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Background Serous borderline ovarian tumour (SBOT) is the most common type of BOT. Fertility sparing surgery
(FSS) is an option for patients with SBOT, though it may increase the risk of recurrence. The clinical and molecular
features of its recurrence are important and need to be investigated in detail.

Methods An internal cohort of 319 patients with SBOT was collected from Aug 1, 2009 to July 31, 2019 from the
Obstetrics and Gynecology Hospital of Fudan University in China. An external cohort of 100 patients with SBOT
was collected from Aug 1, 2009 to Nov 30, 2019 from the Shandong Provincial Hospital in China. The risk factors
for the recurrence were identified by multivariate cox analysis. Several computational methods were tested to estab-
lish a prediction tool for recurrence. Whole genome sequencing, RNA-seq, metabolomics and lipidomics were used
to understand the molecular characteristics of the recurrence of SBOT.

Findings Five factors were significantly correlated with SBOT recurrence in a Han population: micropapillary pat-
tern, advanced stage, FSS, microinvasion, and lymph node invasion. A random forest-based online recurrence pre-
diction tool was established and validated using an internal cohort and an independent external cohort for patients
with SBOT. The multi-omics analysis on the original SBOT samples revealed that recurrence is related to metabolic
regulation of immunological suppression.

Interpretation Our study identified several important clinical and molecular features of recurrent SBOT. The pre-
diction tool we established could help physicians to estimate the prognosis of patients with SBOT. These findings
will contribute to the development of personalised and targeted therapies to improve prognosis.
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Research in context

Evidence before this study

Serous borderline ovarian tumour (SBOT) is a type of
rare neoplasm that features atypical epithelial cell prolif-
eration in the ovary. We searched PubMed to identify
articles published until Dec 31, 2021 using the search
key words “serous borderline ovarian tumors” AND
“recurrence”. The largest study of the Chinese popula-
tion involved 101 patients and the largest study world-
wide involved 1026 patients, but the prediction tools
for SBOT recurrence were absent.

Added value of this study

Based on a cohort from the Obstetrics and Gynecology
Hospital of Fudan University, we retrospectively
retrieved complete clinical information of 319 patients
with SBOT from 2009 to 2019. We discovered several
independent recurrence-related factors and established
a random forest-based model for recurrence prediction.
Furthermore, the immunological suppression features
associated with recurrent SBOT and its potential meta-
bolic mechanism were identified by multi-omics assay
on the original SBOT samples.

Implications of all the available evidence

To improve the efficacy of therapeutic treatment of
SBOT, it is important to identify disease features that
are correlated with recurrence. With a large SBOT cohort
in a Han population, we discovered five factors related
to recurrence. The identification between microinvasion
or lymph node invasion and recurrence suggested
more detailed report of pathology assessment for SBOT
is required.
Introduction
Borderline ovarian tumour (BOT) is a type of rare neo-
plasm, without stromal invasion, that features atypical
epithelial cell proliferation in ovary. In comparison to
malignant ovarian tumours, patients with BOT tend to
be much younger and have better prognosis.1 The over-
all 5-year survival rate of patients with BOT in all stages
is higher than 96%.2 Serous borderline ovarian tumor
(SBOT) is the most common type of BOT, which
accounts for 50% of all BOT patients.3 Despite its favor-
able prognosis, stage II or higher SBOT may still prog-
ress as low-grade serous carcinoma (LGSC).4 Therefore,
surgical removal of the tumor is considered as the first-
line therapy for SBOT.

However, radical hysterectomy may not be the
option for many patients with SBOT who are at repro-
ductive age and wish for future fertility. Based on guide-
lines from the National Comprehensive Cancer
Network (NCCN) and the results of several clinical stud-
ies, fertility sparing surgery (FSS) is an option for
patients with SBOT.5−7 The major issue with opting for
FSS is the increased risk of tumor recurrence, which
happens in 25.0−56.4% of patients with SBOT in the
literature.8−11 If the physicians for the patients with
SBOT can estimate the risk of recurrence before sur-
gery, it is possible to more carefully choose the best type
of surgery and follow-up plan for specific patients.

Unfortunately, most of the clinical studies focused
on the recurrence of SBOT have been conducted on rel-
atively small patient cohorts with only short time peri-
ods of follow-up.12,13 So far, the largest SBOT study was
conducted on 1026 Denmark patients’ clinical data.14

For a Chinese population, the largest study involved
only 101 patients with 12 patients (11.9%) developing
tumor recurrence over a follow-up interval of 7 years.15

Compared to the number of epidemiology studies, stud-
ies about the molecular features of SBOT are far more
limited. These studies mostly focus on genomic muta-
tions found in a small number of patients, based on
assays with limited resolution and throughput.16,17

There is a lack of systemic investigation on how SBOT
features relate to genomics, transcriptomics, metabo-
lites, and lipids. Performing such studies is important
since identifying molecular features associated with
SBOT recurrence may unveil targetable mechanisms to
help promote the development of new therapeutics.

