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Purpose: To investigate the associations between BRCA mutation 
status and computed tomography (CT) phenotypes of 
high-grade serous ovarian cancer (HGSOC) and to evalu-
ate CT indicators of cytoreductive outcome and survival in 
patients with BRCA-mutant HGSOC and those with BRCA 
wild-type HGSOC.

Materials and 
Methods:

This HIPAA-compliant, institutional review board–approved 
retrospective study included 108 patients (33 with BRCA 
mutant and 75 with BRCA wild-type HGSOC) who under-
went CT before primary debulking. Two radiologists inde-
pendently reviewed the CT findings for various qualitative 
CT features. Associations between CT features, BRCA mu-
tation status, cytoreductive outcome, and progression-free 
survival (PFS) were evaluated by using logistic regression 
and Cox proportional hazards regression, respectively.

Results: Peritoneal disease (PD) pattern, presence of PD in gastro-
hepatic ligament, mesenteric involvement, and supradia-
phragmatic lymphadenopathy at CT were associated with 
BRCA mutation status (multiple regression: P , .001 for 
each CT feature). While clinical and CT features were not 
associated with cytoreductive outcome for patients with 
BRCA-mutant HGSOC, presence of PD in lesser sac (odds 
ratio [OR] = 2.40) and left upper quadrant (OR = 1.19), 
mesenteric involvement (OR = 7.10), and lymphadenop-
athy in supradiaphragmatic (OR = 2.83) and suprarenal  
para-aortic (OR = 4.79) regions were associated with high-
er odds of incomplete cytoreduction in BRCA wild-type 
HGSOC (multiple regression: P , .001 each CT feature). 
Mesenteric involvement at CT was associated with signif-
icantly shorter PFS for both patients with BRCA-mutant 
HGSOC (multiple regression: hazard ratio [HR] = 26.7  
P , .001) and those with BRCA wild-type HGSOC (uni-
variate analysis: reader 1, HR = 2.42, P , .001; reader 2,  
HR = 2.61; P , .001).

Conclusion: Qualitative CT features differed between patients with 
BRCA-mutant HGSOC and patients with BRCA wild-type 
HGSOC. CT indicators of cytoreductive outcome varied 
according to BRCA mutation status. Mesenteric involve-
ment at CT was an indicator of significantly shorter PFS 
for both patients with BRCA-mutant HGSOC and those 
with BRCA wild-type HGSOC.

q RSNA, 2017
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histopathology may influence the results 
of primary cytoreduction in patients 
with BRCA-mutant HGSOC.

Patients with a new diagnosis of ep-
ithelial ovarian cancer are routinely im-
aged with computed tomography (CT) 
as a part of the initial work-up. While 
it is clear that BRCA gene mutation pro-
duces characteristic morphologic differ-
ences at histopathologic examination, 
it is unknown if the presence of BRCA 
gene mutation translates into distinct 
imaging manifestations and if these 
can be reliably recognized at CT. Fur-
thermore, although several studies have 
shown that CT features may serve as 
useful predictors of cytoreductive out-
come in HGSOC, it is uncertain if these 
CT indicators vary depending on BRCA 
mutation status (20–23). Thus, the aims 
of our study were to investigate the asso-
ciations between BRCA mutation status 
and CT phenotypes of HGSOC and to 
evaluate CT indicators of cytoreductive 
outcome and survival in patients with 
BRCA-mutant HGSOC and patients with 
BRCA wild-type HGSOC.

Materials and Methods

The institutional review board approved 
this retrospective Health Insurance 

ovarian cancer (HGSOC) is the most 
prevalent and lethal histologic subtype of 
epithelial ovarian cancer, partly because 
it is frequently diagnosed at advanced 
stages (2). Nearly all HGSOC harbor 
a mutation in the p53 gene and a large 
number of gene copy alterations (3–5). 
Other repeated mutations most com-
monly include a mutation in either the 
BRCA1 or BRCA2 gene. BRCA germline 
mutations are reported in 15%–17% of 
HGSOC, while somatic mutations are 
observed in 6% of HGSOC (6,7).

Several studies have suggested that 
patients with BRCA-mutant HGSOC have 
improved survival compared with those 
with BRCA wild-type HGSOC (8–14). 
More favorable prognosis of BRCA-
mutant HGSOC is attributed to greater 
platinum sensitivity in primary and recur-
rent settings, as well as to unique tumor 
biology that confers survival advantage 
independent of chemotherapy sensitivity 
(14,15). Given the substantial prognostic 
and therapeutic implications of BRCA 
mutation status, some researchers advo-
cate for genetic testing in all women with 
a new diagnosis of HGSOC (16,17).

