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Background: The purpose of our research was to explore the value of preoperative CT
and MRI examinations and clinical indicators in the prediction of recurrence of ovarian
serous carcinoma in patients who underwent satisfactory staging surgery.

Procedure: Detailed inclusion and exclusion criteria were installed to screen all patients
collected and the eligible patients were divided into two groups. The CT and MRI features
and some clinical characteristics of two groups were analyzed, in addition, the apparent
diffusion coefficient (ADC) value in tumor solid region was measured. Univariate analysis
was used in this study.

Results: There were 78 patients with histologically proven ovarian serous carcinoma.
According to the strict inclusion and exclusion criteria, we retained 29 patients (recurrence
group: 11 patients, no recurrence group: 18 patients). For the peritoneal implantation
metastasis in CT or MRI images and Ki67 proliferation index (Ki67 PI), the differences
between two cohorts were statistically significant (P < 0.05). The rate of peritoneal
metastasis in the recurrence cohort (10/11, 91%) was higher than that in the no
recurrence cohort (7/18, 39%). Patients with high Ki67 PI expression had lower
recurrence risk than those with low Ki67 PI expression, HR=0.172 (95%CI: 0.050-0.589,
P=0.005), and patients without peritoneal planting had lower recurrence risk than those with
it, HR=9.373 (95%CI: 1.194-73.551, P=0.033). For FIGO III patients, ipsilateral fallopian
tube involvement was statistically significant between the two groups (P < 0.05). The
differences in the other preoperative imaging characteristics of ovarian serous cancer,
including the volume; capsule of the mass; main components; ADC value; cystic change;
bleeding; degree of enhancement of the mainly solid region in 3 periods; and range of tumor
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involvement in the ovary, uterus, bladder, bowel, and pelvic wall, were not statistically
significant. In addition, the differences in the other clinical indicators (i.e., age, FIGO stage)
between the two cohorts were not statistically significant.

Conclusions: In CT and MRI examinations before surgery, peritoneal implantation
metastasis was suggestive of the possibility of the recurrence of serous ovarian
carcinoma in the near future. In addition to that, ipsilateral fallopian tube involvement
and Ki67 PI may also indicate the possibility of recurrence (the former was only applicable
to FIGO III patients).
Keywords: ovarian cancer, recurrence, magnetic resonance imaging, diffusion-weighted imaging, apparent
diffusion coefficient value, Ki67 proliferation index
INTRODUCTION

Epithelial ovarian carcinoma (EOC) is a malignant tumor with the
highest mortality rate among gynecological malignant tumors (1).
The clinical symptoms of ovarian cancer are insidious, and the
early symptoms are not obvious. Approximately 2/3 of the patients
are FIGO III or IV when they visit the doctor for the first time (2).
According to the different pathological types of ovarian cancer, the
five-year survival rates of these patients with FIGO III and IV were
23.9%~37.0% (2). Serous carcinoma is the most common type of
EOC.According to the FIGO Cancer Report 2018, many cases of
high-grade serous ovarian carcinoma and peritoneal carcinoma
may originate in the tubal umbrella terminus (3). The lethality of
EOC is mainly due to the higher risk of recurrence (4, 5).
Recurrent ovarian cancers (ROCs) have a very poor prognosis,
and most patients with ROC eventually develop resistance to
chemotherapy drugs (6). Because of the complexity of the patients’
situation, it is more difficult to choose treatment options for them.
The prediction and earlier detection of ROC can help physicians
intervene earlier in the treatment process of patients to better
achieve individualized and accurate treatments. Imaging
examinations can provide important value in the process of
follow-up for ovarian carcinoma, but most studies on the risk of
recurrence of ovarian carcinoma have mainly focused on clinical
and hematological indicators and are relatively lacking in medical
imaging data. The purpose of this research was to define the
possibility of the use of imaging methods to analyze and predict
the recent recurrence of ovarian serous carcinoma, especially for
FIGO III patients, with the ultimate hope of helping clinicians to
plan more suitable treatments.
METHODS

