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Summary
Background Various factors—including age, family history, inflammation, reproductive factors, and tubal ligation—
modulate the risk of ovarian cancer. In this study, our aim was to establish whether women with, or at risk of 
developing, ovarian cancer have an imbalanced cervicovaginal microbiome.

Methods We did a case-control study in two sets of women aged 18–87 years in the Czech Republic, Germany, Italy, 
Norway, and the UK. The ovarian cancer set comprised women with epithelial ovarian cancer and controls (both 
healthy controls and those diagnosed with benign gynaecological conditions). The BRCA set comprised women with 
a BRCA1 mutation but without ovarian cancer and controls who were wild type for BRCA1 and BRCA2 (both healthy 
controls and those with benign gynaecological conditions). Cervicovaginal samples were gathered from all participants 
with the ThinPrep system and then underwent 16S rRNA gene sequencing. For each sample, we calculated the 
proportion of lactobacilli species (ie, Lactobacillus crispatus, Lactobacillus iners, Lactobacillus gasseri, and Lactobacillus 
jensenii), which are essential for the generation of a protective low vaginal pH, in the cervicovaginal microbiota. We 
grouped samples into those in which lactobacilli accounted for at least 50% of the species present (community type L) 
and those in which lactobacilli accounted for less than 50% of the species present (community type O). We assessed 
the adjusted association between BRCA1 status and ovarian cancer status and cervicovaginal microbiota community 
type, using a logistic regression model with a bias reduction method.

Findings Participants were recruited between Jan 2, 2016, and July 21, 2018. The ovarian cancer set (n=360) comprised 
176 women with epithelial ovarian cancer, 115 healthy controls and 69 controls with benign gynaecological conditions. 
The BRCA set (n=220) included 109 women with BRCA1 mutations, 97 healthy controls wild type for BRCA1 and 
BRCA2 and 14 controls with a benign gynaecological condition wild type for BRCA1 and BRCA2. On the basis of two-
dimensional density plots, receiver–operating characteristic curve analysis, and age thresholds used previously, we 
divided the cohort into those younger than 50 years and those aged 50 years or older. In the ovarian cancer set, women 
aged 50 years or older had a higher prevalence of community type O microbiota (81 [61%] of 133 ovarian cancer cases 
and 84 [59%] of 142 healthy controls) than those younger than 50 years (23 [53%] of 43 cases and 12 [29%] of 
42 controls). In the ovarian cancer set, women younger than 50 years with ovarian cancer had a significantly higher 
prevalence of community type O microbiota than did age-matched controls under a logistic regression model with 
bias correction (odds ratio [OR] 2·80 [95% CI 1·17–6·94]; p=0·020). In the BRCA set, women with BRCA1 mutations 
younger than 50 years were also more likely to have community type O microbiota than age-matched controls 
(OR 2·79 [95% CI 1·25–6·68]; p=0·012), after adjustment for pregnancy (ever). This risk was increased further if 
more than one first-degree family member was affected by any cancer (OR 5·26 [95% CI 1·83–15·30]; p=0·0022). In 
both sets, we noted that the younger the participants, the stronger the association between community type O 
microbiota and ovarian cancer or BRCA1 mutation status (eg, OR for community type O for cases aged <40 years in 
the ovarian cancer set 7·00 [95% CI 1·27–51·44], p=0·025; OR for community type O for BRCA1 mutation carriers 
aged <35 years in the BRCA set 4·40 [1·14–24·36], p=0·031).

Interpretation The presence of ovarian cancer, or factors known to affect risk for the disease (ie, age and BRCA1 
germline mutations), were significantly associated with having a community type O cervicovaginal microbiota. 
Whether re-instatement of a community type L microbiome by using, for example, vaginal suppositories containing 
live lactobacilli, would alter the microbiomial composition higher up in the female genital tract and in the fallopian 
tubes (the site of origin of high-grade serous ovarian cancer), and whether such changes could translate into a reduced 
incidence of ovarian cancer, needs to be investigated.
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Introduction
Evidence is accumulating that microbiota can affect 
the risk of cancer development, response to oncological 
therapy, and development of cancer-associated and 
treatment-related complications.1 Most of the available 
evidence so far relates to the gut microbiome,2 but some 
data suggest roles for the urinary3 and cervicovaginal4 
microbiomes in the development of bladder and endo
metrial cancers, respectively. Whether the absence or 
disruption of the normal protective microbiome—and 
particularly of the non-gut microbiome—is associated 
with predisposition to cancer has not been thoroughly 
investigated. This information is a prerequisite for 
assessment of the risk associated with dysbiosis and to 
assess whether restoration of the normal microbiota 
could help to prevent cancer.

In addition to age, BRCA1 and BRCA2 germline 
mutations, parity, oral contraceptive use, and endometrio
sis,5 ascending infections leading to pelvic inflammatory 
disease6 and procedures that theoretically mitigate the 
risk of ascending infection (ie, tubal ligation) modify the 
risk of ovarian cancer. The cervicovaginal microbiota is 
dominated by Lactobacillus crispatus, Lactobacillus iners, 
Lactobacillus gasseri, or Lactobacillus jensenii,7–9 and 
prevents urogenital disease by lowering the vaginal pH 
via lactic acid production and by several other 
mechanisms, including immunomodulation.10 Ravel 
and colleagues7 described four types of Lactobacillus 
community (groups I, II, III, and V, which are dominated 
by L crispatus, L gasseri, L iners, and L jensenii, respectively) 
that—compared with community type IV, which contains 
higher proportions of strictly anaerobic organisms—are 
associated with a substantially lower vaginal pH, 
which could potentially decrease the risk of ascending 
infection.