Recent data from histopathology 
literature suggest that in patients with 
HGSOC the morphology of both pri-
mary ovarian tumors and peritoneal 
implants is influenced by the presence 
of BRCA gene mutation (18,19). For ex-
ample, peritoneal deposits with “push-
ing” or rounded contours predominate 
in BRCA-mutant HGSOC, while infiltra-
tive implants are more frequently ob-
served with in BRCA wild-type HGSOC 
(18). Some have raised the possibility 
that these morphologic differences in 
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Advances in Knowledge

 n Pattern of peritoneal disease 
(PD), presence of PD in gastro-
hepatic ligament, mesenteric in-
volvement (MI), and supradia-
phragmatic lymphadenopathy at 
CT were significantly associated 
with BRCA mutation status at 
univariate analysis and multiple 
regression.

 n At multiple regression, nodular 
PD pattern (odds ratio [OR] = 
7.16) and presence of PD in gas-
trohepatic ligament (OR = 9.16) 
at CT were associated with sig-
nificantly higher odds of BRCA-
mutant high-grade serous ovarian 
cancer (HGSOC), whereas pres-
ence of MI (OR = 0.07) and 
supradiaphragmatic lymphade-
nopathy (OR = 0.28) were asso-
ciated with significantly lower 
odds of BRCA-mutant HGSOC.

 n While none of the clinical and CT 
features were associated with 
cytoreductive outcome (complete 
vs incomplete cytoreduction) for 
patients with BRCA-mutant 
HGSOC, presence of PD in 
lesser sac (OR = 2.40) and left 
upper quadrant (OR = 1.19), MI 
(OR = 7.10), and lymphadenop-
athy in supradiaphragmatic (OR 
= 2.83) and suprarenal para-aor-
tic (OR = 4.79) regions were as-
sociated with significantly higher 
odds of incomplete gross resec-
tion in BRCA wild-type HGSOC 
at multiple regression.

 n MI at CT was associated with 
significantly shorter progression-
free-survival for both patients 
with BRCA-mutant HGSOC 
(hazard ratio [HR] = 26.7) and 
those with BRCA wild-type 
HGSOC (HR = 2.42 [reader 1]; 
HR = 2.61 [reader 2]).

Implication for Patient Care

 n CT features were associated with 
cytoreductive outcome (complete 
vs incomplete cytoreduction) 
only in patients with BRCA wild-
type HGSOC, not in patients 
with BRCA-mutant HGSOC; this 
information may be of value for 
pretreatment patient counseling 
and initial decision making re-
garding maximal upfront cytore-
ductive effort versus neoadjuvant 
chemotherapy.

In 2017, it is estimated that 22 440 
women in the United States will be 
diagnosed with epithelial ovarian 

cancer, and 14 240 will succumb to the 
disease (1). Primary ovarian, fallopian 
tube, and peritoneal high-grade serous 
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physician’s request (8). From July 2008 
to 2012, genetic counseling and BRCA 
testing was offered to all patients with 
HGSOC regardless of family history 
(8). Testing was performed as previ-
ously described (8).

CT Technique
CT scans were obtained with multi-
detector CT scanners with four to 64 
detector rows. Images were acquired 
during breath hold by utilizing the 
following acquisition parameters: 120 
kVp; automatic milliampere setting (de-
pending on patient size), with a range 
of 240–400 mA; mean section thickness 
of 4.7 mm (range, 1.25–7.5 mm); and 
pitch less than 1. All patients who were 
scanned at our institution received 150 
mL of intravenous contrast material (io-
hexol 300, Omnipaque 300; Amersham 
Health, GE Medical Systems, Milwau-
kee, Wis) at a rate of 2.5 mL/sec by 
using a power injector. The time delay 
from contrast agent injection to image 
acquisition was approximately 70 sec-
onds. CT examinations that were per-
formed at outside institutions (n = 65) 
either met or exceeded the above tech-
nical standards. Images from all studies 
were transferred to a picture archiving 

CT within 60 days of surgery. Primary 
debulking was performed according to 
our institutional surgical template and, 
at a minimum, included total abdominal 
hysterectomy, bilateral salpingo-oopho-
rectomy, omentectomy, and pelvic/pa-
ra-aortic lymphadenectomy. Additional 
resections were performed at the sur-
geons’ discretion.