We hypothesised that studies on a large cohort for a
long follow-up interval, with the employment of
advanced computational and experimental methods,
may identify important features of recurrent SBOT.
Based on a cohort from the Obstetrics and Gynecology
Hospital of Fudan University, we retrospectively
retrieved complete clinical information of 319 patients
with SBOT with 59 recurrences from 2009 to 2019. We
discovered several independent recurrence-related fac-
tors, including microinvasion, lymph node invasion,
and the type of FSS used in this cohorts. A random for-
est-based model for recurrence prediction successfully
predicted reoccurrence in the internal cohort for this
study (Area Under Curve of 0.999). Notably, this model
also predicted recurrence accurately when used on an
independent SBOT cohort containing 83 patients and
24 recurrences, with AUC of 0.817. Furthermore, the
immunological suppression features associated with
recurrent SBOT and its potential metabolic mechanism
were identified by multi-omics assay on the original
SBOT samples.
Methods

Patient recruitment
The internal cohort involved 321 patients that under-
went surgeries for primary or post-relapse serous
www.thelancet.com Vol 46 Month , 2022
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borderline ovarian tumor from Aug 1, 2009 to July 31,
2019 from the Obstetrics and Gynecology Hospital of
Fudan University in China. Their pathology results
were reconfirmed blindly by two pathologists. We
excluded two patients who were diagnosed with SBOT
alongside invasive implantation, which should be
treated as low-grade serous carcinoma according to the
2020 World Health Organization (WHO) Classification
of Tumors of Female Reproductive Organs. The Inter-
national Federation of Gynecology and Obstetrics 2014
criteria (FIGO 2014) was used for tumor staging. The
external cohort with 100 patients who were diagnosed
as SBOT after surgery was collected from Aug 1, 2009
to Nov 30, 2019 from the Shandong Provincial Hospital
in China. The patients from these two cohorts come
from 23 of 31 provinces in China. Our study was
approved by the Ethics Committee of the Obstetrics and
Gynecology Hospital of Fudan University (OBGYN
2019-70). All the participants provided written
informed consent to take part in the study.
The collection of clinical information
Patients’ basic information, such as medical files and
follow-up data, was collected by two researchers.
Patients who were younger than 40 years old or nullipa-
rous were provided the option of fertility preservation
for either initial treatment or recurrent surgery. FSS
was used to preserve the uterus and at least one side of
the ovaries, which included unilateral ovarian cystec-
tomy (UOC), unilateral salpingo-oophorectomy (USO),
bilateral ovarian cystectomy (BOC), and unilateral sal-
pingo-oophorectomy plus contralateral ovarian wedge
resection (USO+CWR). For the patients without fertility
desire, total hysterectomy and bilateral salpingo-oopho-
rectomy (TH+BSO) were suggested. Additional surgical
steps were chosen selectively: removal of the pelvic
lesions, multiple biopsies of the peritoneum, omentec-
tomy, and lymphadenectomy. If SBOT tumor was uni-
lateral, tumor size was defined as the maximum tumor
diameter, or if tumors were bilateral, it was defined as
the sum of bilateral tumors’ diameters. Based on the
National Comprehensive Cancer Network (NCCN)
guideline, standard cytoreductive surgery includes the
removal of the macroscopic lesions, peritoneal biopsy,
peritoneal washings and omentectomy.18 Incomplete
surgery was defined as losing of any standard steps for
surgery.

Patients attended follow-up appointments every 3
months during the first year, every 6 months during
the second year, and every 12 months thereafter. The
following information was collected: recurrence status,
physical examination findings, tumor markers, ultra-
sound imaging, and magnetic resonance imaging
(MRI) findings. Recurrence referred to discovering
serous borderline lesion or low-grade serous carcinoma
proven by surgery or highly suspicious pelvic mass on
www.thelancet.com Vol 46 Month , 2022
MRI test with elevated Carbohydrate Antigen 125
(CA125). Progression free survival time was the time
interval between the primary operation and radio-
graphic discovery of recurrence.
Data processing and model
Patient data from a total of 319 patients was included
in the internal cohort, which contained 28 clinical
indicators, including demographic characteristics,
fertility status, clinical information, lab tests, surgical
status, and pathological information. After filtering
out 48 samples due to missing recurrence/non-recur-
rence labels, 271 samples consisting of 59 recurrences
were used for the following analyses. To correct the
class-imbalance, the information from 59 recurrent
samples were randomly oversampled to expand the
recurrence sample sets. The sensitivity analysis result
of 'oversampling-method' was show in Supplemen-
tary Figure 1A. Ultimately, 424 samples consisting of
212 recurrence and 212 non-recurrence samples were
available to build our prediction model. To validate
the prediction model on an external data set contain-
ing 100 samples, the same ‘label filtering’ operation
was performed and 83 samples were retained. Then,
to handle the missing values of different clinical indi-
cators, we performed data imputation using the mis-
sForest function from the R package "missForest" on
both the internal and the external data sets to ensure
smooth development of the subsequent training and
prediction processes. The top three missing indica-
tors are HE4 (39.83% of all the missing values), Car-
bohydrate Antigen199 (CA199, 12.33%) and aspartate
aminotransferase (AST, 8.3%). The results of sensitiv-
ity analysis for "missForest" by artificially losing 1
−8% of the data at random were shown at Supple-
mentary Figure 1B. The sensitivity analysis on impu-
tation of top three missing indicators was presented
at Supplementary Figure 1C.

