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identifies an immunological subtype with a favourable
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BACKGROUND: Immunotherapy has revolutionised the field of cancer therapy and immunology, but has demonstrated limited
therapeutic efficacy in high-grade serous ovarian cancer (HGSOC).
METHODS: Multi-omics data of 495 TCGA HGSOC tumours and RNA-seq data of 1708 HGSOC tumours were analyzed. Multivariate
Cox regression analysis and meta-analyses were used to identify prognostic genes. The immune microenvironment was
characterised using the ssGSEA methods for 28 immune cell types. Immunohistochemistry staining of tumour tissues of 14 patients
was used to validate the key findings further.
RESULTS: A total of 1142 genes were identified as favourable prognostic genes, which are prevailing in immune-related pathways
and the infiltration of most immune subpopulations was observed to be associated with a favourable prognosis suggesting that
tumour immunogenicity was the most prominent factor associated with improved clinical outcomes and response to
chemotherapy of HGSOC. We identified multiple genomic and transcriptomic determinants of immunogenicity, including the copy
loss of chromosome 4q and deficiencies of the homologous recombination pathway. Finally, an immunological subtype
characterised by increased infiltration of activated CD8 T cells and decreased Tregs was associated with favourable prognosis and
improved therapeutic efficacy.
CONCLUSIONS: Our study characterised the immunogenomic landscape and refined the immunological classifications of HGSOC.
This may improve the selection of patients with HGSOC who are suitable candidates for immunotherapy.
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INTRODUCTION
High-grade serous ovarian cancer (HGSOC) is the most common
histological subtype of ovarian cancer, and accounts for the
majority (~70–80%) of ovarian cancer deaths [1, 2]. HGSOC is the
most aggressive gynecologic cancer, and is generally diagnosed at
advanced stages. Despite a high initial response rate to surgery
and chemotherapy, most HGSOC patients will likely relapse or
develop metastases, leading to poor outcomes, and thus, HGSOC
has a 5-year survival of ~30% [3, 4].
Recently, cancer treatment has been revolutionised by the

clinical successes of immunotherapy (including anti-PD-L1/PD-1,
anti-CTLA-4 and CAR-T-based therapies) by harnessing the power
of the immune system [5, 6]. Immunotherapy with immune
checkpoint inhibitors (ICI) has been widely reported to enable
unprecedented long-term survival in several types of cancer,

including non-small cell lung cancer, melanoma and head and
neck cancer [7–9]. However, malignant tumour cells can evade
immune surveillance through complex and diverse immune
evasion mechanisms [10]. Therefore, immunotherapy response
rates vary greatly, even in patients with the same type of tumour
[11]. Traditionally, HGSOCs are considered ‘immune-cold’ tumours
characterised by lower immune infiltrates and a low response rate
to immunotherapy. However, there is increasing evidence
showing that HGSOC is one of the few types of cancer in which
a spontaneous anti-tumour immune response is significantly
associated with prolonged survival, and the immune evasion
mechanisms are associated with poor survival [12], indicating the
immunogenic nature of the HGSOC. Therefore, it is hypothesised
that there is a solid rationale for using immunotherapy in HGSOC
patients. However, clinical trials and resulting data from recent
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studies have demonstrated the low efficacy of ICI immunotherapy
[13], which could be attributed to the complex tumour evasion
mechanisms present in HGSOC. Furthermore, despite the limited
efficacy in ICI immunotherapy of HGSOC, patients who exhibit a
long-term response have also been observed in some trials,
suggesting the existence of an immunogenic HGSOC subgroup of
patients who are more likely to benefit from immunotherapy.
Thus, a comprehensive understanding of immune evasion
mechanisms and their relationship with prognosis and immu-
notherapy response is urgently required to enable improved
prognostication, response prediction and immunotherapy strate-
gies for HGSOC.
In the present study, a systematic analysis of immunogenomic

features was performed in a large cohort of 2203 HGSOC tumours
across 16 multicenter studies to gain a comprehensive insight into
the immune evasion mechanisms and refine the classification of
the HGSOC immunologic subtypes.