Some patients in our cohort were 
also included in several previously pub-
lished studies, none of which assessed 
CT imaging (8,15,18,19).

Histopathologic Diagnoses
Fellowship-trained oncologic patholo-
gists reviewed all final surgical speci-
mens. The Gilks et al (24) modification 
to the World Health Organization crite-
ria was used to diagnose HGSOC.

BRCA Testing
From 2005 to 2008, patients were re-
ferred for genetic counseling and BRCA 
testing based on at least one of the 
following indications: (a) family history 
of breast cancer before the age of 50 
or history of ovarian cancer at any age 
in a first- or second-degree relative, (b) 
Eastern European (Ashkenazi) Jewish 
heritage, (c) patient request, or (d) 

Portability and Accountability Act-com-
pliant study and waived the require-
ment for informed consent.

Eligibility Criteria
The inclusion criteria for our study 
were as follows: (a) pathologically con-
firmed stage III or IV HGSOC, (b) pri-
mary debulking surgery performed at 
our institution between November 1, 
2005, and February 29, 2012, (c) ge-
netic counseling and BRCA mutation 
testing, and (d) preoperative contrast 
material–enhanced CT of abdomen and 
pelvis. Patients who underwent neoad-
juvant chemotherapy followed by inter-
val debulking surgery were excluded 
because this group potentially differed 
from patients who underwent primary 
debulking surgery in terms of cytore-
ductive outcome and progression-free 
survival (PFS) in ways other than BRCA 
mutation status. Furthermore, neoad-
juvant chemotherapy alters CT imaging 
findings. One hundred eight patients 
satisfied the eligibility criteria (Table 1,  
Fig 1).

The mean number of days between 
CT and surgery was 19 days (range, 
1–135 days). One hundred seven of 108 
patients (99%) underwent preoperative 

Table 1

Patients and Clinical Characteristics

Characteristic All (n = 108) BRCA Mutant (n = 33) BRCA Wild Type (n = 75) P Value

Age at diagnosis (y)* 58 (30–82) 55 (30–78) 59 (38–82) .032
FIGO stage .885
 III 77 (71) 22 (67) 55 (73)
 IV 31 (29) 11 (33) 20 (27)
CA-125 level (U/mL)* 427 (11–14200) 677 (25–12400) 401 (11–14200) .667
Outcome of primary cytoreductive surgery .810
 Complete cytoreduction 62 (57) 17 (51.5) 45 (60)
 Incomplete cytoreduction 46 (43) 16 (48.5) 30 (40)
 1 cm residual disease (optimal) 36 (78) 12 (75) 24 (80)
 .1 cm residual disease (suboptimal) 10 (22) 4 (25) 6 (20)
Relapse or progression .15
 Yes 91 (84) 25 (76) 66 (88)
 No 17 (16) 8 (24) 9 (12)
Median follow-up (mo)* 51.5 (4–107) 51.5 (18–78) 52.0 (4–107) .58
Median time to progression or death (mo)† 20.3 (16.9, 25.5) 21.1 (16.2, 25.8) 20.1 (16.3, 34.1) .23

Note.—FIGO = International Federation of Gynecology and Obstetrics.

* Data in parentheses are the range.
† Data in parentheses are the 95% CIs.
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of size if it had spiculated borders or 
heterogeneous attenuation (other than 
fatty hila regions) or if nodal clustering 
was present.

Data Collection
Demographic, clinical, surgical, and 
pathologic data were collected for all 
patients. Recurrence or progression 
date was determined according to fol-
low-up CT findings and/or CA-125 level. 
When diagnosed at follow-up CT, it was 
defined as the first appearance of one 
or more new tumor or enlargement 
of existing lesions after completion of 
adjuvant chemotherapy according to 
RECIST (Response to Treatment in 
Solid Tumors) (26). When determined 
by CA-125 level, progression date was 
defined as the first date when CA-125 
level reached twice or more its nadir 
value or twice the upper limit of normal 
(27).

The assessment of cytoreductive 
outcome was performed intraopera-
tively by the surgeon at the conclusion 
of the primary cytoreductive procedure 
according to the standard clinical prac-
tice. Complete cytoreduction (complete 
gross resection) was defined as no vis-
ible residual disease at the completion 
of cytoreductive surgery. Conversely, 
incomplete cytoreduction (incomplete 
gross resection) was defined as any vis-
ible residual disease at the completion 
of cytoreductive surgery.

