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Abstract.

BACKGROUND: Hereditary ovarian cancers (HOC) represent about 23% of ovarian cancer (OC) cases: they are most
frequently related to germline mutations in the BRCA genes.

OBJECTIVE: We aimed to compare CA125/HE4 serum levels and Computed Tomography (CT) features at time of ovarian
cancer (OC) diagnosis in two populations: BRCA mutant and BRCA wild-type (WT) OC, and to investigate the relationship
between this laboratory and radiological biomarker and BRCA mutation status.

METHODS: This retrospective study included 60 newly diagnosed OC patients with FIGO stage IIIC-1V disease, tested for
BRCA1/2 germline mutation status of which preoperative CT scan and serum tumor marker assay were available.
RESULTS: The median level of CA125 (708 U/mL) was significantly higher (p <0.002) in BRCA1/2 mutated patients than
in WT patients (176 U/mL), whereas the median level of HE4 (492 pmol/L) was significantly higher (p <0.002) in WT than
in BRCA-mutated patients (252 pmol/L). BRCA mutation carriers showed a higher incidence of bilateral ovarian masses
(»=0.0303) characterized by solid structures (p <0.00001), higher peritoneal tumor load, macronodular implants >2 cm
(p=0.000099), increased frequency of lymphadenopathies (p =0.019), and metastasis (p =0.052) compared to patients with
BRCA WT.

CONCLUSIONS: Tumor markers and CT patterns may help in identifying BRCA mutation status in OC directing patients
towards a personalized treatment.
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1. Introduction

Ovarian cancer (OC) is one of the deadliest malignancies in gynecologic cancers and the seventh
most common cancer in women, nonetheless its early detection is still elusive due to the spectrum
of non-specific symptoms and lack of valid screening strategies [1-5]. High-grade serous ovarian
carcinoma (HGSC) is the most common OC subtype, accounting for 75% of all OC cases [6].
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Hereditary ovarian cancers (HOC) represent about 23% of OC cases: they are most frequently related
to germline mutations in the BRCA gene [7-10]. Genetic testing for BRCA1/2 mutation carriers has
been demonstrated to be a key point in risk evaluation and clinical management of ovarian cancer
[11-13].

In the latest decades, several studies have investigated the correlation between OC and the levels
of serum tumor markers, demonstrating the well-established importance of the role of Carbohydrate
antigen 125 (CA125) as a current benchmark for OC detection [7, 14, 15]. Particular importance in
this context has gained HE4, a glycoprotein mapped on WFDC2 gene and overexpressed in epithelial
ovarian cancer (EOC), and several studies demonstrated its efficacy as tumor serum marker for early
detection of OC, remission monitoring and detecting relapse [5, 16]. Moreover, in a comparative study
with CA125, HE4 showed better results in distinguishing benign from malignant tumors in women with
a pelvic mass because, in general, HE4 levels are not increased in benign conditions, endometriosis or
pelvic inflammatory disease [17].

Several studies reported that BRCA mutations were associated with the levels of serum tumor
markers including carcinoembryonic antigen (CEA), Carbohydrate antigen 19-9 (CA 19.9), CA125
and Human Epididymis protein 4 (HE4) [5, 13, 18, 19].

Nonetheless, limited data exist regarding biomarker capability to improve the early detection of OC
in BRCA mutation carriers, although promising results have been reported using the combination of
HE4 with CA125 [14, 20].

Lately, HE4 has been demonstrated to play a significant role in OC identification and it has been
reported to be superior to CA125 in diagnosing early stage sporadic ovarian cancer (SOC); however,
HE4 behavior as well as its usefulness in HOC has not been unambiguously determined [20].

Recently, some studies suggested that BRCA mutation status may influence also Computed Tomog-
raphy (CT) disease presentation [21]; CT features could help to recognize OC related to BRCA mutation
status [22, 23]. In particular, qualitative and quantitative differences regarding peritoneal carcinosis
and visceral metastasis were shown between BRCA-mutated and BRCA wild type (WT) genotype
[21, 24]. Furthermore, it has been demonstrated that identification of BRCA mutation status can be
associated with a different therapeutic choice and prognosis prediction [25, 26].

