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Acute myeloid leukemia (AML) is a heterogeneous form of cancer, and it is one of the dominant causes of ma-
lignancy-related mortality in patients younger than 35 years old. Therefore, the treatment must be selected
based on risk stratification. However, the methods to predict the clinical outcomes of AML are insufficient.
Long non-coding RNAs (IncRNAs) are unable or barely able to code for proteins and have attracted remarkable
interest because of their involvement in malignancies. Previous studies have proven that some IncRNAs con-
tribute to the development and clinical outcome of AML. Our study constructed a risk stratification system for
AML that will facilitate the prediction of clinical outcomes.

We acquired the expression profiles of IncRNAs from the TCGA database to examine their role in the clinical
outcomes of AML. We designed and validated a prognostic signature-based risk score system using a sample
splitting approach and Cox regression analysis to elucidate the relationship between the clinical outcomes of
AML and IncRNAs.

We selected 10 [ncRNAs to predict the clinical outcome of AML and were able to successfully predict the sur-
vival of patients with AML using this 10-IncRNA expression signature.

We developed a 10-IncRNA expression signature to predict the clinical outcome of AML. This approach dem-
onstrates remarkable prognostic and therapeutic potential for AML.
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Background

Acute myeloid leukemia (AML) is a common form of leukemia
and it is a major contributor to malignancy-related mortality
in people younger than 35 years [1,2]. The treatment for AML
is mainly chosen according to cytogenetics, which represents
the risk status [1]. Although there has been huge progress in
the area of risk stratification, some patients with few risk fac-
tors ultimately encounter recurrence [3]. Hence, it is crucial to
elucidate the effective markers to improve prediction of the
clinical outcome of AML.

Long non-coding RNAs (IncRNAs) have poor or no capability for
coding proteins and they have been recently proven to contrib-
ute to malignancies. It has been recently demonstrated that
IncRNAs display various biological activities and their abnor-
mal expression is related to the development and clinical out-
come of human cancers such as AML; therefore, it can be used
as a diagnostic marker [4-7].

Our research aimed to construct an IncRNA risk stratification
system to facilitate the prediction of the clinical outcome of
AML. We carried out AML-related RNA sequencing (RNA-seq)
with the help of published data from the Cancer Genome Atlas
(TCGA) projects. With the help of the sample splitting approach
and Cox regression analysis, we designed and verified a prog-
nostic 10-IncRNA signature-based risk system to elucidate the
relationship between the clinical outcome of AML and IncRNAs.

Material and Methods

Acquisition of publicly available data from TCGA

The AML-related RNA-seq data set and specific clinical in-
formation of the follow-up patients were acquired from the
TCGA database. We obtained the information of 139 patients
who were additionally randomly selected into a training group
(n=71, to examine the crucial IncRNAs), as well as testing group
(n=68, to confirm the IncRNA signature) and the entire 139-pa-
tient cohort. We obtained 14 376 IncRNA profiles from all of
the participants and they were normalized among specimens.
The terminal expression of IncRNAs was determined as log,
(X+1) of the raw expression level.

Expression levels of IncRNA in patients with AML

Since the expression of IncRNAs is comparatively repressed,
it could not be not clearly profiled using IncRNA sequencing.
Hence, in our study, we categorized IncRNAs as abundantly
expressed if their expression levels were above zero and they
occurred in over half of the total specimens.
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Examination and choice of prognostic associated IncRNA

The relationship between abundantly expressed IncRNA and
overall survival of AML patients was evaluated using the train-
ing group. Our research selected target IncRNAs to find ones
that are most closely associated with the clinical outcome to
promote reliability and feasibility.

Construction and validation of the risk score formula

A risk score system was constructed by enrolling every IncRNA
associated with the clinical outcome in the training group.
The risk score for every participant in the training group was
evaluated according to the formula and, based on the result,
the patients were categorized into high-risk or low-risk groups.
The risk score system was additionally validated via fitting us-
ing the confirmation group and the complete group.

