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Abstract

Background: RASSF1A promoter methylation is consistent with clinicopathological
data and has good accuracy in distinguishing tumors. However, the diagnostic
parameters vary among previous studies. A systematic review was conducted to
explore the diagnostic value of RASSF1A promoter methylation in prostate cancer.
Methods: A comprehensive search of the literature in the PubMed, Medline,
Cochrane Library, Embase and ISI Web of Science databases up to May 21, 2020 was
performed. STATA software version 12.0 and Meta-disc version 1.4 were used to
analyze the data.

Results: The pooled sensitivity was 0.64 (95% CI 0.61-0.66), the pooled specificity
was 0.80 (95% CI 0.77-0.83), the PLR was 3.82 (95% CI 1.96-7.44), and the NLR
was 0.29 (95% CI 0.16-0.52). Furthermore, the pooled DOR of RASSF1A promoter
methylation for prostate cancer was 13.08 (95% CI: 6.56-26.08). The area under the
summary ROC curve was 0.87 (95% CI: 0.84-0.90). The results of the
meta-regression suggested that heterogeneity was mainly derived from publication
year. Fagan’s nomogram showed that the predictive accuracy was increased
significantly by detecting RASSF1A promoter methylation for diagnosing prostate
cancer.

Conclusion: This meta-analysis suggests that detection of the RASSF1A promoter
methylation status can be used for the diagnosis of PCa. In the future, further analyses
and studies of larger sample sizes in large centers are needed to confirm our
conclusion.

Abbreviations: PSA=prostate-specific antigen, DRE=digital rectal examination,
TN=true negative, TP=true positive, FN=false negative, FP=false positive,
NLR=negative likelihood ratio, PLR=positive likelihood ratio, DOR=diagnostic odds
ratio, SROC=summary receiver operating characteristic, AUC=area under the SROC
curve, Cl=confidence interval, QUADAS-2=Quality Assessment Of Diagnostic
Accuracy Studies tool-2, P=P-value of overall effect.
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1. Introduction

Prostate cancer (PCa) is one of the most common malignant tumors of the male
urinary system. An estimated 33,330 men are expected to die of the disease in the
USA in 2020, and mortality due to PCa accounts for 10% of all cancer deaths.l'! The
clinical use of serum PSA and DRE for the early screening and disease progression
monitoring of PCa has improved the detection rate of PCa.[>3! However, PSA and
DRE have difficulty meeting clinical needs due to their poor sensitivity or
specificity.[*%] At present, the main problem in the clinical management of prostate
cancer is the lack of reliable biomarkers for the early detection and prognosis
monitoring of the disease.

The development and impact of epigenetics have been rapidly increasing in recent
years.[®] DNA methylation is one of the key phenomena of epigenetics and one of the
earliest gene modification methods discovered so far, generally occurring at the CpG
site.’ It plays an important role in the occurrence and growth of many human solid
tumors, including prostate cancer. 81 Hypermethylation of tumor suppressor genes
(TSGs) and inactivation of TSG expression are important markers of tumor
generation and growth, and the CpG island located in the promoter region of the
RASSF1A gene is the most prone to methylation. 1 A previous study found that
RASSF1A promoter methylation was consistent with the clinicopathological data and
had good accuracy in distinguishing tumors.[' However, the diagnostic parameters
vary among previous studies. Therefore, a systematic review was conducted to

explore the diagnostic value of RASSF1A promoter methylation in prostate cancer.

2. Methods

2.1. Search strategy
A meta-analysis was performed in accordance with the guidelines of the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA).I'I A

comprehensive search of the literature in the PubMed, Medline, Cochrane Library,
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Embase and IST Web of Science databases up to May 21, 2020 was performed. The
following search strategy was used: (“Ras association domain family 1”7 OR
“RASSF1A”) and (“Methylation” OR “Methylations” OR “Hypermethylation”) and
(“prostate cancer” OR “prostate carcinoma” OR “prostate neoplasm” OR “prostate

tumor”). Subsequently, eligible studies were included for further screening.

