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Background: This study aimed to investigate the relationship between Rho GTPase activating protein 9 
(ARHGAP9) combined with preoperative ratio of platelet distribution width to platelet count (PDW/PLT) 
and patients prognosis with serous ovarian cancer.
Methods: The clinical data of 80 patients with serous ovarian cancer treated in Jiangsu Cancer Hospital 
from May 2011 to May 2016 were analyzed retrospectively. We verified ARHGAP9 expression in The Cancer 
Genome Atlas (TCGA) database, then detected messenger RNA (mRNA) expression encoding ARHGAP9 in 
ovarian cancer tissue samples using reverse transcription quantitative polymerase chain reaction (RT-qPCR). 
These patients were divided into an ARHGAP9 low-expression group and an ARHGAP9 high-expression 
group. The optimal critical value of PDW/PLT was determined by receiver operating characteristic (ROC) 
curve. The patients were divided into low PDW/PLT group and high PDW/PLT group. Kaplan-Meier 
method and log-rank test were used for univariate survival analysis, Cox regression method was used for 
multivariate analysis, and then a nomogram was constructed for internal verification.
Results: The ARHGAP9 protein was highly expressed both in TCGA serous ovarian cancer database and the 
serous ovarian cancer tumor tissues. There were significant differences in menstrual status, the International 
Federation of Gynecology and Obstetrics (FIGO) stage and grade between the ARHGAP9 low expression 
group and ARHGAP9 high expression group (all P<0.05). There were significant differences in FIGO stage, 
lymph node metastasis, and ascites between the low PDW/PLT group and high PDW/PLT group (all 
P<0.05). Finally, 80 patients were included, with a mortality rate of 45.0% and a survival rate of 55.0%; the 
median progression-free survival (PFS) was 19 months, and the median overall survival (OS) was 62.5 months. 
Cox multivariate analysis showed that PDW/PLT and ARHGAP9 were independent risk factors for tumor 
progression (P=0.026 and P=0.028, respectively). In the internal validation, the C-index of the nomogram was 
0.6518 [95% confidence interval (CI): 0.5685 to 0.7352], and the prediction model had certain accuracy.
Conclusions: ARHGAP9 and PDW/PLT Decrease can significantly prolong OS and PFS in serous 
ovarian cancer patients. Therefore, ARHGAP9 can be used as a new predictive biomarker and may be related 
to the immune infiltration of serous ovarian cancer.
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Introduction

Ovarian cancer ranks fifth in female cancer deaths in the 
world. Its mortality is higher than that of other reproductive 
system tumors, ranking first among gynecological malignant 
tumors. It is reported that there are about 20,000 new cases 
of ovarian cancer in the world every year (1). The onset of 
ovarian cancer is hidden, and there is a lack of typical early 
clinical symptoms and effective early diagnosis methods; 
as a result, the majority of ovarian cancer patients have 
reached the advanced stage at their time of diagnosis, 
and 60–70% are stage II–IV (2,3). However, the overall 
prognosis of patients with early diagnosis is good, and 
their 5-year survival rate is more than 90% (4). Therefore, 
early diagnosis of ovarian cancer or timely screening of 
patients with adverse prognostic characteristics is of great 
significance.

Prognostic factors of ovarian cancer include age, the 
International Federation of Gynecology and Obstetrics 
(FIGO) stage, pathological type, tumor grade, and tumor 
residue after initial operation (5). Gene detection of ovarian 
cancer is also a method to predict prognosis, including the 
detection of BRCA1, BRCA2, CYP1B1, ARID1A, and p53 (6). 
Although many studies have provided schemes to predict 
the prognosis of patients with ovarian cancer, the final 
survival rate has not been further improved (7). Therefore, 
it is particularly important to find more simple and effective 
biomarkers to predict the prognosis of patients with ovarian 
cancer.

