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Abstract

Background: Most endocervical adenocarcinomas are human papillomavirus (HPV)-related cancers associated with
p16 immunostaining. Ovarian metastasis from cervical cancer is a rare phenomenon, the mechanism of
dissemination remains unclear. The diagnosis of metastasis may be difficult to establish when the ovarian neoplasm
presents features consistent with primary tumor. Immunohistochemical expression of p16 in ovarian tumors can
guide the diagnosis of metastasis from HPV-related cervical cancer, but p16 positivity is nonspecific. Identical HPV
genotype in the paired endocervical and ovarian tumors is a better marker for cervical origin, which may also be
confirmed by identical HPV integration site.

Case presentation: Two women presented with HPV18 cervical adenocarcinoma. No signs of disease were visible
on MRI after treatment. After several years of follow-up, mucinous ovarian tumors were discovered in both patients.
Molecular analyses showed that the ovarian lesions were HPV18-positive; indicating a primary cervical origin. A third
woman was diagnosed with grade 1 ovarian endometrioid carcinoma with no peritoneal carcinomatosis. Final
histological examination and HPV genotyping revealed HPV18-related in situ endometrioid adenocarcinoma in the
endocervix and HPV18-related invasive endometrioid adenocarcinoma in the endometrium and both ovaries.
Additional molecular analyses performed in two patients identified the same HPV integration sites in both the
ovarian and cervical tumors, confirming that the ovarian mass was a metastasis from the cervical adenocarcinoma.

Conclusion: We report three new cases of ovarian neoplasia in which the diagnosis of metastasis from cervical
cancer was supported by the same HPV genotype and the same integration site in the paired cervical and ovarian
tumors. To our knowledge, this is the first report of molecular evidence of the cervical origin of an ovarian
metastasis. HPV screening should be performed in ovarian tumors for all patients with history of cervical neoplasia.
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Background
Endocervical adenocarcinomas are high-risk human papil-
lomavirus (HPV)-related cancers. HPV16 or HPV18 are
the genotypes most frequently observed [1]. HPV-related
endocervical adenocarcinomas are also associated with
p16 expression, and loss of hormone receptor expression
is usually observed [2]. Typically, cervical adenocarcin-
omas primarily spread to adjacent pelvic structures and to
pelvic lymph nodes. Metastasis to the ovaries is an infre-
quent event, but a known risk. Diagnosis of metastatic dis-
ease is difficult, as the ovarian tumor presents features
consistent with primary tumor, such as mucinous or
endometrioid histology [3].
Only a few cases of HPV-related ovarian metastasis

from endocervical adenocarcinoma have been reported
in the literature over the last decade [3, 4]. In these re-
ports, the evidence of metastasis was supported by the
presence of identical HPV genotypes in the paired endo-
cervical and ovarian tumors. The mechanism of metasta-
sis still remains unclear, and additional proof of the
cervical origin is needed. In this context, HPV integra-
tion site is a specific marker of cervical origin, as HPV
genome integration into tumor DNA constitutes a differ-
ent event from cervical tumor to another [5, 6].
In the present report, we describe our experience of

three cases and provide proof of the cervical origin of
the metastasis, based on identification of the same inte-
gration site of the HPV genome in the paired endocervi-
cal and ovarian tumor DNAs. To our knowledge, this is
the first time that tumor spread from endocervix to
ovary has been demonstrated by molecular evidence.

Case presentation
Case 1
A 55-year-old nulliparous postmenopausal woman with
no medical history was managed for FIGO (International
Federation of Gynecology and Obstetrics classification)
stage IIIB cervical cancer. Cervical biopsies showed
HPV18-related moderately differentiated invasive adeno-
carcinoma. Magnetic resonance imaging (MRI) revealed a
4 cm anterior mass extending to the uterine isthmus, uter-
ine corpus, left parametrium and superior third of the va-
gina. No other lesion was visualized on abdominal
computed tomography (CT) and positron emission tom-
ography (PET-CT). Concomitant external beam pelvic ra-
diation (45 Gray (Gy) in 1.8 Gy daily fractions) and six
cycles of chemotherapy (weekly cisplatin 40mg/m2) were
administered. The patient was reevaluated by MRI at the
end of treatment, showing less than 50% size response with
persistent parametrial involvement. Adjuvant brachytherapy
(25Gy) and external beam pelvic radiation (8 Gy in 3 daily
fractions) was therefore decided. Two months later, the le-
sion had completely resolved on MRI. After 3 years of
follow-up, MRI revealed a pelvic mass with no increased

uptake on PET-CT. Bilateral salpingo-oophorectomy was
performed based on a diagnosis of right ovarian mass with-
out peritoneal carcinomatosis or other distant disease.
Histological examination concluded on invasive mu-
cinous adenocarcinoma.
To determine the origin of the ovarian lesion and in