Statistical Analysis
Associations between clinical and path-
ologic characteristics versus BRCA 
mutation status were evaluated by us-
ing Fisher exact test. Interobserver 
agreement was analyzed with the Co-
hen k statistic. The k statistic was in-
terpreted as follows: less than 0, no 
agreement; 0–0.20, slight agreement; 
0.21–0.40, fair agreement; 0.41–0.60, 
moderate agreement; 0.61–0.80, sub-
stantial agreement; and 0.81–1.0, al-
most perfect agreement. We also esti-
mated 95% confidence intervals (CIs) 
and reported percentage agreement 
between the readers.

Since only a few patients lacked 
peritoneal dissemination (four of 
108 for both readers) or had distant 

recorded as either nodular or infiltra-
tive: nodular was defined as the pres-
ence of implants with predominantly 
well-defined or rounded or “pushing” 
borders, and infiltrative was defined as 
the presence of implants with mostly 
poorly defined or infiltrative borders 
(Fig 3).

To examine the relationship between 
the disease burden and cytoreductive 
outcome (complete or incomplete gross 
resection), locations of peritoneal im-
plants were recorded. The following PD 
locations were evaluated: (a) gallblad-
der fossa and/or left intersegmental 
fissure, (b) gastrohepatic ligament, (c) 
lesser sac, and (d) left upper quadrant 
including gastrocolic ligament, splenic 
hilum, and splenic capsule. These loca-
tions were selected on the basis of their 
significant association with cytoreduc-
tive outcome in the study by Suidan et 
al (20).

The readers also assessed each CT 
for the presence of lymphadenopathy. 
The following short-axis dimensions 
were used to define lymphadenopathy: 
(a) supradiaphragmatic lymph nodes 
greater than 0.5 cm, (b) portocaval 
lymph nodes greater than 1.5 cm, 
and (c) porta hepatis (periportal) and 
suprarenal para-aortic lymph nodes 
greater than 1.0 cm. Lymph node was 
also considered abnormal regardless 

and communication system (PACS) 
(Centricity; GE Healthcare) and were 
interpreted at PACS workstations.

Qualitative CT Analysis
All preoperative CT scans were inde-
pendently and retrospectively inter-
preted by each of the two readers. Both 
readers were fellowship-trained radiol-
ogists with 8 (Y.L.) and 5 (S.N.) years 
of experience in oncologic imaging.

Assessment of primary ovarian 
masses.—Each reader recorded the 
presence of ovarian mass, its margins 
(smooth or irregular), internal archi-
tecture (cystic/predominantly cystic 
or solid/predominantly solid), and the 
presence of calcifications.

Assessment of extraovarian tumor 
spread.—Each reader noted the amount 
of ascites (none/small or moderate/
large volume), presence of peritoneal 
implants, mesenteric involvement, and 
lymphadenopathy. Mesenteric involve-
ment was diagnosed if either mesen-
teric infiltration or mesenteric nodules 
or both were seen (Fig 2). Mesenteric 
infiltration was defined as the infiltra-
tion of mesenteric fat or tethering 
of bowel loops along the mesentery as 
described previously by Vargas et al  
(25). When peritoneal implants were 
present, the predominant morphologic 
pattern of peritoneal disease (PD) was 

Figure 1

Figure 1: Flowchart shows the details of patient selection process. DICOM = Digital Imaging and Com-
munications in Medicine, FIGO = International Federation of Gynecology and Obstetrics, MSKCC = Memorial 
Sloan Kettering Cancer Center.



476 radiology.rsna.org n Radiology: Volume 285: Number 2—November 2017

GENITOURINARY IMAGING: High-Grade Serous Ovarian Cancer  Nougaret et al

Figure 2

Figure 2: Mesenteric involvement in a 63-year-old woman with BRCA-mutant HGSOC. (a) Axial and (b) coronal CT images 
demonstrate mesenteric infiltration and nodules consistent with mesenteric involvement (arrows).

Figure 3

Figure 3:  (a) Illustration of infiltrative and nodular PD patterns at CT. Axial CT images obtained in (b) a 55-year-old woman and (c) a 69-year-old woman with 
BRCA wild-type HGSOC demonstrate infiltrative PD pattern (arrow). Axial CT images in (d) a 68-year-old woman and (e) a 78-year-old woman with BRCA-mutant 
HGSOC show nodular PD pattern (arrow).
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mesenteric involvement (P , .001 both 
readers), and supradiaphragmatic 
lymphadenopathy (reader 1: P = .009; 
reader 2: P = .004) were significantly 
associated with BRCA mutation status 
for both readers (Table 3).