Patients and Clinical Information
Upon searching the Hospital Information System (HIS), between
August 2015 and September 2019, there were 78 patients who had
histologically proven ovarian serous carcinoma in our hospital.
We retrospectively searched for these patients in the Picture
Archiving and Communication System (PACS), and there were
only 46 patients who underwent both pelvic MRI scan and
abdominal CT examination before pelvic surgery. The inclusion
2

criteria were as follows: 1) no obvious residual lesions were
observed visually after staging operation (the diameter of the
residual tumor was ≤1 cm); 2) the time periods between
baseline imaging examination and surgery were not more than 7
days; 3) the progression-free survival of the tumor was not less
than 6 months; 4) postoperative chemotherapy consisted of 4~6
courses, and the interval of each chemotherapy course was 21
days; 5) patients received first-line chemotherapy approximately 2
weeks after surgery and received first-line chemotherapy for
ovarian cancer; 6) the follow-up plan should meet the following
requirements: 1 year: once every 3 months, 2-3 years: once every 6
months, >3 years: once a year. Exclusion criteria were as follows:
1) failure to complete adequate and normal chemotherapy or loss
to follow-up; 2) severe combined diseases (e.g., heart, lung, liver
diseases or renal insufficiency); and 3) ovarian cancer combined
with other malignant tumors.

Chemotherapy regimens were mainly included TC (paclitaxel
+carboplatin) intravenous chemotherapy, TC+TP (paclitaxel
+cisplatin) intraperitoneal intravenous chemotherapy, DC
(docetaxel+carboplatin), and PC (cisplatin+cyclophosphamide).
Although the longest follow-up time was 40.8 months, in order
to avoid the influence of follow-up time on the recurrence of
ovarian serous cancer, the follow-up time node was set as 20
months, so that the recurrence of the above patients were divided
into two groups, namely the recurrence group and the non-
recurrence group. During the follow-up period, patients were
required gynecological examinations, ultrasound examinations,
and serum tumor marker tests to assess whether the patient had
relapsed. When suspicious indications of recurrence were found,
patients were advised to have abdominal imaging examinations.
Ovarian cancer recurrence was diagnosed when two or more of
the following were present: 1) increased levels of tumor markers;
2) a mass found in imaging examination; 3) a mass found on
physical examination; 4) hydrothorax and peritoneal fluid;
5) intestinal obstruction of unknown causes.

CT Examination
CT examinations were carried out on a 64-Row CT scanner
(Discovery CT750HD, fifth-generation spectral CT, GE
Healthcare), The scanning range was from the upper margin of
the diaphragm to the iliac crest. Abdominal plain scan and
dynamic enhancement scans of 3 phases (arterial phase, portal
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phase, delay phase) were adopted. The parameter details were as
follows: tube voltage (TV), 120 kV; tube current, 280 mA; frame
rotation time, 0.8 s; pitch, 0.984:1; layer thickness, 5.0 mm; and
reconstruction interval, 5.0 mm. A double-cylinder power
injector (OptiVantage; Mallinckrodt; USA) was utilized to
inject the contrast material (4.4 ml/s, 270 mgl/ml, Visipaque,
General Electric Healthcare, USA) through peripheral veins.

MRI Examination
MRI scanning was carried out on a 3.0T system (Signa HDXT,
GE Healthcare, USA) equipped with an eight-channel torso array
coil. For any larger mass that could not be fully accommodated in
an axial plane, a sagittal or coronary scanning sequence was
adopted to cover as much of the entire mass as possible. Routine
MRI protocols were adopted for the examination of the adnexal
lesions, which included axial fast spin echo (FSE) T1-weighted
images (T1WI), axial FSE T2-weighted images (T2WI) and fat-
suppressed T2WI (FS T2WI). An axial DWI sequence included
an echo-planar imaging sequence with an array spatial-
sensitivity-encoding technique (ASSET). The specific
parameters of T1WI protocol were as follows: repetition time
(TR), 500 ms; echo time (TE), 7.8 ms; thickness, 6.0 mm; layer
spacing, 2.0 mm; and the number of excitations (NEX), 1. The
specific T2WI parameters were TR, 4200 ms; TE, 68 ms;
thickness, 6.0 mm; layer spacing, 2.0 mm; and NEX, 2. The
parameter details of FS T2WI were similar to those of the T2WI
sequence. The parameters of DWI were TR, 4000 ms; TE, 65 ms;
thickness, 6.0 mm; layer spacing, 2.0 mm; NEX, 6; and b value =
0 and 1000 s/mm2). Liver acquisition with a volume acceleration
(LAVA) sequence was adopted for contrast-enhanced pelvic
examination, and a power injector (Optistar LE; Mallinckrodt;
USA) was performed to inject the contrast material (0.1 mmol/
kg, Gadodiamide, General Electric Healthcare, USA). The
specific parameters of LAVA MR were TR, 4.5 ms; TE, 1.3 ms;
flip angle, 15°; layer spacing, 0 mm; NEX, 1; and band width,
166.67 kHz. The images were obtained from multiple phases
after the injection of the contrast agent in the axial and sagittal
planes (postcontrast at 20 s, 60 s, 120 s in the axial plane and
150 s in the sagittal plane).