Statistical analysis

We assessed the capacity of all the IncRNAs to predict event-
free survival (EFS) of the patients via univariate Cox regression
evaluation, which was examined between IncRNA expression
displayed as log, (X+1) and patient EFS as years. IncRNAs were
regarded as significantly related to survival if P<0.05. The best
IncRNAs were chosen by utilizing the minimal AIC criterion,
which relies on robust likelihood-based survival modeling and
was carried out with the help of R and Rbsurv packages [8,9].
Univariate analysis and multivariate analysis for overall survival
were conducted for clinical variants and genetic mutations in
all 139 cohorts. The chosen IncRNAs underwent subsequent
Cox regression assessment and the risk score was built by eval-
uating the regression coefficients in the multivariate Cox re-
gression and IncRNA expression. Median risk score was cho-
sen in the training group in the form of a cut-off and, using
that, the patients were categorized into a low-risk group and
a high-risk group. Kaplan-Meier analysis was used to evaluate
survival distinction between low-risk and high-risk patients in
the training and confirmation groups. Specificity and sensitivity
of IncRNA expression signature was assessed by calculating
the area under the curve (AUC) of 5-year EFS. ROC, Cox regres-
sion analysis and Kaplan-Meier survival assessment was car-
ried out using R statistical software (version 3.3.3) (Figure 1).

Results

Examination and selection of the IncRNAs associated with
clinical outcome

We selected 7830 IncRNAs expressed in all AML patients from
a pool containing 14 376 IncRNAs, as mentioned in our pro-
tocol. The remaining specimens were randomly divided into
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Figure 1. Flow chart of the protocol utilized in our study.
AML - acute myeloid leukemia; TCGA — the Cancer
Genome Atlas; ROC — receiver operating characteristics.

a training group and a testing group. Univariate Cox regression
assessment of the training group revealed distinctly expressed
[IncRNA (all with P<0.01), which were later recognized as target
IncRNAs. Finally, 10 IncRNAs associated with the clinical out-
come were selected via robust likelihood-based survival anal-
ysis from the identified target IncRNAs (Table 1).
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Assessment of risk score based on the 10-IncRNAs
signature and evaluation of the effective prognostic
indicator for AML

We designed a 10-IncRNA signature risk system according to
their Cox coefficients to better examine relationship between
these 10 IncRNAs and the clinical outcome of AML:

Risk score=(-0.24476* expression value of AC004223.2)
+(~7e 05*expression value of AC067735.1)

+(0.36099 *expression value of DIRC3-AS1)

+(0.18098* expression value of AL355353.1)
+(-0.4052*expression value of AL645608.1)

+(0.57742* expression value of AC025430.1)
+(0.25425%expression value of AF064858.2)
+(0.31499*expression value of AL645608.5)

+(-0.20944* expression value of FP671120.3)
+(-0.3091*expression value of AC107398.3).

We subsequently examined the 10-IncRNA signature risk system
of every participant in the training group and ranked them based
on the risk scores. Patients were consequently categorized into
high-risk and low-risk groups. AML survival was negatively re-
lated to risk scores (Figure 2A). To examine the specificity and
sensitivity of the survival prediction, ROC assessment was car-
ried out for the 10-IncRNA risk score. The majority of the cut-off
points arrived at a precise classification and the AUC was 0.8765
(Figure 2B). The best cut-off point was chosen as -6.8066, which
displayed the highest sensitivity and specificity. Participants were
additionally categorized into high-risk (n=36) and low-risk (n=35)
groups based on the best cut-off point. The Kaplan-Meier curve
and log-rank test suggested a remarkable distinction in survival
between risk groups (Figure 2C, P<0.0001).

Survival prediction using the 10-IncRNA signature-based
risk score

We verified the 10-IncRNA signature in the whole group and
the testing group to ascertain our outcome of the risk system.

Table 1. Baseline information on the training group and testing group.

Indicators Training group
Male (n) 30
""""" Female(®) 34
""""" Age (yearsy  317:834
""""" Height m) 16331246
""""" Weight kg ~ 6460s1152
""""" BMIkg/m*  2467+443
""""" Diabetes (@) 1
""""" Ssmoking(®) 11

Testing group

40
——————————————————————————————————————————————— 0.460

35
""""""""" 3234795 0824
166441034 o 0236
"""""""" 68.60¢1257 0149
C ea7s72 0532
""""""""""""" > o7
"""""""""""" 3 os05

BMI — body mass index.
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Figure 2. 10-LncRNA risk score assessment of the training group. (A) LncRNA signature risk score distribution, patients’ event-free
survival status, follow-up years (red point means high risk, blue point means low score) and a heat-map of the IncRNA
expression profiles. Rows stand for IncRNAs, and columns stand for patients. (B) Receiver operating characteristic (ROC)
analysis of the sensitivity and specificity of survival according to 10-IncRNA signature risk score. (C) Kaplan-Meier estimates
of survival probability of patients from training group using the 10-IncRNA signature risk score (red line means high risk, blue
line means low score).