Two-thirds of the internal cohort was then randomly
selected and treated as a training set to construct a Ran-
dom Forest Regressor for recurrent prediction. The
other 1/3 were used as the internal test set. During the
training, we executed tests more than 20 times to
ensure that the model was stable in predicting recur-
rence. We evaluated the performance of the model by
applying it to the remaining one-third of patients in the
internal data set and the external data set. Since we
used a regression model, which gave a continuous pre-
diction value between 0 and 1, a threshold value is
required to meet a binary classification problem.
According to the performance of the best model on both
internal and external data sets, 0.5 was finally selected
as the threshold. Thus, patients with predicted values
> 0.5 are regarded as the ones who will get a high proba-
bility of being suffered from recurrence. This model was
saved and used as the predictor on the website.
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Considering that medical workers have certain diffi-
culties in collecting data on all 28 clinical indicators, a
model with fewer required indicators should be estab-
lished to adapt to more situations. We quantified the
importance of the indicators (known as variables) with a
mean decrease Gini score. Variables with higher mean
decrease Gini scores play more important roles in the
prediction. The curve of ranked mean decrease Gini
showed that the change of mean decrease Gini of the
variables after the seventh became flat. We then
screened out seven variables based on the mean
decrease Gini scores to train a simplified model. The
all-indicator predictor and the simplified one are both
available on the website (http://117.25.169.110:1030/).
Comparison with other methods
Here, we tested several popular supervised methods to
clarify the performance of different algorithms on our
data set. These algorithms included lightGBM,
XGboost, gcForest, and Random Forest Regressor. For
each method, we fed training set data into the model
and performed parameters tuning over 20 times to max-
imize the Area Under Curve (AUC)-Receiver Operating
Characteristic (ROC). In the internal cohort, these mod-
els achieved the following AUCs: lightGBM:0.950,
XGboost: 0.971, gcForest:0.986, and Random Forest
Regressor:0.999. The Random Forest Regressor
showed best ability with our dataset for predicting recur-
rence. Information about the accuracy and parameters
of each algorithm was summarized in Supplementary
Table 2.
Online tool establishment
The training models are available at http://
117.25.169.110:1030/. This website was developed based
on Gin web framework with pages designed with Boot-
Strap.
Survival analyses
The effects of selected clinical indicators on SBOT
recurrence rates were tested by univariate cox analysis
using Kaplan-Meier methods. Multivariate cox analy-
sis was implemented to appraise the relationship
between the risk of recurrence and clinical variables
which showed significant correlation in the univariate
analysis. Considering that there was only one stage 4
patient sample and its non-recurrence outcome may
affect the hazard ratio result of the ‘stage’ indicator,
we deleted it before the cox analysis. Ultimately, we
presented a survival curve with features that were sig-
nificantly related to recurrence. All analyses in this
section were performed with the python package
‘lifelines (v0.26.3)’ (Davidson-Pilon, Cameron.
(2021)) in Python.
Whole genome sequencing
Approximately 50−100 mg of tissue was cut up into
pieces and added to a preheated (56 °C) 2 mL EP tube
with 1 mL lysis buffer (100 mL 20 mg/mL Proteinase K
and 100 mL 20%SDS) and incubated at 56 °C for
60»120 min. The tube was centrifuged at 18,213£g for
10 min and then cooled to room temperature before
supernatant collection. The supernatant was transferred
to a new 2.0 mL tube, adding equal volume of superna-
tant and Phenol/Chloroform/isoamylalcohol (25: 24:1),
and centrifuged at 18,213£g for 10 min. The superna-
tant was added to a new 1.5 mL tube and 2/3th of the
supernatant volume of isopropyl alcohol was added (add
1/10th volume of 3 M sodium acetate if necessary), and
then the tube was inverted at least 3 times and placed at
�20 °C for 2 h for precipitation. To remove the super-
natant, the tube was centrifuged at 18,213£g for 10 min,
which resulted in DNA pelleting. The pellet was then
washed with 1 mL 75% ethanol. The pellet was resus-
pended by centrifuging at 18,213£g for 5 min at room
temperature and the supernatant was removed. We
then air-dried the DNA pellet in a biosafety cabinet for a
few minutes and added 25»100 µL of TE Buffer to dis-
solve the DNA pellet. The DNA’s concentration was
detected by Qubit Fluorometer. Both sample integrity
and purity were detected by Agarose Gel Electrophore-
sis. We randomly fragmented 1 mg of genomic DNA
using Covaris, and the fragmented DNA was selected by
Agencourt AMPure XP-Medium kit for an average size
of 200−400 bp. The selected fragments underwent
through end-repair, 30 adenylated, adapters-ligation, and
PCR amplifying, and the products were recovered using
the AxyPrep Mag PCR clean up Kit. The double
stranded PCR products were heat denatured and circu-
larized by the splint oligo sequence. The single stranded
circularized DNAs (ssCir DNA) were formatted as the
final library and quantified by quality control (QC). The
qualified libraries were sequenced on a BGISEQ-500
platform (BGI-Shenzhen, China). The raw sequencing
data was processed using the following steps: (1) Remov-
ing reads containing the sequencing adapter; (2)
Removing reads whose low-quality base ratio (base qual-
ity less than or equal to 5) is more than 50%; (3) Remov-
ing reads whose unknown base ('N' base) ratio is more
than 10%. Statistical analysis of data and downstream
bioinformatics analysis were performed on this filtered,
high-quality data, referred to as the clean data.