At multiple regression, PD pat-
tern, presence of PD in gastrohepatic 
ligament, mesenteric involvement, and 
supradiaphragmatic lymphadenopathy 
remained significantly associated with 
BRCA mutation status (P , .001 each 
CT feature) (Table 4). In particular, 
nodular PD pattern (odds ratio [OR] = 
7.16) and presence of PD in gastohe-
patic ligament (OR = 9.16) were asso-
ciated with significantly higher odds of 
BRCA-mutant HGSOC, whereas mes-
enteric involvement (OR = 0.07) and 
supradiaphragmatic lymphadenopathy 
(OR = 0.28) were associated with sig-
nificantly lower odds of BRCA-mutant 
HGSOC (Table 4).

Associations between CT Features and 
Cytoreductive Outcome (Complete versus 
Incomplete Cytoreduction)
For patients with BRCA-mutant HG-
SOC at univariate analysis, we found 
no significant associations between 

mutation and 12 (36.4%) had BRCA2 
mutation.

Interobserver Agreement
As detailed in Table 2, interobserver 
agreement with regard to CT features 
ranged from substantial to almost per-
fect (k = 0.64–1.00) and included sub-
stantial agreement for ovarian mass 
margins (k = 0.65; 95% CI: 0.48, 0.81), 
ovarian mass calcifications (k = 0.64; 
95% CI: 0.32, 0.97), and PD pattern (k 
= 0.80; 95% CI: 0.68, 0.91) and almost 
perfect agreement for multiple other CT 
features including mesenteric involve-
ment (k = 0.87; 95% CI: 0.77, 0.96).

Associations between CT Features and 
BRCA Mutation Status
At univariate analysis, no significant as-
sociations were found between BRCA 
mutation status and CT features of 
ovarian masses, amount of ascites, 
most locations of PD, or most locations 
of lymphadenopathy (P = .173–.948) 
(Table 3).

In contrast, PD pattern (reader 1: 
P = .001; reader 2: P , .001), pres-
ence of PD in gastrohepatic ligament 
(reader 1: P = .022; reader 2: P = .025), 

metastases (three of 108 for both 
readers) at CT, these CT features could 
not be included as covariates on univar-
iate and multiple regression analyses.

Logistic regression was used to eval-
uate the relationships between CT fea-
tures and BRCA mutation status. This 
analysis was performed in two steps. 
In the first step, we analyzed the data 
from each reader separately and eval-
uated the association between each 
CT feature and BRCA mutation status 
(univariate analysis). In the second 
step, we used only the CT features that 
were significantly associated with BRCA 
mutation status for both readers in the 
first step and built a multiple logistic 
regression model (multiple regression) 
where we used generalized estimating 
equations to fit the model.

Univariate Cox proportional hazards 
regression was used to examine the rela-
tionships between CT features and PFS 
separately according to BRCA mutation 
status. Patients who had a recurrence 
or death from any cause without docu-
mented recurrence were considered 
events in the PFS analysis, and their 
time to progression was calculated as 
the interval between surgery and pro-
gression or death. Patients who were 
alive and recurrence free at the time 
of analysis were considered censored, 
and their time to progression was cal-
culated as the interval between surgery 
and their last follow-up. The median 
follow-up time was 51.5 months (range, 
4–107 months) and the median time to 
progression or death was 20.3 months 
(95% CI: 16.9 months, 25.5 months).

All analyses were performed by using 
SAS 9.4 (SAS Institute, Cary, NC) and R 
3.1.2 (The R Foundation) software.

Results

Patient Characteristics
Patient and tumor characteristics are 
summarized in Table 1. Our study in-
cluded 108 women (median age, 58 
years; range, 30–82 years), 33 (31%) of 
whom had BRCA-mutant HGSOC and 
75 (69%) had BRCA wild-type HGSOC. 
Among the 33 women with BRCA-mu-
tant HGSOC, 21 (63.6%) had BRCA1 

