
Genes & Diseases (2023) 10, 2256e2259
Available online at www.sciencedirect.com

ScienceDirect

journal homepage: www.keaipubl ishing.com/en/ journals /genes-diseases
RAPID COMMUNICATION
OStme: Online consensus survival analysis
web server for tumor microenvironment
components of pan-cancers
Tumor microenvironment (TME) is the environment around
the tumor cells, consisting of extracellular matrix,
nonmalignant stromal cells, and various types of immune
cells (like macrophages, B and T lymphocytes).1 TME has
been recurrently reported to play important roles in the
progression of cancers.1 The mechanism study of TME may
offer opportunities for targeted/immune therapies. How-
ever, how TME components impact the prognosis of cancer
patients remains to be determined. In this study, we con-
structed a web server named OStme (Online consensus
Survival analysis web server for Tumor MicroEnvironment
components of pan-cancers) to analyze the association of
cancer prognosis and various types of tumor-infiltrating
cells (TICs), and to investigate the fraction variations of
TICs across different stages/grades or variations along with
metastasis/recurrence or variations regarding therapies.
OStme is freely available at http://bioinfo.henu.edu.cn/
Immune/Immune.html. OStme provides 12 types of sur-
vival terms (such as OS, DSS, and RFS), offers four analysis
modules for cancer patient survival analysis, differential
analysis per clinical characteristics (such as different stage,
tumor versus normal), comprehensive TME fraction esti-
mation, and the correlation between gene expression and
TIC abundance of pan-cancers. We believe OStme will serve
as a valuable resource and tool to systematically evaluate
the impact of TICs on the prognosis, metastasis, recur-
rence, progression, and therapy of pan-cancers.

To gain more comprehensive and robust results of TIC
estimation in a large scale of cancer tissue samples in pan-
cancers, we first collected 141 gene expression datasets
including 23,917 unique cancer cases from 31 distinct ma-
lignancies from The Gene Expression Omnibus (GEO), The
Cancer Genome Atlas (TCGA), CGGA (Chinese Glioma
Genome Atlas), and literature (Table S1). The detailed
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process of how to obtain these datasets was described in
the supplementary file. Then through four state-of-the-art
algorithms2 including CIBERSORTx, xCell, EPIC, and ESTI-
MATE, we estimated the fractions of TICs in cancer sam-
ples. Finally, we built a freely available web server OStme
using HTML5, JSP, and JavaScript. The workflow and typical
output schema were shown in Figure 1A. OStme provides
four analysis modules: survival analysis, differential anal-
ysis, infiltration estimation, and infiltration association
(Fig. 1B). To demonstrate the performance and reliability
of OStme, case studies were added (supplementary file),
and the detailed instructions for each analysis module are
also available on the online OStme Help page.

Tumor-infiltrating lymphocytes (TILs) are associated
with cancer outcomes. To quickly assess the association of
various TIL/TIC abundance and patient survival across 31
cancer types, we built the “survival analysis” module
(Fig. 1B). Briefly, OStme uses a log-rank test for hypothesis
evaluation and adopts a Cox proportional hazard model to
evaluate the effects of TICs on outcomes. To apply survival
analysis for TICs in OStme, a user needs to select the TIC
estimation tool and the enquired cancer type to be
analyzed, survival event, stratification cutoff, and con-
founding factors including tumor stage and gender. After
that, the user can click on the “Plot” button to examine
how much the TICs (high versus low) influence the patient’s
survival by KaplaneMeier (KM) curves. The Cox proportional
hazard ratio (HR) with a 95% confidence interval is also
shown on the survival plot.

Chemotherapy, radiotherapy, and targeted molecular
therapy have been shown to have great benefits for cancer
patients although some patients may respond to these
treatments distinctly.3 Recently, TME has been recurrently
reported to be associated with the sensitivity and resis-
tance of chemotherapy and/or radiotherapy, and immune
infiltrating cells (such as macrophages and neutrophils) are
mainly found in poorly differentiated or undifferentiated
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Figure 1 The construction process and functional modules of OStme. (A) The flowchart of the web server architecture (B)