Study selection

The literature search and study selection were independently performed by two
researchers (Li and Wang). Any disagreements were resolved by group discussion
until a consensus was reached. Studies were included if they met the following study
inclusion criteria: (1) Assessment of the methylation of RASSF1A in the study of
patients who were diagnosed with prostate cancer; (2) a definite pathological
diagnosis of prostate cancer; (3) case-control studies containing at least two
comparison groups, with the control group involved patients with benign prostate
disease or healthy people; and (4) explicit mention of sensitivity, specificity and
critical values in the study. The exclusion criteria were as follows: (1) studies that
lacked a control group, only including the case group with a pathological diagnosis of
PCa; (2) reviews, comments, meta-analysis, case reports and articles with an
indefinite diagnostic threshold; (3) cell lines or animal experiments; and (4) duplicate

records.

Data extraction

The data were collected from the included studies, and the following items were
extracted: first author, publication year, country, number of samples, ages, detection
method for RASSF1A methylation, sample type, and TP, FP, FN, TN of RASSF1A

methylation in diagnosing prostate cancer.

Quality assessment

The quality of the included studies was evaluated in accordance with the Quality

Assessment of Diagnostic Accuracy Studies (QUADAS-2) tool in this meta-analysis.
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The two authors (Ye and Li) independently completed the quality evaluation.['?] All
authors had previously agreed to consider the final determinant of the literature. This
study did not require ethical approval or patient written informed consent because it

was a systematic review and meta-analysis.

Statistical analysis

RevMan 5.3 was used to perform the quality assessment, and Meta-disc version 1.4
(version 1.4; Ramon y Cajal Hospital, Madrid, Spain) and the statistical software
Stata version 12.0 (Stata Corp LP, College Station, TX, USA) were used to conduct
other analyses. The sensitivity, specificity, PLR , NLR , DOR and corresponding 95%
confidence intervals (ClIs) were calculated from the TP , FP , FN , and TN values,
which were extracted from each study before data pooling. We applied a bivariate
random effects modell'3 to summarize the sensitivity, specificity, PLR, and NLR, and
used a hierarchical regression model to summarize the summary receiver operating
characteristic (SROC) curve and the area under the ROC curve.l'¥] The Q statistic and
12 were used to assess the statistical heterogeneity across the eligible studies (P-values
< 0.05 and P-values > 50% indicated heterogeneity for the Q statistic). [1*] We
conducted meta-regression analyses on the basis of age, publication year, race,
detection method and sample type.['9] Deeks’ asymmetry test was used to evaluate
potential publication biases, ['7! and Fagan’s nomogram was used to evaluate the

pretest probability and posttest probability of the PLR and NLR.['8] A P-value < 0.05

was considered statistically significant, and all tests were two-tailed.

Results

Literature search

According to the retrieval strategy and inclusion criteria, a total of 206 references
were selected from the database; after 96 repeated studies were excluded, 110
references remained. After reading the literature titles and abstracts, 59 studies with

outcome observation indicators inconsistent with the purpose of this meta-analysis
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were excluded, and a total of 15 studies consisting of letters, reviews, comments,
meta-analyses and case reports were excluded. Additionally, 16 studies were excluded
because they were animal or cell line studies, had index details missing or were not
case-control studies. Finally, a total of 20 studies were included in the present

meta-analysis. The results of the selection process are shown in Fig 1.

Study characteristics

The features of the enrolled studies are listed in Table 1. Twenty studies were
published between 2002 and 2018 and included 1640 prostate cancer patients and 769
controls. Eight studies were conducted in Europe, [19-26] six studies were conducted in
Asia,?7321 and six studies were conducted in North America. 33381 The quality
assessment results of the included studies showed that the included studies had high

quality and could be used for meta-analysis. The results are shown in Fig 2.
Meta-analysis

The summary results for sensitivity, specificity, PLR and NLR are presented in Fig 3.
The pooled sensitivity was 0.64 (95% CI 0.61-0.66), the specificity was 0.80 (95% CI
0.77-0.83), the PLR was 3.82 (95% CI 1.96-7.44), and the NLR was 0.29 (95% CI
0.16-0.52). Furthermore, we noted that the pooled DOR of RASSFI1A promoter
methylation for prostate cancer was 13.08 (95% CI: 6.56-26.08) (Fig 4). Finally, the
area under the summary ROC curve was 0.87 (95% CI: 0.84-0.90) (Fig 5).