In this case-control study, we aimed to assess whether 
the cervicovaginal microbiota was altered in women who 
had recently received a diagnosis of ovarian cancer, and 
whether alterations were already present in women with 
a germline BRCA1 mutation, who have a 40-times 
increased risk of ovarian cancer,11 who had not yet 
developed ovarian cancer.

Methods 
Study design and participants
We did a case-control study of the association between 
cervicovaginal microbiota composition, BRCA1 mutation 
status, and ovarian cancer status, in two separate 
datasets, by using 16S rRNA sequencing. The ovarian 
cancer set comprised women with epithelial ovarian 
cancer and controls (both healthy controls and those 
diagnosed with benign gynaecological conditions). The 
BRCA set comprised women with a BRCA1 mutation but 
without ovarian cancer and controls who were wild type 
for BRCA1 (both healthy controls and those with benign 
gynaecological conditions). Our study was part of a 
multicentre study (the FORECEE [4C] Programme), 
which was done at 14 recruitment sites in five European 
countries: the Czech Republic, Germany, Italy, Norway, 
and the UK (appendix pp 5–6). Participants aged 
18–87 years were recruited to our microbiome substudy 
in three different settings: women with suspected 
ovarian cancer, benign gynaecological conditions, and 
women with BRCA1 mutations were recruited from 
hospitals during outpatient clinics; healthy women from 
the general population were recruited via routine cervical 
cancer screening programmes; and both women who 
were BRCA1 mutation carriers and healthy women were 
recruited by a dedicated research clinic (through outreach 
campaigns and public engagement). Eligible ovarian 
cancer cases were women with a suspected diagnosis of a 

Research in context

Evidence before this study
At the initiation of this case-control study, on Sept 15, 2015, 
we searched PubMed with the terms “[ovarian cancer or BRCA1] 
and [cervical or vaginal] and [microbiome or lactobacilli]” 
for studies published in any language in which the vaginal or 
cervical microbiome was assessed in women with ovarian cancer 
or BRCA1 mutations. We also manually searched the reference 
lists of papers identified by our search. Neither the original 
search, nor any subsequent searches, the last of which was done 
on Dec 20, 2018, identified any published studies about this 
topic.

Added value of this study
To our knowledge, this study is the first case-control analysis of 
the cervicovaginal microbiome in women with ovarian cancer 
and in women at high risk of ovarian cancer (ie, with a BRCA1 
mutation). Our finding that a dysbiosis (ie, a lower proportion 
of lactobacilli in the cervicovaginal microbiome) is present not 

only in women younger than 50 years with established ovarian 
cancer, but also in those at high risk of the disease, supports the 
view that various factors, including genetic factors, reveal their 
carcinogenic potential via a modifiable cell non-autonomous 
mechanism, such as the microbiome.

Implications of all the available evidence
Although our findings suggest that the cervicovaginal 
microbiome is implicated in ovarian cancer risk, the causative 
link between dysbiosis and ovarian cancer has yet to be further 
assessed. The proportion of lactobacilli should be combined 
with genetic and epidemiological factors in ovarian cancer risk 
predicting models. Once the functional relevance of community 
type O cervicovaginal microbiota in ovarian cancer 
development has been established, vaginal lactobacilli 
transplantation in young carriers of germline BRCA1 mutations 
could become available as a risk-reduction measure.

See Online for appendix
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malignant invasive epithelial ovarian cancer who were 
recruited before undergoing surgery or receiving any 
chemotherapy or radiotherapy. Before agreeing to take 
part, each prospective participant was given a participant 
information sheet, and the rationale for the study was 
explained. Additional resources, including an explanatory 
video and further online resources, were also made 
available. Before enrolment, prospective participants 
completed an epidemiological questionnaire (admini
stered via the Qualtrics application on dedicated iPads), 
comprising questions about current and historical health 
habits, relevant risk factors, and their medical and 
obstetric history. All participants provided written 
informed consent. The FORECEE (4C) Programme 
received ethical approval from the UK Health Research 
Authority (REC 14/LO/1633).

Procedures
A small group of research midwives or physicians used 
the ThinPrep system (Hologic, Marlborough, MA, USA) 
to collect cervical smear samples from all participants at 
collaborating hospitals and recruitment centres. Briefly, 
cervical cells were sampled with a Rovers cervix brush 
(Rovers Medical Devices, Oss, Netherlands), which was 
inserted into the vagina, rotated fully five times while in 
contact with the cervix, then removed and immersed in a 
ThinPrep vial containing PreservCyt fluid (Hologic). The 
brush was pushed against the bottom of the vial ten 
times to facilitate release of the cells into the PreservCyt 
solution, and then discarded. Sample vials were sealed 
and stored locally at room temperature before shipment 
to University College London (London, UK) at ambient 
temperature. All biological samples were assigned 
anonymous participant identification numbers, which 
were matched with participants’ names in a securely 
stored link file.

During wet laboratory processing, each cervical smear 
sample was poured into 50 mL Falcon tubes (Fisher 
Scientific, Loughborough, UK) and left to sediment at 
room temperature for 2 h. 1 mL wide-bore tips were used 
to transfer cervical cell enriched sediment to 2 mL 
cryovials, which were stored at –80ºC. Next-generation 
sequencing was done on all samples in  both sets. Total 
DNA extraction from cervical smears was done with 
the QIAsymphony DSP Virus/Pathogen kit (Qiagen, 
Hilden, Germany) according to the manufacturer’s 
instructions. Sequencing and taxonomical classification 
of bacterial species in cervical samples was done by 
Eurofins Genomics Europe Sequencing (Constance, 
Germany) as previously described.12 In brief, the 
hypervariable V1–V3 region of the bacterial small subunit 
ribosomal DNA (16S rRNA genes) was amplified with 
primers modified from work by Klindworth and 
colleagues (27F  5ʹ-AGAGTTTGATCCTGGCTCAG and 
534R 5ʹ-ATTACCGCGGCTGCTGG) to decrease melting 
temperature stringency and, as a result, increase 
taxonomic coverage, including Illumina adapters and 

dual index barcodes. These barcoded libraries were 
equimolarly pooled and sequenced on the HiSeq2500 
with 300 bp paired-end reads (HiSeq Rapid SBS Kit v2; 
Illumina, San Diego, CA, USA). The 16S rRNA gene 
PCRs, next-generation sequencing libraries, and pooled 
libraries were quality checked by Eurofins Genomics 
via electropherograms and fluorometer concentration 
determinations. Additionally, positive and negative 
controls were included in each library preparation, 
including DNA extraction batches.

