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Abstract: Existing staging system for prognosis evaluating for Skin Cutaneous Melanoma (SKCM) patients had de-
fects of subjective, inaccuracy and inconsistently, therefore, to identify specific and applicable prognostic markers
and promote personalized therapeutic interventions is urgently required. This study aims to build a robust autoph-
agy-related genes (ARGs) signature for prognosis monitoring of SKCM patients. We determined 26 ARGs as differ-
entially expressed autophagy-related genes (DEARGs) from 103 SKCM and 23 normal skin samples in GSE15605
and GSE3189 datasets. Optimal prognostic DEARGs composed the risk model were screened and verified in 458
SKCM patients in TCGA cohort as the training cohort and 209 patients in GSE65904 as the test cohort. Finally,
4 optimal independent prognostic DEARGs (CAPNS1, DAPK2, PARP1 and PTK6) were filtered out in the training
cohort to establish the risk model. A prognostic nomogram was established for quantitative survival prediction.
The risk model grouped high-risk SKCM cancer patients exhibited significantly shorter survival times in both train-
ing and test cohorts. The area under the ROC curve for risk score model was 0.788 and 0.627 in the training and
test cohorts indicated the risk model was relatively accurate for prognosis monitoring. Clinical correlation analysis
exhibited that risk score was an independent predictor for prognosis significantly associated with T/N classification.
The prognostic value of the 4 risk genes formed the risk model was also validated respectively. We identified a novel
autophagy-related signature for prognosis monitoring. It has the potential to be an independent prognostic indicator
and can benefit targeted therapy.

Keywords: Skin cutaneous melanoma, autophagy-related genes, prognostic risk model, targeted therapeutic
intervention, survival prediction

Introduction

As per the GLOBOCAN, the number of new can-
cer cases and deaths from cancer are expect-
ed to be 19.3 million and 10 million in 2020
worldwide [1]. Skin Cutaneous Melanoma
(SKCM) is one of the most lethal malignant
tumors of the skin, it leads to more than 90%
of skin cancer-related deaths [2, 3]. According
to reports from the American Cancer Society,
about 7,180 people died of Skin Cutaneous
Melanoma (SKCM), and about 106,110 new
cases are diagnosed in 2021 in the US. Mela-
noma is more common in males than females
[4]. Local melanoma is usually curable by ade-
quate surgery, the 5-year survival rate for pa-

tients with local melanoma and treated early is
95% to 99% [5]. However, SKCM is more likely
to spread than other skin cancers: after pri-
mary tumor excision, about 1/3 of the patients
developed metastasis in various organs [6].
The 5-year survival rate for patients with mela-
noma that metastasized to distant tissues is
only 5% to 19% [7]. Since the prognosis of
advanced SKCM is poor, there has been an
emphasis on early diagnosis and the need for
better therapeutic strategies at an earlier sta-
ge of disease [8].

Traditionally, the American Joint Committee on
Cancer (AJCC) Staging was used to evaluate
the risk of tumor recurrence for SKCM [9, 10],
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Table 1. Characteristic of microarray data that used to do

difference analysis

Methods

Data acquisition

Expression profiling Platforms GEO

. . Samples
array (Skin & SKCM) accession P The gene expression profiling data
Genome GPL570 GSE15605 16 Skin; 58 SKCM sets (ID: GSE15605, GSE3189) and
Genome GPL96  GSE3189 7 Skin; 45 SKCM survival data sets (ID: GSE65904) we-

it was a powerful tool for evaluating patient
prognosis and making a treatment plan, and
may be helpful for recovery or prolonged sur-
vival of patients [11-13], but widespread re-
ports showed that, despite an international
staging system, the diagnosis and prognostic
prediction of SKCM were still difficult to render
consistently and accurately [14-16]. Therefore,
it is significant to develop novel and specific
prognostic biomarkers for risk stratification
and treatment optimization in SKCM patients.
The specific and applicable biomarker may
shed light on the guidance of personalized
therapeutic interventions and new therapeutic
target development.