The clean data were mapped to the human reference
genome (GRCh38) using BWA version 0.7.17-r1188
with MEM mode. We conducted SNP calling using
GATK v4.1.7.0 toolkit and annotated the functional
impacts of the variants with Annovar version 2019-10-
24. Using Vcftools (version 0.1.16), we calculated the
Fst statistic (parameter −fst), which is widely used in
population genetics, to identify the variants that are
group-specific. When a variant is shared by all the indi-
viduals in a case group but cannot be found in any
www.thelancet.com Vol 46 Month , 2022

http://117.25.169.110:1030/
http://117.25.169.110:1030/
http://117.25.169.110:1030/


Articles
individuals of the control group or vice versa, the Fst of
this variant is 1.
RNA-seq analysis
Total RNA was extracted from tissues by using TRIzol
reagent (Invitrogen). Sequencing libraries were gener-
ated using NEBNext� UltraTM RNA Library Prep Kit
for Illumina� (NEB, USA) and index codes were added
to attribute sequences to each sample. Briefly, mRNA
was purified from total RNA using poly-T oligo-attached
magnetic beads. Fragmentation was carried out using
divalent cations under elevated temperature in NEBNext
First Strand Synthesis Reaction Buffer (5X). First strand
cDNA was synthesized using random hexamer primers
and M-MuLV Reverse Transcriptase (RNase H-). Second
strand cDNA synthesis was subsequently performed
using DNA Polymerase I and RNase H. Remaining
overhangs were converted into blunt ends via exonucle-
ase/polymerase activities. After adenylation of 30 ends of
DNA fragments, NEBNext Adaptors with hairpin loop
structure were ligated to prepare for hybridization. In
order to select cDNA fragments with 250»300 bp, the
library fragments were purified using the AMPure XP
system (Beckman Coulter, Beverly, USA). Then 3 µL of
USER Enzyme (NEB, USA) was used with size-selected,
adaptor-ligated cDNA at 37 °C for 15 min, followed by
5 min at 95 °C before PCR. Then PCR was performed
with Phusion High-Fidelity DNA polymerase, Universal
PCR primers, and Index (X) Primer. At last, PCR prod-
ucts were purified (AMPure XP system) and library
quality was assessed on the Agilent Bioanalyzer 2100
system. The clustering of the index-coded samples was
performed on a cBot Cluster Generation System using
TruSeq PE Cluster Kit v3-cBot-HS (Illumia). After clus-
ter generation, the library preparations were sequenced
on an Illumina Hiseq platform and 125−150 bp paired-
end reads were generated.

Raw data of fastq format were firstly processed
through in-house perl scripts. In this step, clean data
were obtained by removing reads containing adapter
and trimming low qulity base with Trimmomatic.19

Index of the reference genome was built using Hisat2
and paired-end clean reads were aligned to the reference
genome using Hisat2. StringTie was applied to the bam
file for expression quantification and the RNA-seq count
data was obtained. Finally, differential expression analy-
sis of two groups was performed using the DESeq2 R
package.20
Quantitative RT-PCR
TRIzol (Thermo Fisher) was used for total tissue and
RNA isolation. Extracted RNA (500 ng) was converted
into cDNA using the PrimeScriptTM RT reagent Kit
(Takara). Quantitative RT-PCR (qRT-PCR) was per-
formed using an Applied Biosystems QuantStudio 5
www.thelancet.com Vol 46 Month , 2022
and SYBR Green PCR Master Mix (Applied Biosys-
tems). Fold change was determined by comparing target
gene expression with the reference gene 36B4. The
sequence of primers is presented in Supplementary
Table 1.
Hydrophilic metabolite extraction
Tissue samples were homogenized at �20 °C for 1.5 h.
Methanol: water (v:v, 80:20) was pre-chilled at �80 °C
overnight, and 4 mL was added to the tissue sample
homogenate. The homogenate was then incubated at
�80 °C for 20 min and decanted to a 15 mL centrifuge
tube. The homogenate was centrifuged at 4 °C at 4000
x g for 10 min, and the supernatant was then collected
in another 15 mL centrifuge tube. 500 µL of pre-chilled
80% methanol was added to the 15 mL centrifuge tube
which contained the tissue homogenate, and after 1 min
of vortexing, the tissue homogenate was centrifuged at
4 °C at 4000 x g for 10 min again. Approximately
500 µL of supernatant was added to the »4 mL of
supernatant in a new 15 mL centrifuge tube. The 4.5 mL
supernatant was split into three portions (3 £ 1.5 mL
microcentrifuge tubes). The 80% methanol extracted
metabolites were then dried using a SpeedVac (LAB-
CONCO Refrigerated CentriVap Concentrator) and
stored at �80 °C before MS analysis.
Tissue lipid extraction
A tissue sample was added to 200 µL of water and
500 µL of methanol and homogenized using the same
approach as in the hydrophilic metabolite extraction
above. The homogenate was supplemented with 500 µL
more methanol and decanted into a clean glass centri-
fuge tube. Five milliliters of MTBE were then added to
the glass centrifuge tube and vortexed for one min. The
glass centrifuge tube containing the homogenate was
rocked on a shaker for one hour at room temperature.
1.25 mL of water was then added to the glass centrifuge
tube followed by another minute of vortexing. The
homogenate was centrifuged at 4 °C at 1000 x g for
10 min and two- phase layers could be observed in the
glass centrifuge tube. Four milliliters of the top phase
supernatant were collected and dried under a stream of
nitrogen. The extracted lipid sample was stored at
�80 °C before MS analysis. The detailed protocols for
lipid and metabolites extraction have been published.21
Targeted metabolomics
The aqueous metabolites were reconstituted using
100 µL acetonitrile: water (v:v 50:50). Then, 5 µL of the
reconstituted sample was injected into the Liquid Chro-
matograph Mass Spectrometer (LC-MS). The targeted
metabolomics method was modified from a published
protocol22 that used amide HILIC column (XBridge
Amide 3.5 µm, 4.6 £ 100 mm). The LC method used
5
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two elution solutions; buffer A (95% water and 5% ace-
tonitrile with 20 mM ammonium hydroxide and
20 mM ammonium acetate, pH 9.0) and buffer B (ace-
tonitrile). The 0.25 mL/min LC gradient was started
from 0 to 0.1 min, 85% B, 3.5 min, 32% B, 12 min, 2%
B, 16.5 min, 2% B, 17−16 min, 85% B. The samples
were acquired by a QTRAP 5500+ (AB Sciex) using
polarity switching approach which referred from pub-
lished MRM list containing 297 transitions. The LC-
MS/MS peak integration was performed on MultiQuant
(AB Sciex) to obtain the metabolomics spreadsheet.
Untargeted lipidomics
The nonpolar lipids were reconstituted using 200 µL of
2-propanol: acetonitrile: water (v:v:v 30:65:5). Then 5 µL
of reconstituted sample was injected into the LC-MS.
The untargeted lipidomics method was modified from a
published method23 that used a C30 column (Acclaim
C30, 3 µm, 2.1 £ 150 mm). The LC method used two
elution solutions; buffer A (60% acetonitrile and 40%
water with 0.1% formic acid and 10 mM ammonium
formate) and buffer B (90% 2-propanol and 10% aceto-
nitrile with 0.1% formic acid and 10 mM ammonium
formate). The 0.2 mL/min LC gradient was started
from 0 to 1.5 min, 32% B, 4 min, 45% B, 5 min, 52% B,
8 min, 58% B, 11 min, 66% B, 14 min, 70% B, 18 min,
75% B, 21−25 min, 97% B, 25−32 min 32% B. The sam-
ples were acquired by a Orbitrap Exploris 480 (Thermo
Fisher Scientific) using polarity switching approach
with DDA mode. All the lipidomics .RAW files were
processed on LipidSearch 4.0 (Thermo Fisher Scientific)
for the lipid identification.
Metabolomic and lipidomic data analyses
The metabolomic results were statistically analyzed by
MetaboAnalyst 5.0.24 The lipidomic results were statisti-
cally analyzed with LINT-web.25
Histology
The SBOT tissues were collected and fixed in 10% neu-
tral formalin overnight within 30 min after the surger-
ies. After conventional dehydration and paraffin
embedding, the blocks were cut into 4 mm of slices for
hematoxylin and eosin staining. In detail, samples were
dewaxed using Xylene for 20 min twice, 100% ethanol
for 5 min twice, 75% ethanol for 5 min, and then rinsing
with tap water. Sections were stained with Hematoxylin
solution for 3−5 min and then rinsed with tap water.
Next, sections were treated with Hematoxylin Differen-
tiation solution and Hematoxylin Scott Tap Bluing,
rinsed with tap water, respectively. Sections were dehy-
drated using 85% ethanol for 5 min and 95% ethanol
for 5 min, and then stained with Eosin dye for 5 min.
Then sections were dehydrated using 100% ethanol for
5 min three times and Xylene for 5 min twice. Finally,
sections were sealed with neutral gum. All the ovarian
follicles’ images were taken by K-viewer. The sections of
tumors were affirmed under 10X low power lens. Ten
fields were randomly chosen from 40X high power lens
of each sample for immune cell counting. The average
cell count was compared between recurrence and non-
recurrence group using Student t-test.
Statistical analysis
GSEA was performed according to its guideline.26,27