To process the 16S rRNA gene-sequencing data, the 
demultiplexed sequencing reads were quality checked, 
trimmed, and filtered with Sickle (version 1.33; settings: 
-q 20, -l 246, -n yes), and adapters and primers 
were removed with Cutadapt (version 1.10; settings: 
--minimum-length 246). Overlapping paired-end reads 
were merged for full-length V1–V3 16S amplicons with 
FLASH (version 1.2.11; settings: --min-overlap 10, --max-
overlap 300, --max-mismatch-density 0·25)14 and 
clustered with CD-HIT (version 4.6; settings: -c 0·99 and 
cluster filtered, resulting in a minimum number of two 
members),15 and then chimeric sequences were removed 
with UCHIME (version 4.2.40).16 Operational taxonomic 
units were assigned with BLASTN+ (version 2.4.0; 
-evalue 1e-06)17 via a non-redundant 16S rRNA reference 
database from the Ribosomal Database Project 
(release 11),18 and filtered to ensure that only high-quality 
operational taxonomic units were included (ie, 97% 
identity threshold, 95% alignment coverage, 376 query 
length threshold, and 10% bitscore threshold). 
Taxonomic classification was based on the US National 
Center for Biotechnology Information taxonomy.19 To 
establish species diversity and evenness, we calculated 
both the Shannon and the Simpson indices for each 
sample.7

For the purposes of this study, we collapsed Ravel’s 
four Lactobacillus community groups I, II, III, and V 
into one microbial community, which we referred to as 
community type L. We divided samples into people 
whose cervicovaginal microbiota consisted of at least 
50% community type L and those whose microbiota 
consisted of less than 50% community type L, which we 
referred to as community type O. Generally, community 
type L microbiota are dominated by a Lactobacillus 
species, whereas type O microbiota communities have 
more bacterial diversity, are composed of typical 
obligate and facultative anaerobe genera (such as 
Gardnerella or Atopobium species), and are in turn 
associated with aerobic vaginitis and bacterial 
vaginosis.7

For control participants in the BRCA set, next-
generation sequencing of white blood cell DNA (blood 
samples were taken from all participants in the FORECEE 
[4C] Programme) was done by Color Genomics 
(Burlingame, CA, USA) to exclude a germline mutation 
in BRCA1 and BRCA2. Mutation testing was not done for 
control participants in the ovarian cancer set.

For more on CutAdapt see 
https://bio.tools/cutadapt

For more on Sickle see https://
github.com/najoshi/sickle

https://github.com/najoshi/sickle
https://bio.tools/cutadapt
https://bio.tools/cutadapt
https://github.com/najoshi/sickle
https://github.com/najoshi/sickle
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Statistical analysis
As part of the FORECEE programme, we estimated that 
we required 300–400 cases and controls for the ovarian 

cancer set. The power calculation used to determine the 
proposed sample sizes was based on methods used to 
quantify sample size for analyses of DNA methylation.20 