Therefore, the inclusion of predictive/prognostic biomarkers in clinical trials should be considered
to improve patient selection and to avoid unnecessary toxic treatment for patients who would not
optimally benefit [27, 28].

In this study, we aimed to compare CA125/HE4 serum levels and CT features at time of OC diagnosis
in two different populations: BRCA-mutant OC and BRCA WT OC, and to investigate the relationship
between this laboratory and radiological biomarker and BRCA mutation status.

2. Patients and methods
2.1. Eligibility criteria

This was a retrospective study designed and conducted at laboratory of Tumor Markers-Laboratory
Department of Experimental Medicine and Radiological sciences of Sapienza University of Rome;
patients admitted to our Institutions from 2017 to 2019 were evaluated.

All procedures performed were in accordance with the clinical setting and ethical standards of the
our institutional board and with the 1964 Helsinki declaration and its later amendments; for this type
of study formal consent was not required.

In this study, we included 60 newly diagnosed OC patients (median age, 58 years; range, 25-85
years) following the subsequent criteria: (a) FIGO stage III or IV HGSOC, (b) genetic counseling
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and BRCA mutation testing, (c) preoperative abdominal-pelvic CT before and after administration of
intravenous contrast medium (c) almost 7 days between CT and serum collection. Patients undergoing
neoadjuvant chemotherapy were not included in the study.

The patients were divided into two groups based upon their genetic status: 30 women carrying
BRCA1/2 mutations constituted Group 1 while Group 2 was composed of 30 BRCA WT women.
According to previous studies, BRCA-mutated patients were on average 10 years younger than BRCA
WT patients (average age of BRCA-mutated: 50 years old; average age of BRCA WT: 58 years,
p=0.001).

We also included in the protocol a control group composed by 80 healthy patients age-matched non
affected by OC: 40 healthy women carrying BRCA1/2 mutation and 40 healthy BRCA WT women;
their CA125 and HE4 serum levels were measured and compared with serum data of patients affected
by OC enrolled in our study.

All patients were included to investigate the associations between BRCA mutation status, biomarker
serum levels and CT imaging features in patients affected by OC.

2.2. Biomarker detection and CT technique

CA125 and HE4 serum levels were measured on LUMIPULSE G1200 (Fujirebio-Europe, Belgium),
an automated assay system based on chemiluminescent enzyme immunoassay (CLEIA) technology
by a two-step sandwich in immunoreaction cartridges. All assays were performed according to the
manifacturer’s instructions, and the normal levels were considered at <35 U/mL and <150 pmol/L for
CA125 and HE4, respectively.

Contrast-enhanced high-resolution multi-detector row CT (Somatom Sensation 64; Siemens Medical
System, Erlangen, Germany) was utilized. Images were acquired during breath hold by applying the
following parameters: automatic milliampere setting with a range of 240-400 mA (calculated based
on the patient’s size), 120kVp, 0.6 x 64-mm?2 collimation, 1 mm section thickness, and 0.8—1.5-mm
reconstruction interval of coronal and sagittal images; and itch less than 1. Patients were required to
ingest 2 L of water 20 min before the CT acquisition in order to achieve optimal distension of stomach
and bowel; few minutes before the scans, an intravenous injection of 20 mg of butyl-scopolamine
(Buscopan, Boehringer) was administered in order to reduce peristaltic bowel movement.

CT images were acquired before and after administration of contrast medium, cranio-caudally, from
the diaphragm’s dome to the pelvis. The images were postprocessed (MPR) with reconstructions in
sagittal and coronal plane sections with a 1 mm interval to improve the anatomical analysis, particularly
of the surface lesions.

Non-ionic iodinated contrast medium (350 mg I/mL, Iomeron, Bracco, Milan, Italy) was adminis-
tered intravenously utilizing an automatic injector (Stellant DCT, Medrad, Indianola, PA) at an infusion
rate of 3-3.5 mL/s for a total volume of 90-120 mL, it was acquired a venous phase (time delay from
contrast agent injection approximately to 70 seconds).