Table 2

Interobserver Agreement Regarding Qualitative CT Features

CT Feature  Agreement (%) k Value 95% CI

Primary ovarian mass
 Mass presence 100.0 1.00 1.00, 1.00
 Margins 85.1 0.65 0.48, 0.81
 Architecture 91.5 0.83 0.71, 0.94
 Calcifications 95.7 0.64 0.32, 0.97
PD
 Amount of ascites 96.3 0.92 0.84, 1.00
 PD presence 100.0 1.00 1.00, 1.00
 Gallbladder fossa/left intersegmental fissure 97.2 0.91 0.82, 1.00
 Gastrohepatic ligament 91.7 0.77 0.63, 0.91
 Lesser sac 97.2 0.93 0.84, 1.00
 Left upper quadrant 96.3 0.92 0.85, 1.00
 PD pattern (nodular or infiltrative) 90.4 0.80 0.68, 0.91
Mesenteric involvement 93.5 0.87 0.77, 0.96
Lymphadenopathy
 Periportal 97.2 0.90 0.78, 1.00
 Supradiaphragmatic 97.2 0.94 0.88, 1.00
 Suprarenal para-aortic 96.3 0.88 0.77, 0.99
Distant metastases 100.0 1.00 1.00, 1.00
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Table 3

Univariate Analysis of the Associations between CT Features and BRCA Mutation Status

 Reader 1 Reader 2

CT Feature* BRCA Mutant
BRCA
Wild Type Odds Ratio† P Value BRCA Mutant

BRCA
Wild Type Odds Ratio† P Value

Ovary

 Ovarian mass 2.95 (0.62, 14.01) .173 2.95 (0.62, 14.01) .173
  Present 31 63 31 63
  Absent (reference) 2 12 2 12
 Margins 0.68 (0.28, 1.68) .408 0.66 (0.25, 1.70) .385
  Irregular 19 44 21 48
  Smooth (reference) 12 19 10 15
 Architecture 0.85 (0.36, 2.02) .718 0.61 (0.25, 1.46) .266
  Cystic/predominantly cystic 16 35 17 42
  Solid/predominantly solid  

(reference)
15 28 14 21

 Calcifications 1.58 (0.33, 7.54) .566 0.49 (0.05, 4.59) .533
  Present 3 4 1 4
  Absent (reference) 28 59 30 59
Peritoneum 
 Moderate to large ascites 1.57 (0.66, 3.69) .305 1.47 (0.64, 3.42) .366
  Present 13 22 14 25
  Absent (reference) 20 53 19 50
 Gallbladder fossa/left  

intersegmental fissure
1.17 (0.42, 3.24) .758 0.82 (0.29, 2.33) .708

  Present 7 14 6 16
  Absent (reference) 26 61 27 59
 Gastrohepatic ligament 3.00 (1.17, 7.68) .022 2.83 (1.14, 7.02) .025
  Present 12 12 13 14
  Absent (reference) 21 63 20 61
 Lesser sac 1.74 (0.68, 4.42) .245 1.71 (0.69, 4.21) .247
  Present 10 15 11 17
  Absent (reference) 23 60 22 58
 Left upper quadrant 1.11 (0.48, 2.54) .813 0.96 (0.41, 2.24) .923
  Present 14 30 12 28
  Absent (reference) 19 45 21 47
 PD pattern 4.43 (1.79, 10.96) .001 5.03 (2.03, 12.49) ,.001
  Nodular 20 23 18 17
  Infiltrative (reference) 10 51 12 57
Mesentery
 Mesenteric involvement 0.13 (0.04, 0.40) ,.001 0.10 (0.03, 0.30) ,.001
  Present 4 39 4 44
  Absent (reference) 29 36 29 31
Lymphadenopathy
 Periportal 1.04 (0.33, 3.27) .948 0.78 (0.26, 2.37) .659
  Present 5 11 5 14
  Absent (reference) 28 64 28 61
 Supradiaphragmatic 0.27 (0.10, 0.72) .009 0.23 (0.08, 0.62) .004
  Present 6 34 6 37
  Absent (reference) 27 41 27 38
 Suprarenal para-aortic 1.41 (0.50, 3.99) .514 1.63 (0.62, 4.27) .317
  Present 7 12 9 14
  Absent (reference) 26 63 24 61

* PD presence/absence and distant metastases were not included in logistic regression analyses due to small numbers of patients with absent PD or present distant metastases (as detailed in Statistical Analysis).
† Data in parentheses are the 95% CIs.
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associations between morphology of 
peritoneal implants and BRCA muta-
tion status (28,29). Primary breast 
tumors of BRCA mutation carriers of-
ten demonstrate “prominent pushing 
margins” thought to be related to the 
continuous front of tumor cells without 
interspersed connective tissues (29). 
At mammography and breast mag-
netic resonance (MR) imaging, these 
histopathologic findings translate into 
characteristic imaging manifestations: 
breast tumors in BRCA mutation car-
riers show predominantly rounded or 
well-defined margins, whereas breast 
masses that arise sporadically demon-
strate mostly ill-defined or spiculated 
margins (28,30).