MATERIALS AND METHODS
Patients and samples
Transcriptional profiles and clinical annotations of HGSOC tumours were
collected from Gene Expression Omnibus (GEO; ncbi.nlm.nih.gov/geo),
The Cancer Genome Atlas (TCGA) (xenabrowser.net/), ArrayExpress (ebi.
ac.uk/arrayexpress/) and published literature according to the following
inclusion criteria: (1) tumours with FIGO stage III and IV and grade ≥ 2; (2)
included overall survival (OS) information and (3) death events ≥20. After
manual curation, a total of 2203 HGSOC tumours from 16 multicenter
studies were included in the present study, and the detailed description
of the 16 cohorts is summarised in supplementary table 1. Except for
the tumours we indicated specifically in the manuscript, all the samples
we used are primary tumours prior to systemic therapy. Raw data
from 16 cohorts were pre-processed and normalised according to
our previous studies [14]. A workflow of this study was shown in
Supplementary Fig. 1.

Prognostic genes and functional analysis
A Multivariate Cox proportional hazards model with stage, grade and age
were used to evaluate the association of each gene with OS time in each
cohort. Then prognostic genes were identified by meta-analysis with a
fixed-effects model across the 16 cohorts with a Benjamini-Hochberg false
discovery rate-corrected P ≤ 0.2. Gene ontology (GO)-based enrichment
analyses for prognostic genes were conducted and visualised using
Cytoscape with the ClueGO plug-in [15, 16].

Multi-omics data and related analysis of TCGA
Amplification and deletion of genes were determined using GISTIC
2.0 software based on TCGA segmented copy number variation (CNV)
files derived from Genomic Data Commons (GDC) (portal.gdc.cancer.gov)
[17]. CNVs were categorised as amplification if the GISTIC value was 2 or 1,
or a deletion if the GISTIC value was −2 or −1. Cytoband enrichment
analyses were performed using an EASE score (modified Fisher’s exact
maximum probability) ≤0.1 for identifying statistically significant cytoband
overrepresentation. The number of predicted MHC Class I-associated
neoantigens for TCGA HGSOC tumours were retrieved from Rooney et al.
[18]. Tumour samples with BRCA1/2 mutation, BRCA1 hypermethylation,
EMSY amplification, defects of PTEN, RAD, FA, ATR, ATM, CHEK1/2 or PALB2
were considered as homologous recombination (HR)-defective tumours
according to previous studies [14, 19, 20].

Immune microenvironment characterisation
Our study does not require evaluating relative fractions of immune
infiltrations that might be biased by the deconvolution method. Therefore,
the infiltration levels for 28 immune cell types were quantified using the
single sample gene set enrichment analysis (ssGSEA) implemented in the
GSVA package based on 782 genes that specifically expressed in particular
immune cell types [21]. The resulting ssGSEA enrichment scores were then
used to cluster the HGSOC tumours using the unified manifold
approximation and projection (UMAP) analysis, which reduced the 28-
dimensional space to a two-dimensional space and coloured each sample
based on the molecular subtype. The cytolytic immune activity (CYT) was

quantified using the geometric mean of transcript levels of GZMA and
PRF1 genes, as previously reported [18].

Immunohistochemistry (IHC) and cell quantification
The ovarian cancer tissues of 14 patients obtained from Harbin Medical
University were cut into 4 μm sections using a microtome, fixed on a glass
slide, dried on the 42 °C grill surface for 2 min, and then placed in an oven
at 65 °C for 1 h. The tissue sections were dewaxed three times with xylene
(30min each) and gradually hydrated using a decreasing gradient of
alcohol solutions. Slides were then soaked three times in distilled water
(3 min each), and then immersed in pH6.0 citrate buffer solution and
heated for antigen retrieval. The slides were removed after 10min of
boiling and then allowed to cool passively, washed three times with PBS
(3min each), and incubated with 0.3% H2O2 for 20min at room
temperature to quench endogenous peroxidase activity. The slides were
subsequently incubated overnight at 4 °C in a wet box with anti-CD3
antibodies (1:100, Rabbit, clone 2GV6, Roche Diagnostics) and anti-CD8
antibodies (1:100, Rabbit, clone SP57, Roche Diagnostics). The specimens
treated with PBS solution or primary antibody diluent without the addition
of the antibody were used as the negative controls. After washing several
times with PBS, the sections were incubated with the biotinylated
secondary antibodies (PV-6000D, ZSGB-BIO) for 1 h at room temperature.
Freshly prepared DAB chromogenic solution (1ml DAB substrate buffer
and 50 μl DAB concentrated solution) was added to the tissues to develop
the signals (~1min), and tissues were subsequently observed under a
microscope. When the cytoplasm turned brown and the background had
no obvious staining, slides were immersed in tap water to stop staining.
Next, tissues were counterstained with hematoxylin for 4 min at room
temperature, rinsed with tap water, immersed in 1% hydrochloric acid
alcohol solution for differentiation for 2–3 sec, and washed under flowing
tap water for 15min. The slides were further dehydrated, cleared
using xylene and sealed with neutral resin. The positive control group
was a positive immune-stained slide obtained from the Department
of Pathology, Harbin Medical University. Three pathologists blinded to
the conditions independently evaluated and recorded the IHC results in
all cases for analysis. Data are presented as the absolute number of
positive cells/mm2 (for CD3+ T cells and CD8+ T cells), as previously
described [22, 23].