The Rho family of GTPase is a small signal G protein 
family, which mainly plays the role of molecular switch, 
participates in the regulation of various downstream signal 
pathways by producing active and inactive GDP binding 
proteins, and finally participates in various biological events 
of tumors (8-10). The Rho GTPase activating protein 9 
(ARHGAP9) belongs to the Rho GAPase family and is 
also named RhoGAP9 (11). At present, some studies have 
reported that the expression of ARHGAP9 is related to 
the prognosis of various tumors, such as breast cancer (12), 
gastric cancer (13), bladder cancer (14), hepatocellular 
carcinoma (15,16), and head and neck squamous cell 
carcinoma (17). Sun et al. reported for the first time 
that ginsenoside Rg3 can effectively inhibit the invasion 
and migration of hepatocellular carcinoma cells by up-
regulating the expression of ARHGAP9 protein (16). Based 
on pathological types, ovarian cancer can be divided into 
mucinous carcinoma, endometrioid carcinoma, and serous 
carcinoma, with serous carcinoma accounting for the 

majority. However, so far, there has been no relevant study 
reporting the relationship between ARHGAP9 and the 
prognosis of patients with serous ovarian cancer.

Recent clinical and experimental evidence supports 
multiple roles of platelets in the progression of malignant 
tumors. Platelets are a key factor in tumor growth, metastasis, 
and cancer-related thrombosis (18), including endometrial 
cancer, gastric cancer, and pancreatic cancer (19). Current 
studies have found that platelet-related markers, such as 
platelet to lymphocyte ratio, are more significant prognostic 
factors in patients with bladder cancer (20,21). Larger 
platelets store more particles and receptors and stick faster 
than smaller platelets. Platelet size can more accurately 
express platelet activity than count (22). The ratio of platelet 
distribution width to platelet count (PDW/PLT) is a 
common indicator of platelet size and a surrogate indicator of 
platelet activation (23,24).

In our preliminary studies, we performed genetic 
analysis using gene set enrichment analysis (GSEA) 
and found that the most significant pathway was the 
ACTIVATION pathway, so this was the key reason for us 
to study ARHGAP9 in combination with PDW/PLT. This 
study combined ARHGAP9 and PDW/PLT to evaluate 
the prognosis of serous ovarian cancer from different 
perspectives and provided more practical clinical reference 
for the early diagnosis of serous ovarian cancer or timely 
screening of patients with adverse prognostic characteristics. 
We present the following article in accordance with the 
REMARK reporting checklist (available at https://dx.doi.
org/10.21037/tcr-21-1946).

Methods

Clinical data

The clinical data of patients with serous ovarian cancer 
treated in Jiangsu Cancer Hospital from May 2011 to May 
2016 were enrolled. The inclusion criteria were as follows: 
patients (I) diagnosed with ovarian cancer for the first time 
who underwent surgery; (II) with clinical stage I–III (refer 
to FIGO stage in 2009); (III) with serous ovarian cancer 
confirmed by postoperative pathology; (IV) with complete 
clinical data and follow-up data; (V) who did not receive 
other antitumor treatment before admission; and (VI) with 
good compliance. The exclusion criteria were as follows: (I) 
patients receiving preoperative radiotherapy, chemotherapy, 
and hormone therapy; (I) patients with other serious 
diseases, such as severe hypertension; (III) patients with 
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some acute diseases, such as infection; and (IV) those who 
refused follow-up. Finally, 80 patients were included in this 
study. The age range was 34 to 76 years, and the average 
age was 50.2±6.1 years.

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). The study was approved 
by Jiangsu Cancer Hospital (No. 201048161). Individual 
consent for this retrospective analysis was waived.

Reverse transcription quantitative polymerase chain 
reaction (RT-qPCR) method for detection of messenger 
RNA (mRNA) encoding ARHGAP9