Autophagy is a non-specific intracellular degra-
dation system that can break down and clean
internally superfluous proteins in cells, finally,
cellular components are recycling [17]. Auto-
phagy-Related Genes (ARGSs) are key players in
autophagy. Multiple reports demonstrated that
autophagy is associated with SKCM progres-
sion. For example, pre-clinical models and clini-
cal trials demonstrated that decreased auto-
phagic activity in SKCM improved the efficacy
for therapy [18, 19]. Nevertheless, there is no
prior study that assessed the autophagy effect
on SKCM prognosis through large-scale ex-
pression patterns. Hence, the purpose of our
study is to construct a prognostic risk signa-
ture for SKCM patients employing ARGs. In our
report, the association between expression
profiles of differentially expressed autophagy-
related genes (DEARGSs) and clinical indicators
were examined in 458 SKCM patients and con-
structed a risk prognostic model as an inde-
pendent predictor for survival status and sur-
vival time through ARGs. Multiple validation
analysis results evidently support our prognos-
tic risk model. The novel risk prognostic model
will be of great benefit to risk stratification and
treatment optimization in SKCM patients, the
specific DEARGs that formed the risk prognos-
tic model can provide new directions of per-
sonalized therapeutic interventions and new
therapeutic target development.
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re obtained from the Gene Expression
Omnibus database (https://www.ncbi.
nim.nih.gov/geo/). The brief information of 2
GEO datasets (ID: GSE15605, GSE3189) from
2 independent laboratories which were used
to analyses group differences [containing 23
human normal skin and 103 Skin cutaneous
melanoma (SKCM) specimens] were extracted
and listed in Table 1. The survival data of 209
SKCM patients from GSE65904 was used as a
test group to verify our autophagy-related risk
model. The transcript sequencing data and the
associated clinical information of 458 SKCM
patients that were used as training group
to construct and verify the autophagy-relat-
ed prognostic risk signature were obtained
from TCGA database (https://portal.gdc.can-
cer.gov/). There are 232 genes that were con-
sidered autophagy-related genes (ARGs) so far
were obtained from the Human Autophagy
Database (HADD).

Identification and functional analysis of dif-
ferentially expressed autophagy-related genes
(DEARGS)

The expression profiling data in 2 independent
GEO datasets GSE15605 and GSE3189 were
batch normalized to eliminate the systematic
differences by R software. There are 103 SK-
CM tissues and 23 skin tissues totally in the 2
GEO datasets. The differential analysis of auto-
phagy-related genes (ARGs) between SKCM
and normal tissues was done by the “limma”
package in R with filter criteria of [log,Fold
Change| (|log,FC|) >1 and adjusted P-value
<0.05.

For exploring the key roles of all identified
DEARGs, Gene Ontology (GO) functional anno-
tation and Kyoto Encyclopedia of Genes and
Genomes (KEGG) pathway enrichment analy-
ze were performed by “ClusterProfiler” and
“ggplot2” packages in R. For understanding
the relationship among identified DEARGs, we
constructed and visualized a protein-protein
interaction (PPI) network for all DEARGs by
STRING database (https://string-db.org/) and
Cytoscape software respectively.
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Construction of survival-related risk prognostic
model

The TCGA-Skin Cutaneous Melanoma (SKCM)
cohort was the training set to construct and
verify the prognostic model. The prognostic
value of all DEARGs in 458 SKCM patients of
the TCGA cohort was computed by a univariate
Cox proportional hazards analysis, the survi-
val-related DEARGs were identified with the
threshold of P<0.05. Then we carried out the
multivariate Cox regression analysis based on
prognostic DEARGs obtained from univariate
Cox analysis to structure the prognostic predic-
tive model in the training set. At this point, we
obtained several optimal risk DEARGs that
formed the model and their respective coeffi-
cients value according to the training cohort.
The risk score for every SKCM patient was
added up by the expression values of all risk
DEARGs multiplied by their regression coeffi-
cients. The formula was: risk score =
\=1,z2:,---,h regression coefficient (genei) X expression value of (genei) .
Through the formula, the risk score of each
SKCM patient was calculated in the training
cohort and test cohort respectively, and SKCM
patients were divided into a high-risk group
and a low-risk group according to the median
risk score obtained in the training cohort as
the division. Finally, a nomogram based on
identified risk DEARGs was constructed by the
“rms” R package for a quantitative prediction
tool for prognosis evaluation.