2.3. CT analysis

All preoperative CT scans were retrospectively reviewed by senior radiologist with 20 years of
experience in pelvic MRI, with particular interest and expertise in oncologic female pelvic imaging.

2.3.1. Ovarian lesions

The ovarian lesions were split on the basis of size in two groups (<6 cm and >6 cm) and evaluated on
the basis of structure: predominantly cystic/ multicystic and predominantly solid/ solid (solid compo-
nents in predominantly cystic/ multicystic lesion were up to 50% and predominantly solid/solid more
than 50%) and on the basis of unilateral or bilateral tumor presence.
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REGIONS
0- Central
1- Right Upper
2- Epigastrium

3- Left Upper
4- Left flank

5- Left Lower
6- Pelvis

7- Right Lower
8- Right Flank

Fig. 1. PCI score dived and renamed the abdomen in nine regions by two transverse planes and two sagittal planes. Nine
regions are numbered in clockwise direction with O at the umbilicus and 1 defining the space beneath the right hemidiaphragm.

2.3.2. Extraovarian tumor spread

Peritoneal carcinomatosis implants: We evaluated the presence/absence of micronodular carcino-
matosis (characterized by small 1-5 mm peritoneal nodularities diffusely affecting the serosa and
sub-serosal fat), of macronodular carcinomatosis (peritoneal implants with a diameter >5 mm that
may flow into each other in an irregular thickening of the sub-serosal fat and serosa, assuming the so-
called “plaque” appearance) and of omental cake (infiltration of the omental fat by carcinosis implants
that assumes plaque-like aspect). Peritoneal implants were also evaluated based on morphologic pat-
tern and were labeled as either nodular or infiltrative: nodular implants showed predominantly definite
or rounded or “pushing” margins; while infiltrative morphology was characterized by ill-defined or
infiltrative borders. The carcinosis was assessed quantitatively according to Peritoneal Cancer Index
(PCI) which assigns a score based on the entity of the carcinosis diffusion and greatness; PCI score
divided and renamed the abdomen into 12 regions and assigned to each region a score relating to the
size of carcinosis implants (LSO-3) (Fig. 1, Tables 1 and 2).

Lympho-nodes involvement. Lympho-nodes involvement of the following sites was also considered,
the following short-axis dimensions were used to define their pathological meaning: (a) supradi-
aphragmatic lymph nodes >5 mm, (b) lombo-aortic >10 mm (c) mesenteric >10 mm and (d) pelvic
>8 mm.

Ascites, pleurisy and distal metastasis: The reader noted also the presence/absence of ascites,
pleurisy, pleural effusion and distal metastasis.
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Table 1
Peritoneal Cancer Index (PCI)

REGIONS LESION SCORE
0 Central
1 Right Upper
2 Epigastrium
3 Left Upper
4 Left flank
5 Left Lower
6 Pelvis
7 Right Lower
8 Right Flank
9 Upper Jejunum
10 Lower Jejunum
11 Upper Ileum
12 Lower Ileum
13
PCI
Table 2
Lesion Size Score
LSO No tumor seen
LS1 Tumor up to 0.5 cm
LS2 Tumor up to 5 cm
LS3 Tumor >5 cm or confluence

2.4. Statistical analysis

2.4.1. Biomarkers

Continuous variables are expressed as mean = standard deviation (SD). Categorical data are
expressed as percentages. Continuous variables were tested for normality with Kolmogorov-Smirnov
test. Differences between groups were tested with the one-way analysis of variance (ANOVA), for nor-
mally distributed continuous variables, or with the Kruskal-Wallis H test, for not normally distributed
variables. As appropriate, a post hoc test was subsequently performed on each group pair. Categorical
variables between groups were compared by Fisher’s exact test. A p of <0.05 was considered statis-
tically significant. Statistical analysis was performed with IBM SPSS Statistics software version 23
(Chicago, IL, USA).

242. CT

Statistical analysis was performed using the SPSS statistical software (ver. 26.0 SPSSinc,
Chicago,IL).

Chi-squared () test was performed to study the correlation between different CT features (ovarian
masses, PD, lymphadenopathies, distal metastasis, ascites, pleurisy) in two groups: BRCA-mutant OC
(Group 1) and 30 BRCA WT OC (Group 2).