During the operation, the tumor tissues and adjacent tissues 
were obtained and frozen in a liquid nitrogen tank. The 
fallopian tube tissues (normal by microscopic examination) 
were taken as the tumor-adjacent samples. The tumor tissue 
and adjacent normal tissue samples were taken to a total of 
100 mg, respectively, ground into powder by liquid nitrogen 
grinding method, and mixed with 1 mL Trizol lysate to 
extract total RNA according to the steps in the manual. The 
primers were: 5'-CAGAGCAGTGCCTCTCTC-3' (18 bp,  
58 ℃); 5'-CTGCTGGGTCAGATGTCTC-3' (19 bp,  
58 ℃). Glyceraldehyde 3-phosphate dehydrogenase 
(GAPDH) were 5'-CATGTTCGTCATGGGTGTGA-3' 
(20 bp, 60 ℃); 5'-ATGGCATGGACTGTGGTCAT-3' 
(20 bp, 60 ℃) (14). The complementary DNA (cDNA) 
was obtained by reverse transcription of RNA with reverse 
transcription kit, and the real-time fluorescence RT-qPCR 
was performed on the fluorescence qPCR instrument. 
Finally, the relative expression of the mRNA of the 
target molecule was calculated by 2−ΔΔCt method. Based 
on the median expression, the patients were divided into 
ARHGAP9 high- and low-expression groups.

Grouping of PDW/PLT high and low groups

The last preoperative blood routine examination was 
collected by the medical record management system of 
our hospital, PDW and PLT in the blood routine were 
recorded, and then the PDW/PLT ratio was calculated. 
The receiver operating characteristic (ROC) curve of the 
relationship between PDW/PLT and postoperative tumor 
progression was established, and the optimal cut-off value 
was calculated as 0.0845. Then, the patients were divided 
into PDW/PLT high and low groups based on the optimal 

cut-off value.

Follow-up

The follow-up methods included outpatient reexamination, 
readmission medical records, and telephone follow-up. The 
patients were followed up every 3 months in the first 2 years 
and every 6 months after the third year. The end point of 
follow-up was death or follow-up deadline. The deadline for 
follow-up was May 2021. The survival time was calculated 
from the start of the follow-up to the end of follow-up or 
the date of death.

Statistical analysis

The data were processed using the software SPSS 21.0 (IBM 
Corp., Armonk, NY, USA). The cut-off value of PDW/
PLT was calculated by ROC curve. The clinicopathological 
status of the two groups were compared and analyzed using 
χ2 test. Kaplan-Meier method was used to evaluate the 
survival of patients, and log-rank statistical method was used 
to test the significance. Next, the Cox proportional hazards 
regression model was used to identify the independent 
prognostic factors that are significant for the prognosis 
of colorectal cancer patients, and then the nomogram 
was drawn with R language (https://www.r-project.org/, 
Appendix 1) to construct the prediction model. The 
difference was considered statistically significant when 
P<0.05. Finally, GSEA was used to explore the possible 
cellular mechanism of ARHGAP9. Ascites was defined as 
the volume of abdominal fluid ≥200 mL.

Results

Expression of ARHGAP9 in The Cancer Genome Atlas 
(TCGA) database

In TCGA database, 427 serous ovarian cancer tumor tissues 
and 88 normal ovarian tissues were selected as non-paired 
comparison samples. It was found that the expression of 
ARHGAP9 in tumor tissues was higher than that in normal 
tissues (Figure 1).

Expression of ARHGAP9 in cancer genome atlas

In TCGA, it was found that among 614 serous ovarian 
cancer tissues, 260 were low expression and 354 were high 
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expression, and the prognosis of low expression group 
was significantly better than that of high expression group 
(P<0.05) (Figure 2).

mRNA expression of ARHGAP9 in ovarian cancer tissues

The tumor tissues of the patient were obtained, and the 
adjacent fallopian tube (normal by microscopy examination) 
tissues were taken as the control. The RT-qPCR method 
was used to detect the mRNA encoding ARHGAP9. It was 

found that ARHGAP9 was highly expressed in the cancer 
tissues (Figure 3).

Correlation between PDW/PLT and tumor progression

The ROC curve of the correlation between preoperative 
PDW/PLT and tumor progression in 80 patients with 
serous ovarian cancer is shown in Figure 4. The optimal cut-
off value of PDW/PLT was 0.0845 [area under the curve 
(AUC) =0.789, P=0.000].
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Figure 1  Expression of ARHGAP9 in TCGA database. 
ARHGAP9, Rho GTPase activating protein 9; TCGA, The 
Cancer Genome Atlas; TPM, transcripts per million.

Figure 3 mRNA expression of ARHGAP9 in serous ovarian 
cancer tissues. mRNA, messenger RNA; ARHGAP9, Rho GTPase 
activating protein 9.