Kolmogorov−Smirnov test was used for normality anal-
ysis. Student t-test was used for the metabolomics and
lipidomics analysis in this study. Wil-Cox test was used
for the RNA-seq analysis.
Role of the funding source
The funders of the study had no role in study design,
data collection, data analysis, data interpretation, or
writing of the report. All authors had access to the data-
sets of this study and all authors agreed with the final
decision to submit for publication.
Results

Clinical features correlated to recurrence of SBOT
Between Aug 2009 and July 2019, a total of 321 patients
were diagnosed with SBOT and received surgical treat-
ment in Obstetrics and Gynecology Hospital of Fudan
University. Two patients with invasive implantation
were excluded from the analysis. Among the 319
patients, we managed to identify the recurrent condi-
tions of 271 patients. Basic patient information is shown
in Table 1. The details of how the study population was
defined can be found in the Methods.

Among 271 patients in a median follow-up interval of
77 (12−247) month, 59 (18.5%) of them had recurrence
with a median recurrence period of 34 (9−132) months.
Though the lymphadenectomy rate is high in this
cohort, 73% of it happened before the update of FIGO
guideline for lymphadenectomy in 2015. Complete
cytoreductive surgery has been done for every patient.
Two patients that were treated with FSS developed
LGSC. Three patients still carried tumors at the end of
follow-up. There were 57 recurrent cases that underwent
FSS. For the 198 patients receiving fertility sparing sur-
gery, 69 of them have fertility desire. In total 34 patients
were pregnant after surgeries and 38 children were
born. The features of these patients are shown in
Table 1. Multiple recurrence happened in 17 patients,
whose conditions were summarized in Supplementary
Table 2. No one experience disease-related death. The 5-
and 10-years progression free survival (PFS) rate in this
cohort was 81.2 and 68.8%.