Statistical analysis
A one-way ANOVA, a Wilcoxon rank-sum test or a Fisher’s exact test were
used to compare differences between the groups. Survival analysis was
performed using the Kaplan–Meier method and statistically compared
using a log-rank test. All statistical analyses were performed using R
version 3.3.1, with two-sided P-values.

RESULTS
The immune microenvironment is a crucial determinant of
cancer prognosis
To determine the transcriptional features associated with clinical
outcomes, we first built a compendium of genes related to OS
using the gene expression profiles of 2203 HGSOC samples from
16 studies. An overview of the analytical strategy for identifying
reliable prognostic genes is shown in Fig. 1a. We performed
multivariate Cox regression analysis for gene expression adjusting
for stage, grade and age in each dataset independently, and then
integrated the results using meta-analyses to leverage the
prognostic value of all 16 studies. A total of 1142 genes were
identified as favourable prognostic genes, and 1863 genes were
considered risky prognostic transcriptional features associated
with a poor prognosis (Supplementary Table 2). We then
conducted pathway enrichment analysis for these favourable
and risky prognostic genes, which showed functional hetero-
geneity between favourable and risky prognostic genes. As shown
in Fig. 1b, the results of the functional characterisation showed
that risky prognostic genes were enriched in cancer invasion and
metastasis-related pathways, such as cell proliferation and
cell death, whereas favourable prognostic genes were prevailing
in immune-related pathways, such as T cell activation, T cell
proliferation, lymphocyte migration and cytokine-mediated
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signaling pathways (Fig. 1b). These results suggest that the
immune microenvironment context is a crucial determinant
contributing to a favourable prognosis.
To further examine which cellular composition of the immune

infiltrate in the tumour immune microenvironment (TIME) affected
patient prognosis, we estimated the correlation of 28 infiltrating
immune subpopulations with prognosis by performing univariate
Cox regression analysis for a fraction of the individual infiltrating
immune cell types with OS within each dataset, and then
conducted a meta-analysis to leverage the 16 datasets (Fig. 2a,
Supplementary Fig. 2 and Supplementary Table 3). The results of
the meta-analysis revealed associations between specific infiltrat-
ing immune subpopulations with prognosis. As shown in Fig. 2a,
the infiltration of most immune subpopulations was observed to
be associated with a favourable prognosis. Of these, seven
immune subpopulations related to adaptive immunity, including
activated B cells, activated CD4 T cells, activated CD8 T cells,
effector memory CD4 T cells, effector memory CD8 T cells, T
follicular helper cells and type 1 T helper cells, were significantly
associated with a favourable prognosis. On the other hand, only
one of the immune subpopulations of innate immunity (CD56
bright natural killer cells) was significantly associated with a
favourable prognosis (Fig. 2a). Plasmacytoid dendritic cells (pDC)
were significantly associated with a poor prognosis (Fig. 2a),
reminiscent of its tumour-promoting function and poor prognosis
in breast cancer [24]. To further characterise the heterogeneity
of immune infiltrates within HGSOC tumours, we performed
hierarchical clustering of the HGSOC tumours based on the