Our results are also in agreement 
with histopathologic data from the 
ovarian cancer literature (18,19). Reyes 
et al evaluated morphologic features 
of peritoneal implants in 102 HGSOC 
patients with known BRCA genotype. 
They found that 76% of BRCA-mu-
tant HGSOC had peritoneal deposits 
with rounded or “pushing” contours, 
whereas all BRCA wild-type HGSOC 
had infiltrative peritoneal implants (18).

In general, little is known about the 
imaging manifestations of various geno-
mic alterations in HGSOC. Vargas et al 
explored the relationships between CT 
features and CLOVAR (classification of 
ovarian cancer) subtypes of HGSOC 
(25). Similar to that study, we did not 
identify any significant associations be-
tween CT features of primary ovarian 
masses and gene mutation status (25). 
However, Vargas et al did find PD pat-
tern and mesenteric infiltration to be 
associated with CLOVAR subtypes, and 
we also demonstrated PD pattern and 
mesenteric involvement to be associ-
ated with gene mutations, in our study 
with BRCA mutation status. Thus, it is 
possible that genomic alterations exert 
greater influence on the morphology of 
extraovarian implants than on primary 
ovarian masses. Future studies are 
needed to validate this hypothesis.

Second, we found none of the clini-
cal characteristics or CT features to be 
associated with the results of primary 
cytoreductive surgery in BRCA-mutant 
HGSOC. In contrast, the presence 

of CA-125 (hazard ratio, 1.0003; P = 
.021), presence of mesentery involve-
ment (hazard ratio, 24.46; P , .001 for 
both readers), and lymphadenopathy in 
periportal (hazard ratio, 4.07; P = .007 
both readers) and supradiaphragmatic 
regions (hazard ratio, 3.14; P = .028 
both readers) were associated with sig-
nificantly shorter PFS for both readers 
(Table E4 [online]). At multiple regres-
sion, only the presence of mesentery 
involvement (hazard ratio, 26.7; P , 
.001) remained associated with signif-
icantly shorter PFS.

For patients with BRCA wild-type 
HGSOC at univariate analysis, only the 
presence of mesenteric involvement 
(reader 1: hazard ratio = 2.42, P , 
.001; reader 2: hazard ratio = 2.61, P , 
.001) was associated with significantly 
shorter PFS (Table E5 [online]).

Discussion

In this study we found CT features of 
HGSOC to differ based on the BRCA 
mutation status. We also demonstrated 
that the associations between CT fea-
tures, cytoreductive outcome, and PFS 
in HGSOC patients varied according to 
BRCA mutation status.

First, we found nodular PD pattern 
and presence of PD in gastrohepatic lig-
ament to be associated with significantly 
higher odds of BRCA-mutant HGSOC at 
multiple regression. In contrast, infiltra-
tive PD pattern, presence of mesenteric 
involvement, and supradiaphragmatic 
lymphadenopathy were associated with 
significantly lower odds of BRCA-mutant 
HGSOC at multiple regression.

The breast imaging literature 
supports our findings regarding the 

clinical characteristics (patient age and 
CA-125 level at diagnosis), CT features, 
and cytoreductive outcome for both 
readers (P = .057 to ..99) (Table E1 
[online]). Cytoreductive outcome was 
significantly associated with PD pattern 
for only reader 2 (P = .031) and PD in 
gastrohepatic ligament for only reader 
1 (P = .027), but not for both readers.

For patients with BRCA wild-type 
HGSOC at univariate analysis, clinical 
characteristics (patient age and CA-125 
level at diagnosis) were not associated 
with cytoreductive outcome (P  .92). 
In contrast, presence of moderate or 
large amount of ascites (reader 1: P = 
.033; reader 2: P = .048), PD in gall-
bladder fossa and/or left intersegmen-
tal fissure (reader 1: P = .012; reader 
2: P = .003), lesser sac (P , .001 both 
readers), left upper quadrant (P  .001 
both readers), mesenteric involvement 
(P , .001 both readers), and lymph-
adenopathy in supradiaphragmatic (P  
.001) and suprarenal para-aortic regions 
(reader 1: P = .013; reader 2: P = .003) 
were associated with significantly higher 
odds of incomplete cytoreduction for 
both readers (Table E2 [online]).