Snapshot of OStme usage and functions. OStme contains four analysis modules: survival analysis (Module A), differential analysis
(Module B), infiltration estimation (Module C), and infiltration association (Module D). KaplaneMeier plot shows the association of
neutrophil level and ACC outcomes; Violin plot shows the variation of plasma cells in different ACC stages in the TCGA dataset;
Heatmap shows the clustered 22 types of TIC levels of LIHC cases in the GSE20140 dataset; Scatter plot shows the association of
CD47 mRNA expression and infiltrated fractions in TCGA-ACC. The expression of CD47 mRNA was positively related to the dendritic
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late-TNM stage cancers. In addition, the TME and immu-
noscore are found to be critical determinants of tumor cell
dissemination to distant metastasis.4 To examine the rela-
tionship between TICs and the clinicopathological features,
we established the “differential analysis” module (Fig. 1B),
which allows users to analyze the fraction variation of TIC
for 9 clinicopathological characters (including stage, grade,
tumor versus normal, neoadjuvant treatment, radiation
therapy, targeted molecular therapy, therapy outcome,
metastasis, and recurrence). For the TIC fraction compar-
ison between tumor stages, we used the pathological stage
(stages I, II, III, IV) as a subgroup variable to calculate the
difference of TIC fractions across different stages. For
comparing TIC fractions between different tumor grades,
we used histological grade (G1, G2, G3, G4, and GX) as a
subgroup variable to measure the TIC fraction variations
across different tumor grades. Users can also use OStme to
investigate the TIC fraction changes by neoadjuvant
chemotherapy in various cancers. The TME estimation may
guide the selection of proper immunotherapy for cancer
patients and may be important in determining the success
or failure of radiotherapy as well.5 Therefore, users can
explore the differences in TICs between cancer patients
with radiotherapy and without radiotherapy by OStme. For
therapy outcome comparison, users can apply outcomes
(complete remission/response, partial remission/response,
progressive disease, stable disease) as subgroup variables
to determine the variations of TIC fractions between the
above four subgroups. Tumor metastasis is responsible for
nearly 90% of all cancer-related deaths. TME is one of the
main actors in the metastasis process. For comparing the
TIC variation along with tumor metastasis, users can utilize
metastasis as a subgroup variable to calculate the differ-
ences of TIC fractions alongside metastasis. In addition, the
differences in TICs between normal and tumor tissues can
also be analyzed. After selecting the clinicopathological
character for TIC comparison, users then need to select the
intended immune estimation tool, the interested TIC type,
cancer type, and tendentious cohort, and click on the
analysis button “Plot”. After that, the analysis results will
be presented as a violin plot.

To evaluate the abundance of up to 64 types of TICs in 31
cancer types, we established the “infiltration estimation”
module (Fig. 1B). After selecting the TIC estimation tool,
specified tumor type, and gene expression cohort, OStme
could generate a heatmap of clustered TIC fractions in the
specified cancer cohort. To get a high-resolution heatmap
for further investigation and publication, users can click on
the heatmap, and then a heatmap with a high-resolution
PDF version will be output. A total of 8, 22, and 64 kinds of
TICs estimated by EPIC, CIBERSORT, and xCell will be shown
in the heatmap. Immune scores and stromal scores calcu-
lated by ESTIMATE will be also shown in the heatmap.

To further explore the relationship between gene
expression and the abundance of various TICs, we
cell activated fraction (R Z 0.27, P Z 0.017). The strength can
discipline): 0.1 < |R| < 0.3 represents small/weak correlation; 0.3
>0.5 represents large/strong correlation.
established the “infiltration association” module
(Fig. 1B). This module allows users to identify such re-
lationships in a fast and systematic way. When a user
selects one gene of interest, a TIC type, and a cancer
type, OStme will generate a scatter plot of the expres-
sion of the input gene and the abundance of TICs with a
Pearson correlation coefficient. This display allows users
to view whether the expression of their input gene is
associated with a TIC type.

OStme is an interactive web server for TIC prognosis and
differential analysis in pan-cancers, it allows users to (i)
measure the effect of TICs on patient survival, (ii) analyze
the TIC variations across different tumor stages, grades,
and other clinicopathological subgroups, (iii) estimate the
abundance of all TIC types in pan-cancers, and (iv) evaluate
the correlation between gene expression and the abun-
dance of TICs in pan-cancers. To our knowledge, OStme is
the first web server that allows users to perform integrative
analysis of TME component variations along with tumor
progression, metastasis, recurrence, and prognosis beyond
TCGA data. OStme will greatly help cancer researchers,
biologists, and clinicians without many computational skills
to quickly explore the TICs and their clinical associations,
and to identify novel prognostic TME biomarkers and po-
tential therapeutic TME targets in pan-cancers. In the
future, we will add a new function for uploading and
analyzing a specific dataset by user to increase the poten-
tial user community.
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