view of the synchronous HPV18-positive cervical carcin-
oma, molecular analyses were performed, showing that
the ovarian tumor was HPV18-positive, strongly suggest-
ing a primary cervical origin. As previous analyses of the
cervical tumor identified the HPV integration site in
chromosome 13, the ovarian tumor was screened to deter-
mine whether the ovarian metastasis presented the same
HPV integration site. The same HPV integration site at
locus 13q22.1 was demonstrated in ovarian tumor DNA,
clearly confirming that the ovarian mass was a metastasis
from the cervical adenocarcinoma (Fig. 1). Six cycles of
chemotherapy (weekly paclitaxel and carboplatin) were
therefore administered. Eighteen months later, the patient
presented recurrence in the form of peritoneal carcinoma-
tosis and a rectal nodule confirmed histologically at lapar-
oscopy. Treatment of the recurrence consisted of six
cycles of carboplatin and paclitaxel, which was early
stopped because of neuropathy toxicity. After a thera-
peutic break requested by the patient, she was included in
a phase 1 study for advanced gynecological cancers (clini-
caltrials.gov identifier: NCT 02978755). The patient is still
on treatment.

Case 2
A 45-year-old smoking primiparous woman with no med-
ical history presented with ascites and a left ovarian mass.
Histological examination of the mass revealed grade 1
ovarian endometrioid carcinoma. Staging surgery with
total hysterectomy, bilateral salpingo-oophorectomy,
omentectomy, and pelvic and para-aortic lymphadenec-
tomies were therefore performed. No peritoneal carcin-
omatosis was observed.
HPV18-positive in situ endometrioid adenocarcinoma

was found in the endocervix and HPV18-positive invasive
endometrioid adenocarcinoma was found in the endomet-
rium and both ovaries on final histological examination.
The same HPV integration site in locus 2q22.3 was dem-
onstrated in the ovarian tumor DNA, clearly confirming
that the ovarian mass was a metastasis from the cervical
adenocarcinoma (Fig. 2). The patient was then treated
with radiotherapy and brachytherapy.

Case 3
A 30-year-old nulliparous woman with no medical his-
tory, regularly screened by PAP-smear test presented
with postcoital metrorrhagia. In situ carcinoma was di-
agnosed on cervical biopsies. MRI and abdominal CT
imaging were normal. A large loop cervical excision and
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endometrial curettage were performed and confirmed the
presence of a well differentiated HPV18-related in situ
adenocarcinoma and high-grade cervical intraepithelial
neoplasia (CIN III) with negative surgical margins. No obvi-
ous infiltration was observed on the examined slides. Nine
years later, after several failures of in vitro fertilization, the
patient experienced abdominal pain. Ultrasound imaging
revealed a 9.5 cm complex left adnexal mass. Examination
of the laparoscopic left salpingo-oophorectomy revealed
mucinous cystadenoma of the intestinal type with border-
line character traits and extensive foci of intraepithelial car-
cinoma. Seventeen months later, after being lost to

follow-up, a 10 cm right ovarian mass was discovered. Total
hysterectomy, right salpingo-oophorectomy, appendec-
tomy, omentectomy were performed, revealing a 2.5 cm
HPV18-related cervical cancer extending to the uterine
isthmus with mucinous proliferation of intestinal type in-
volving the cervix and right ovary. The HPV insertion site
could not be determined due to insufficient tumor tissue.
One month later, the patient was referred to our oncologic
surgery department, where complementary laparoscopic
pelvic and para-aortic lymphadenectomies were performed.
Carcinomatous metastasis and intestinal involvement were
discovered during laparoscopy. The patient was treated

A
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Fig. 1 Identification of HPV integration site in 13q22.1 in both cervical and ovarian tumors, case 1. a The junction between HPV18 (grey box) and
human genome is indicated by a vertical grey line. The coordinate of the human genome breakpoint (73884335) in cervical tumor was
determined according to the forward strand (+) of hg19 reference. Horizontal arrows indicate the localization of the primers, which were
designed to specifically amplify the human/viral junction sequence. The closest genes (KLF5, KLF12) to the HPV integration site are shown as
black boxes. b Analysis of the PCR products on agarose gel. Lane 1 represents molecular weight, lanes 2 and 3 indicate cervical and ovarian
tumor DNA, respectively. Lane 4 is DNA from another patient (negative control). c Sanger sequencing chromatogram obtained from cervical
tumor DNA (upper part) and ovarian tumor DNA (lower part). Vertical grey line indicates the junction between HPV18 (left part) and the human
genome (right part)