Heterogeneity analysis

The pooled DOR was 13.08, with significant heterogeneity (/7=84.0%, P<0.05), and
meta-regression was conducted based on age, publication year, race, detection method
and sample type. The results suggested that heterogeneity was mainly derived from

publication year (Fig 6) (Table 2).
Clinical diagnostic efficiency

The changes in the pretest probability and the posttest probability in the diagnosis of
prostate cancer with RASSF1A promoter methylation were evaluated by analysis of

Fagan's nomogram. The pretest probability of the PLR was 20%, and the posttest
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probability was 55%. The pretest probability of the NLR was 20%, and the posttest
probability decreased to 7% (Fig 7).

Publication bias

Deeks’ funnel plot asymmetry test was used to evaluate publication bias. The results
of the test showed no evidence of publication bias (P=0.73), and the funnel plots were

symmetrical (Fig 8).
Discussion

The American Cancer Society reports that the estimated number of new cases of
prostate cancer was 191,930, accounting for 21% of all cases in 2020. [1 With the
increase in life expectancy, the change in dietary structure and the continuous
improvement of diagnostic techniques in China, the incidence of PCa has increased
rapidly and become the leading threat to men's health. 3% PCa is usually
asymptomatic in the early stage, but fifty percent of men with prostate cancer die
within 30 to 35 months of diagnosis. The early screening of prostate cancer can aid in
the early diagnosis and treatment of the disease, ultimately benefitting patients.[0]

At present, the main clinical challenge for the diagnosis and treatment of prostate
cancer is the lack of reliable biomarkers for the early detection and prognosis
monitoring of PCa. [ Studies have shown that abnormal DNA methylation plays an
important role in the development of tumors, leading to the silencing and activation of
some tumor suppressor and protective genes. 21 Compared with the traditional
detection method, RASSF1A promoter methylation has shown better sensitivity and
specificity in the diagnosis of prostate cancer. [4]

The meta-analysis investigated the diagnostic value of RASSF1A methylation for
prostate cancer and included 20 studies involving a total of 2409 patients. The results
show that the pooled sensitivity and specificity were 0.64 and 0.80, with missed
diagnosis rates was 0.36 and 0.20, respectively. This result shows that the diagnostic
efficiency was high. In this study, the pooled PLR and NLR of RASSF1A methylation
for diagnosing prostate cancer were 3.82 and 0.29, respectively, and the results show

an acceptable detection rate. These results suggest that the overall accuracy of prostate
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cancer detection by RASSF1A promoter methylation is relatively good. Next, the
pooled diagnostic odds ratio was 13.08, suggesting that RASSF1A methylation has
outstanding discrimination ability for prostate cancer. Furthermore, the area under the
summary ROC curve was 0.87 (95% CI: 0.84-0.90), indicating high diagnostic value.

However, the results show high heterogeneity with an 2 value for the
heterogeneity test of DOR of 84.0%. Therefore, we used meta-regression analysis to
explore the possible sources of heterogeneity. The P-value of publication year was
0.01 (<0.05), and the remaining P-values were all >0.05. The results suggest that the
publication year of the research was the main source of heterogeneity. Deeks’ funnel
plot asymmetry test showed no evidence of publication bias (P=0.73).

Fagan’s nomogram showed that the predictive accuracy was increased
significantly by detecting RASSF1A promoter methylation for diagnosing prostate
cancer. RASSF1A promoter methylation is sensitive to the diagnosis of prostate
cancer. The pretest probability of the PLR increased from 20% to a posttest
probability of 55%. Furthermore, the absence of RASSFIA promoter methylation
reduced the possibility of prostate cancer diagnosis. The pretest probability of the
NLR decreased from 20% to a posttest probability of 7%. Dammann found
hypermethylation of the RASSF1A promoter in lung cancer for the first time, which
was positively correlated with a decrease in gene expression.[*4! Studies have shown
that RASSF1A promoter methylation is 99.15% sensitive to prostate cancer detection.
[45]

This study also has the following limitations: (1) This study only included
published literature, so a potential publication bias cannot be excluded. (2) The
language of the literature retrieved was limited to English, and relevant studies in
other languages may have been missed. (3) Some of the literature included a small
number of subjects and did not use blinding methods.