A P value of less than 0.05 was considered statistically significant.
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Fig. 2. Percentage of HOC and SOC patients with high CA125 and He4 values. A statistically positive difference is observed
in the positive percentages of HE4 and CA125 in the different patient groups. (p <0.002).

3. Results
3.1. Laboratory

Among women of the two control groups, no pathological values of CA125 and HE4 were found.
Serum levels of CA125 and HE4 were determined and compared between BRCA-mutated and BRCA
WT patients. The median level of CA125 (708 U/mL, range 190-2751,) was significantly higher
(p <0.002) in BRCA-mutated patients than in WT patients (176 U/mL, range 81-451):

The proportion of patients with high serum CA125 level (>35 U/mL) was significantly higher in
BRCA1/2 mutated patients (29/30) than in BRCA WT ones (24/30) while, on the contrary, all WT
women (30/30) had elevated HE4 serum levels, increased only in 19/30 BRCA1/2 mutated women
(p<0.002) Fig. 2.

In addition, the median HE4 level (492pmol/L, range 157-2232) was significantly higher
(p<0.002) in BRCA WT than in BRCA1/2 mutated patients (252 pmol/L, range 35-650).

In the 40 healthy women carrying BRCA1/2 mutation we observed the following results: (HE4
35 pmol/L, range 42-50; CA125 28 U/mL range 8-29) and in 40 healthy BRCA WT women (HE4
33 pmol/L, range 41-55; CA125 25 U/mL, range 10-32)

3.2. CT

Below, we describe the associations between BRCA mutation status and CT pattern of disease,
summarized in Tables 3-6.

3.2.1. Ovarian lesions

A statistically significant correlation between BRCA mutational status and ovarian mass structure
(P<0.00001) was detected. In particular, Group 1 showed a solid/predominantly solid architecture in
27/30 patients while Group 2 had cystic/predominantly cystic architecture in 27/30 patients. Moreover,
the presence of bilateral ovarian masses was more frequent in Group 1 (24/30) than in Group 2 (15/30)
(»=0.014851).

No significant associations were found between BRCA mutation status and ovarian masses size
(</>6cm) (p=0.371093).
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Table 3

Association between ovarian lesions CT features and BRCA mutation status

BRCA mutant status

CT features BRCA mutant BRCA Wild Type P value

OVARY

Ovarian mass

monolateral 6 15 0.014851
bilateral 24 15

Architecture

cystic/predominantly cystic 3 27 <0.00001
solid/ predominantly solid 27 3

Dimension
>6cm 21 24 0.371093
<6cm 9 6

3.2.2. Peritoneal carcinomatosis implants

Some statistically significant correlations were observed between BRCA mutational status and PD.
First, in Group 1 was observed a higher tumor load than in Group 2, quantified by PCI score. In fact,
Group 1 showed a mean PCI score of 11.3 (range 4-19) while Group 2 showed a mean PCI score of
7.2 (range 0-11).

Second, Group 2 was statistically correlated to micronodular PD (p =0.001946) mostly associated
with omental distribution and mesenteric lymphadenopathy involvement (p =0.00729). On the other
hand, Group 2 showed a higher incidence of macronodular PD characterized by nodular size >2 cm
(p=0.000099) and a trend toward a higher frequency of peritoneal and diaphragmatic carcinomatosis
than Group 1. Regarding the macronodular implants distribution, the presence of peritoneal implants
in pelvis was statistically associated with Group 1 (p <0.00001).

Last, significant associations were found between morphology of peritoneal implants and BRCA
mutational status. In particular, nodular PD pattern were significantly associated with Group 1 whereas
Group 2 showed a higher incidence of infiltrative peritoneal implants (p <0.00001).

Lympho-nodes involvement: the presence of mesenteric and pericardiophrenic lymphadenopathy
remained significantly associated with BRCA mutational status. In particular, pericardiophrenic lym-
phadenopathies were statistically associated with Group 1 (p=0.019517) while mesenteric lymph
nodes with Group 2 (p =0.00729).