A

B C

Fig. 2 Identification of the HPV integration site in 2q22.3 in both cervical and ovarian tumors, case 2. a The junction between HPV18 (grey box)
and the human genome is indicated by a vertical grey line. The coordinate of the human genome breakpoint (146477121) in the cervical tumor
was determined according to the forward strand (+) of the hg19 reference. Horizontal arrows indicate the sites of the primers designed to
specifically amplify the human/viral junction sequence. The genes closest to the HPV integration site are identified at 643 kb (TEX41) and 2 Mb
(ACVR2) and shown as black boxes. b Analysis of the PCR products on agarose gel. Lane 1 represents molecular weight, lanes 2 and 3 indicate
cervical and ovarian tumor DNA, respectively. Lane 4 is DNA from another patient (negative control). c Sanger sequencing chromatogram
obtained from cervical tumor DNA (upper part) and ovarian tumor DNA (lower part). The vertical grey line indicates the junction between HPV18
(left part) and the human genome (right part)
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with FOLFOX chemotherapy for 3 months and then under-
went complete cytoreductive surgery with peritonectomy,
multiple bowel resections and intraperitoneal hyperthermic
chemotherapy due to a partial response to chemotherapy.
Examination of the resected tissues showed carcinomatous
cells partly modified by chemotherapy and a high mitotic
index (Ki 67: 70%). The patient is currently on follow-up.

HPV genotyping and integration site
Total DNA, isolated from formalin-fixed tissue blocks, was
used for HPV typing. Real-time PCR using Sybr®Green
PCR Master mix at a final concentration of 1X, specific
primers for HPV16, HPV18 and HPV33 [2] at a final
concentration of 660 nM each and 10 ng of tumor DNA
was performed on a 7900HT Fast Real-Time PCR System
in a final volume of 26 μL (Applied Biosystems, Foster City,
CA). PCR reaction were run under the following program:
95 °C 15min, 40 cycles of (95 °C 1min, 55 °C 1min, 72 °C
1min), followed by a dissociation stage (95 °C 15 s, 60 °C 1
min, 95 °C 15 s).
For the identification of HPV integrations sites in

patient 1 and patient 2, the DIPS-PCR method was per-
formed on total DNA isolated from cryopreserved tumor
tissue [7]. Briefly, after overnight ligation to an adapter,
digested DNAs were submitted to two runs of PCR. For
the analysis, 10 HPV18 primers matching the frequent
viral breakpoint areas (E1, E2, L1, and L2 genes) were
used. PCR products were run on an agarose gel and
selected amplicons were analyzed by Sanger sequencing.
Genomic chromosome-viral breakpoints were identified
by alignment of the sequence with the HPV18 genome
using the nucleotide BLAST tool from NCBI (https://
blast.ncbi.nlm.nih.gov/Blast.cgi) and human genome
(hg19 reference) using the blat tool (https://genome.
ucsc.edu).
Presence of HPV of the same integration site in both

cervical and ovarian tumors were confirmed by PCR
using specific primers followed by Sanger sequencing, as
shown by Figs. 1 and 2, parts B and C.

P16 staining
Immunohistochemistry was performed for p16 on
formalin-fixed, paraffin-embedded tissue sections using
the prediluted E6H4 antibody (Ventana Medical Sys-
tems, Inc.) on a Leica Bond automated instrument (Leica
Biosystems, Inc.) with standard antigen retrieval and in-
cubation times. Both nuclear and cytoplasmic staining
was required for a cell to be considered “positive”.

Discussion and conclusions
We describe, for the first time, the molecular signature of
an HPV18-positive ovarian metastasis from cervical
carcinoma based on identification of the same HPV DNA
integration site in both cervical and ovarian cancer cells.

Ovarian metastasis from cervical adenocarcinoma is a
rare phenomenon, as cervical adenocarcinoma usually gives
rise to metastases in contiguous structures and pelvic
lymph nodes. The differential diagnosis with primary
mucinous ovarian carcinoma is challenging [3]. Similar
HPV subtypes in both ovarian and cervical tumors strongly
support the diagnosis of ovarian metastasis from primary
cervical cancer [8]. According to Shimada et al., the
incidence of ovarian metastasis from cervical adenocarcin-
oma is 5.31% and the presence of ovarian metastasis does
not correlate with lymph node involvement or parametrial
invasion [9]. Thirty-four cases of HPV-related ovarian
metastasis with cervical adenocarcinoma have been
described in the literature [3, 4, 10, 11]: 25 patients (73.5%)
were diagnosed with an invasive cervical tumor and 9
patients (26.5%) were diagnosed with an in situ cervical
tumor (Table 1). Twenty-nine (85.3%) of these patients
were diagnosed with borderline ovarian metastasis and 5
(14.7%) with invasive ovarian metastasis (Table 1).
HPV-related cervical adenocarcinomas typically express