Age <50 years Age ≥50 years

Controls (n=42) Cases (n=43) p value Controls (n=142) Cases (n=133) p value

Ethnicity ·· ·· 0·21 ·· ·· 0·061

White 40 (95%) 43 (100%) ·· 126 (89%) 127 (95%) ··

Non-white 2 (5%) 0 ·· 15 (11%) 6 (5%) ··

Missing 0 0 ·· 1 (1%) 0 

Body-mass index (kg/m2) ·· ·· 0·58 ·· ·· 0·31

≤30 37 (88%) 36 (84%) ·· 111 (78%) 97 (73%) ··

>30 5 (12%) 7 (16%) ·· 31 (22%) 36 (27%) ··

Current smoker ·· ·· 0·10 ·· ·· 0·029

No 37 (88%) 31 (72%) ·· 125 (88%) 110 (83%) ··

Yes 5 (12%) 11 (26%) ·· 10 (7%) 21 (16%) ··

Missing 0 1 (2%) ·· 7 (5%) 2 (2%) ··

Age at menarche (years) ·· ·· 0·23 ·· ·· 0·32

≤12 15 (36%) 21 (49%) ·· 63 (44%) 52 (39%) ··

>12 27 (64%) 22 (51%) ·· 76 (54%) 80 (60%) ··

Missing 0 0 ·· 3 (2%) 1 (1%) ··

Duration of OCP use (years) ·· ·· 0·038 ·· ·· 0·038

<5 21 (50%) 34 (79%) ·· 101 (71%) 111 (83%) ··

≥5 18 (43%) 8 (19%) ·· 32 (23%) 18 (14%) ··

Missing 3 (7%) 1 (2%) ·· 9 (6%) 4 (3%) ··

Current OCP use ·· ·· 0·039 ·· ·· 0·18

No 32 (76%) 41 (95%) ·· 123 (87%) 125 (94%) ··

Yes 6 (14%) 1 (2%) ·· 9 (6%) 4 (3%) ··

Missing 4 (10%) 1 (2%) ·· 10 (7%) 4 (3%) ··

Ever pregnant ·· ·· 0·81 ·· ·· 0·039

No 12 (29%) 13 (30%) ·· 11 (8%) 21 (16%) ··

Yes 30 (71%) 29 (67%) ·· 130 (92%) 111 (83%) ··

Missing 0 1 (2%) ·· 1 (1%) 1 (1%) ··

Menopausal status ·· ·· 0·96 ·· ·· 0·42

Premenopausal 34 (81%) 35 (81%) ·· 11 (8%) 7 (5%) ··

Postmenopausal 8 (19%) 8 (19%) ·· 131 (92%) 126 (95%) ··

Ever used HRT ·· ·· 0·021 ·· ·· 0·0080

No 37 (88%) 43 (100%) ·· 97 (68%) 109 (82%) ··

Yes 5 (12%) 0 ·· 44 (31%) 23 (17%) ··

Missing 0 0 ·· 1 (1%) 1 (1%) ··

Current combined hormone use ·· ·· 0·039 ·· ·· 0·46

No 32 (76%) 41 (95%) ·· 128 (90%) 127 (95%) ··

Yes 6 (14%) 1 (2%) ·· 4 (3%) 2 (2%) ··

Missing 4 (10%) 1 (2%) ·· 10 (7%) 4 (3%) ··

Duration of combined hormone use (years) ·· ·· 0·011 ·· ·· 0·0020

<5 22 (52%) 33 (77%) ·· 97 (68%) 113 (85%) ··

≥5 17 (40%) 9 (21%) ·· 34 (24%) 14 (11%) ··

Missing 3 (7%) 1 (2%) ·· 11 (8%) 6 (5%) ··

(Table 1 continues on next page)
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Because the availability of microbiome data for each 
participant was part of a concerted effort to establish a 
multiomics pipeline for women’s cancer prevention, the 
same operating characteristics used in the other parts of 
FORECEE were assumed for the datasets reported here.

Controls were initially matched one to one with cases 
(ovarian cancer cases or BRCA1 mutation carriers) based 
on menopausal status, age (in 5-year age ranges when 
possible), and recruitment centre and country.

To classify and identify predictors, we fitted a logistic 
regression model independently to each covariate in the 
clinical data collected from each participant in the study, 
to BRCA1, ovarian cancer, or control status, and to 
microbiota community status (ie, type L or type O). The 
covariates leading to a significant association with the 
outcome (ie, a p<0·05, with the 95% CI for the calculcated 
odds ratio [OR] not crossing 1) were selected to adjust the 
prediction performance of BRCA1, ovarian cancer status, 
and microbiota community type status. We tested both 
additive models with and without interaction terms. The 
logistic regression model was implemented in the logistf 
R package (version 1.23), which fits a logistic regression 
model according to Firth’s bias reduction method. 
Reported 95% CIs and tests were based on the profile 
penalised log likelihood. Given that the number of 
samples was larger than the number of predictors, even 
when adjusted (maximum of six covariates selected), the 
logistic regression model was stable. Cases with missing 
values were omitted in each independent fitting, but not 
across the whole study. Forest plots were created with the 
forestplot R package (version 1.9).

Receiver-operator characteristic curve analysis and the 
Youden’s J statistic were used to calculate the optimal age 
threshold by which to divide the cohorts into separate age 
groups. Abundance patterns within each age group and 
each microbiota community type were clustered by a 
hierarchical clustering algorithm, hclust, in R, via the 
Ward’s method. The patterns were scaled column-wise. 
The species selected for the heatmaps correspond 
to L crispatus, L iners, L gasseri, or L jensenii (ie, community 
type L), in addition to those that ranked highest in terms 
of average abundance across all participants in each set.

To assess whether sample transit times and time to 
pre-processing affected our results, we did a two-tailed 

t test (in SPSS, version 25.0.0.1) for the equality of means, 
in which we compared time from taking of samples to 
receipt of the samples by University College London, 
time from taking samples to pre-processing, and time 
between taking samples and final analysis, between cases 
and controls, in both datasets. A univariate logistic 
regression test with either cancer status or mutation 
status as the response variable and each of the time 
variables as the sole predictors was also used to confirm 
the significance of the results. Additionally, we also tested 
under the logistic regression paradigm the predictive 
capacity of the these times when the response variable 
was microbiota community type.

Role of the funding source
The funder of the study had no role in study design, data 
collection, data analysis, data interpretation, or writing of 
the report. The corresponding author had full access to 
all the data in the study and had final responsibility for 
the decision to submit for publication.

Results
Between Jan 2, 2016, and May 28, 2018, we recruited 
219 cases with ovarian cancer and 219 age-matched 
controls, who comprised the ovarian cancer set. Of these 
participants, 176 cases with epithelial ovarian cancer and 
184 controls (115 healthy controls from the general 
population and 69 controls with benign gynaecological 
conditions; table 1; appendix p 7) provided sufficient 
DNA for 16S rRNA gene sequencing. Of the 176 women 
with ovarian cancer, 119 (68%) had serous high-grade 
disease, 15 (9%) had clear cell disease, 16 (9%) had 
endometrioid disease, 13 (7%) had mucinous disease, 
and 13 (7%) had serous low-grade disease. 26 women 
(15%) had grade 1 ovarian cancer, 14 (8%) had grade 2 
disease, and 131 (74%) had grade 3; five (3%) were not 
graded. 66 (38%) had stage I or II disease and 108 (61%) 
had stage III or IV disease; two (1%) were not staged.