infiltrating immune cell composition, which identified two patient
clusters with distinct immunophenotypes. As shown in Fig. 2b,
tumours in cluster II, accounting for the majority of HGSOC
tumours, tended to be immune-cold and exhibited low levels of
immune infiltrates, whereas tumours in cluster I, accounting for a
small fraction of HGSOC tumours, tended to be immune-hot and
were associated with higher levels of immune infiltrates. Patients
in the immune-hot-like cluster were observed to experience
significantly longer survival times compared with those in the
immune-cold-like cluster [hazard ratio= 0.61, 95% confidence
interval (CI), 0.38–0.97, P= 0.02; log-rank test] (Fig. 2c). The high
immunogenicity in a small subset of patients suggests that
immunotherapy may be beneficial for some HGSOC patients that
can be identified by tumour immunogenomic features.

Genomic states contribute to immunophenotypes of HGSOC
tumours
To characterise the intratumoural immune states, we first
performed unsupervised hierarchical clustering for TCGA HGSOC
tumours with genomic data based on the cellular composition of
the immune infiltrate evaluated using the GSEA method. In total,
four clusters with different immune phenotypes were identified
(Fig. 3a). As shown in Fig. 3a, the immune infiltrate increases from
cluster C1 to C4. Tumours in the C1 cluster displayed the lowest
levels of immune infiltrate, and therefore were designated as
immune-cold HGSOC tumours, whereas tumours in the C4 cluster
exhibited the highest levels of immune infiltrates and therefore
were designated as immune-hot HGSOC tumours. Tumours in C2
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and C3 clusters were observed to have intermediate levels of
immune infiltrates, and therefore were combined and designated
as immune-medium HGSOC tumours. We found a distinct
distribution of molecular subtypes that characterised the four
clusters by analysing the association of molecular subtypes and
the four clusters. Cluster 1 was composed almost entirely of
proliferative subtypes, and Cluster 4 was dominated by mesench-
ymal and immunoreactive subtypes.
To characterise the genomic features of immune-hot HGSOC

tumours, we compared gene expression patterns between
immune-cold and immune-hot HGSOC tumours, to identify the
upregulated and downregulated genes (Fig. 3b). Cytoband
enrichment analysis showed that these immune phenotype-
related DEGs were significantly enriched in several chromosomal
bands in which specific essential immune genes, such as JAK1, PD-
1 and IFNGR1/2, were located. We plotted the copy number status
of C1 and C4 clusters across the genome and revealed a

significant association between CNVs with the immune pheno-
type. As shown in Fig. 3b, frequent copy number deletion or
amplification was observed in enriched chromosomal bands. On
chromosomes 1, 4, 5, 9, 21 and 22, genes tended to have copy
number deletions in the immune-cold HGSOC tumours, whereas
on chromosomes 2, 3, 13 and 20, genes were likely to be amplified
in the immune-cold HGSOC tumours relative to the immune-hot
HGSOC tumours. In particular, copy number deletions frequently
occurred at the chromosomal loci 4q21.1 and 4q13.3 in immune-
cold HGSOC tumours, consistent with the above observation that
upregulated genes in immune-hot HGSOC tumours tended to be
enriched in these chromosomal regions.
Furthermore, many important members of the CXC chemokine

family are located in chromosomal bands 4q21.1 (including
CXCL9/10/11 and CXCL13) and 4q13.3 (including CXCL1–3,
CXCL5–6 and CXCL9). By sorting tumours according to the GISTIC
values of the members of the CXC chemokine family and IFNGR1,
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we found that the CNV pattern of the CXC chemokines could be
used to classify tumours into three groups: Tumours with
complete deletion, partial deletion or no deletion. It has been
previously shown that one of the functions of CXC chemokines is

the recruitment of effector cells (such as monocytes and
neutrophils) into the tumour microenvironment (TME) [25].
Therefore, we examined the expression patterns of GZMA and
CD8A amongst the three groups and revealed a significant
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difference in the expression distribution of GZMA (P < 0.001, one-
way ANOVA) and CD8A (P < 0.006, one-way ANOVA) (Fig. 3d). The
expression levels of GZMA and CD8A are generally associated with
a decrease in the deletion of genes encoding the CXC
chemokines. As shown in Fig. 3d, the expression of GZMA and
CD8A in tumours with no deletions of the CXC chemokines genes
was significantly higher compared with those classed as complete
and partial deletion. These results suggested that the copy
number loss of these genes might be a reason why these tumours
have relatively lower immune infiltration.
To define whether homologous recombination deficiency (HRD)