Based on the results of the current meta-analysis, we believe that the detection of
RASSF1A methylation can be used as an important method to screen benign and
malignant prostate diseases. RASSF1A methylation has broad application prospects in

PCa diagnosis, treatment and prevention.
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Conclusion

This meta-analysis suggests that detection of the methylation status detection of the
RASSF1A promoter can be used for the diagnosis of PCa. In the future, further
analyses and studies of larger samples in large centers are needed to confirm our

conclusion.
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Fig 1. Flow chart showing the study selection procedure.

Fig 2. Quality assessment of the included studies.

Fig 3. Forest plots for sensitivity, specificity, PLR and NLR. PLR=positive
likelihood ratio, NLR= negative likelihood ratio.

Fig 4. Forest plot for DOR. DOR = Diagnostic odds ratio.
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Fig 5. sROC curve of RASSF1A promoter methylation for the diagnosis of
prostate cancer in all studies. SROC= summary receiver operating characteristic.
Fig 6. Meta-regression analyses for DOR. DOR = Diagnostic odds ratio.

Fig 7. Fagan’s nomogram.

Fig 8. Publication bias.

References

[1] Siegel RL, Miller KD, Jemal A.Cancer statistics, 2020.CA Cancer J Clin.
2020;70(1):7-30.

[2] William J. Catalona.Prostate Cancer Screening.Med Clin North Am. 2018 r;
102(2): 199-214.

[3] Ping Tang, Hui Chen,Matthew Uhlman,et al. A nomogram based on age,
prostate-specific antigen level, prostate volume and digital rectal examination for
predicting risk of prostate cancer.Asian J Androl. 2013 ; 15(1): 129-133.

[4] Obort AS, Ajadi MB, Akinloye O. Prostate-specific antigen: any
successor in sight? [J]. Rev Urol, 2013, 15(3): 97-107.

[5] Leen Naji, Harkanwal Randhawa, Zahra Sohani,et al.Digital Rectal Examination
for Prostate Cancer Screening in Primary Care: A Systematic Review and
Meta-Analysis.Ann Fam Med. 2018 ; 16(2): 149-154.

[6] Mario L Suva , Nicolo Riggi, Bradley E Bernstein.Epigenetic Reprogramming in
Cancer.Science. 2013 ;339(6127):1567-70.

[7] Meaghan J Jones , Sarah J Goodman , Michael S Kobor .DNA Methylation and
Healthy Human Aging.Aging Cell. 2015;14(6):924-32.

[8] Charles E Massie , lan G Mills , Andy G Lynch .The Importance of DNA
Methylation in Prostate Cancer Development.J Steroid Biochem Mol Biol.
2017 ;166:1-15.

[9] Angelo Agathanggelou , Wendy N Cooper, Farida Latif.Role of the

Ras-association Domain Family 1 Tumor Suppressor Gene in Human

10


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.15.204024; this version posted July 15, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Cancers.Cancer Res. 2005;65(9):3497-508.

[10] Jincheng Pan , Junxing Chen, Bo Zhang, et al.Association Between RASSF1A
Promoter Methylation and Prostate Cancer: A Systematic Review and
Meta-Analysis.PLoS One. 2013;8(9):e75283.

[11] Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred
reporting items for systematic reviews and meta-analyses: The PRISMA
statement. PLoS Med 2009; 6: ¢1000097.

[12] Whiting PF, Weswood ME, Rutjes AW, Reitsma JB, Bossuyt PN, Kleijnen J.
Evaluation of QUADAS, a tool for the quality assessment of diagnostic accuracy
studies. BMC Med Res Methodol 2006; 6;9.

[13] DerSimonian R, Laird N. Meta-analysis in clinical trials. Control Clin Trials
1986; 7(3):177-188. PMID:3802833

[14] Walter SD.Properties of the summary receiver operating characteristic (SROC)
curve for diagnostic test data.Stat Med. 2002 ;21(9):1237-56.

[15] Jackson D, White IR, Riley RD. Quantifying the impact of between-study
heterogeneity in multivariate meta-analyses. Stat Med. 2012; 31(29): 3805-20.

[16] Altman DG, Bland JM. Interaction revisited: the difference between two
estimates. BMJ. 2003; 326:219.

[17] Deeks JJ, Macaskill P, Irwig L. The performance of tests of publication bias and
other sample size effects in systematic reviews of diagnostic test accuracy was
assessed. J Clin Epidemiol. 2005; 58:882.