Between Feb 7, 2016, and July 21, 2018, we recruited 
131 cases with a BRCA1 mutation and 131 age-matched 
controls, who together comprised the BRCA set. We 
analysed the microbiota of 109 BRCA1 mutation carriers 
and 111 age-matched controls (97 healthy controls who 
were wild type for BRCA1, and 14 controls with a benign 

For more on this R package see 
https://cran.r-project.org/web/
packages/logistf/logistf.pdf

Age <50 years Age ≥50 years

Controls (n=42) Cases (n=43) p value Controls (n=142) Cases (n=133) p value

(Continued from previous page)

Microbiota community type ·· ·· 0·020 ·· ·· 0·77

L 30 (71%) 20 (47%) ·· 58 (41%) 52 (39%) ··

O 12 (29%) 23 (53%) ·· 84 (59%) 81 (61%) ··

We calculated p values under a logistic regression model with a bias reduction method. The appendix shows baseline characteristics for hospital-based controls with benign 
gynaecological conditions (p 7) and missing values per covariate (p 23). OCP=oral contraceptive pill. HRT=hormone replacement therapy.

Table 1: Descriptive characteristics of cases and controls in the ovarian cancer set for all covariates used in prediction models

https://cran.r-project.org/web/packages/logistf/logistf.pdf
https://cran.r-project.org/web/packages/logistf/logistf.pdf
https://cran.r-project.org/web/packages/logistf/logistf.pdf
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gynaecological condition wild type for BRCA1) who 
provided sufficient amounts of DNA for the microbiome 
analyses (table 2; appendix p 7).

Although we had planned to match cases and controls 
in both the ovarian cancer set and the BRCA set on the 
basis of menopausal status, age, and recruitment centre 

Age <50 years Age ≥50 years

Controls (n=86) Cases (n=94) p value Controls (n=25) Cases (n=15) p value

Ethnicity ·· ·· 0·40 ·· ·· 0·72

White 80 (93%) 84 (89%) ·· 21 (84%) 12 (80%) ··

Non-white 6 (7%) 10 (11%) ·· 4 (16%) 3 (20%) ··

BMI (kg/m2) ·· ·· 0·19 ·· ·· 0·56

≤30 78 (91%) 79 (84%) ·· 22 (88%) 12 (80%) ··

>30 8 (9%) 15 (16%) ·· 3 (12%) 3 (20%) ··

Current smoker ·· ·· 0·83 ·· ·· 0·51

No 77 (90%) 86 (91%) ·· 23 (92%) 12 (80%) ··

Yes 8 (9%) 8 (9%) ·· 2 (8%) 2 (13%) ··

Missing 1 (1%) 0 ·· 0 2 (13%) ··

Age at menarche (years) ·· ·· 0·69 ·· ·· 0·93

≤12 40 (47%) 40 (43%) ·· 10 (40%) 6 (40%) ··

>12 46 (53%) 52 (55%) ·· 14 (55%) 9 (60%) ··

Missing 0 2 (2%) ·· 1 (4%) 0 ··

Duration of OCP use (years) ·· ·· 0·32 ·· ·· 0·48

<5 37 (43%) 35 (37%) ·· 15 (60%) 6 (40%) ··

≥5 41 (48%) 53 (56%) ·· 9 (36%) 6 (40%) ··

Missing 8 (9%) 6 (6%) ·· 1 (4%) 3 (20%) ··

Current OCP use ·· ·· 0·50 ·· ·· 0·11

No 57 (66%) 60 (64%) ·· 19 (76%) 12 (80%) ··

Yes 21 (24%) 28 (30%) ·· 5 (20%) 0 ··

Missing 8 (9%) 6 (6%) ·· 1 (4%) 3 (20%) ··

Ever pregnant ·· ·· 0·51 ·· ·· 0·40

No 39 (45%) 38 (40%) ·· 2 (8%) 0 ··

Yes 47 (55%) 56 (60%) ·· 23 (92%) 15 (100%) ··

Menopausal status ·· ·· 0·016 ·· ·· 0·82

Premenopausal 86 (100%) 88 (94%) ·· 6 (24%) 3 (20%) ··

Postmenopausal 0 6 (6%) ·· 19 (76%) 12 (80%) ··

Ever used HRT ·· ·· 0·92 ·· ·· 0·82

No 84 (98%) 92 (98%) ·· 19 (76%) 11 (73%) ··

Yes 2 (2%) 2 (2%) ·· 6 (24%) 4 (27%) ··

Current combined hormone use ·· ·· 0·94 ·· ·· 0·13

No 69 (80%) 75 (80%) ·· 21 (84%) 15 (100%) ··

Yes 17 (20%) 19 (20%) ·· 4 (16%) 0 ··

Duration of combined hormone use (years) ·· ·· 0·69 ·· ·· 0·91

<5 51 (59%) 53 (56%) ·· 17 (68%) 10 (67%) ··

≥5 35 (41%) 41 (44%) ·· 8 (32%) 5 (33%) ··

Microbiota community type ·· ·· 0·0090 ·· ·· 0.99

L 77 (90%) 70 (74%) ·· 10 (40%) 6 (40%) ··

O 9 (10%) 24 (26%) ·· 15 (60%) 9 (60%) ··

We calculated p values under a logistic regression model with a bias reduction method. The appendix shows baseline characteristics for hospital-based controls with benign 
gynaecological conditions (p 7) and missing values per covariate (p 23). OCP=oral contraceptive pill. HRT=hormone replacement therapy.

Table 2: Descriptive characteristics of cases and controls in the BRCA set for all covariates used in prediction models
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and country, because of an imbalance in recruitment of 
cases and controls at some centres, some cases were 
matched according to age and menopausal status alone  
(appendix pp 23–24).