Figure 2 Expression of ARHGAP9 in TCGA. ARHGAP9, Rho 
GTPase activating protein 9; TCGA, The Cancer Genome Atlas; 
HR, hazard ratio.

Figure 4 Correlation between PDW/PLT and tumor progression. 
PDW/PLT, platelet distribution width to platelet count; ROC, 
receiver operating characteristic.
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Comparison of overall survival (OS) and progression-free 
survival (PFS) between the two groups

Finally, 80 patients were included in the study, among 
whom 36 participants died, the mortality rate was 45.0%; 
a total of 44 participants survived, the survival rate was 
55.0%; the median PFS was 19 months and the median 
OS was 62.5 months. The OS and PFS of the ARHGAP9 
low expression group and low PDW/PLT group were 
significantly better than those of the ARHGAP9 high 
expression group and high PDW/PLT group (all P<0.05) 
(Figures 5,6).

Relationship between ARHGAP9, PDW/PLT, and 
clinicopathological data

It was found that ARHGAP9 is highly expressed in 
TCGA serous ovarian cancer database and the serous 
ovarian cancer tumor tissues. There were significant 
differences in menstrual status, FIGO stage, and grade 
between the ARHGAP9 low- and high-expression groups 
(all P<0.05). There were significant differences in FIGO 
stage, lymph node metastasis, and ascites between low 
PDW/PLT and high PDW/PLT groups (all P<0.05) 
(Table 1).
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Figure 5 OS and PFS of ARHGAP9 high and low expression groups. OS, overall survival; PFS, progression-free survival; ARHGAP9, Rho 
GTPase activating protein 9.
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Results of univariate analysis

Univariate analysis showed that PDW/PLT and ARHGAP9 
were the factors affecting OS (both P<0.05) (Table 2).

Results of multivariate analysis

Cox multivariate analysis showed that PDW/PLT and 
ARHGAP9 were independent risk factors affecting tumor 
progression (P=0.026, P=0.028) (Table 3).

Nomogram drawing by R language and prediction model 
construction

In internal validation, the C-index of nomogram was 0.6518 
[95% confidence interval (CI): 0.5685 to 0.7352], and the 
prediction model had certain accuracy (Figure 7).

Correlation between ARHGAP9 and homologous 
recombination repair deficiency-related genes

We also found that ARHGAP9 had a good correlation with 
homologous recombination repair deficiency related genes 
(ATM, BRCA2, MRE11A, RAD51D) (P<0.05) (Figure 8).

Correlation between ARHGAP9 and tumor immune 
infiltration

The correlation between ARHGAP9 and tumor immune 
infiltration was discussed by using the relevant modules of 
Cell-type Identification by Estimating Relative Subsets of 
RNA Transcripts (CIBERSORT) and Gene Expression 
Profiling Interactive Analysis (GEPIA). The data analysis 
of CIBERPORT and GEPIA showed that ARHGAP9 was 
correlated with 24 immune cells such as T cells, interstitial 

Table 1 Relationship between ARHGAP9, PDW/PLT and clinical data

Variables
Total  

(n=80)

ARHGAP9 PDW/PLT

Low expression 
(n=46)

High expression 
(n=34)

P value
≤0.0845 
(n=43)

>0.0845 
(n=37)

P value

Age (years) 0.026 0.672

≤50 70 37 33 37 33

>50 10 9 1 6 4

Menstrual state 0.000* 0.052

Menopausal 34 10 24 14 20

Premenopausal 46 36 10 29 17

FIGO stage 0.009* 0.006*

I–II 37 27 10 26 11

III 43 19 24 17 26

Lymph node metastasis or not 0.384 0.008*

Yes 11 5 6 10 1

No 69 41 28 33 36

Grade 0.001* 0.271

Low level 10 1 9 7 3

High level 70 45 25 36 34

Ascites or not 0.384 0.008*

Yes 11 5 6 10 1

No 69 41 28 33 36

*, P<0.05, the difference is statistically significant. ARHGAP9, Rho GTPase activating protein 9; PDW/PLT, platelet distribution width to 
platelet count; FIGO, International Federation of Gynecology and Obstetrics.
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dendritic cells (iDC), T helper (Th)1 cells, and regulatory 
T cells (Treg) (Figure 9), in which Treg was one of the main 
immune cells affected by ARHGAP9 expression (Figure 10).