Radiological Evaluation
MRI and CT images were analyzed carefully on an Advantage
Windows workstation 4.5 (AW 4.5 workstation, GE Healthcare,
USA) by two radiologists with 31 and 29 years of experience in
gynecological imaging. They were blinded to the pathological
results, and from each other’s results. The reader variability was
evaluated. The average of the measurements for the quantitative
data or the outcome of negotiations for the qualitative data
acquired by these two radiologists was the final value. For the
enrolled patients, the following MRI and CT characteristics were
recorded: volume (if there was only one lesion, the maximum
transverse diameter plus the maximum vertical diameter plus the
maximum anteroposterior diameter/cm; if there were multiple
lesions, the maximum lesion size was taken; if multiple lesions
showed fusions, the size of all the lesions was taken); whether one
or both ovaries was involved (single or bilateral); whether the
capsule of mass was intact (yes or no); the presentation of the
Frontiers in Oncology | www.frontiersin.org 3
main components in the mass (type A: mural nodule, type B:
solid mass, type C: loose tissue–similar to the spongy
appearance); ADC value (Function Tool software was adopted
to analyze the ADC value of the tumor, and the ROI was
manually placed in the solid area of tumor, which
corresponded to high signal intensity; we took 3 measurements
at the same level, and the mean value was obtained in mm2/s);
cystic changes (present or not); the degree of cystic extent
(graded as 0-3; grade 0: no sac change; grade 1: the area of
cystic changes was less than 1/3; grade 2: 1/3~2/3; grade 3: more
than 2/3); bleeding (present or not); the degree of enhancement
of the mainly solid region in the arterial period (20 s), venous
period (60 s) and the delayed period (120 s~) (mild: less than
gluteal muscles; moderate: similar to gluteal muscles; severe:
more than gluteal muscles); whether the ipsilateral fallopian tube
was involved (yes or no); whether the uterine/bladder/bowel/
pelvic wall was involved (yes or no); whether regional lymph
node metastasis was found (yes or no, decision criteria: uneven
lymph node signal, the disappearance of the lymph node hilum,
lymph node short diameter > 1.0 cm); whether there were
peritoneal implants; the degree of peritoneal thickening (the
thickest point was measured, cm); ascites (present or not); and
the deepest diameter of ascites in pelvic MR images
(perpendicular to trunk level, cm). The above image indicators
were required in the first preoperative examination. During
postoperative follow-up, the radiologists judged whether the
tumor recurred and the site of recurrence.

Histopathological Evaluation
All surgical samples were fixed with 4% neutral formaldehyde
and embedded with paraffin wax, and 4-µm sections were stained
by hematoxylin and eosin (HE) and immunohistochemistry
(EliVision). The main antibodies used included Ki67 PI,
CAM5.2, EMA, CK7, Ber-EP4, p53, BRCA1, CA-125, WT1,
ER, CD99, B72.3, CK20, vimentin, CEA, calretinin, CK5/6, and
TTF-1. Antigen negative indicated that all tumor cells were
negative, antigen positive indicated that more than 50% of
tumor cells were positive, and 0-50% indicated focal positivity
or negativity. Histological classification was estimated by two
senior pathologists.

