
Application Note

IPPC: an interactive platform for prostate cancer
multi-omics data integration and analysis

Prostate cancer is a clinically heteroge-
neous disease and remains the most
common non-skin malignancy in men
worldwide (Abate-Shen and Shen, 2000;
Litwin and Tan, 2017), which is often di-
agnosed through screening with digital
rectal examinations and quantitation of
serum levels of prostate-specific antigen
(PSA). At the morphological aspect, the
Gleason scoring system is regarded as
the most reliable and predictive histo-
logical grading system (Welch and
Albertsen, 2009; Heidenreich et al.,
2011). Interpatient genomic heterogene-
ity in prostate cancer is well recognized;
however, molecular stratification of pros-
tate cancer to guide treatment selection
based on predictive genomic biomarkers
remains an unmet clinical need
(Prensner et al., 2012; Topalian et al.,
2016).

Developments in next-generation se-
quencing technologies have increased
the speed and reduced the cost of se-
quencing for cancer samples. And many
molecular characterization efforts such
as The Cancer Genome Atlas (TCGA)
database have unlocked opportunities
to characterize the genomic and tran-
scriptomic landscapes of cancer for ba-
sic science and clinical oncology
research (Ceram‘i et al., 2012). Besides,
an enormous amount of omics data from
independent prostate cancer studies
have been deposited into the NCBI Gene
Expression Omnibus (GEO) database
(Barrett et al., 2013). The integration of

these databases provides an unprece-
dented opportunity for prostate cancer
genomics research. However, an over-
whelming amount of multi-omics data
from various technical platforms make it
increasingly challenging to perform data
exploration, analytics, and visualization,
especially for scientists without a com-
putational background. Hence, an user-
friendly integrated database must be ur-
gently established for the retrieval, inte-
gration, and analysis of big data in
prostate cancer studies. In this study,
we curated the multi-omics data from
various data resources and integrated
the customized analysis tools to develop
an interactive platform, called IPPC, to
provide mutations profile, survival prob-
ability, gene expression, co-expression,
immune infiltration, miRNA–target asso-
ciation, and single-cell sequencing anal-
yses for query genes. We collected a
mass of data from a total of 14134 sam-
ples in 66 datasets under strict quality
control and uniform processing. The
IPPC web-server will facilitate the explo-
ration of multidimensional genomics
data of prostate cancer by allowing
analysis and visualization across genes,
samples, and data types.

IPPC web-server collected and inte-
grated multi-omics data from public
databanks by using the keywords: ‘PCa’,
‘PC’, and ‘prostate cancer’ (before
October 30, 2020). To ensure the quality
and reliability of data warehousing, we
screened, collected, and filtered the
data with the following criteria: (i) gene
microarray or high-throughput sequenc-
ing data extracted from prostate cancer
or adjacent normal tissues; (ii) the sam-
ple size of each dataset is no less than
50; (iii) for multi-duplicated or same

annotated samples, we adapted the
quality control to delete the redundant
samples; and (iv) the clinical information
of samples contains key features: age,
race, tumor site, Gleason score, PSA,
clinical status, pathologic status, and
sample type. In total, we obtained 66 in-
dependent datasets including 44 data-
sets from GEO, 2 datasets from TCGA,
and 20 datasets of cBioProtal (Figure 1).
We also incorporated the 329 KEGG
pathways and 18176 gene ontology
terms for gene annotation, and 380639

miRNA–target interactions for gene–
miRNA expression association analysis.
The dataset screening needs to be
affirmed again by another researcher.
The quality control was performed on
each of the 44 GEO datasets by using
the ‘simpleaffy’ and ‘affyPLM’ packages
of R software (https://www.r-project.org/
). The raw data for all the datasets were
normalized, summarized, and log-
transformed through the robust multi-
array average function of ‘affy’ R pack-
age. The probe-based expression of
genes was converted into gene expres-
sion profiles, and the gene containing
multiple probes reserved the probes
with the largest interquartile ranges
while giving up others. For the RNA–seq
data, all the samples of the remaining
datasets were normalized with frag-
ments per kilobase million (FPKM) or
reads per kilobase million (RPKM) and
then log-transformed. The somatic muta-
tion data of prostate cancer were filtered
to exclude the inappropriate molecular
consequences including intergraded var-
iants, non-coding variants, or intron var-
iants and to remain nonsynonymous
mutations like missense variants. We
compiled a series of clinical features,
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i.e. risk factors along with each sample
for subgrouping that contain age,
Gleason score, PSA, race, clinical status,
pathologic status, tumor site, and sam-
ple type with each subgroup correspond-
ing to the detailed, accepted standard
stage.

The website interface IPPC comprises
five sections, ‘Home’, ‘Search’, ‘Help’,
‘FAQ’, and ‘Contact us’, and is designed
to be a gene-centered platform that pro-
vides seven analysis modules: gene func-
tional analysis (including KEGG pathway
and gene ontology annotation), genomic
mutation profile analysis, expression pro-
file analysis, co-expression analysis, tu-
mor immune-infiltration analysis, miRNA
regulation analysis based on miRNA–tar-
get interactions, and single-cell sequenc-
ing data analysis (Figure 1). IPPC web-
server provides a user-friendly and con-
cise interface consisting of four steps: in-
putting gene name, customizing patient
cohorts, searching, and showing detailed
results. A gene symbol or gene alias
could be input in the text field where we
provide a fuzzy matching function. Then
the users could customize their personal-
ized subgroups of sample cohorts by us-
ing single or combined clinical features.
IPPC provides a total of 8 clinical features
including age, Gleason score, PSA, race,
clinical status, pathologic status, tumor

site, and sample type. Then the third
step, the IPPC will provide the list of all
the available datasets for the user to se-
lect. Finally, the results will display seven
analysis modules corresponding with
graphical and tabular presentation and
analysis results.

The IPPC web-server was specifically
designed to lower the barriers of access
to the complex multi-omics data of pros-
tate cancer and thereby accelerate the
translation of genomic data into new bio-
logical insights, therapies, and clinical
trials. It is a free, intuitive, and interac-
tive tool for tapping the full potential of
publicly available prostate cancer geno-
mics data, which enables biologists and
clinicians without any programming ex-
perience to obtain ready-to-use multi-
omics data and perform a diverse range
of data analyses. In the future, we will
not only continuously update multi-
omics data from both prostate cancer
and normal samples but also plan to add
several new features, including complete
support for protein and phosphoprotein
data, interactive analysis for methylation
value, summary reports for individual
and customized cancer studies, and fur-
ther extensions to the multi-genes query
analysis. We believe that IPPC web-
server would facilitate a better under-
standing of molecular data and clinical

attributes from large-scale cancer geno-
mics projects and empower researchers
and clinicians to translate these rich
datasets into biologic insights and clini-
cal applications.
[The IPPC is freely accessible at http://
ippc.bio-it.cn/. This research was sup-
ported by the Center for Health Statistics
and Information, National Health
Commission of China (2127000141).
X.Y. and F.P. performed the analysis and
prepared the manuscript. J.L., H.Z., W.C.,
and H.W. helped to perform the analysis
and design the system architecture.
P.Z. and X.H. conceived the study, super-
vised the project, and revised the manu-
script.]
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Figure 1 Illustration of study workflow. The flowchart of data collection, data curation, database implementation, analysis modules, and in-
terface example in this work.
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