Ascites, pleural effusion and distant metastases: presence of distant metastases in Group 1
(p=0.052808) and presence of ascites in Group 2 (p =0.052808) were associated with lower statistical
significance with BRCA mutational status.

No significant associations were observed between BRCA mutational status and CT hallmark of
pleural effusion (p =0.436275).

Figures 3 and 4 illustrate the main features of each group.

4. Discussion

In the last few decades, several efforts have been made to detect valid OC-related biomarkers in
order to stratify prognosis and establish personalized treatments for patients affected by OC. In this
context, particular relevance has assumed identification of BRCA mutational status [26].



178 L. Manganaro et al. / CT imaging phenotypes linked to CA125 and HE4

Table 4

Association between PD CT features and BRCA mutation status

BRCA mutant status

CT features BRCA mutant BRCA Wild Type P value
PERITONEUM
Macronodular carcinosis
>2cm 24 9 0.000099
<2cm 6 21

Micronodular carcinosis

present 9 21 0.001946
absent 21 9

Omental cake

present 15 12 0.436275
absent 15 18
PD pattern
nodular 24 6 <0.00001
infiltrative 6 24
Sites

Right subdiaphragmatic (1)

present 15 15 1
absent 15 15

Left subdiaphragmatic (3)

present 21 18 0.416793
absent 9 12

Right parietocolic space (8)

present 24 21 0.371093
absent 6 9

Left parietocolic space (4)

present 18 15 0.436275
absent 12 15

Pelvis (6)

present 29 9 <0.00001
absent 1 21

BRCA1 and BRCA2 mutations, causing chromosomal instability, increase sensitivity to platinum
and to new drugs that inhibit the poly (ADP-ribose) polymerase (PARP) enzyme [29, 30]. In these
patients, chemotherapy causes disruption of the double stranded DNA that cannot be repaired.

In this context, our study aims to highlight the associations between serum biomarkers, HE4 and
Cal25, and the phenotypic features of CT presentation of disease with BRCA1/2 gene mutations in
OC patients.

We observed a significantly higher median level of CA125 (708 U/mL) (p <0.002) in patients with
BRCA mutation than in patients with WT (176 U/mL). Several studies conducted on mutated and
wild type BRCA patients found no significant differences in CA125 concentration at the time of OC
diagnosis [31, 32].
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Table 5
Association between metastasis, ascites and pleurisy and BRCA mutation status

BRCA mutant status
CT features BRCA mutant BRCA Wild Type P value
METASTASIS

present 9 3 0.052808
absent 21 27

ASCITES
present 21 27 0.052808
absent 9 3

PLEURISY
present 12 15 0.436275
absent 18 15

Table 6

Association between lymphadenopathies and BRCA mutation status

BRCA mutant status

CT features BRCA mutant BRCA Wild Type P value
LYNPHADENOPATY
mesenteric
present 3 12 0.00729
absent 27 18
pericardiophrenic

present 21 12 0.019517
absent 9 18

lombo-aortic

present 9 15 0.113846
absent 21 15

pelvic
present 12 12 1
absent 18 18

In line with our results, Liu et al. confirmed elevated serum level of CA125 to be associated with
the mutation status of BRCA1 and BRCA2 [33].

Serum CA125 is the gold standard biomarker in epithelial OC, although it shows low sensitivity
in the early stages of neoplastic pathology [34] and low specificity [5], being also elevated in some
non-malignant gynecological disorders, such as endometrial diseases, uterine myoma and pregnancy,
and in other non-gynecological disorders, such as pancreatitis, liver cirrhosis, hepatitis and congenital
heart disease [35-39].
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Fig.3. BRCA-mutated OC typical features consist in: bilateral ovarian masses with a solid/predominantly solid structures (Fig.
2a-b); macronodular carcinomatosis with predominant nodular morphologic pattern characterized by well-defined/ rounded
/“pushing” borders; PD composed of macronodular implants which confluence each other in a plaque-like thickenings of
omental fat assuming the so called “omental cake” aspect (Fig. 2c-d); presence of pericardiophrenic lymphadenopathy
(short-axis greater than 0.5 cm) (Fig. 2e); presence of liver metastasis (Fig. 2f).