Statistical Analysis
The measurement data with a normal distribution were
presented as the “mean ± standard deviation (SD)”, and the
independent sample t test was used for comparisons between
groups. Non-normally distributed measurement data were
presented as the median (P25-P75), and we used the rank-sum
test (Mann-Whitney U test) for comparisons between the two
cohorts. Qualitative materials were statistically described by
frequency and percentage (%), and the Fisher exact test was
used for comparisons between the two cohorts. Intraclass
correlation coefficients (ICCs) were used to evaluate the
interobserver agreement in the measurement of volume, ADC
values, degree of peritoneal thickening and the deepest diameter
of ascites, respectively (ICC > 0.8 was indicative of an almost
perfect agreement). Cohen’s Kappa coefficients were used to
analyze the consistency of the classification variables,
April 2022 | Volume 12 | Article 754067
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respectively (Cohen’s kappa > 0.8 was indicative of an almost
perfect agreement). The test level a was 0.05. A P value of < 0.05
was considered statistically significant. SPSS version 20.0 was
used to perform all the statistical analyses. The univariate
analysis were performed for all parameters between the two
groups. Due to the high proportion of FIGO III patients
included, the above analysis were also performed for FIGO III
patients. In addition, we conducted receiver operating
characteristic (ROC) curve analysis on Ki67 PI, and obtained
the most optimal cut-off value. Higher than the value was
classified as high expression group, lower than the value was
classified as low expression group. The survival of the two groups
and progression-free survival period (month) were analyzed.
Again, all patients were divided into positive and negative
groups based on whether peritoneum was implanted and
survival curves were analyzed.
RESULTS

Based on the above inclusion and exclusion criteria, we removed
17 patients. In total, we retained 29 patients for the study (the
progression-free survival period ranged from 6 to 40.8 months,
with an average of (19.3 ± 9.7) months). All 29 patients
underwent laparotomy, and the pathological results of 27
patients were confirmed to be high-grade serous carcinoma,
while those of other 2 patients were confirmed to be low-grade
serous carcinoma. According to the postoperative follow-up
visits, the patients were divided into a recurrence group and a
no recurrence group. There were 11 patients in the recurrence
group, and 73% (8/11) patients had recurrent lesions in the
peritoneum. In the remaining patients, lymph node
abnormalities (e.g., inguinal area, adjacent to the iliac vessels,
around the rectum, retroperitoneal area, and mesenteric area)
were observed. In one patient, both peritoneal and lymph node
abnormalities were found. There were 18 patients in the no
recurrence group. Statistical analysis results showed that there
was a significant difference in Ki67 PI (P < 0.05). The result was
summarized in Table 1.

Regarding the presentation of the main components in the
mass, 4 patients were classified as type-A (Figures 1A, B), 5
patients as type-B, and 2 patients as type-C. The degrees of cystic
extent were as follows: 0 (n=0), 1 (n=4), 2 (n=2), and 3 (n=5)
Frontiers in Oncology | www.frontiersin.org 4
(Figures 1A–C). There were 6 patients who displayed high
intensity in some cyst regions on T1WI, which may have been
bleeding, but this sign did not appear in the remaining 5 patients.
In the no recurrence cohort (n=18), there were 8 patients with
intact capsules (Figures 2A–C). Regarding the presentation of
the main components in the mass, 11 patients were classified as
type-A (Figure 2B), 7 patients as type-B, and 0 patient as type-C.
The degrees of cystic extent were 0 (n=1), 1 (n=7), 2 (n=4), and 3
(n=6) (Figures 2A, B). There were 7 patients who displayed high
intensity in some cyst regions on T1WI that was low intensity on
T2WI, indicating a bleeding signal (Figures 2A, C), but this
feature was not observed in the remaining 11 patients. There
were no significant differences in the above indicators (P>0.05).

The ADC value of the recurrence group was lower than that of
the no recurrence group, but P>0.05. On the enhanced images of
the arterial period in the recurrence cohort, 3 patients (3/11, 27%)
displayed moderate enhancement, and 8 (8/11, 73%) patients
displayed severe enhancement (Figure 1D), and in the no
recurrence group, 5 (5/18, 28%) moderate enhancement
(Figure 2D), and 12 (12/18, 66%) severe enhancement, P>0.05.
In the venous period in the recurrence group, 9 (9/11, 82%) severe
enhancement (Figure 1E), and in the no recurrence group, 16(16/
18, 89%) patients severe enhancement (Figure 2E), P>0.05. In the
delayed period, the same manifestation was observed in the
recurrence group (Figures 1F, 2F). These findings were shown
in Table 2.

From the MR imaging findings, in the no recurrence group,
there were 8 patients with bilateral ovarian involvement
(Figures 2A, B). Regarding whether the uterus, bladder, bowel,
or pelvic wall was involved, the result was yes in 7 (7/11, 64%)
patients in the recurrence group, and the no recurrence group
existed 6 (6/18, 33%) cases. However, none of these indicators
mentioned above was statistically significant (P>0.05).