was related to the immunophenotype, we examined whether
the BRCA1/2 genotype of tumours was associated with the
immunophenotype by estimating the infiltration of different
immune subpopulations. As shown in Fig. 3e, most immune
subpopulations were enriched in BRCA1/2 mutated tumours
compared with wild-type tumours. Additionally, with the BRCA1/
2 mutations, similar results were observed for other HR-defective
tumours, which showed significantly higher levels of infiltrated
leukocytes than the HR-intact tumours (P= 0.01, Wilcoxon rank-
sum test) (Fig. 3f). Besides, HR-defective tumours tended to
frequently occur in immune-hot clusters relative to immune-cold
clusters (p < 0.05, Fisher exact test) (Fig. 3g). These results
demonstrated that the HRD genotype was associated with a
highly active immune phenotype and the non-HRD genotype was
associated with the immunosuppressive phenotype.
In has been reported that tumour immunogenicity is a critical

aspect of intrinsic immune escape [26]. Therefore, we further
investigated the associations of mutational load and neoantigens,
which are two important factors determining tumour immunogeni-
city, with immunophenotypes of HGSOC tumours. The HGSOC
tumours were first classified into two groups: Tumours with high
and low mutational loads. As shown in Fig. 4a, effector cells, such as
activate CD4 and T cells, were significantly overrepresented in the
TME of tumours with a high mutational load compared with those
with a low mutational load, consistent with the observation that a
high mutational load was associated with improved patient survival
(hazard ratio= 0.55, 95% CI, 0.41–0.72, P < 0.001; log-rank test)
(Fig. 4b). In addition, tumours with a high mutational load exhibited
significantly higher levels of lymphocytic infiltrates and neoantigen
burden than those with a low mutational load (P < 0.001, Wilcoxon
rank-sum test) shown in Fig. 4c. However, there are no significant
differences in the expression of cancer-germline antigens among
the different immunophenotypes of HGSOC tumours (Fig. 4d).
Further investigation of the expression pattern of endogenous
retroviruses (ERVs) suggested that ERV expression could be used to
classify HGSOC tumours into two groups, as shown in Fig. 4e.
HGSOC tumours in group 2 with high levels of ERV expression were
observed to have a lower enrichment of immune cells, tumour-
infiltrating lymphocytes (TILs) and cytolytic activity (Fig. 4f, g).

Chemotherapy modulates the immune microenvironment of
HGSOC tumours
To investigate the impact of chemotherapy on the immune
microenvironment of HGSOC tumours, we first collected paired

samples before and after neoadjuvant chemotherapy of 14
HGSOC patients. Results of IHC staining of the 14 patients showed
a significant increase in CD8+ T cell densities and in the CD8/CD3
ratio of patients following neoadjuvant chemotherapy relative to
their treatment naïve counterparts (Fig. 5a), suggesting that
chemotherapy-induced the infiltration of effector immune cells. To
further validate the finding, we compared the expression changes
of immune marker genes in 25 paired HGSOC tumours before and
after three cycles of either carboplatin- or paclitaxel-based
chemotherapy derived from the GSE15622 cohort [27]. As shown
in Fig. 5b, immune marker genes, especially those from effector
cells, are significantly upregulated following chemotherapy. For
example, the T-effector gene CD8A and IRF-1 exhibited signifi-
cantly higher expression levels in post-chemotherapy tumours
relative to pre-chemotherapy (P < 0.001, paired t-test) (Fig. 5c).
Similar results were also observed for non-paired HGSOC tumours
either pre- or post-neoadjuvant treatment from the GSE71340
cohort [28]. HGSOC tumours received neoadjuvant treatment
revealed significant enrichment of immune subpopulations,
especially effector cells, such as activated CD8+ T cells, NK
T cells and activated B cells (Fig. 5d).
By comparing the cellular composition of immune infiltrates of

patients with resistant and sensitive information from Patch et al.
[29], we found that chemotherapy-sensitive HGSOC tumours were
characterised by significant enrichment of infiltrating immune
effector cells compared with chemotherapy-resistant tumours
(Fig. 5e). Furthermore, cytolytic activity was observed to be
significantly higher in chemotherapy-sensitive tumours compared
with chemotherapy-resistant tumours (P= 0.02, Wilcoxon rank-
sum test) (Fig. 5f). These results indicated that chemotherapy is
involved in modulating the immune microenvironment and
stimulating the intratumoural infiltration of immune effector cells,
both of which are associated with chemotherapy sensitivity.