GSEA results

Based on the GSEA analysis results, eight statistically 
significant possible related pathways were obtained, 
including: (I) platelet activation; (II) immune cells and 
microRNAs in tumor microenvironment; (III) DNA repair; 

(IV) involved in megakaryocyte differentiation and platelet 
function; (V) cancer immunotherapy by PD-1 blockade; (VI) 
DNA double strand break repair; (VII) Wnt; (VIII) T cell 
signal transduction (Figure 11).

Discussion

Ovarian cancer is a malignant tumor of the female 
reproductive system, and its incidence is only secondary 
to that of cervical cancer and endometrial cancer (25). Its 

Table 2 Univariate analysis of clinical factors on OS

Variables HR 95% CI P value

Age (years) 0.144

≤50 1 0.696 to 12.090

>50 2.901

Menstrual state 0.015

Menopausal 2.283 1.172 to 4.447

Premenopausal 1

FIGO stage 0.238

I–II 1 0.764 to 2.964

III 1.505

Lymph node metastasis or not 0.587

Yes 1.276 0.529 to 3.075

No 1

Grade 0.103

Low level 26.368 0.515 to 1,350.061

High level 1

Ascites or not 0.587

Yes 1.276 0.529 to 3.075

No 1

PDW/PLT 0.007*

≤0.0845 1 1.293 to 5.073

>0.0845 2.562

ARHGAP9 0.007*

Low expression 1 1.287 to 4.924

High expression 2.517

*, P<0.05, the difference is statistically significant. OS, overall survival; HR, hazard ratio; CI, confidence interval; FIGO, International 
Federation of Gynecology and Obstetrics; PDW/PLT, platelet distribution width to platelet count; ARHGAP9, Rho GTPase activating 
protein 9.
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recurrence rate is very high. Serous ovarian cancer is one 
of the most common pathological types. Therefore, for 
the early diagnosis of serous ovarian cancer, it is of great 
positive significance to promptly screen patients with 
adverse prognostic characteristics or develop targeted drugs 
with therapeutic significance. In our study, we showed that 
ARHGAP9 and preoperative PDW/PLT are related to the 
prognosis of patients with ovarian cancer, and the reduction 
of ARHGAP9 and PDW/PLT can significantly prolong the 
OS and PFS of such patients. At the same time, ARHGAP9 
may also be related to the immune infiltration of ovarian 
cancer.

The tumor microenvironment is a pathological 
environment composed of tumor cells, stromal cells, 
cytokines, and immune cells, playing an important role in 
the occurrence and progression of ovarian cancer; many 
studies have confirmed that immune and inflammatory 
responses may be the key factors in the progression 
of ovarian cancer (26). A member of RhoGAP family, 
ARHGAP9, is composed of amino terminal SH3 domain, 
WW domain, pleckstrin homology domain, and carboxyl 
terminal RhoGAP domain (11). It can inactivate Rho 
GTPases and inhibit a variety of cellular processes, such 
as gene transcription, cell proliferation, cell migration, 

Table 3 Multivariate analysis of clinical factors on OS

Variables HR 95% CI P value

PDW/PLT 0.026*

≤0.0845 1 1.098 to 4.420

>0.0845 2.203

ARHGAP9 0.028*

Low expression 1 1.086 to 4.255

High expression 2.150

*, P<0.05, the difference is statistically significant. OS, overall survival; HR, hazard ratio; CI, confidence interval; PDW/PLT, platelet 
distribution width to platelet count; ARHGAP9, Rho GTPase activating protein 9.
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Figure 7 Nomogram prediction model. PDW/PLT, platelet distribution width to platelet count; ARHGAP9, Rho GTPase activating 
protein 9.
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and cell invasion, by promoting the hydrolysis of GTP-
bound Rho GTPases (27). At present, many studies have 
reported that ARHGAP9 is involved in various biological 
events of various tumors. Wang et al. (12) found that the 
decreased expression of ARHGAP9 could inhibit the 
proliferation, migration, and invasion of breast cancer. Sun 
et al. (13) found that ARHGAP9 small interfering RNA 
(siRNA) inhibits the proliferation of gastric cancer cells and 
epithelial-mesenchymal transition (EMT) by inactivating 
Akt and p38 signal transduction and inhibiting MMP2 and 
MMP9. However, so far, there has been no relevant study 
on the relationship between ARHGAP9 and the prognosis 
of patients with serous ovarian cancer.