[18] Akobeng AK.Understanding diagnostic tests 2: likelihood ratios, pre- and
post-test probabilities and their use in clinical practice.Acta Paediatr.
2007;96(4):487-91.

[19] Carmen Jerénimo , Rui Henrique, Mohammad O Hoque,et al.A Quantitative
Promoter Methylation Profile of Prostate Cancer.Clin Cancer Res.
2004;10(24):8472-8.

[20] A R Florl , C Steinhoff, M Miiller,et al.Coordinate Hypermethylation at Specific
Genes in Prostate Carcinoma Precedes LINE-1 Hypomethylation.Br J Cancer.

2004;91(5):985-94.
11


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.15.204024; this version posted July 15, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

[21]Patrick J Bastian , Jorg Ellinger, Axel Wellmann,et al.Diagnostic and Prognostic
Information in Prostate Cancer With the Help of a Small Set of Hypermethylated
Gene Loci. Clin Cancer Res. 2005 ;11(11):4097-106.

[22] Natasa Vasiljevi¢ , Keqiang Wu, Adam R Brentnall,et al. Absolute Quantitation
of DNA Methylation of 28 Candidate Genes in Prostate Cancer Using
Pyrosequencing.Dis Markers. 2011;30(4):151-61.

[23] Patrick J Bastian , Ganesh S Palapattu, Srinivasan Yegnasubramanian, et al.CpG
Island Hypermethylation Profile in the Serum of Men With Clinically Localized
and Hormone Refractory Metastatic Prostate Cancer.J Urol. 2008;179(2):529-34;
discussion 534-5.

[24] Morgan Rouprét , Vincent Hupertan, David R Yates, et al. Molecular Detection of
Localized Prostate Cancer Using Quantitative Methylation-Specific PCR on
Urinary Cells Obtained Following Prostate Massage.Clin Cancer Res.
2007 ;13(6):1720-5.

[25] Morgan Rouprét , Vincent Hupertan, James W F Catto, et al.Promoter
Hypermethylation in Circulating Blood Cells Identifies Prostate Cancer
Progression.Int J Cancer. 2008;122(4):952-6.

[26] Giorgia Gurioli , Samanta Salvi , Filippo Martignano ,et al. Methylation Pattern
Analysis in Prostate Cancer Tissue: Identification of Biomarkers Using an
MS-MLPA Approach.J Transl Med. 2016;14(1):249.

[27]Ken Kawamoto , Steven T Okino, Robert F Place,et al. Epigenetic Modifications
of RASSF1A Gene Through Chromatin Remodeling in Prostate Cancer.Clin
Cancer Res. 2007 ;13(9):2541-8.

[28] Nidda Syeed , A Syed Sameer, Arif Hamid, et al. Promoter Methylation Profile of
GSTP1 and RASSF1A in Benign Hyperplasia and Metastatic Prostate Cancer
Patients in a Kashmiri Population.Mol Med Rep. 2010;3(5):883-7.

[29] Gyeong Hoon Kang , Sun Lee, Hyeon Joo Lee,et al.Aberrant CpG Island
Hypermethylation of Multiple Genes in Prostate Cancer and Prostatic
Intraepithelial Neoplasia.J Pathol. 2004 ;202(2):233-40.

[30] N-Y Cho , B-H Kim, M Choi, et al. Hypermethylation of CpG Island Loci and
12


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.15.204024; this version posted July 15, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Hypomethylation of LINE-1 and Alu Repeats in Prostate Adenocarcinoma and
Their Relationship to Clinicopathological Features.J Pathol. 2007;211(3):269-77.

[31] Ahmed Yaqinuddin , Sohail A Qureshi, Shahid Pervez,et al.Frequent DNA
Hypermethylation at the RASSF1A and APC Gene Loci in Prostate Cancer
Patients of Pakistani Origin.ISRN Urol. 2013;2013:627249.

[32] Thi Thuong Lan Vo , Bich Thuan Ta , Van To Ta ,et al.Promoter Methylation
Profile of GSTP1 and RASSF1A in Prostate Cancerand Benign Hyperplasia in
Vietnamese Men.Turk J Med Sci. 2016;46(1):228-35.