The interplay between immunophenotypes and molecular
subtypes of HGSOC tumours
We first clustered HGSOC tumours based on the infiltration
levels of 28 immune subpopulations and projected to the
2-dimensional UMAP. The distribution of subtypes in the UMAP
(Fig. 6a) shows that molecular subtypes have different immu-
nophenotypes. The UMAP1 dimension is associated with
immune infiltration, and the mesenchymal and immunoreactive
molecular subtypes tended to be distinguished by the UMAP2
dimension. Although both mesenchymal and immunoreactive
molecular subtypes revealed significantly higher levels of TILs
compared with the proliferative and differentiated subtypes,
there was still a difference in the compositions of TILs between
the mesenchymal and immunoreactive molecular subtypes
(Fig. 6b). For example, there was a significant difference in the
infiltration of M1 macrophages (P= 0.03, Wilcoxon rank-sum
test), but no difference in M2 macrophages (P= 0.2, Wilcoxon
rank-sum test) between the mesenchymal and immunoreactive
molecular subtypes. These observations highlight the hetero-
geneity of the cellular composition of the immune infiltrates in
the TME of HGSOC tumours.

Fig. 3 Genomic states associated with the immunological phenotypes. a Heatmap of the cellular composition of the immune infiltrate.
TCGA HGSOC tumours were hierarchically clustered into four primary clusters. b Visual representation of the statistically enriched
chromosome locus and CNV pattern for differentially expressed genes between immune-cold and immune-hot tumours. c Oncoplot showing
the copy number variation pattern of CXC chemokines and IFNGR1. Copy number loss or gain was determined using GISTIC 2.0. d Boxplot
showing mRNA expression levels of GZMA and CD8A amongst the different patient groups. Statistical analysis was performed using a one-
way ANOVA. e Volcano plots showing the enrichment of infiltrating immune subpopulations for tumours with and without BRCA1/2
mutations calculated based on the NES score from GSEA. f Boxplot showing the relative abundance of infiltrated leukocytes in HR-defective
and HR-intact tumours. Statistical analysis was performed using a Wilcoxon rank-sum test. g Distribution of tumours with and without HRD
across different patient groups. Statistical analysis was performed using a Fisher’s exact test. *P < 0.05, **P < 0.01, ***P < 0.001. TCGA The
Cancer Genome Atlas, HGSOC high-grade serous ovarian cancer, CNV copy number variation, IFNGR1 interferon-γ receptor 1, NES normalised
enrichment score, GSEA gene set enrichment analysis, HR homologous recombination, HRD homologous recombination deficiency.
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Immunologic subtype refinement based on a combination of
activated CD8+ T and regulatory T cells
It is well established that activated CD8 T cells serve a critical role
in the anti-tumour immune responses, whereas regulatory T cells
(Tregs) are capable of forming immunological barriers against
CD8+ T-cell-mediated anti-tumour immune responses [30, 31].
However, a significantly positive correlation was observed
between the activated CD8 T cells and Tregs was observed in
the TME (Fig. 6c). Therefore, we further examined whether the