Accumulating evidence shows that inflammation can 
play an important role in the occurrence and development 
of tumors by promoting tumor angiogenesis and tumor 
cell proliferation and inhibiting tumor cell apoptosis (28). 

Although there have been many recent studies on the 
clinical significance of activated platelets in cancer, the scope 
of available data is still limited by the type of malignant 
tumor and the clinical results studied. Platelets are rich 
in growth factors, such as transforming growth factor-β; 
these platelet-derived growth factors are usually produced 
in large quantities by cancer cells and contribute to their 
development (29). The PDW is a more specific marker of 
platelet activation because it does not increase due to platelet 
swelling (30), and it is also a method to measure platelet 
heterogeneity caused by megakaryocyte heterogeneity (31).  
It has been reported that higher PDW is associated with 
poor prognosis of ovarian cancer (32). In the tumor 
microenvironment, the tumor tissue produces chemokines, 
and the platelets in the blood enter the tumor tissue through 
the blood vessel wall under the action of chemokines. These 
infiltrated platelets are called tumor-associated platelets 

Log2 (ARHGAP9 TPM)

P value =8.2e-06
R=0.21

P value =0.029
R=0.11

P value =0.0079
R=0.13

P value =1.7e-07
R=0.25

Lo
g2

 (A
TM

 T
P

M
)

Lo
g2

 (R
A

D
51

D
 T

P
M

)

Lo
g2

 (M
R

E
11

A
 T

P
M

)

Lo
g2

 (B
R

C
A

2 
TP

M
)

Log2 (ARHGAP9 TPM)

Log2 (ARHGAP9 TPM)

Log2 (ARHGAP9 TPM)

0 1 2 3 4 5

0 1 2 3 4 5

0 1 2 3 4 5

0 1 2 3 4 5

5

4

3

2

1

0

5

4

3

2

1

0

5

4

3

2

1

0

3

2

1

0

A B

C D

Figure 8 Correlation between ARHGAP9 and homologous recombination repair deficiency related genes (ATM, BRCA2, MRE11A, 
RAD51D). ARHGAP9, Rho GTPase activating protein 9; TPM, transcripts per million.



4449Translational Cancer Research, Vol 10, No 10 October 2021

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(10):4440-4453 | https://dx.doi.org/10.21037/tcr-21-1946

P value

Correlation

0.0015
0.0010
0.0005
0.0000

T cells
iDC

Th1 cells
Cytotoxic cells

Neutrophils
Macrophages

Tem
Treg

NK CD56dim cells
DC

B cells
aDC

CD8 T cells
TFH

T helper cells
Eosinophils

Mast cells
Tcm
Tgd

Th17 cells
pDC

NK cells
NK CD56bright cells

Th2 cells

0.2
0.3
0.4
0.5
0.6
0.7

Correlation
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7

Figure 9 Correlation between ARHGAP9 and 24 immune cells. ARHGAP9, Rho GTPase activating protein 9.

Enrichment scores
0.0 0.2 0.4 0.6 0.8−0.2

P<0.001

P=0.081

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P<0.001

P=0.008

P<0.001

P<0.001

P<0.001

P=0.003

P<0.001

ARHGAP9
Low
High

Treg

Th2 cells

Th17 cells

Th1 cells

Tgd

FEH

Tem

Tcm

T helper cells

B cells

aDC

CD8 T cells

Cytotoxic cells

DC

Eosinophils

iDC

Macrophages

Mast cells

NK CD56bright cells

Neutrophils

NK CD56dim cells

NK cells

pDC

T cells

Figure 10 Correlation between ARHGAP9 high or low expression groups and 24 immune cells. ARHGAP9, Rho GTPase activating 
protein 9.