Lymph nodes were classified as metastatic lymph nodes when
there were very typical signs of lymph node metastasis. The
results showed that there were 4 (4/11, 36%) patients with lymph
node metastasis in the recurrence cohort and 3 (3/18, 17%)
patients in the no recurrence cohort (P>0.05), but the differences
in peritoneal implants were significantly (P < 0.05). In the
recurrence cohort, 10 (10/11, 91%) patients had peritoneal
implants (Figures 1F–I), while in the no recurrence cohort, 7
(7/18, 39%) patients had peritoneal implants. With respect to the
degree of peritoneal thickening in these two cohorts, the details
were summarized in Table 3 (P>0.05).

There was a good interobserver agreement between the two
radiologists for the above imaging indicators, with ICCs and
Cohen’s kappa coefficients ranging within 0.81–0.92 and 0.87–
0.99, respectively.

In addition, all indicators were compared between the two
groups only for FIGO III patients, and the results were shown in
Table 4. The results showed that Ki67 PI and ipsilateral fallopian
tube involvement were statistically significant between the two
groups (P < 0.05), while other indicators weren’t statistically
significant. These findings were shown in Table 4.

The optimal cut-off value obtained by ROC curve analysis of
Ki67 PI was 35% (area under the curve was 0.765, 95% confidence
TABLE 1 | The statistical results of univariate analysis of the clinical
characteristics of the recurrence and no recurrence groups.

Indicators Recurrence
(n=11)

No recurrence
(n=18)

Univariate analysis
(P)

Age (y) 53.0 ± 7.8 51.6 ± 8.4 0.742
Surgical
stage

0.251

FIGO I 1 3
FIGO II 0 4
FIGO III 10 11

Ki67 PI (%) 45.00 ± 24.39 62.78 ± 14.06 0.045
Values in bold are statistically significant.
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interval(CI) was 0.585-0.945). 35% of Ki67 PI was used as a node
to divide all patients into high expression group and low
expression group. Survival analysis was conducted on the
recurrence status of all patients, and the results were shown in
Figure 3A. It showed that Ki67 PI was an important factor
affecting the recurrence of ovarian serous cancer (P=0.005).
Patients with high Ki67 PI expression had lower recurrence risk
than those with low Ki67 PI expression, HR=0.172 (95%CI: 0.050-
0.589). Similarly, whether peritoneum was implanted that was
another important factor affecting the recurrence of ovarian serous
cancer (P=0.033), and patients without peritoneal planting had
lower recurrence risk than those with it, HR=9.373 (95%CI: 1.194-
73.551), and the results were shown in Figure 3B.
DISCUSSION

Ovarian cancer five-year overall survival in early FIGO stages is
90% vs 20–25% in advanced FIGO stages; however, 70% of
patients are diagnosed in advanced FIGO stages (7). The high-
grade serous subtype accounts for approximately 70% of cases (8).
The treatment of ovarian cancer typically includes surgical
treatment (staging or debulking) and intraperitoneal,
Frontiers in Oncology | www.frontiersin.org 5
intravenous, or combined chemotherapy (9). There is growing
acceptance of the importance of a personalized approach to
treatment in patients with ROC and the recognition of the
complex interplay between patient- and tumor-related factors
that impact the likelihood of patient prognosis (10). If it is
possible to predict the likelihood of postoperative recurrence
before the first treatment, this may assist in the selection of
individualized treatment options. Currently, CA125 and human
epididymis protein 4 (HE4) are the only two markers that have
been approved by the FDA for monitoring treatment and
detecting disease recurrence (7). However, imaging examinations
are noninvasive and may be of some benefit to patients if they can
help predict the prognosis of ovarian cancer.

Some past studies have suggested that surgical stage, lymph node
metastasis, peritoneal implantation, and abdominal water volume
played important roles in the prognosis of ovarian carcinoma (11–
14). In our study, except for peritoneal implantation, all the other
imaging indicators showed no statistical significance. The reasons
are analyzed in detail below. First, as for surgical stage, there were
more FIGO stage III patients in our study (21/29, 72.4%), while
there were fewer FIGO stage I and II patients, which may cause a
bias in the results. Second, regarding lymph node metastasis, our
study described imaging results to assess lymph node metastasis,
A B