On the basis of two-dimensional density plots 
(appendix p 2), receiver–operating characteristic curve 
analysis, and age thresholds used previously,7 we divided 
the cohorts into two age groups: those younger than 
50 years and those aged 50 years or older. The choice of 
the threshold of 50 years was a compromise between 
45 years—the upper limit for the recruitment of 
volunteers reported previously7—and 55·2 years, which 
was the value determined by fitting a univariate logistic 
regression model to the controls in the ovarian cancer set 
with microbiota community type as the response variable 
and age as the sole predictor. The two-dimensional 
densities (appendix p 2), for which the sum of percentages 
of species associated with community type L was plotted 
against age for all participants overall and in the ovarian 
cancer and BRCA sets individually, showed that the 
threshold of 50 years distinguished the peaks associated 
with very low microbiota community type L percentages.

Of the 360 people in the ovarian cancer set in whom 
16S rRNA gene sequencing was done, 275 were aged 
50 year or older (133 cases and 142 controls) and 85 were 
younger than 50 years (43 cases and 42 controls; table 1). 
165 (60%) of the 275 women aged 50 years or older had 
community type O microbiota, compared with 35 (41%) 
of the 85 women younger than 50 years (table 1). 26 (39%) 
of 66 patients with stage I or II ovarian cancer, and 
45 (42%) of 108 with stage III or IV ovarian cancer, had 
community type L microbiota.

In the ovarian cancer set, the mean time from taking of 
smear samples to delivery of samples to University 
College London for testing was 13·5 days (SD 11·5; range 
0–71), and the mean time from receipt of samples to pre-
processing (ie, enrichment and storage at –80oC) was 
23·5 days (SD 34·0; range 0–434 days). A t test showed 
that neither time from collection to receipt (p=0·66) nor 
time from receipt to pre-processing (p=0·12) differed 
significantly between cases and controls.

In the BRCA set, the mean time from collection of 
samples to receipt was 10·8 days (SD 9·2; range 
0–38 days), and from receipt of samples to pre-processing 

Figure 1: Effect of selected covariates on microbiota community type and risk of ovarian cancer in the ovarian cancer set
(A) Prediction of microbiota community type in participants younger than 50 years. (B) Prediction of ovarian cancer in participants younger than 50 years. (C) Prediction of microbiota community type 
in participants aged 50 years or older. (D) Prediction of ovarian cancer in participants aged 50 years or older. Arrows represent truncated 95% CIs. More data are presented in the appendix (pp 8–12). 
OR=odds ratio. BMI=body-mass index. OCP=oral contraceptive pill. HRT=hormone replacement therapy. *Adjusted for current OCP use, duration of OCP use, HRT use (ever), current combined 
hormone use, and duration of combined hormone use.
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was 39·5 days (SD 40·2; range 0–118). Time from 
collection to receipt did not differ between cases and 
controls (p=0·16), but time from receipt to pre-processing 
was shorter in cases with the BRCA1 mutation than in 
controls (24·7 days [SD 30·5] vs 54·2 days [43·3]; 
p<0·0001). However, when time from receipt to pre-
processing was taken individually as a predictor of 
community type L or type O in a logistic regression 
model in the BRCA set, the results were not significant 
(p=0·86 and p=0·49 for time from collection to receipt in 
those younger than 50 years and those aged 50 years or 
older, respectively; p=0·68 and p=0·71 for time from 
receipt to pre-processing in those younger than 50 years 
and those aged 50 years or older, respectively). 
Additionally, when time from collection to receipt and 
time from receipt to pre-processing were combined, the 
total time from sample collection to pre-processing 
differed significantly between cases with BRCA1 
mutations and controls (p=0·0002; data not shown). 
However, in the univariate logistic regression we did to 
confirm these results, the difference was no longer 

significant (p=0·64 for participants younger than 50 years 
and p=0·592 for those aged 50 years or older).

The most important factor associated with a microbiota 
characterised by type L communities in the overall 
ovarian cancer set was age (p<0·0001), followed by 
menopausal status (p=0·0002; data not shown).

For the logistic regression model, values were missing 
only for epidemiological or clinical covariates; these 
participants were omitted (in each independent fitting, 
but not across the whole study) because they 
corresponded to a very small proportion for each variable 
(maximum 8·2%; appendix p 23).

With regard to the prevalence of community type L and 
type O microbiota, in the ovarian cancer set, women with 
benign gynaecological conditions and healthy volunteers 
did not differ according to a logistic regression model 
(p=0·49 for women younger than 50 years and p=0·97 for 
those aged 50 years or older). The corresponding p values 
were 0·99 and 0·32, respectively, in the BRCA set.

In women younger than 50 years in the ovarian cancer 
set, the only factor that was significantly predictive of 

Figure 2: Effect of selected covariates on microbiota community type and risk of BRCA1 mutation in the BRCA set
(A) Prediction of microbiota community type in participants younger than 50 years. (B) Prediction of BRCA1 mutation in participants younger than 50 years. (C) Prediction of microbiota community 
type in participants aged 50 years or older. (D) Prediction of BRCA1 mutation in participants aged 50 years or older. Arrows represent truncated 95% CIs. More data are presented in the appendix 
(pp 13–17). OR=odds ratio. BMI=body-mass index. OCP=oral contraceptive pill. HRT=hormone replacement therapy. *Adjusted for pregnancy (ever). †Individuals with wild-type or mutated BRCA1 
who have more than one first-degree relative affected by any cancer. ‡Adjusted for postmenopausal state (appendix p 15).
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microbiota community status was the presence or 
absence of ovarian cancer: cases with ovarian cancer had 
a significantly increased prevalence of community type O 
microbiota than did age-matched controls  (odds ratio 
[OR] 2·80 [95% CI 1·17–6·94], p=0·020; figure 1A; 
appendix pp 8–9). Conversely, in women younger than 
50 years, several factors were significantly predictive of 
ovarian cancer status. In addition to current use of the 
oral contraceptive pill (OCP), duration of OCP use, ever 
use of hormone replacement therapy, current combined 
hormone use, and duration of combined hormone use, 
group community type was significantly predictive of 
ovarian cancer status, and remained significant after 
adjustment for additional covariates (OR 2·84 [95% CI 
1·16–11·23]; p=0·023; figure 1B; appendix p 10). Both 
purely additive models and those with interaction terms 
were tested. Here, we report the additive models because 
only these showed significant results (data not shown for 
models with interaction terms).