[33] Srinivasan Yegnasubramanian , Jeanne Kowalski, Mark L Gonzalgo,et
al.Hypermethylation of CpG Islands in Primary and Metastatic Human Prostate
Cancer.Cancer Res. 2004;64(6):1975-86.

[34] Riichiroh Maruyama , Shinichi Toyooka, Kiyomi O Toyooka,et al.Aberrant
Promoter Methylation Profile of Prostate Cancers and Its Relationship to
Clinicopathological Features.Clin Cancer Res. 2002;8(2):514-9.

[35] Mohammad Obaidul Hoque , Ozlem Topaloglu, Shahnaz Begum,et
al.Quantitative Methylation-Specific Polymerase Chain Reaction Gene Patterns
in Urine Sediment Distinguish Prostate Cancer Patients From Control Subjects.J
Clin Oncol. 2005 ;23(27):6569-75.

[36] Rakesh Singal , Larry Ferdinand, Isildinha M Reis, et al.Methylation of Multiple
Genes in Prostate Cancer and the Relationship With Clinicopathological Features
of Disease.Oncol Rep. 2004 ;12(3):631-7.

[37] Karen Woodson , John Gillespie, Jeffrey Hanson, et al.Heterogeneous Gene
Methylation Patterns Among Pre-Invasive and Cancerous Lesions of the Prostate:
A Histopathologic Study of Whole Mount Prostate Specimens.Prostate.
2004;60(1):25-31.

[38] Beatriz E Sanchez , Adolfo Aguayo , Braulio Martinez ,et al.Using Genetic and
Epigenetic Markers to Improve Differential Diagnosis of Prostate Cancer and
Benign Prostatic Hyperplasia by Noninvasive Methods in Mexican Patients.Clin
Genitourin Cancer. 2018 ;16(4):e867-¢877.

[39] Su-Liang Li , Na An , Bing Liu,et al. Exosomes From LNCaP Cells Promote
13


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

bioRxiv preprint doi: https://doi.org/10.1101/2020.07.15.204024; this version posted July 15, 2020. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is
made available under aCC-BY 4.0 International license.

Osteoblast Activity Through miR-375 Transfer.Oncol Lett.
2019 ;17(5):4463-4473.

[40]Lima AR, Pinto J, Azevedo Alet al.ldentification of a biomarker panel for
improvement of prostate cancer diagnosis by volatile metabolic profiling of
urine.Br J Cancer. 2019;121(10):857-868.

[41] Szeliski K, Adamowicz J, Gastecka A,et al. Modern urology perspectives on
prostate cancer biomarkers.Cent European J Urol. 2018;71(4):420-426.

[42] Xie Q, Bai Q, Zou LY, et al. Genistein inhibits DNA methylation and increases
expression of tumor suppressor genes in human breast cancer cells.Genes
Chromosomes Cancer. 2014 ;53(5):422-31.

[43] Thi Thuong Lan Vo , Bich Thuan Ta , Van To Ta ,et al.Promoter Methylation
Profile of GSTP1 and RASSF1A in Prostate Cancerand Benign Hyperplasia in
Vietnamese Men.Turk J Med Sci. 2016 ;46(1):228-35.

[44] R Dammann , C Li, J H Yoon, P L Chin,et al.Epigenetic Inactivation of a RAS
Association Domain Family Protein From the Lung Tumour Suppressor Locus
3p21.3.Nat Genet. 2000 ;25(3):315-9.

[45] Carmen Jerénimo , Rui Henrique, Mohammad O Hoque,et al.A Quantitative
Promoter Methylation Profile of Prostate Cancer.Clin Cancer Res.

2004 ;10(24):8472-8.

14


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Identification

Screening

Eligibility

Inclusion

Figure1

Records identified through Additional articles identified
electronic database searching through other sources
(n=206) (n=0)

Articles reviewed for duplicates (n=096)

.