D E F

G IH

C

FIGURE 1 | (A–I) Axial T2WI and FS T2WI showing a cystic solid mass with a capsule wall nodule [yellow arrow, (B)]. T1WI (C) displayed high signal in the liquid
region of the mass. In the arterial, venous and delayed period, the solid region of the mass revealed severe enhancement, more than the gluteal muscle (D–F). A
metastatic nodule was seen in the rectouterine depression [yellow arrow,(F)]. Postoperative follow-up revealed a retroperitoneal metastatic lymph node [yellow arrow,
(G)]. Postoperative gross specimen and HE staining at low magnification showed a high-grade serous carcinoma (H, I).
April 2022 | Volume 12 | Article 754067
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and previous studies have focused on the results of operations for
lymph node metastasis to predict prognosis. These results may not
exactly match, as conventional imaging of lymph node metastasis
alone may not be able to assess small lymph node metastasis and
distinguish it from lymph node reactive hyperplasia. Third,
regarding abdominal water quantity, our study measured the
deepest diameter perpendicular to the horizontal axis of the pelvic
cavity to represent abdominal water quantity, but the results showed
no statistical significance, possibly because the pelvic fluid depth
could not completely reflect the total amount of fluid in the entire
abdomen or pelvis, and some ascites were scattered in the middle
and upper levels of the abdominal cavity. Fourth, regarding
peritoneal implantation metastasis, our study suggests that
Frontiers in Oncology | www.frontiersin.org 6
preoperative imaging methods were used to assess the peritoneal
metastasis in the recurrence group (10/11, 91%) and the no
recurrence group (7/18, 39%), with statistical difference, at the
same time, patients with peritoneal planting had higher
recurrence risk than those without it. However, peritoneal
implants were not statistically significant between the recurrent
and non-recurrent FIGO III groups. Because peritoneal implants
was histologically confirmed in all FIGO III patients, and most
peritoneal implants could be recognized in preoperative imaging
evaluation. A few could not be recognized, because the peritoneal
implantation foci were very small. So for FIGO III patients,
preoperative determination of radiographic implantation
metastases in peritoneum should not be used to make inferences
about patients’ outcomes. In addition, our study further analyzed
the degree of peritoneal thickening, but the results showed no
statistical significance. This may imply that no matter how great the
degree of peritoneal thickening, the patient’s prognosis was affected
as long as there was an implanted metastasis on CT or MRI. An
interesting result was that for FIGO III patients, the imaging
indicator of ipsilateral fallopian tube involvement was statistically
significant between the two groups, and no imaging signs of
fallopian tube involvement were observed in the recurrence
group. This has not been reported in previous literature, and
further study on large sample size or related mechanism is
needed. In addition to the above indicators, Ki67 PI was
statistically significant whether in large groups or in FIGO III
groups, implying that it was not affected by uneven staging. The
average Ki67 PI of the recurrence cohort was lower than that of the
no recurrence cohort, and there was some overlap between the two
groups. Previous studies have yielded mixed results for Ki67 PI for
prognostic assessment, so the results require further verification
with large sample data in the future.
A B

D E F

C

FIGURE 2 | (A–F) Axial FS T2WI and T2WI showed multiple cystic solid masses in both ovaries [yellow arrow, (B)], and the liquid-liquid plane was visible in part of
the capsule [yellow arrow, (A)]. In the arterial period, the solid region of the lesion revealed moderate enhancement (i.e., similar to that of the gluteal muscle) (D). In
the venous and delayed periods, the solid region of the lesion displayed severe enhancement (i.e., more than that of the gluteal muscle) (E, F).
TABLE 2 | The statistical results of the univariate analysis of the ADC values and
enhancement degrees of the recurrence and no recurrence groups.

Indicators Recurrence (n=11) No recurrence (n=18) Univariate
analysis (P)

ADC (×10-3mm2/s) 0.93 ± 0.27 1.02 ± 0.20 0.353
Arterial period* 1.000
Mild 0 1
Moderate 3 5
Severe 8 12

Venous period* 0.622
Mild 0 0
Moderate 2 2
Severe 9 16

Delayed period* 0.539
Mild 0 0
Moderate 2 1
Severe 9 17
*Enhancement degree.
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In our study, the preoperative imaging characteristics of
ovarian serous cancer were retrospectively analyzed in detail,
including the volume; capsule of the mass; main components;
ADC value; cystic change; bleeding; degree of enhancement of the
mainly solid region in 3 periods; and range of tumor involvement
in the ovary. These imaging characteristics were rarely observed in
the past literature. Although the results were not statistically
significant, the negative results are of some important clinical
significance, namely, that the preoperative imaging characteristics
may reflect only the localized characteristics of the tumor, and
reliance on preoperative imaging features to estimate the tumor’s
recurrence is very difficult. A combination of imaging methods
and clinical indicators to evaluate prognosis, is likely to achieve
more meaningful results.