In women aged 50 years or older in the ovarian cancer 
set, there was a tendency towards a higher prevalence of 
type O communities than type L communities in the 
cervicovaginal samples (table 1). Women who had been 
on the OCP for  more than 5 years or on combined 
hormones for more than 5 years were more likely to have 
community type L microbiota than type O microbiota, 
and had a lower risk of developing ovarian cancer than 
those who had been on the OCP or using combined 
hormones for less than 5 years (figure 1C, 1D; appendix 
pp 11–12). The only additional factor that was significantly 
predictive of community status in women aged 50 years 
or older was postmenopausal status (which was predictive 
of community type O microbiota status; figure 1C) and 
the only additional factors predictive of ovarian cancer 
status in these patients were current smoking, ever 
pregnant, and ever use of hormone replacement therapy 
(figure 1D).

We assessed whether a type O cervicovaginal microbiota 
community was associated with an ovarian cancer pre
disposition in the 109 age-matched BRCA1 mutation 
carriers and 111 age-matched controls who had available 
microbiome data. In this BRCA set, there was a higher 
preponderance of a type O cervicovaginal microbiota 
community in women aged 50 years or older, whereas 

most of the women aged younger than 50 years had a 
type L microbiota community (table 2). In women 
younger than 50 years, both pregnancy (ever) and the 
presence of the BRCA1 mutation were associated with an 
increased prevalence of community type O microbiota 
(figure 2A). After adjustment for pregnancy, the OR 
for having cervicovaginal microbiota dominated by 
community type O was 2·79 (95% CI 1·25–6·68; p=0·012) 
in BRCA1 mutation carriers compared with those who 
did not have this mutation (figure 2A; appendix pp 13–14).

In the BRCA set, 34 BRCA1 mutation carriers had 
more than one first-degree family member who had been 
affected by any cancer—a condition that further increases 
the future likelihood of developing ovarian cancer by 
1·8 times.21 The OR for having a community type O 
microbiota was 5·26 (95% CI 1·83–15·30; p=0·0022) in 
these 34 women compared with those without a BRCA1 
mutation (figure 2A). The BRCA set included 45 women 
younger than 30 years of age, of whom 22 were mutation 
carriers and 23 were controls. Six (27%) of the 22 with a 
BRCA1 mutation had microbiota dominated by 
community type O, compared with none of the women 
without the mutation.

Among women younger than 50 years in the BRCA set, 
microbiota community type was the only significant 
predictor of BRCA1 mutation status: the OR for being a 
BRCA1 mutation carrier was 2·84 (95% CI 1·29–6·69; 
p=0·0090) in women with community type O microbiota 
compared with those with type L microbiota (figure 2B; 
appendix p 15). Among the 40 women who were aged 
50 years or older in the BRCA set, we noted no significant 
associations between clinical variables and community 
type or BRCA1 mutation status (figure 2C, 2D; appendix 
pp 16–17).

Finally, we assessed whether the association between 
community type O microbiota and ovarian cancer or 
BRCA1 mutation status depended on our chosen age 
cutoff. To this end, the analyses for each of the covariates 
collected for this study were repeated in both the ovarian 
cancer and BRCA sets with cutoffs of 40 years, 45 years, 
and 55 years (appendix pp 18–22), and additionally with a 
cutoff of 35 years for the BRCA set, which had sufficient 
numbers of cases and controls in this age group 
(appendix p 20). In both sets, the lower the age threshold, 

Figure 3: Prediction of microbiota community type for different age thresholds in the ovarian cancer set with ovarian cancer status as predictor (A), and in the BRCA set with mutation status 
as the predictor (B)
Arrows represent truncated 95% CIs. More data are presented in the appendix (pp 18–22). OR=odds ratio.
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the stronger the association in the younger age group 
between community type O microbiota and ovarian 
cancer status (figure  3A) or BRCA1 mutation status 
(figure 3B).

Discussion
In this study, we showed that the prevalence of women 
with non-lactobacilli-dominated cervicovaginal micro-​
biomes was higher both in patients with ovarian cancer 
and in women with BRCA1 mutations who had yet to 
develop cancer, compared with age-matched healthy 
women and women without BRCA1 or BRCA2 
mutations, respectively. 

To assess the cervicovaginal microbiome in these 
participants, we chose to specifically collect cervicovaginal 
samples (as opposed to vaginal samples, which are rather 
similar22) because we wanted to assess samples from an 
easy-to-access anatomical area that serves as a barrier for 
ascending infections affecting the fallopian tube (ie, the 
organ from which ovarian cancer originates). The 
rationale for the division of the samples into two age 
groups—those younger than 50 years and those aged 
50 years or older—was premised on two considerations. 
In previous work, only volunteers younger than the so-
called reproductive age—ie, 45 years—were recruited.7 
Had we used age 45 years as the cutoff for the ovarian 
cancer set, the number of ovarian cancer cases included 
would have been lower, because the disease is more 
prevalent in older women than in those younger than 
45 years. Conversely, in several studies,8,9,23 the loss of 
Lactobacillus species from the cervicovaginal microbiota—
and, consequently, an increase of community type O 
microbiota—was associated with decreases in oestrogen 
concentrations in postmenopausal women (in association 
with glycogen decreases). Indeed, in our ovarian cancer 
set, the higher prevalence of older than younger women 
with community type O microbiota is consistent with 
previous reports.7 In view of the challenges associated 
with the design of a protocol for diseases that are more 
prevalent in one specific age group than in others (as 
shown by Walther-Antonio and co-workers4), we chose an 
age-matched design for our study. Nevertheless, a 
division of the cohort into age groups was still necessary 
to avoid the strong confounding effect of age as a major 
contributor to ovarian cancer and the microbiome.