4450 Shen et al. Prognostic value of ARHGAP9 and PDW/PLT in ovarian cancer

© Translational Cancer Research. All rights reserved.   Transl Cancer Res 2021;10(10):4440-4453 | https://dx.doi.org/10.21037/tcr-21-1946

(TAP) (33). In recent years, studies have increasingly shown 
that TAP induced under tumor conditions plays a very 
important role in the occurrence and development of tumors 
(34,35). Therefore, taking the ratio of PDW to PLT as an 
indicator to evaluate the inflammatory state of patients has 
more relevant clinical significance.

This study combined ARHGAP9 and PDW/PLT 
to evaluate the prognosis of serous ovarian cancer 
from different angles. This topic is significant from the 
perspective of tumor microenvironment balance. In our 
study, we first described the expression of ARHGAP9 in 
serous ovarian cancer and TCGA and showed that it has 
the characteristics of cancer promoting genes. Moreover, 
we used RT-qPCR to detect the expression of the mRNA 
encoding ARHGAP9 in serous ovarian cancer tissues. It 
was found that ARHGAP9 was also highly expressed in 
our serous ovarian cancer tissues, which was consistent 
with the expression in the database. There were significant 
differences in menstrual status, FIGO stage and ascites 
between ARHGAP9 low expression group and ARHGAP9 
high expression group (all P<0.05). There were significant 
differences in FIGO stage, lymph node metastasis, and 
ascites between the low PDW/PLT group and high 
PDW/PLT group (all P<0.05). Finally, 80 patients were 
included in the study, among whom 36 participants died, 
the mortality rate was 45.0%; a total of 44 participants 

survived, the survival rate was 55.0%; the median PFS 
was 19 months, and the median OS was 62.5 months. At 
the end of follow-up, it was found that OS and PFS in the 
ARHGAP9 low expression group and low PDW/PLT 
group were significantly better than those in ARHGAP9 
high expression group and high PDW/PLT group (all 
P<0.05). Cox multivariate analysis also showed that PDW/
PLT and ARHGAP9 were independent risk factors for 
tumor progression (P=0.026 and P=0.028, respectively). 
This result also reflects the positive significance of our 
research on selecting such a joint indicator. To provide a 
better reference for the clinical management of patients 
with serous ovarian cancer, we constructed a prediction 
model based on multivariate analysis. The C-index of 
the nomogram was 0.6518 (95% CI: 0.5685 to 0.7352), 
which also showed that the prediction model has certain 
accuracy. The recurrence rate of serous ovarian cancer 
is high, and platinum-containing chemotherapy is often 
the first choice after recurrence. However, not all patients 
can be assigned to the benefited group; therefore, the 
recommended targeted therapy is also in the optional 
range. The guidelines on targeted treatment of ovarian 
cancer recommend that patients with stage II-IV do not 
use bevacizumab for first-line treatment, and olaparib is 
recommended for maintenance treatment as long as patients 
with BRCA mutation exist, no matter complete remission 
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or partial remission (36,37); bevacizumab is used for first-
line treatment in patients with stage II–IV, and bevacizumab 
can be selected for maintenance treatment, regardless 
of complete remission or partial remission, and olaparib 
can be selected for patients with BRCA mutation (38,39). 
Since ovarian cancer patients are prone to homologous 
recombination repair deficiency, we further conducted 
relevant analysis and detection. We found that ARHGAP9 
has a good correlation with homologous recombination 
repair deficiency related genes (ATM, BRCA2, MRE11A, 
RAD51D). Therefore, from a certain point of view, we can 
speculate that patients with high expression of ARHGAP9 
and poor postoperative adjuvant chemotherapy effect may 
have deficiency in homologous recombination repair, such 
as BRCA2 mutation. Tumor-infiltrating lymphocytes are 
independent predictors of sentinel lymph node status and 
survival in cancer patients (40). Therefore, we tried to 
determine whether the expression of ARHGAP9 is related 
to the immune infiltration of ovarian cancer. Analysis of 
CIBERSORT and GEPIA data showed that ARHGAP9 
was correlated with 24 immune cells such as T cells, iDC, 
Th1 cells, and Treg, among which Treg was one of the 
main immune cells affected by ARHGAP9 expression. Treg 
is a kind of T cell subset that controls autoimmunity in vivo 
and is one of the important factors to maintain immune 
tolerance. At present, it has been reported that Treg cell 
population in peripheral blood of patients with ovarian 
cancer is related to long-term prognosis (41). Therefore, 
we can boldly speculate that the expression of ARHGAP9 
is related to the immune infiltration of ovarian cancer. 
Chen et al. (42) found that PD-1/PD-L1 signaling pathway 
has a certain regulatory effect on Treg in ovarian cancer. 
Therefore, from a certain point of view, it can be considered 
that for ovarian cancer patients with high expression of 
ARHGAP9, the use of PD-1/PD-L1 inhibitors such as 
pabolizumab and sintilimab may have certain therapeutic 
significance. Of course, these findings need to be verified by 
further clinical trials. Finally, we used GSEA to explore the 
possible cellular mechanism and obtained eight statistically 
significant possible related pathways, which were: (I) 
platelet activation; (II) immune cells and microRNAS in 
tumor microenvironment; (III) DNA repair; (IV) involved 
in megakaryocyte differentiation and platelet function; 
(V) cancer immunotherapy by PD-1 blockade; (VI) DNA 
double strand break repair; (VII) Wnt; (VIII) T cell signal 
transduction. It can be found that these possible pathways 
include platelet activation, DNA repair and damage, and 
are related to PD-1, which again demonstrates the clinical 