Our study had several limitations. First, this study was
retrospective, and the number of patients was relatively small.
Second, the DWI model adopted in this study was a single index
Frontiers in Oncology | www.frontiersin.org 7
model, which could not eliminate the perfusion related
information in ADC values and could not fully reflect the
TABLE 3 | The statistical results of univariate analysis of the main CT and MRI
features of the recurrence and no recurrence groups.

Indicators Recurrence
(n=11)

No recurrence
(n=18)

Univariate
analysis (P)

Volume (cm3) 788.34 ±
646.67

528.32 ±
380.65

0.245

Capsule 0.096
Complete 1 8
Incomplete 10 10

Presentation of main
components

0.162

A 4 11
B 5 7
C 2 0

Degree of cystic extent 1.000
0 0 1
1 4 7
2 2 4
3 5 6

Bleeding 0.466
Yes 6 7
No 5 11

Ovarian involvement 0.450
Unilateral 4 10
Bilateral 7 8

Ipsilateral fallopian tube
involvement

0.096

Yes 1 8
No 10 10

Uterus/bladder/bowel/pelvic
wall involvement

0.143

Yes 7 6
No 4 12

The deepest diameter of
ascites in pelvic MR images
(cm)

4.39 ± 3.27 6.78 ± 4.74 0.121

Lymph node metastasis 0.375
Yes 4 3
No 7 15

Peritoneal implants 0.008
Yes 10 7
No 1 11

Degree of peritoneal thickening
(cm)

1.4 (0.5, 2.9) 0 (0, 2) 0.130
Values in bold are statistically significant.
TABLE 4 | The univariate analysis of the ovarian serous carcinoma on FIGO III
between the recurrence and no recurrence groups.

Indicators Recurrence
(n=10)

No
recurrence

(n=11)

Univariate
analysis (P)

Age (y) 52.80 ± 8.15 50.73 ±
7.31

0.546

Ki67 PI (%) 44.50 ±
25.65

67.27 ±
11.04

0.023

Volume (cm3) 824.23 ±
670.64

464.12 ±
336.06

0.150

Capsule 0.586
Complete 1 3
Incomplete 9 8

Presentation of main components 0.327
A 4 7
B 4 4
C 2 0

Degree of cystic extent 0.792
0 0 1
1 3 4
2 2 3
3 5 3

Bleeding 1.000
Yes 5 5
No 5 6

Ovarian involvement 0.659
Unilateral 3 5
Bilateral 7 6

Ipsilateral fallopian tube
involvement

0.004

Yes 0 7
No 10 4

Uterus/bladder/bowel/pelvic wall
involvement

0.659

Yes 7 6
No 3 5

The deepest diameter of ascites in
pelvic MR images (cm)

4.58 ± 3.38 7.79 ± 5.10 0.104

Lymph node metastasis 0.659
Yes 4 3
No 6 8

Peritoneal implants 0.090
Yes 10 7
No 0 4

Degree of peritoneal thickening
(cm)

1.78 ± 1.20 1.88 ± 1.82 0.883

ADC (×10-3mm2/s) 0.95 ± 0.27 1.01 ± 0.21 0.604
Arterial period* 1.000
Mild 0 1
Moderate 3 3
Severe 7 7

Venous period* 0.586
Mild 0 0
Moderate 2 1
Severe 8 10

Delayed period* 0.586
Mild 0 0
Moderate 2 1
Severe 8 10
April 2022
 | Volume 12 |
*Enhancement degree.
Values in bold are statistically significant.
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diffusion of pure water molecules inside the tumor. However,
intravoxel incoherent motion imaging may provide a more
comprehensive analysis of a tissue’s diffusion imaging data. In
addition, the follow-up period was short, and the clinical
endpoints were not evaluated based on overall survival. These
limitations need to be addressed in the future.