Articles after duplicates removed (n=110)

hd

Studies were excluded because they were:
(n=59) Observation indicators inconsistent
(n=9) Letters, reviews, comments

(n=6) Meta-analysis and case reports

Full-text reviewed to assessed
eligibility (n=36)

¥

Studies were excluded because they were:
(n=4) Animals or cell line studies

(n=5) Index details missing

(n=7) Not case-control studies

Studies included in meta-analysis(n=20)



https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Patient Selection

Index Test -

Reference Standard

Flow and Timing

[

1 1 I

L I 1 1
I

0% 25% 50% 75%  100% 0% 25% 50% 75%  100%
Risk of Bias Applicability Concerns
. High Unclear . Low

Figure2



https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Diagnostic OR (95% CI)

l : Jeronimo 836 (0.73-95.46)
—@— Kawamoto 12.60 (6.02 - 26.37)
- —11 Yegnasubramanian 1,027.29 (51.27 - 20,584.33)
L Maruyama 6.20 (2.21-17.40)
—— : Florl 3.15 (1.43-6.99)
@ ; Bastian 529 (1.45-19.33)
* : Syeed 280 (1.03-7.57)
— Vasiljevic 148.50 (25.45 - 866.36)
 —— Hoque 21.99 (8.95-53.99)
@ : Bastian 1.20 (0.06 - 23.68)
—®—1{| Roupret 41.11 (11.49 - 147.09)
. ——1{ Roupret 139.40 (15.14 - 1,283.80)
| { Kang 144.39 (8.10 - 2,574.39)
— Singal 415 (1.71-10.04)
: @ \Woodson 47.00 (2.54 - 869.67)
L Cho 21.22 (8.21-54.82)
11— | 5 Sanchez 1.35 (0.71-2.57)
| @1 Garioli 33.00 (9.53-114.29)
. ——1{ Yaqinuddin 337.86 (16.55-6,898.51)
— 11— | | Vo 1.28 (0.52-3.18)
é 5 : Random Effects Model
Pooled Diagnostic Odds Ratio = 13.08 (6.56 to 26.08)
Cochran-Q = 118.99; df = 19 (p = 0.0000)
0.01 1 100.0 Inconsistency (I-square) = 84.0 %
Diagnostic Odds Ratio Tau-squared = 1.8028

Figure4


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Sensitivity
o
n

SR%C with Prediction

&

& Confidence Conto

urs

O

¢ O

Ob=served Data

SUumma Df-erating Point
SENS = 0.73 [0.54 - 0.86]
SPEC = 0.85 [0.74 - 0.52]

SROC Curve
AUC =0.87 [0.84 - 0.90]

5% Confidence Contour

««- B5% Prediction Contour

0.0
1.0

Figure5

0.5
Specificity

0.0


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Univariable Meta-regression & Subgroup Analyses

** ear | T

de T I * i

method - : -

sample{ ¢ *

race - ; 1

0.15 0.87
Sensitivity(95% Cl)

*p<0.05, **p<0.01, *~*p<0.001

Figure6

+% year- ! *
age - - * 1
method : +
sample - : s
race - : + :
0 I‘IEI I

i 0.96
Specificity(95% Cl)
“p<0.05, **p<D.01, *~p=<0.001


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

017 -99.9
021 1998
031 1997
0.5+ 199 5
071 1993
11 +99
Likelinood Ratio
Dt 108
31 11000 +97
51 T 195
51 1200 193
10 1 1100 190
= 190
= 120 180
= Enix\\_m
8 ) o _J&0
e 501 11 150
o 607 +0.5 140
@ 701 102 130
= +0.1
EI 80 1 1005 120
(i 4
00 | 1003 110
93 1 +0.005 i
2] 10.002 [
97 1 +0.001 13
98 1 12
99 1 1
99 3 t 107
99 5t 105
997 t 10.3
99 8 t 10.2
909 L 101

* Prior Prob (%) = 20

. LR Positive = 5
Post Prob Pos (%)= 55

LR Megative = 0.32
Post Prob Meg (%)= 7

Figure?/

Post-test Probability (%)


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Deeks' Funnel Plot Asymmetry Test

- pvalue = 0.73
O Study
@ 0 | ___ Regression
Line
o O
i ®
O
) ®
)
LLl 15 —
3 ® ®
_g )
T

tn

GE} |

P

| | |
100 1000

Diagnostic Odds Ratio

Figure8


https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

Specificity (95% CI)