Patients in the whole group were classified into high-risk (=64) ~ Discussion

and low-risk (n=75) groups, with the best cut-off point chosen

using identical formula. Consistent with our previous findings,
Kaplan-Meier curves displayed a remarkably longer survival for
the low-risk AML patients in comparison to the high-risk par-
ticipants (P<0.0001) (Figure 3A). The separation of the testing
group according to the best cut-off point resulted in a high-risk
group containing 28 patients and a low-risk group consisting of
40 patients. Although the sample sizes were unequal, survival
assessment displayed similar outcomes (P<0.05) (Figure 3B).

We selected 10 IncRNAs associated with AML survival — DIRC3-
AS1, AC004223.2, AC067735.1, AL355353.1, AL645608.1,
AC025430.1, AF064858.2, AL645608.5, FP671120.3, and
AC107398.3 — from the training group. We generated
a 10-IncRNA risk scoring system based on Cox coefficients.
Furthermore, we revealed the best cut-off points to enable
the categorization of patients as high risk and low risk using
ROC assessment. In addition, not only did we establish a risk
score formula, but also confirmed the best cut-off point in an
internal examination group apart from the complete group.
Patients suffering from AML with elevated risk score displayed
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Figure 3. Confirmation of the 10-IncRNA signature risk score to predict survival. (A) Kaplan-Meier assessment of survival probability of
patients from complete group using the 10-IncRNA signature risk score. (B) Kaplan-Meier assessment of survival probability
of patients from the examination group adopting the 10-IncRNA signature risk score (red line means high risk, blue line

means low score).

poorer survival and higher mortality. Our findings indicated
that IncRNAs were essential contributors to etiology, devel-
opment, and clinical outcome of AML.

It has been shown previously that several IncRNAs can predict
the outcome of AML, including CRNDE and HOTAIRM1 [10,11].
However, these IncRNAs displayed a subtype specific expres-
sion pattern and were more appropriate for categorization of
the disease state instead of the clinical outcome. In our study,
we revealed 10 IncRNAs associated with clinical outcome with
noticeably distinct expression in AML patients from the train-
ing group. Nevertheless, further studies are required to confirm
the specific IncRNA used to predict clinical outcome. DIRC3.
AS1 was the only real IncRNA out of the 10 that was not ac-
cepted widely. Our research proved its malfunction as well as
its correlation with lower mortality and longer survival of pa-
tients with AML. We believe this is the first study to reveal its
promising impact on malignancy outcome to our knowledge.
Nevertheless, the understanding of the exact mechanism is in-
adequate and requires additional investigation.

The 10-IncRNA signature risk system was additionally gener-
ated relying on the IncRNAs associated with the clinical out-
comes. A remarkable distinction was revealed in the survival
curve between the high and the low scores, which apply to the
risk score in the TCGA training group. Patients with elevated
10-IncRNA signature risk score are more likely to have shorter
survival and poorer prognosis than those with low scores. Our
research additionally stressed the importance of IncRNA-based
risk scoring in malignancy outcome studies. Furthermore, this

method circumvents the challenges in interpreting individual
genes. Our research revealed the best cut-off point for vari-
ous risk groups, producing remarkably distinct survival results.
This cut-off value offered an innovative approach to assess pa-
tients and to predict clinical outcomes. We confirmed that the
risk score system was reliably reproducible when used for pre-
dicting the survival outcomes of the complete group as well
as the TCGA examination group. However, we could not as-
sess the cause-effect link between AML outcome and the mod-
eled risk score in this work. Consequently, further research is
required to confirm the risk system using IncRNA expression
signatures. As it is not enough to investigate the IncRNA sig-
nature of AML, more attention should be given to the evalu-
ation of the 10-IncRNA signature.

Conclusions

We examined 10 IncRNAs associated with the clinical outcomes
of AML. The predictive target genes and biological activities of
the IncRNAs provided additional insight into the contribution of
IncRNAs in AML development. We also established a 10-IncRNA
expression signature-reliant risk score system that can predict
AML survival. We believe that this approach is a promising and
innovative strategy for the prediction of clinical outcome and
treatment of patients with AML.
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