crosstalk between activated CD8 T cells and Tregs could implicate
clinically different behaviours. We defined high and low activated
CD8 T infiltration as values above and below the median density,
and similarly defined high and low Treg levels based on the
median, and found that the combination of activated CD8 T and
Tregs could yield four different immunological subtypes of
HGSOC. As shown in Fig. 6c, the immunogroup I was characterised
by a low infiltration of both activated CD8 T cells and Tregs
(referred to as CD8low/Tregslow), whereas immunogroup III was
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defined by strong activation of both activated CD8 T cells and
Tregs (referred to as CD8high/Tregshigh). Immunogroup II was
characterised by high infiltration of activated CD8 T cells and low
infiltration of Tregs (referred to as CD8high/Tregslow), and
immunogroup IV was classed as high levels of infiltration of Tregs
and low levels of infiltration of activated CD8 T cells (referred to as
CD8low/Tregshigh) (Fig. 6c). By examining the strength of the
association between four immunogroups and four existing
molecular subtypes, we found that the mesenchymal subtype
was enriched in CD8low/Tregshigh subtype, whereas the immunor-
eactive subtype was enriched in CD8high/Tregslow and CD8high/
Tregshigh subtypes. The CD8low/Tregslow subtype had the highest
representation of the proliferative subtype, and no obvious
different distribution was observed for the differentiated subtype
across the four immunological subtypes (Fig. 6c). Next. we
assessed the survival of patients across the four immunological
subtypes. As shown in Fig. 6d, patients in the CD8high/Tregslow

subtype exhibited the longest survival times, whereas CD8low/
Tregshigh subtype was associated with the worst overall survival.
Although TILs between CD8low/Tregslow and CD8high/Tregshigh

differed significantly, no significant difference in overall survival
was found between these two groups.

DISCUSSION
One of the primary roles of the immune system is to monitor and
eliminate malignant transformation, which is referred to as tumour
immune surveillance [32]. However, malignant tumour cells
can evade immune surveillance. Although considerable efforts
have been made in identifying markers of prognosis in HGSOC
involved in expression patterns, gene amplification, ERVs and TILs
[14, 33–37], to date, there have been no studies that have
comprehensively characterised the immune evasion mechanisms
and its therapeutic implication in HGSOC from a systems biology
viewpoint, to the best of our knowledge. An improved under-
standing of tumour immune evasion mechanisms promises to
develop novel immunotherapeutic strategies and guide persona-
lised treatments.
In the present study, we conducted an extensive immune

and genomic characterisation of 2203 HGSOC tumour samples
from 16 multicenter studies to investigate the immunogenomic
features and their influence on prognosis and therapeutic
response. Functional analysis of prognostic genes highlighted
that favourable prognostic genes are involved in immune-related
pathways and genes associated with a worse prognosis were
enriched in known cancer invasion and metastasis-related pathways.
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A recently published meta-analysis for HGSOC also found that the
best performing prognostic genes were enriched in pathways
involved in the immune system [37]. The intratumoural cellular
characterisation of immune infiltrates identified four novel patient
clusters with heterogeneous immunophenotypes of low, intermedi-
ate and high levels of immune infiltrate, termed ‘immune-cold’,
‘immune-medium’ and ‘immune-hot’ tumours, respectively (Fig. 3a).
We revealed a cluster of’immune-hot tumors’ in HGSOC (Cluster 4),
which was indicative of an improved outcome compared with the
other three patient clusters. As reported in urothelial cancer, which is
generally considered an immune-cold tumour, patients with high
levels of immune infiltrates are most responsive to checkpoint
blockade [38]. Therefore, identifying an immune-hot subset supports
the rationale for selecting HGSOC patients suitable for ICI-based
treatment.
Previous studies on the association between genotypes and

immunophenotypes have revealed that the genotypes of the
tumours determine the immunophenotypes and thus the tumour
escape mechanisms [21]. Here, by comparing the genomic states
from a gene-specific view between immune-cold and immune-hot
tumours, our results revealed enrichment of copy number deletion
of chromosome arm 4q, which includes genes encoding for the
CXC chemokine family members (CXCL1–13) in the immune-cold
tumours, which tended to be associated with immunosuppressive
features. Therefore, it is reasonable to speculate that constitutive

copy number alteration in chromosome arm 4q may be a
mechanism underlying immune evasion that allows HGSOC
tumours to shift towards immunosuppressive phenotypes. For
example, the CXC chemokine family from a cluster located on
chromosomal band 4q serves a critical role in the recruitment of
effector cells [25]. Therefore, the deletion of CXC chemokines may
contribute to tumour immune evasion, implying an opportunity to
design combinatorial approaches for cold tumours with a
heterozygous loss or normal copies of chemokine genes.
Similarly, focal amplification on chromosome segment 4q21 in