In postoperative monitoring, serum CA125 levels have been shown to be effective in assessing
response to treatment and disease [15, 40]. Indeed, in post-chemotherapy monitoring, a steady increase
in serum CA125 values is associated with a poor response to treatment and a shorter progression-free
survival (PFS) and overall survival time (OS) [41—43]. In the light of these observations, the association
of increased values of CA125 and the BRCA1/2 mutation, could strengthen the genetic investigation
in OC women with high levels of this tumor marker. On the other hand, CA125 demonstrated high sen-
sitivity (92%) and high specificity when used within a screening algorithm (Ovarian Cancer Screening
Study, ROCA) to monitor women with a family history of ovarian or breast cancer or with BRCA
mutations [44].

The median level of HE4 (492 pmol/L) in BRCA WT patients was significantly higher (p <0.002)
than in patients with BRCA1 mutations (252 pmol/L). In the study on the role of BRCA Mutation
and HE4 in Predicting Chemotherapy Response in Ovarian Cancer, Plotti et al. also reported a higher
concentration of HE4 in non-mutated patients than in BCRA patients. Furthermore, they suggest
a possible reason for this difference in HE4 value could be higher levels of microscopic disease
patients with BRCA WT. They observed a greater micronodular carcinomatosis in BCRA WT patients
compared to carriers of mutation and explains the poorer prognosis in BRCA WT patients [45]. We
confirmed this finding in our study.

Our findings were similar to the results of Sala et al. regarding PD morphological features [8].
In fact, they affirmed that BRCA-mutated patients had peritoneal implants characterized by nodular
PD pattern, whereas all BRCA WT OC patients had infiltrative PD pattern. Breast imaging literature
support the outcomes concerning the associations between morphological pattern of PD presentation
and BRCA mutation status [46, 47]. Furthermore, in accordance with Sala at al., our study showed
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Fig. 4. BRCA WT OC typical features consist in: ovarian masses with cystic/predominantly cystic structures (Fig. 3a-b);
micronodular carcinomatosis and macronodular carcinomatosis with infiltrative morphologic pattern characterized by mostly
poorly defined borders (Fig. 3c-e); presence of mesenteric lymphadenopathy (short-axis greater than 1 cm) (Fig. 3f).

that supradiaphragmatic lymphadenopathy was associated with BRCA-mutant OC (P =0.019517).
Finally, in accordance with Gourley at al. and to Petrillo et al., our study suggests that the presence of
BRCA mutations could be associated with increased incidence of parenchymal lesions in BRCA1/2-
mutated patients (p=0.052808) [21, 24]. Recent literature data show that identification of BRCA
mutation status in recurrent ovarian cancer (ROC) appears to have a key role in guiding surgical
therapy. Gallotta at al. highlighted how the assessment of germline and somatic BRCA mutational
status could be considered as positive predictive factor of post-hepatic resection progression free
survival (PHR-PFS) [48]. Furthermore, they also investigated the prognostic role of BRCA mutational
status in ovarian cancer patients with isolated lymph-node recurrence (ILNR) who underwent salvage
lymphadenectomy (SL); they showed that BRCA mutational status did not appear to correlate with
post-salvage lymphadenectomy progression free survival (PSL-PFS), differently from other recurrence
sites in ROC patients [49].

In conclusion, we highlight that the use of a combined model of serum tumor biomarkers and CT
imaging, is able to differentiate patients with BRCA mutations from WT patients assisting oncologists
in selecting the most appropriate therapy.

In addition, recent studies have investigated how quantitative analysis of texture features on radiolog-
ical images can lead to non-invasive preoperative diagnosis of a suspicious tissue. Thus, integration of
serum biomarkers, radiological and texture feature analysis could lead to a non-invasive virtual biopsy
of ovarian cancer helping to direct patients early towards personalized treatment and more appropriate
therapy.

The main weakness of our study is the small number of patients and the retrospective nature of the
study. We believe that serum concentrations of HE4 CA 125 and features of CT disease should be tested
in a larger population of EOC patients in prospective, multicentric and randomized studies, in order to
improve diagnostic strategies and treatment options.
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