We further explored the correlation between differ-
ent clinical indicators and recurrence. Five factors were
www.thelancet.com Vol 46 Month , 2022



Characteristics Internal Cohort External Cohort

The Whole Set Patients under follow-up The whole Set Patients under follow-up

Recurrence Non-recurrence Recurrence Non-recurrence
n = 59 n = 212 n = 24 n = 59

Median age (year) 34 (15−73) 28 (16−48) 38 (15−73) 35 (14−91) 27 (14−37) 43 (16−91)

Median recurrent month 34 (9−132) 41 (16−129)

Nullipara 185 (58.0%) 24 135 61 (61.0%) 10 43

Stage

I 244 (76.5%) 37 207 78 (78.0%) 24 46

II 32 (10.0%) 6 26 5 (5.0%) 0 3

III 41 (12.8%) 16 25 17 (17.0%) 0 10

IV 2 (0.7%) 0 2

Surgical type

Fertility preservation

UOC 63 (19.7%) 17 46 6 (6.0%) 1 4

USO 65 (20.4%) 11 54 14 (14.0%) 2 9

BOC 36 (11.3%) 21 15 13 (13.0%) 9 2

USO+CWR 34 (10.7%) 8 26 25 (25.0%) 12 10

TH+BSO 121 (37.9%) 2 119 42 (42.0%) 0 34

Tumor size (cm, ultrasound) 9.5 (1.8−38.0) 11.0 (3.4−25.1) 9 (1.8−27.6) 9.7 (1.7−42.4) 11.0 (3.9−25.2) 8.9 (1.7−41.0)

Tumor size (cm, pathology) 8.9 (0.5−31.5) 10.2 (0.5−31.5) 8.5 (0.5−29.0) 9.5 (1.5−39.0) 11.5 (4.8−22.0) 9.5 (1.5−39.0)

Exophytic tumor 59 (18.5%) 14 45 29 (29.0%) 8 14

Micropapillary Pattern 38 (11.9%) 15 23 20 (20.0%) 4 12

Microinvasion 30 (9.3%) 7 23 6 (6.0%) 2 3

Peritoneal implantation

No Biopsy 235 (73.6%) 40 195 84 (84.0%) 19 50

No Implantation 42 (13.2%) 5 37 14 (14.0%) 4 8

Non-invasive implantation 42 (13.2%) 14 28 2 (2.0%) 1 1

Omental implantation

No Biopsy 186 (58.4%) 34 152 87 (87.0%) 19 52

No Implantation 100 (31.3%) 10 90 11 (11.0%) 5 6

Non-invasive implantation 33 (10.3%) 5 28 2 (2.0%) 0 1

Lymph node metastasis

No Biopsy 240 (68.0%) 56 184 98 (98.0%) 24 57

No metastasis 71 (28.7%) 2 69 2 (2.0%) 0 2

SBOT metastasis 8 (3.33%) 1 7 0 0 0

Peritoneal cytology

Unknown 182 (57.1%) 34 119 86 (86.0%) 21 51

Negative 99 (31.0%) 17 69 13 (13.0%) 3 7

Positive 38 (11.9%) 8 24 1 (1.0%) 0 1

Complete surgery

Yes 35 (11.0%) 8 22 0 (0%)

No 284 (89.0%) 51 190 100 (100%) 24 59

Table 1: General and oncological information of the internal cohort (n = 319) and external cohort (n = 100).
UOC: unilateral ovarian cystectomy USO: unilateral salpingo-oophorectomy BOC: bilateral ovarian cystectomy USO+CWR:

unilateral salpingo-oophorectomy plus contralateral ovarian wedge resection TH+BSO: total hysterectomy + bilateral salpingo-oophorectomy

oophorectomy.
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significantly correlated with recurrence (Figure 1A).
Among them, micropapillary pattern (Supplementary
Figure 2) and advanced stage (Figure 1B) have been dis-
covered as risk factors for the recurrence of SBOT in
many other studies including the Denmark study men-
tioned earlier. Based on our cohort, FSS (Figure 1C,
microinvasion (Figure 1D), and lymph nodes invasion
www.thelancet.com Vol 46 Month , 2022
(Figure 1E) are indicated as factors related to SBOT
recurrence in a Han population. We further evaluated
the effects of different FSS types on SBOT recurrence.
For unilateral tumors, patients who received USO or
UOC had no difference on recurrence risk (Hazard
Ratio (HR) = 0.87, 95% confidence interval (CI) 0.32
−2.35, P = 0.78) and fertility outcome
7



Figure 1. Identification of risk factors for SBOT recurrence by Multivariate Cox regression. A. Summary for the results of Multivariate Cox
regression; B. Progress-free survival curves according to stage; C. Progress-free survival curves according to FSS; D. Progress-free sur-
vival curves according to microinvasion; E. Progress-free survival curves according to lymph nodes invasion; F. Comparison of the
effects between different FSS types on clinical outcomes. UorB: unilateral or bilateral tumors; MP: micropapillary patten; MI: microin-
vasion; OM: omental implantation; LN: lymph nodes invasion; *p < 0.05, **p < 0.01.
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(HR = 1.19,95%CI 0.51−2.82, P = 0.69) (Figure 1F). For
bilateral tumors, patients received USO+CWR demon-
strated lower recurrence risk than BOC (HR = 0.09,
95%CI 0.02−0.38, P < 0.01) but no difference in fertil-
ity outcome (HR = 0.48, 95%CI 0.13−1.77, P = 0.27)
(Figure 1F). Notably, the results about complete surgery
are limited by its low number in our study and needs to
be validated by other studies in future.
A random forest-based prediction tool for the
recurrence of SBOT
Identification of patients with a high risk of recurrence
is an important way to improve medical care for patients
with SBOT. Though several risk factors have been iden-
tified, it is a challenge to directly translate these parame-
ters into the prediction of recurrence. Utilizing recent
advancements in computational biology, it is possible to
establish prediction tools for clinical applications based
on features of diseases.28,29 We therefore tested the fit-
ness of a few computational algorithm, including
XGboost, LightGBM, gcForest, and Random Forest
Regressor, with the 28 clinical features based on area
under the receiver operating characteristics curve
(AUC). The details of testing results are summarized in
Supplementary Table 3. Random Forest Regressor out-
performed other models to achieve the highest numeri-
cal AUC (0.999) on internal validation data (Figure 2A
and B). Notably, this prediction model achieved excel-
lent predictive power with an AUC of 0.817 on an inde-
pendent cohort with 100 patients (83 with labels for
prediction and 24 recurrences) from Shandong Provin-
cial Hospital from 2009 to 2019 (Figure 2C). These
results indicated our computational model can estimate
the recurrent risk in patients within the Han popula-
tion.