At multiple regression, for patients 
with BRCA wild-type HGSOC, presence 
of PD in left upper quadrant (P , .001) 
and lesser sac (P , .001), mesenteric 
involvement (P , .001), and lymph-
adenopathy in supradiaphragmatic (P 
, .001) and suprarenal para-aortic re-
gions (P , .001) remained associated 
with significantly higher odds of incom-
plete cytoreduction (Table E3 [online]).

Progression-Free Survival
For patients with BRCA-mutant HG-
SOC at univariate analysis, elevation 

Table 4

Multiple Regression of the Associations between CT Features and BRCA Mutation 
Status

CT Feature Odds Ratio* P Value

Mesenteric Involvement 0.07 (0.06, 0.09) ,.001
PD in gastrohepatic ligament 9.16 (5.43, 15.43) ,.001
PD pattern 7.16 (5.81, 8.84) ,.001
Supradiaphragmatic lymphadenopathy 0.28 (0.20, 0.41) ,.001

* Data in parentheses are the 95% CIs.
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lence of BRCA mutation carriers in epithe-
lial ovarian cancer cases in israel. Gynecol 
Oncol 2003;89(3):494–498.

 7. Risch HA, McLaughlin JR, Cole DE, et al. 
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BRCA1 and BRCA2 mutations in a popu-
lation series of 649 women with ovarian 
cancer. Am J Hum Genet 2001;68(3):700–
710.

 8. Hyman DM, Zhou Q, Iasonos A, et al. Im-
proved survival for BRCA2-associated serous 
ovarian cancer compared with both BRCA-
negative and BRCA1-associated serous 
ovarian cancer. Cancer 2012;118(15):3703–
3709.
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characteristics and outcomes of BRCA-as-
sociated ovarian cancer: genotype and sur-
vival. Cancer Genet 2012;205(1-2):34–41.

 10. Artioli G, Borgato L, Cappetta A, et al. Over-
all survival in BRCA-associated ovarian can-
cer: case-control study of an Italian series. 
Eur J Gynaecol Oncol 2010;31(6):658–661.

 11. Jóhannsson OT, Ranstam J, Borg A, Ols-
son H. Survival of BRCA1 breast and ovar-
ian cancer patients: a population-based 
study from southern Sweden. J Clin Oncol 
1998;16(2):397–404.

 12. Chetrit A, Hirsh-Yechezkel G, Ben-David Y, 
Lubin F, Friedman E, Sadetzki S. Effect of 
BRCA1/2 mutations on long-term survival 
of patients with invasive ovarian cancer: the 
national Israeli study of ovarian cancer. J 
Clin Oncol 2008;26(1):20–25.

 13. Boyd J, Sonoda Y, Federici MG, et al. Clin-
icopathologic features of BRCA-linked and 
sporadic ovarian cancer. JAMA 2000;283 
(17):2260–2265.

 14. Yang D, Khan S, Sun Y, et al. Association of 
BRCA1 and BRCA2 mutations with survival, 
chemotherapy sensitivity, and gene mutator 
phenotype in patients with ovarian cancer. 
JAMA 2011;306(14):1557–1565.

 15. Gallagher DJ, Konner JA, Bell-McGuinn 
KM, et al. Survival in epithelial ovarian can-
cer: a multivariate analysis incorporating 
BRCA mutation status and platinum sensi-
tivity. Ann Oncol 2011;22(5):1127–1132.

 16. Scheuer L, Kauff N, Robson M, et al. Out-
come of preventive surgery and screening for 
breast and ovarian cancer in BRCA mutation 
carriers. J Clin Oncol 2002;20(5):1260–
1268.

As a result, we could not evaluate sep-
arately patients with BRCA1 and pa-
tients with BRCA2 mutations. In some 
instances, risk estimates and multiple 
regression could not be conducted due 
to limited sample size. Third, because 
most patients underwent optimal de-
bulking, we focused on the ability of 
clinical data and CT features to predict 
the odds of complete versus incomplete 
cytoreduction. Last, the time interval 
between preoperative CT and primary 
cytoreductive surgery was relatively 
long for one patient, which introduced 
a possibility of interval tumor growth. 
However, 107 of 108 (99%) patients un-
derwent CT within 60 days of surgery.

In conclusion, BRCA mutation 
status was associated with potentially 
important differences in CT features; 
presence of mesenteric involvement at 
CT was a key indicator of shorter PFS 
in both groups.
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