] RSN < | 00T (0.01-022)
. Jeronimo o7 (0.01-0.
dadl |7 === ol e . Kawamoto 082 (0.70-0.90)
. Kawamoto 0.74 (0.6 - 0.81) ——# Yegnasubramanian 100 (0.86 - 1.00)
—4& | Yegnasubramanian 096 (0.68-099) . Maruyama 0.84 (067 -0.95)
——r Maruyama 053 (0.43-063) _— = Flor 047 (0.30 - 0.65)
. Florl 0.78 (0.69 - 0.85) — e | Bastian 0.7 (0.42-0.92)
- . Bashan 0.68 (0.54 -0.80) @ | Syeed 0.84 (0.71-0.94)
. | Syeed 034 (0.21-0.49) | Vasiljevic 083 (0.77 - 0.99)
#— | Vasipric 082 (0.80-0.298) B Hoque 0.89 (0.81-095)
. Hoque 0.73 (059-084) & Bashan 1.00 (0.90 - 1.00)
'] | Bastian 0.01 (0.00-0.04) ~—# | Rouprel 092 (0.79 - 0.98)
L | Roupret 0.76 (0.68 - 0.86) | Rouprel 0.77 (0.55-0.92)
—— @ Roupret 0.98 (0.87 - 1.00) Kang 1.00 (0.83 - 1.00)
. Kang 0.78 (065-089) . Singal 0.81 (0.66-091)
T L | |, e 1 (G 077 (058-090
o |om 087 (081-091) *. | Swehe 075 (06s-083)
*— | Gariol 088 Eg%-:ﬁ: =t Yaqinuddin 088 (068-097)
& qrm 1.00 {nu?_im] —i—t Ya 0.73 !ﬂﬁﬁaﬂﬁﬁ}
| . Vo 0.32 (0.21-0.46)
. .
Pooled Specificity = 0.80 (0.77 1o 0.83)
* e {4 Chi-square = 155.22; df = 19 (p = 0.0000)
Pocled Sen = ﬂﬂ (0.61 o 0.66) 0 2 4 B 8 1 Inconsistency (l-square) = 87 8 %
1 1 | Chi-square = 787.21; df = 19 (p = 0.0000) Soeciichy
0 2 4 [] B 1 Inconsistency (I-square) = 97 6 %
Sensitivity
I Positive LR (95% CI) | Negative LR (95% Cl)
“ Jeronimo 106 (096-1.17) T=| Koo 032 (023043
. Kawamolo 4.01 (2.35-6.75) g Yegnasubramanian 005 (0.02-013)
L ] {:" "l"ﬂ-nnﬂluhmmlnlﬂn 49,54 {:]'1&'??14? - Mﬂ-“ﬂ'ﬂmﬂ 0,55 mia_u-‘“}
. I m 342 {15{";3;} —i— Floel 0:4? m:zﬂ_ u:m}
A o Ll L - Bastian 0.45 (0.27-0.75)
e Bastian R o 078 (0.62-099)
=l Syeed -l i — Vasilievic 0.09 (0.03-023)
=" | B g . Hoque 0.30 (0.19-0.48)
Ll =% Hom 31 Geo.2aat = Bastian 100 (0.96 - 1.04)
| : - Roupret 0.24 (0.16-0.35)
. Roupret 087 (3.31-20.30) FEPA— Roupre! 0.03 (0.00-0.22)
] T e . Kang 0.23 (0.14-0.38)
_ 1 Kang - ' : L] Singal 063 (0.48-0.81)
- | Singal 450 (1.34-5.02) . Woodson 034 (0.21-056)
%1} Woodson 16.11 (1.08- 24544 - Cho 017 (0.11-0.27)
. Cho 4M 184 -713) - Sanchez 092 (0.76 - 1.10)
. Sanchez 1M 078147 —— Gariol 0.15 (0.07 - 0.35)
- e e Bo ok e . Yaginuddin 002 (0.00-033)
e Random Effects Model - R
¢ Pooled Positive LR = 382 (1.96 1o 7.44) Cochran-d = 1536 62: df = 16 (p = 0,0000)
L | CORIGRE G/ DRSS TR SR ) 0.01 1 100.0 Inconsistency (l-square) = 98.8 %
0.01 1 100.0 Inconsistency (I-square) = 96.3 % Negative LR Tau-squared = 1.5827
Positive LR Tau-squared = 1.9574 '

Figure3



https://doi.org/10.1101/2020.07.15.204024
http://creativecommons.org/licenses/by/4.0/