For the physicians, one major issue in preventing the
broad application such prediction tools is that it is not
easy to use these computational algorithms. To this
end, we designed a website-based computational tool
for SBOT recurrence prediction in a user-friendly style
(http://117.25.169.110:1030/). Considering the difficul-
ties associated with collecting information for all 28
parameters, we identified 7 key features which can
reach the AUC of 0.990 for the internal cohort and of
0.802 for the external cohort. The features are surgical
type, FSS, tumor size (cm, ultrasound), CA199, CA125,
age, and white blood cell (WBC). Physicians can simply
type in these parameters, or upload a summarized table
in the indicated format, to predict the recurrence rate of
their patients with SBOT (Figure 2D).
Next-generation sequencing analysis reveals the
genetic and transcriptomic features of SBOT recurrence
Twenty-one original SBOT samples were collected dur-
ing the primary SBOT surgery performed on patients.
www.thelancet.com Vol 46 Month , 2022
After following up for 53 (24−78) months, the recurrent
conditions of patients were recorded, and the samples
were divided into 8 recurrent vs 13 non-recurrent sam-
ples. The basic clinical information is summarized in
Supplementary Table 4. Firstly, whole genome sequenc-
ing (WGS) was performed on these samples to identify
common mutations. Unfortunately, no mutations
shared by more than three patients were discovered
(Supplementary Table 5). These results indicated the
genetic diversity of SBOT in a Han population.

Although we did not identify common mutations
using WGS, Gene Set Enrichment Analysis (GSEA)
revealed genes carrying specific variants in recurrent
SBOT are related to important factors for cancer, such as
KRAS signaling and immunology (Supplementary Figure
3A). We did observe 1154 genes that were differentially
expressed between the recurrent and non-recurrent group
via RNA-seq assay (Figure 3A and Supplementary Table
6). Surprisingly, GSEA revealed that different oncogenes
were related to either recurrent (MYC) and non-recurrent
(KRAS) SBOT samples (Figure 3B). The negative correla-
tion between recurrent SBOT and KRAS signaling is con-
sistent with the genomic results. The expression of
representative genes was further validated by RT-qPCR
(Supplementary Figure 3B).

Many clinical studies have revealed the strong positive
correlation between KRAS signaling and the outcome of
immune therapies. We, therefore, explored the expression
of immunological genes in SBOT samples. Consistently,
many immune-related genes were downregulated in
recurrent SBOT (Figure 3C). The expression of representa-
tive genes related to TNFA signaling, IFNA signaling,
IFNG signaling, IL6-JAK-STAT3 signaling, and IL2-
STAT5 signaling are presented in Figure 3D.

Immune responses to tumor development have been
recognized as an important risk factor for the recur-
rence and prognosis. Thus, we hypothesized that immu-
nological suppression is an important reason for the
recurrence of SBOT. Immunological suppression can
be induced by decreased infiltration or dysfunction of
immune cell in and near tumors. By investigating the
histological images of patients with SBOT, we realized
that immune cell infiltration is comparable between
recurrent and non-recurrent SBOT (Supplementary
Figure 3C). So, immune cell dysfunction, and not
immune cell number, is likely one of the reasons of
recurrent SBOT.
Metabolic regulation of immune cell function in SBOT
recurrence
Among many factors capable of regulating immune cell
function, metabolites and lipids have been shown to
play a particularly important role in tumor immune
responses. We firstly measured the changes in metabo-
lites with targeted metabolomics. We found that recur-
rent and non-recurrent SBOT contains many
9
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Figure 2. An online tool to predict SBOT recurrence. A. Establishment of random forest-based prediction tool; B. The Receiver Operat-
ing Characteristic (ROC) curve of prediction on the internal validation cohort; C. The ROC curve of prediction on the external cohort;
D. The screen shot of the online prediction tool.
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Figure 3. Transcriptomic features of SBOT recurrence. A. Significantly changed genes in SBOT recurrence shown on volcano plot; B.
Enrichment of significantly changed genes in MYC targets and KRAS signaling by GSEA; C. GSEA enrichment results of down-regu-
lated genes in SBOT recurrence; D. Immunology related genes in SBOT recurrence. *, p < 0.05; **, p < 0.01; ***, p < 0.001.
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Figure 4. Metabolic disorders in SBOT recurrence. A. Heatmap showing the top 75 changed metabolites in SBOT recurrence; B. Repre-
sentative downregulated metabolites and C. upregulated metabolites in SBOT recurrence; D. Heatmap showing the top 50 changed
lipids in SBOT recurrence; E. Downregulation of various ceramides in SBOT recurrence; F. Expression level of genes related to cer-
amide metabolism. Genes which may upregulate ceramide level were marked in red. *, p < 0.05; **, p < 0.01.
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metabolites with varying abundance (Figure 4A and
Supplementary Table 7). The non-recurrent samples
contained higher levels of metabolites related to glycoly-
sis and the tricarboxylic acid cycle, such as pyruvate, cit-
rate-isocitrate, and oxaloacetate (Figure 4B). In contrast,
recurrent samples contained higher levels of several
immunosuppressive metabolites, such as serine, lactate,
and kynurenine (Figure 4C).