Validation the performance of OS risk prog-
nostic model in training cohort and external
cohort

The GSE65904 cohort containing clinical infor-
mation of 209 SKCM patients was an external
cohort that was used as the test cohort. The
performance of the prognostic risk model was
verified in the training cohort and test cohort
respectively. The survival curves were generat-
ed by the “survival” R package and assessed
the differences in survival between the high-
risk group and low-risk group. The areas under
the curve (AUC) of the receiver operating char-
acteristic (ROC) curve of multiple clinicopatho-
logical indicators and risk score to check the
accuracy of the prognostic model were con-
structed with the R package of “survivalROC”.
The larger the AUC, the better the performance
of the clinical parameter to predict prognosis.
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We also visualized the correspondence bet-
ween the survival status of SKCM patients and
risk scores.

To test whether the risk prognostic model
could be independent of traditional clinical
characteristics as a novel prognostic indicator,
the “beeswarm” R package was used to per-
form Cox regression analyses. Clinical charac-
teristics of SKCM patients including age, gen-
der, pathological stage, and T/N/M classifi-
cation were collected from the training cohort
and integrated with the risk score of each
patient for further correlation analysis.

The prognostic value of four risk DEARGS that
composed the risk model

Kaplan-Meier survival curves were drawn with
the R package to compare survival differences
of diverse expressions for 4 risk DEARGs
(CAPNS1, DAPK2, PARP1 and PTKG6) respec-
tively. The expression difference of 4 risk
DEARGs on mRNA and protein level between
SKCM and control tissues was verified in
Oncomine Database (https://www.oncomine.
org) and The Human Protein Atlas (http://www.
proteinatlas.org).

Single-gene gene set enrichment analysis
(GSEA) on 4 prognostic-related DEARGs

To explore which pathways were active when
different expressions of 4 risk DEARGs, GSEA
analysis of 4 risk DEARGs was performed us-
ing c2.cp.kegg.v7.0 annotated set. Firstly, an
ordered list of all genes was generated accord-
ing to their correlation with expressions of 4
risk genes respectively, next, GSEA elucidated
the significant survival difference between
high- and low-expression groups. The expres-
sions level of 4 risk genes served as the
phenotype label. The pathways enriched in
each phenotype were ranked according to the
P-value and normalized enrichment score. Top
10 signal pathways were exhibited.

Results

Differentially expressed autophagy-related
genes (DEARGS) detection

The GEO dataset (GSE15605 and GSE3189)
including the expression profile of 126 speci-
mens (103 SKCM and 23 skin tissues) were
selected to identify DEARGs in SKCM. The raw
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Figure 1. Differentially expressed autophagy-related genes (DEARGs) between 103 SKCM specimens and 23 nor-
mal skin tissues. A. Normalization of raw data in GSE15605 and GSE3189 datasets. Blue and red columns repre-
sent samples from GSE15605 and GSE3189 datasets respectively. The 23 columns on the left represent normal
skin specimens and 103 columns on the right represent SKCM samples. B. Volcano plot of 232 autophagy-related
genes (ARGs) in GSE15605 and GSE3189 datasets. Red spots represent up-regulated ARGs, green spots represent
down-regulated ARGs. Filter criteria is |Log,Fold Change| >1.0. C, D. Heatmap and boxplot of 26 DEARGs in SKCM
and normal tissues. The depth of the color of the columns represents its expression intensity in the corresponding
samples. E. PPl network of 26 DEARGs. Red or Green nodes represent up-regulated or down-regulated DEARGSs.
The depth of the color of the nodes was associated with log Fold Change. There is a negative correlation between
P-value and nodes’ size and a positive correlation between the combined score of protein interaction and ligatures’
width. Square and diamond nodes stand for hub genes that interactive with >10 or >4 proteins.

data of 2 GEO datasets were normalized (Fi- samples and the vertical axis represents the
gure 1A). The horizontal axis represents 126 expression value of all genes. Among the 232
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Table 2. All DEARGS, screened between hu-
man normal skin tissues and Skin Cutaneous
Melanoma (SKCM) tissues with criteria of
adjust-P-value <0.05 and |log,Fold Change|
>1

