0.71-1.34 0.877 0.0 0.462 0.530 Moderate
KIT 7 491 1.08 0.93-1.26 0.318 0.0 0.072* 0.013* Moderate
N/K RAS 6 504 1.18 0.99-1.42 0.066 0.0 0.452 0.408 High
NPMI 5 465 1.10 0.85-1.40 0.472 29.4 0.221 0.027* low
t(8;21)
t(15;17)
A Risk ratio B Risk Rat;
et FAB M6 o) Wt ey — FLT3-ITD mutation oo
Lodei Lin Circ - PLXNB2 —é-‘—— 1.76(0.96,321) 2m% Lellel Lin Circ - PLXNB2 ——v—.— 1.40(0.71,2.75) 523
Yiaodan Lu Circ - RNF220 ——-.-—: 150 (0.66, 3.43) 1266 Yun Yun Yi Circ - VIM —0— 1.07 (0.36, 3.20) 200
Yuanyuen Lin e - TASPY 1,00 (0.24, 4.09) 7 Yuanyuan Un Circ - TASP1 ——:o— 1.31(0.60, 2.16) 967
Yun Yun Yi Circ - VIM 0.79(0.06. 1023 13 Xiao-Yu Su Circ - 0002232 h— 1.16 (0.95, 1.43) 56.97
Narwe Wang Circ - 0040823 1,07 (048, 243) 1306 Xiaodan Liv Circ - RNF220 —0——v— 048 (0.14, 1.63) 1.61
Yingwei Wa Cio- 0000910 1 19003358 118 Jichun Ma Circ - 0059707 —-+— 1.12(0.73.1.74) 1275
' Ling Liu Circ - 0044907 e 1.57 (0.89,. 2.76) 753
Do L e 18810128 w Jichun Ma Circ - 0059706 —_— 0.71(0.33, 1.50) 42
Overal, L (7 = 0.0% p = 0.048) O 15101.12.209 100.00 Overall, DL (F' = 0.0%, p = 0.619) 0 117(1.00.1.36)  100.00
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Fig. 5 Forest plots of FAB M6 (A), FLT3-ITD mutation (B), Risk status (C), Gender (D) in the clinicopathological features association analysis

with circRNAs in AML patients

a larger sample size for more reliable results was recom-
mended. Also, based on the results of subgroup analysis
for the non-OS indicators, we can say that the circRNAs’
prognostic power can be increased when the information is
directly extracted from the study and when the sample size
is >=74 people.

@ Springer

In the clinicopathological meta-analysis, the risk ratio
index was used as a more reliable indicator than the odds
ratio, so only cohort studies were included in the meta-anal-
ysis [92]. Among the clinicopathological parameters, M6
type (FAB classification), FLT3-ITD mutation, and risk sta-
tus were associated with dysregulation of circRNA expres-
sion, whereas others were not. The significant association of
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Fig. 6 Publication bias evaluation for prognostic studies. Funnel plot (A), Egger’s test (B) and Trim and fill method (D) for overall survival (OS)
indicator. Egger’s test (C) and Trim and fill method (E) for non-OS indicators

FLT3-ITD with dysregulated expression of circRNAs can
be attributed to the distinct role of FLT3-ITD mutation (is a
well-established driver mutations and leading to abnormal
cell proliferation and resistance to apoptosis ) in the patho-
genesis of AML. Indeded unlike to the other mutations in
this study, FLT3-ITD mutation in AML can be have a more
pronounced effect on dysregulated expression of circRNAs.
Therefore, due to the importance of FLT3-ITD mutation and
the various treatment methods based on FLT3-ITD mutation

targeting, future studies can more accurately evaluate the
relationship between FLT3-ITD mutation and dysregulated
expression of circRNAs. According to the areas of interpre-
tation [23], the results of M6 (classified by FAB), risk sta-
tus, and FLT3 mutation, respectively, demonstrated small,
small, and trivial associations with circRNA expression
dysregulation. Also, based on the GRADE assessment [20,
21], the results indicated a high level of certainty regarding
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A

Meta-analysis estimates, given named study is omitted
Lower CI Limit Estimate Upper CI Limit