and scientific significance of ARHGAP9 molecule in serous 
ovarian cancer, which lays a certain foundation for later 
basic experiments.

Conclusions

Despite some limitations of this study, the data clearly 
show that the reduction of ARHGAP9 and PDW/PLT 
can significantly prolong OS and PFS in patients with 
serous ovarian cancer. Further multicenter, large sample, 
prospective studies are necessary to clarify the exact 
governing mechanism of ARHGAP9 and PDW/PLT in 
serous ovarian cancer.
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Supplementary

setwd("C:/Users/wjc24/Desktop/aa ")
# Loading the Installation Package
library(rms)
library(foreign)
library(survival)

# reading data
tcga<-read.table("clinical.txt",header=T,sep="\t")

# Convert data to factor format
tcga$ Grade<-factor(tcga$ Grade,labels=c("G3"," G1+G2")) 
tcga$ PDW_PLT <-factor(tcga$ PDW_PLT,labels=c(">0.0845","≤0.0845"))
tcga$ ARHGAP9<-factor(tcga$ ARHGAP9,labels=c("low "," high "))

# Pack your data
ddist <- datadist(tcga)
options(datadist='ddist')

# Construct the multivariate Cox regression model
cox <- cph(Surv(survival_time,status) ~ Grade + PDW_PLT + ARHGAP9,surv=T,x=T, y=T,data=tcga) 
surv <- Survival(cox)

surv <- Survival(cox)
sur_3_year<-function(x)surv(1*12*3,lp=x)#3年生存

sur_5_year<-function(x)surv(1*12*5,lp=x)#5年生存

nom_sur <- nomogram(cox,fun=list(sur_3_year,sur_5_year),lp= F,funlabel=c('3-Year Survival','5-Year survival'),maxscale=100,fun.at=
c('0.9','0.8','0.7','0.6','0.5','0.4','0.3','0.2','0.1'))

# Painting nomogram
pdf("nom.pdf",15,10)
plot(nom_sur,xfrac=0.25)
dev.off()

f1 <- coxph(formula = Surv(survival_time ,status) ~ Grade + PDW_PLT + ARHGAP9,
            data=tcga)
sum.surv<- summary(f1)
sum.surv
sum.surv$concordance
C_index <- sum.surv$concordance['C']
C_index
se <- sum.surv$concordance['se(C)']
se
Upper95 <- (C_index + 1.96*se )
Low95 <- (C_index - 1.96*se )
##95% CI C-index
cbind(  C_index, Low95, Upper95)
###############