Gene Log,FC P-value  adjust-P-value
BAG1 -1.285 2.69E-19 5.17E-17
EIFAEBP1 1.558 1.10E-16 1.06E-14
PARP1 1.115 1.85E-16 1.18E-14
WIPI1 1.633 9.53E-16 4.57E-14
DAPK2 -2.346  1.43E-15 5.51E-14
EGFR -2.169 6.95E-15 2.22E-13
PTK6 -3.066 3.90E-14 1.07E-12
ERBB2 -1.966  3.34E-13 8.02E-12
PEX3 -1.184  4.52E-12 9.64E-11
PRKCD 1.470 5.29E-12 1.02E-10
CAPNS1 1.153 9.14E-12 1.59E-10
BAX 1.706  1.30E-10 2.08E-09
CX3CL1 -1.225 9.10E-10 1.25E-08
DIRAS3 -1.868 1.18E-09 1.51E-08
MLST8 1.180 2.46E-09 2.90E-08
CTSB 1.301 2.57E-09 2.90E-08
TP63 -1.601 3.87E-08 3.91E-07
ITGA3 1.587 6.53E-07 5.97E-06
CDKN2A 1.518 5.64E-06 4.01E-05
HSPBS8 -1.328 7.92E-06 5.13E-05
TNFSF10 -1.504 1.83E-05 0.0001
PPP1R15A  1.172 0.0003 0.0012
FOS -1.049 0.0011 0.0034
IFNG 1.009 0.0025 0.0069
IL24 1.412 0.0040 0.0103
HGS 1.031 0.0139 0.0299

ARGs, 26 were differentially expressed in SK-
CM tissues, including 12 downregulated and
14 upregulated DEARGSs. The information of 26
DEARGs was provided in Table 2. The volcano
map of 232 ARGs was showed in Figure 1B.
The heatmap (Figure 1C) and boxplot (Figure
1D) visualized the expression patterns of the
26 DEARGs in SKCM tissues and normal skin
tissues. In Figure 1E, we constructed a PPI
network for 26 DEARGs to exhibit their re-
lationship. Square and diamond shapes pres-
ent the hub genes with interaction degree >10
or interaction degree >4.

Functional annotation of DEARGS

Functional enrichment analysis was performed
on 26 DEARGs. According to the 10 most im-
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portant GO terms regarding molecular function
(MF) and biological processes (BP) categories,
DEARGs were potentially involved with positive
regulation of cellular protein localization espe-
cially protein localization to the membrane,
protein tyrosine kinase, or phosphatase bind-
ing, and cytokine activity (Figure 2A). KEGG
enrichment results exhibit that DEARGs were
mainly associated with bladder cancer, endo-
crine resistance and apoptosis (Figure 2B).

Establishment of autophagy-related risk model
based on the prognostic DEARGs

According to previous results in the paper,
there are 26 DEARGs were identified from 2
GEO datasets in total. Then, we sought the
prognostic role of 26 DEARGs. The 458 SKCM
patients in the TCGA database with complete
clinical follow-up data were defined as the
training cohort. After combining the expression
of all DEARGs with survival data in the training
cohort, univariate Cox regression analysis was
performed to identify DEARGs related to prog-
nosis, resulting in 8 prognostic DEARGs (P<
0.05) (Figure 3A). The 8 prognostic DEARGs
were candidate genes that were incorporated
into the subsequent multivariate Cox regres-
sion analysis in the training set, and 4 inde-
pendent prognostic DEARGs (CAPNS1, DAPK?2,
PARP1 and PTK6) were identified to build the
predictive risk model (Figure 3B). The formula
was now obtained to calculate risk scores for
each SKCM individuals, risk score = (0.3114 x
CAPNS1 expression) + (-0.4284 x DAPK2
expression) + (0.3961 x PARP1) + (-0.3357 x
PTK6 expression). To establish a quantitative
visualization model for SKCM prognosis pre-
dicting, 4 prognostic DEARGs were combined
to build a nomogram in Figure 3C.

Verification of the risk model in TCGA indepen-
dent cohort and external cohort

The data of 209 SKCM patients from the GSE-
65904 dataset was an external cohort that
was used as the test cohort. We calculated the
risk scores for all patients in the training and
validation cohorts. According to the training
cohort, the median risk score was 1.019. Pa-
tients whose risk scores were higher than or
less than 1.019 were assigned to the high-risk
or low-risk group, respectively. Kaplan-Meier
plotter was used to compare the survival out-
comes between different risk groups. In the

Am J Cancer Res 2021;11(12):5979-5991
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Figure 2. Functional enrichment analyses of 26 DEARGs. A. Bubble plot of significant GO terms. B. Circle plot of
KEGG analyses revealed significant pathways that DEARGs are involved in.