Our data suggest that the presence of ovarian cancer or 
factors known to increase the risk of ovarian cancer 
(ie, older age or BRCA1 germline mutation) are associated 
with the absence of a protective community type L 
cervicovaginal microbiota. The finding that the 
prevalence of community type L microbiota was lower in 
patients with ovarian cancer than in healthy controls, 
irrespective of disease stage, suggests that this reduced 
prevalence of type L microbiota could be causal rather 
than consequential. Although our data provide no direct 
proof that community type O microbial species 
dominance (and thereby a potential reduced protection 

from ascending infections) has a causal role in the 
development of ovarian cancer, several previously 
reported findings potentially support this hypothesis. 
First, an analysis24 of the microbiota of ovarian cancer 
tissue samples and matched non-cancerous tissue 
showed that two bacterial phyla, namely Proteobacteria 
and Firmicutes, were predominant in the cancer samples 
but not in the control samples. Second, inflammation 
caused by such agents  as Proteobacteria and Firmicutes, 
and the subsequent release of bacterial toxins such as 
colibactin and cytolethal distending toxin, could directly 
damage the cellular DNA by causing double-stranded 
breaks and thereby activating the DNA damage 
checkpoint pathway.25 Third, the protective mechanism 
of interventions that reduce ovarian cancer risk could be 
mediated, at least partly, by modulation of the microbiota. 
Tubal ligation26 could potentially limit access of ascending 
bacteria to the fallopian tube and ovaries. Long-term use 
of a combined OCP could reduce the risk of ovarian 
cancer27 by supporting the colonisation of the vagina with 
beneficial lactic-acid-producing lactobacilli.28 In our 
study, the finding that in women aged 50 years or older, 
use of the OCP for more than 5 years is associated with 
community type L microbiota and reduced risk of ovarian 
cancer raises the question of whether long-term use of 
the OCP could be associated with a delay in age-triggered 
predominance of community type O in the cervicovaginal 
microbiota. Whether the association between long-term 
OCP use and beneficial cervicovaginal microbiota in 
women aged 50 years or older is merely a surrogate 
marker for reduced disease risk or whether OCP use has 
a causal effect on the preservation of a beneficial 
cervicovaginal microbiota, which in turn protects against 
ovarian cancer, remains to be established.

Several lines of additional evidence support the view 
that, in BRCA1 mutation carriers, cell-non-autonomous 
(systemic) factors trigger the growth of community 
type O species in the vagina. We have previously shown 
that BRCA1 or BRCA2 mutation carriers have increased 
concentrations of progesterone during the luteal phase 
of their menstrual cycles.29 Vaginal lactobacilli metabolise 
glucose and maltose—the breakdown products of human 
glycogen (which is substantially reduced in postmeno
pausal women)—through fermentation, thereby produc
ing lactic acid.8 Progesterone is known to reduce vaginal 
glycogen concentrations, resulting in an environment 
that is less conducive to the growth of community type L 
species. Thus, the reduced prevalence of community type 
L cervicovaginal microbiota in both women with ovarian 
cancer and BRCA1 mutation carriers younger than 
50 years without a diagnosis of ovarian cancer could 
possibly be a reflection of an accumulating progesterone–
oestrogen imbalance.

Our study has several potential limitations. Most of the 
women included were white. The microbiome (both in 
general and specifically the vaginal microbiome)7 varies 
substantially by ethnicity30 and region,31 and therefore 
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our analyses should be repeated in additional cohorts. 
Another possible limitation is that we did not test people 
in the ovarian cancer set for BRCA germline mutations. 
However, given that only 10–12% of women diagnosed 
with invasive ovarian cancer have germline mutations in 
BRCA1 or BRCA2,32 it is unlikely that the presence of 
mutations would have inflated the ORs substantially. As 
is the case in most studies involving biosamples, the 
time between sample collection and processing varied 
among patients. However, all samples were directly 
transferred to PreservCyt media (which is designed to 
preserve cellular and subcellular components and 
prevent microbial growth), and neither the transit time 
nor the time to pre-processing had any effect on 
composition of the microbiota community. Thus, it is 
unlikely that a storage-triggered bias could have 
substantially affected our results.

In summary, we found that community type O bacterial 
compositions dominate the cervicovaginal microbiota in 
women aged 50 years or older. Furthermore, the presence 
of ovarian cancer or a germline BRCA1 mutation 
favoured a composition of the cervicovaginal microbiota 
(ie, a type O community) that is more commonly seen in 
older than in younger women. Although our findings 
provide no direct evidence that this seemingly premature 
ageing of the cervicovaginal microbiome is causally 
involved in the genesis of ovarian cancer, evidence 
showing an altered microbiome in ovarian cancer 
samples compared with control fallopian tube samples33 
appears to support this line of reasoning. Our findings 
warrant further detailed analyses of the vaginal 
microbiome, especially in high-risk women (ie, with 
BRCA1 mutation) younger than 50 years, and in women 
with community type O microbiota (particularly young 
white women). However, before a clinical trial is initiated, 
our findings need to be further validated, and longitudinal 
assessments of the microbiome in mutation carriers will 
be essential. The application of vaginal suppositories 
containing a combination of live lactobacilli and 
oestriol normalises the vaginal microbiota.34 Establishing 
whether a continuous community type L cervicovaginal 
microbiome could reduce the risk of ovarian cancer 
should be a priority for further studies in this area.
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