P16 [12], a surrogate marker of high-risk HPV infection
[13]. Diffuse moderate-to-strong P16 expression has been
shown to be a sensitive (100%) and specific (97%) marker
for identification of ovarian metastasis from HPV-related
cervical adenocarcinoma [8]. In the cases presented here,
standard hematoxylin-eosin-safran (HES) staining and
p16 immunohistochemical staining were performed on
cervical, endometrial and ovarian biopsies. All tumor sites
displayed diffuse and strong p16 expression (Fig. 3). How-
ever, Yoon et al. have recently shown that p16 is also
expressed in primary ovarian cancer and borderline
ovarian lesions, with diffuse, moderate-to-strong p16
immunoreactivity [14]. In the light of these new data, p16
expression appears to be a strong but not sufficiently
specific marker of ovarian metastasis from HPV-related
cervical cancer.
These case reports demonstrate the very specific mo-

lecular signature of the HPV integration site and the fili-
ation between the cervical carcinoma and the ovarian
secondaries. Three hypotheses have been proposed to
explain dissemination of cervical adenocarcinoma to the
ovary [3, 11, 15]: lymphovascular/hematogenous spread
of cervical cancer cells, retrograde uterine/transtubal
spread of cervical cancer cells, and retrograde uterine/
transtubal spread of HPV infection. However, these last
two hypotheses remain controversial. Shimada et al.
showed that 7 out of 9 patients presented both lymph-
atic and hematogenous metastases on histological exam-
ination [9]. These results suggest that the pathway of
invasion and migration of the ovaries by cervical cancer
cells may differ according to the histological type. Reich-
ert et al. proposed that cervical cancer cells may ascend
from the cervix to the ovaries through the fallopian
tubes in premenopausal women at the time of ovulation
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via a ruptured corpus luteum [15]. However, this mech-
anism cannot explain ovarian metastases in postmeno-
pausal patients.
As the same genetic alteration was identified in both

cervical and ovarian tumors, we can rule out the hy-
pothesis proposed by Reichert et al. based on ascend-
ing spread of HPV infection [15], as HPV DNA
integration at exactly the same site in the host cell
would be extremely unlikely. Identification of the
same nucleotide breaks in both tumor and viral DNA
in cervical and ovarian tumors confirms that
HPV-related tumor cells may spread from the cervix
to the ovary.
HPV genotyping, performed with commercial kits or

in-house assay, is a fast method which works on tumor
DNA from FFPE samples and may be good enough to
diagnose metastasis of HPV-related tumor. Identifica-
tion of the same HPV integration site by DIPS-PCR
assay in two different tumors clearly demonstrates the

filiation between these tumors and rules out the hy-
pothesis of occurrence of different tumors harboring
the same HPV type. However, this method has been
validated for HPV16 and HPV18 types only, with
tumor DNA from cryopreserved tissue samples [7]. A
new NGS approach which has been developed at Insti-
tut Curie, allows an extensive characterization of viral
sequences [6]. This method can be used for any HPV
type and may be useful for the development of clinical
applications such as the elaboration of innovative ther-
apies targeting viral sequences [16].
When an ovarian tumor is diagnosed in a patient

with a history of cervical cancer, clinicians should
eliminate the diagnosis of cervical cancer metastasis.
P16 expression is a good marker to suggest ovarian
metastasis from HPV-related cervical cancer, but is
not sufficiently specific, as it can also be expressed in
primary ovarian cancer. Therefore, in a clinical setting
of a history of HPV-related cervical cancer, the HPV

Table 1 Characteristics of previously published cases and the cases reported here

Studies Number Cervical tumor Ovarian tumor HPV type

of cases AIS, n Invasive, n Borderline, n Invasive, n 16, n 18, n 45, n Unknown, n

Ronnett et al. [3] 29 6 23 26 3 16 7 3 3

Chang et al. [11] 2 2 0 1 1 2 0 0 0

Turashvili et al. [10] 2 1 1 2 0 1 0 0 1

Ashton et al. [4] 1 1 0 1 0 0 1 0 0

Present study 3 2 1 1 2 0 3 0 0

AIS: in situ adenocarcinoma; n: number of cases

Fig. 3 Case 2 In situ endometrioid endocervical adenocarcinoma with focal uterine corpus involvement and synchronous ovarian metastasis. a
Tumor in lower endocervix is composed of endometrioid endocervical adenocarcinoma with no stromal invasion. b Invasive adenocarcinoma
implant in uterine endomyometrium simulates primary endometrial endometrioid carcinoma. c Ovarian metastasis demonstrates an intracystic
papillary and cribriform growth pattern simulating a primary ovarian tumor. All tumor sites displayed diffuse and strong p16 expression
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type and HPV integration site should be assessed in
the ovarian tumor and compared to those of the pri-
mary cervical cancer whenever possible. The same
HPV viral DNA integration site or the same HPV
genotype in both tumors confirms the cervical origin
of the ovarian metastasis.
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