Jiao Zhou 2019
Jichun Ma 2022
Jichun Ma 2022
Jinghan Wang 2021
Lei Ping 2019

Leilei Lin 2021
Liang Guo 2022
Ling Liu 2022

Tao Chen 2021
Ting Xiong 2022
Wu Zijuan 2021
XianFu Sheng 2023
XiaoYu Su 2020
Yuanyuan Lin 2021
Yun - Yun Yi 2018
Zhen Shang 2021
Qidong Ye 2022
Yingwei Wu 2021
Nianxue Wang 2021

169 1.75 2.05 240 2.52

B

Meta-analysis estimates, given named study is omitted
Lower CI Limit Estimate Upper CI Limit
Leilei Lin 2021-LFS
Liang Guo 2022-RFS

Tao Chen 2021-EFS

Ting Xiong 2022-EFS

Xian-Fu Sheng 2023-RFS

Xiaodan Liu 2021-RFS

Yun Yun Yi 2018-LFS

Nianxue Wang 2021-DFS
1.301.47 2.09 297 3.86

Fig. 7 One-out remove method Sensitivity analysis. Sensitivity analysis for overall survival (OS) indicator (A) and Non-OS indicators (B)

Table 5 GRADE assessment for prognostic meta-analysis

Domain of Study Risk of Indirectness inconsistency imprecision Publication Summary of finding
Grade design bias Bias
assessment
Hazard Ratio Certainty of
95% CI) evidence
prognostic
parameters:
(No of studies)
Overall
Cohort No No No No Serious 2.05 @@@O
Survival
. Problem  Problem Problem Problem (1.75 - 2.40) Moderate
(18 studies)
Non- Overall Cohort No No No No Serious 2.09 @@@O
Survival Problem  Problem Problem Problem (1.47-297) Moderate
indicators

(8 studies)

FLT3-ITD mutations and risk status, while the M6 sub-
type (FAB classification) exhibited a low level of evidence
certainty.

Future perspectives and strategies

This study focuses on the prognostic value of dysregulated
expression of circRNAs. While well-established cytogenetic

@ Springer

abnormalities along with common mutations like FLT3,
NPM1, and others, continue to be central to prognosis assess-
ment, our findings highlight that circRNAs can also demon-
strate significant prognostic properties. These dysregulated
expression of circRNAs could serve as valuable components
in prognostic models alongside other established factors and
contributing to a more accurate and comprehensive evalu-
ation of AML patient prognosis. Similar to how genetic
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mutations and cytogenetic abnormalities are incorporated
into clinical practice to predict patient outcomes, circRNAs
due to their stability in bodily fluids and their regulation
of key cellular processes, could be integrated into clinical
models for early diagnosis and treatment monitoring. Evalu-
ating the expression of circRNAs in clinical settings could
help identify high-risk patients, allowing for more tailored
and effective treatments. Moreover, expression of circRNAs
could be explored for the development of novel therapeutic
strategies, such as circRNA-targeted therapies, to improve
outcomes for AML patients.

Recommendation

Our advice to the authors of prognostic studies is to report
HR in order to improve the quality of their work and not rely
solely on survival analysis based on Kaplan-Meier. Also,
the authors of primary studies that investigate the role of
clinicopathological features should not only report P-value;
thay can also report OR or RR indices for better understand-
ing based on the type of study.

Conclusion

The spread of AML in different societies, incidence at dif-
ferent ages, and diverse pathophysiology lead to the com-
plexity of treating patients. Therefore, determining the
factors that are related to the prognosis of patients can play
a significant role in the management of the treatment and
survival of patients. Therefore, in this systematic review
and meta-analysis, we showed the value of circRNAs in
patients with AML as novel prognostic factors. And also,
it was indicated that dysregulation of circRNAs expression
can be associated with some clinicopathological features of
patients with AML and can be used as new biomarkers for
the investigation of treatment effectiveness.

Limitations of the review

This study faced the following limitations: First, some
primary studies did not report clear data for prognostic
meta-analysis, despite sending emails three times to the cor-
responding authors to receive information. The necessary
data was extracted from the Kaplan-Meier curve, which
may have caused bias. Second, for meta-analysis, studies
were mostly from China, which may limit the generalizabil-
ity of these findings and lead to bias. Third, heterogeneity
is still a vital issue, although to explore possible sources,
various subgroup analysis were carried out. Fourth, rather
than focusing on the clinical significance of circRNAs in
AML, the majority of the studies included focused on the
functions of circRNAs, and for this reason, the inclusion

and exclusion criteria of patients, treatment procedures, and
follow-up procedures are not clearly specified in the text of
the article.
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