We also performed untargeted lipidomics on these
samples. The recurrent and non-recurrent SBOT sam-
ples also contained many lipids with varying abundance
(Figure 4D and Supplementary Table 8). Consistently,
several immune-related lipids, such as various ceram-
ides, sphingosine, and sphingomyelin, were altered in
recurrent SBOT (Figure 4E). By screening the expres-
sion of genes regulating sphingolipid metabolism, we
identified significant downregulation of GBA and upre-
gulation of ACER2 which may be responsible for
changes in ceramide abundance in recurrent SBOT
(Figure 4F). Therefore, the changes in immune-related
metabolites and lipids may contribute to the immuno-
logical suppression observed in recurrent SBOT. Based
on its molecular features, we hypothesized that the met-
abolic changes and the consequent immune suppres-
sion are responsible, in part, for disease recurrence in
patients with SBOT.
Discussion
To improve the efficacy of therapeutic treatment of
SBOT, it is important to identify disease features that
are correlated to recurrence. Though the large Denmark
study identified non-invasive low-grade serous carci-
noma (non-invasive LGSC), bilateral tumor, surface
involvement, and invasive implantation as risk factors
for progression, this study did not provide a tool to esti-
mate recurrence risk in patients with SBOT. Also, the
Denmark study did not comment on the safety and
effectiveness of FSS and was lacking in ethnic diversity
because most of the patients in the Denmark study
were Caucasian.

With a large SBOT cohort in a Han population, we
discovered five first-class factors and one second-class
factor related to recurrence. The risk factors for recur-
rence are FSS, advanced stage, micropapillary patten,
microinvasion, and lymph nodes invasion.

Microinvasion is a type of stromal invasion that has a
controversial correlation to recurrence risk. However,
the pathological diagnosis of microinvasion has proven
to be complicated, which contains some forms as early
stage of destructive stromal invasion. Similar morpho-
logical diversity also exists in lymph node invasion,
which was not linked to recurrence in a previous SBOT
study. Due to the potential correlation of these factors to
recurrence, it would be helpful if a more detailed report
on microinvasion and lymph node invasion was pro-
vided during pathology assessment of tissues.
www.thelancet.com Vol 46 Month , 2022
Although we found FSS to be a risk factor for tumor
recurrence, it has been reported that overall prognosis
was improved by subsequent surgeries on the recurrent
tumor tissue.30 With consideration to individual
patients’ wishes for future fertility, it is still feasible for
patients with SBOT to receive FSS. Particularly, we
found USO+CWR leads to lower recurrence rate than
BOC for bilateral tumor. Further studies are needed to
validate that USO+CWR is a more suitable FSS for
patients with SBOT with bilateral tumor with prospec-
tive cohorts.

To better help physicians estimate the prognosis of
patients with SBOT, we built a random forest-based
online predication tool in a user-friendly format. This
tool can predict whether recurrence will happen or not
in patients with 7 or 28 key clinical features. The predic-
tive ability of this tool is validated by the study set
(AUC = 0.999) and an independent set (AUC = 0.817),
even though the prognosis is significantly different
between these two sets (Supplementary Figure 4). This
tool is fully free and open-source. Any physicians with
access to the internet can use this tool directly or revise
it to better fit their context.

To explore the mechanisms involved in SBOT recur-
rence, we also investigated molecular features associ-
ated with SBOT recurrence using a multi-omics assay.
The next-generation sequencing-based assays unveiled
that KRAS-related immunological suppression occurs
in recurrent SBOT tissues, which may be induced by
changes to immune-related metabolites and lipids in
the tumor. Nowadays, the therapeutic effects of several
immunotherapies on ovarian tumor have been con-
firmed by clinical trials. In addition, a few metabolic
therapies have been developed to facilitate immuno-
therapies. Our findings suggest the immunotherapies,
in combination with metabolic therapies, have the
potential to be applied on patients with SBOT to
improve their prognosis.

Because the average income of peoples living in
Shanghai and Shandong is higher, the results of our
clinical study may have bias and needs to be validated
by other studies performed by different clinics in future.
Our clinical study is also limited by the fact that only
Chinese patients are included. We have observed the
non-random missing data, which was enriched in HE4,
CA199 and AST, in our study. The sensitivity analysis
suggested the dropout of these data had no significant
effects on the model performance. But it is possible that
a better prediction model can be established with com-
plete dataset.

The mechanistic studies were certainly limited by
the low number of samples, though we have used all
the available SBOT samples in Obstetrics and Gynecol-
ogy Hospital of Fudan University since 2014. The bio-
logical conclusions derived from current study need to
be validated by other investigators working on SBOT in
the future. We also cannot identify common mutations
13
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that might be shared by a large portion of patients with
SBOT with similar prognoses. However, the novel
recurrence-related factors we found, the prediction tool
we established, and the immunological suppression fea-
tures we identified will improve the clinical practice and
mechanistic studies of SBOT recurrence.
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