training group and test group, compared to the
low-risk group, the survival rate of the high-risk
group was significantly lower (Figure 4A, 4C).
The ROC curve provided AUC values of all clini-
cal indicators including risk score, to appraise
the predictive accuracy of the risk score model.
In the training cohort and test cohort, the AUC
values for the risk score were 0.788 and 0.627,
respectively (Figure 4B, 4D). The accuracy of
the risk score to evaluate prognosis was better
than other clinical indicators. Figure 4E-G dis-
played the relationship among risk scores, cor-
responding survival status of patients, and 4
risk genes’ expression patterns in the TCGA
cohort. Consistent with the training cohort, the
mortality of SKCM patients increased as the
risk scores increased in the test group (Figure
4H, 41). We also provided a heatmap to show
the expression of 4 risk genes in the GSE65-
904 validation set (Figure 4J).

Associations of prognostic model and DEARGs
with clinicopathological features

Since the TCGA cohort contains relatively com-
plete clinical information of SKCM patients, we
evaluated the clinical utility of the prognostic
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risk model by analyzing the correlation bet-
ween the risk model and DEARGs with clinical
parameters. Risk scores were higher in patho-
logical stage II-IV than in pathological stage O-
| (P = 0.002) (Figure 5A), and higher in T clas-
sification T3-4 than in TO-2 (P = 2.736e-04)
(Figure 5B). Because only 11 patients were
classified into M1 classification and the M
classification of most of the patients were
MO, the correlation between risk scores and
M classification still needs to explore in the
future (Figure 5C). The risk score was irrelevant
to the N classification of patients (P = 0.363)
(Figure 5D), although patients classified into
the N1-3 classification patients seemed to
have a higher risk score than patients classi-
fied into the NO classification. The association
between DEARGs that formed the risk score
model and clinical characteristics of SKCM
patients was also displayed in Figure 5.

In Table 3, univariate Cox regression revealed
that the age, risk score, T/N classification and
pathological stage were strongly correlated
with survival, whereas, in the multivariate Cox
analysis, only risk score and T/N classification
were strongly linked to survival. All results

Am J Cancer Res 2021;11(12):5979-5991
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Figure 3. Identify prognostic DEARGs and build a prognostic model based on

the TCGA cohort with 458 SKCM patients as the training cohort. A. Forest

plots visualized the 8 prognostic DEARGs identified by univariate Cox analy-
sis in the TCGA training cohort. B. Screening of the optimal DEARGs used for

the final establishment of the prognostic risk model
regression analysis. C. The prognostic nomogram for
of SKCM patients’ survival.

proved that the autophagy-related risk score
model is an independent indicator for the sur-
vival prediction of SKCM patients.

Validation of the 4 risk DEARGs included in the
risk score model

Kaplan-Meier analysis was used to detect the
correlation between the expression of 4 risk
DEARGs (CAPNS1, DAPK2, PARP1 and PTK6)
which formed the risk model and OS of SKCM
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Autophagy is a conserved and
dynamic self-degradative that
is important for cellular home-
ostasis maintain [20]. A lot of
studies had confirmed that
the process of autophagy was
important in SKCM [21-23]. Multiple pharma-
ceutical drugs targeting autophagy for cancer
treatment had been applied in the clinics [24,
25]. In this paper, we build an autophagy-relat-
ed risk model for prognosis monitoring for
SKCM patients.

using multivariate Cox
quantitative prediction

The autophagy-related risk model is comprised
of 4 genes, including CAPNS1, DAPK2, PARP1
and PTK6. The risk score model is significantly
related to clinicopathological features of SKCM

Am J Cancer Res 2021;11(12):5979-5991
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Figure 4. Validation of the prognostic risk model in TCGA and GEO independent cohort respectively. A, C. Kaplan-
Meier curve of the high-risk and low-risk SKCM patients in the TCGA cohort and GEO cohort. B, D. Survival-depen-
dent ROC curves of risk score and other clinical indicators in the TCGA cohort and GEO cohort. E, F, H, I. risk scores
distribution and corresponding survival status of SKCM patients in the TCGA cohort and GEO cohort. G, J. The
heatmap of 4 risk genes composed of the risk model in the TCGA cohort and GEO cohort.
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Figure 5. Exploration of clinical correlations between the risk score, 4 risk genes and clinicopathological param-
eters. A. Pathological stage. B. T classification. C. M classification. D. N classification.