the favourable immune phenotype was also observed in colon
cancer and breast cancer [39, 40]. A previous study has
demonstrated the association of genetic and environmental
properties of tumours with local immune cytolytic activity [18].
Therefore, we further characterised the cancer antigenome among
different immunophenotypes of HGSOC tumours, and revealed
that neoantigens arising from somatic mutations and ERVs were
heterogeneous across the different HGSOC immunophenotypes.
In contrast, the cancer-germline antigens were independent of the
immunophenotype of the HGSOC tumours, which was largely due
to the high-frequency occurrence of HR pathway alterations,
particularly for BRCA mutations in HGSOC tumours, which can
significantly increase genomic mutations and produce an
increased quantity of neoantigens (Fig. 3e), thus enhancing the
immune response. Viruses, another class of germline-encoded
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elements, have been reported as inducers of immune responses
[18]. Our results revealed that ERVs in HGSOC tumours demnon-
strated significant association with immune microenvironment,
with high ERV-expressing tumours showing a higher ability to
evade immune surveillance, consistent with the recently reported
association between ERVs and anti-tumour immunity in epithelial
ovarian cancer (EOC) [36].
We further examined a relationship between IMS and immu-

nophenotypes of HGSOC tumours, and revealed heterogeneity in
tumour immune microenvironments across four molecular sub-
types. Therefore, based on the above observations, we hypothe-
sised an immunological classification system based on the
crosstalk between the CD8+ T cells and Tregs, and separated
HGSOC patients into four immunological subtypes: CD8low/
Tregslow, CD8high/Tregshigh, CD8high/Tregslow and CD8low/Tregshigh.
There is an imbalance in the distribution of IMS across the four
immunologic subtypes. Immunogroup IV, which has high Tregs
and low levels of CD8+ T cells, was enriched in the mesenchymal
subtype, which had the highest amount of TILs. Conversely,
immunogroup I with low infiltration of both CD8+ T cells and
Tregs were enriched in the proliferative subtype, in which the
quantity of TILs was relatively low. Although the number of
patients did not differ in terms of IMS, the OS of patients in
the CD8high/Tregslow group was better than those in the other
immunological groups.
Furthermore, there was no significant difference in OS

between CD8low/Tregslow and CD8high/Tregshigh, even if
CD8high/Tregshigh exhibited significantly higher numbers of TILs
compared with CD8low/Tregslow. These observations suggest
complex immunomodulatory interactions between intrinsic
molecular programs and intratumoural immune response, and
show that the relative cellular composition between immune
infiltrates in the immune microenvironment has a more
significant influence on survival than the absolute abundance.
Therefore, we reasoned that the four immunological subtypes
based on the infiltration of CD8+ T cells and Tregs in the TME
not only significantly expand on gene expression-based
subgrouping but may also facilitate the selection of patients
suitable for immunotherapy.
This study has several limitations that should be acknowl-

edged. First, considering the limitations of measurement
technology and intratumoural heterogeneity, we chose a lenient
FDR during the discovery phase of a biomarker which has
limitations in the more rigorous and might contain biases.
Second, the definition of OS in previously published literature
was not used in the same manner. Third, the criteria of
HGSOC were not validated by pathology, immunohistochem-
istry or mutation/gene expression status, but come from the
previously published literature that is not always consistent.
Therefore, to keep it consistent among different datasets and to
include as many samples as possible, we defined HGSOC as the
tumours with both high-grade (≥2) and high-stage (≥III). The
fourth is the retrospective nature of our study. Although our
retrospective study tried to include as many patient cohorts as
possible for more rigorous discovery, biomarkers and immuno-
logical classifications need to be prospectively validated in
independent well-designed clinical trials following REMARK
criteria.
In summary, our study identified and characterised hetero-

geneous immune phenotypes associated with differential clinical
outcomes and therapeutic effects. These immunophenotypes
could be characterised by specific cellular, molecular, genetic and
environmental factors contributing to the distinct potential
immune escape mechanisms evoked. With an increasing under-
standing of immune evasion mechanisms, the characterisation of
immunogenomic features holds important promise for allowing a
more precise categorisation of patients who may benefit from
immunotherapy.
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