patients. The expression of CAPNS1 and PA-
RP1 are significantly correlated with clinico-
pathological features (especially pathological
stage and T classification) of SKCM patients.
Several assessment methods in two indepen-
dent cohorts confirmed that the prognostic sig-
nature is an independent indicator for survival
predicting and monitoring in SKCM patients.
Individual assessment of the prognostic value
of 4 genes in SKCM further proved that as
DEARGS, the expression trends of these genes
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in 2 GEO databases are consistent with subse-
quent verification experiments, and their ex-
pression are all correlated with the survival of
SKCM patients. Our results confirmed that the
risk model built by CAPNS1, DAPK2, PARP1
and PTK6 for prognosis evaluating of SKCM
patients is clinically applicable.

CAPNS1 gene also known as CAPN4, encoded
the small subunit of the calpain proteases,
Enwen et al. proved that CAPNS1 can promote

Am J Cancer Res 2021;11(12):5979-5991
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Table 3. Univariate and multivariate cox regression analyses of risk score and clinicopathologic fea-

tures in the TCGA group SKCM patients

Univariate analysis

Multivariate analysis

Variables
HR (95% Cl) P-Value HR (95% Cl) P-Value
RiskScore 1.852 (1.505-2.279) 5.64E-09 1.792 (1.437-2.235) 2.19E-07
Age 1.020 (1.009-1.031) 0.0003 1.010 (0.999-1.021) 0.0863
Gender 1.040 (0.746-1.450) 0.8161 1.016 (0.725-1.424) 0.9253
Pathological Stage 1.402 (1.173-1.676) 0.0002 0.772 (0.562-1.061) 0.1105
T classification 1.386 (1.204-1.597) 5.70E-06 1.384 (1.172-1.633) 0.0001
M classification 1.737 (0.709-4.252) 0.2269 2.046 (0.765-5.475) 0.1540
N classification 1.436 (1.229-1.678) 5.29E-09 1.763 (1.387-2.239) 3.46E-06
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Figure 6. Evaluation of the prognostic value of the 4 risk genes (CAPNS1, DAPK2, PARP1 and PTK6) that formed the
prognostic risk signature. A. Kaplan-Meier analysis of 4 risk genes. B. The mRNA expression levels of 4 risk genes

in normal skin and SKCM tissues.

an epithelial-mesenchymal transition to pro-
mote SKCM metastasis [26]. Qiao et al. report-
ed that increased mRNA expression of DAPK2
correlated with longer survival in SKCM pati-
ents [27]. The nuclear protein PARP1 has been
reported can promote invasion and metastasis
of distal organs in SKCM cells [28]. We found
that researches about the 4 potential prognos-
tic markers and therapeutic targets are still
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limited now, more work needs to do in the
future.

Functional annotation exhibited that 26 DE-
ARGs that we filtered out were mainly involved
in various cancers, such as bladder cancer,
pancreatic cancer and non-small cell lung can-
cer. It is generally acknowledged that autopha-
gy had different effects in different stages of
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Figure 7. Evaluation of the prognostic value of the 4 risk genes (CAPNS1, DAPK2, PARP1 and PTK6) at the protein
level. A. Immunohistochemistry staining of the 4 risk genes in SKCM and normal tissues. The antibody of CAPNS1,
PARP1, PTK6 protein is HPAOO6872, HPA045168 and HPAO36071. Immunohistochemistry staining result of DAPK2
is the absence in The Human Protein Atlas database. B. GSEA analysis of 4 risk genes in SKCM.

cancer [29]. Autophagy can promote invasion
of cancers in the late stage of the tumor. This
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suggests that it may be an effective interven-
tional strategy for oncotherapy by autophagy
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regulation [30]. Many researchers deemed that
the development of more potent and specific
autophagy inhibitors for cancer treatment is
necessary and promising [31].

Our study established a risk model for sur-
vival predicting and prognosis monitoring, we
proved it is accurate and reliable with internal
validation and external validation in 2 indepen-
dent cohorts.

Conclusions

Taken together, our work constructed a prog-
nostic risk model with four DEARGS, the model
is accurate, and convenient for prognosis moni-
toring of SKCM patients. It might also benefit
for rapid diagnosis, targeted treatment and
effective therapeutic intervention.
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