In conclusion, in CT and MRI examinations before surgery,
peritoneal implantation metastasis was suggestive of the
possibility of the recurrence of serous ovarian carcinoma in the
near future. In addition to that, ipsilateral fallopian tube
involvement and Ki67 PI may also indicate the possibility of
recurrence (the former was only applicable to FIGO III patients),
but other imaging indexes show no obvious value for indicating
the possibility of recurrence.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
Frontiers in Oncology | www.frontiersin.org 8
ETHICS STATEMENT

Written informed consent was obtained from the individual(s)
for the publication of any potentially identifiable images or data
included in this article.
AUTHOR CONTRIBUTIONS

MF: Conceptualization, Methodology, Writing original draft
preparation. SH: Software, Data curation, Visualization. J-ND:
Supervision, Reviewing. HY: Investigation. XF and FC: Software.
PZ and QZ: Validation. YC: Data curation. All authors
contributed to the article and approved the submitted version.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fonc.2022.
754067/full#supplementary-material
REFERENCES

1. Siegel RL, Miller KD, Jemal A. Cancer Statistics, 2016. CA Cancer J Clin
(2016) 66(1):7–30. doi: 10.3322/caac.21332

2. Heintz AP, Odicino F, Maisonneuve P, Quinn MA, Benedet JL, Creasman
WT, et al. Carcinoma of the Ovary. FIGO 26th Annual Report on the Results
of Treatment in Gynecological Cancer. Int J Gynaecol Obstet (2006) 95(Suppl
1):S161–192. doi: 10.1016/S0020-7292(06)60033-7

3. Bhatla N, Denny L. FIGO Cancer Report 2018. Int J Gynecol Obstet (2018) 143
(2):2–3. doi: 10.1002/ijgo.12608

4. Rizzuto I, Stavraka C, Chatterjee J, Borley J, Hopkins TG, Gabra H, et al. Risk
of Ovarian Cancer Relapse Score: A Prognostic Algorithm to Predict Relapse
Following Treatment for Advanced Ovarian Cancer. Int J Gynecol Cancer
(2015) 25(3):416–22. doi: 10.1097/IGC.0000000000000361

5. Goode EL, Block MS, Kalli KR, Vierkant RA, Chen WQ, Fogarty ZC, et al.
Dose -Response Association of CD8+ Tumor-Infiltrating Lymphocytes and
Survival Time in High -Grade Serous Ovarian Cancer. JAMA Oncol (2017) 3
(12):e173290. doi: 10.1001/jamaoncol.2017.3290

6. Friedlander ML. Do All Patients With Recurrent Ovarian Cancer Need
Systemic Therapy? Cancer (2019) 125:4602–8. doi: 10.1002/cncr.32476
7. Bonifácio VDB. Ovarian Cancer Biomarkers: Moving Forward in Early
Detection. In: J Serpa, Editor. Tumor Microenvironment, Advances in
Experimental Medicine and Biology, vol. 1219. Switzerland AG: Springer
Nature (2020). p. 355–63.

8. Prat J, D’Angelo E, Espinosa I. Ovarian Carcinomas: At Least Five Different
Diseases With Distinct Histological Features and Molecular. Hum Pathol
(2018) 80:11–27. doi: 10.1016/j.humpath.2018.06.018

9. The US Preventive Services Task Force (USPSTF) members. Screening for
Ovarian Cancer US Preventive Services Task Force Recommendation
Statement. JAMA (2018) 319(6):588–94. doi: 10.1001/jama.2017.21926

10. Friedlander ML. Do All Patients With Recurrent Ovarian Cancer Need
Systemic Therapy? Cancer (2019) 125:4602–8. doi: 10.1002/cncr.32476

11. Pereira A, Perez-Medina T, Magrina JF, Magtibay PM, Rodríguez-Tapia A,
Cuesta-Guardiola T, et al. The Impact of Debulking Surgery in Patients With
Node-Positive Epithelial Ovarian Cancer: Analysis of Prognostic Factors
Related to Overall Survival and Progression-Free Survival After an
Extended Long-Term Follow-Up Period. Surg Oncol (2016) 25(1):49–59.
doi: 10.1016/j.suronc.2015.12.005

12. Chung HH, Lee M, Kim HS, Kim JW, Park NH, Song YS, et al. Prognostic
Implication of the Metastatic Lesion-to -Ovarian Cancer Standardised Uptake
A B

FIGURE 3 | (A, B) The survival functions for Ki67 PI low-expression group and high-expression group (A); The survival functions for positive group and negative
group (whether peritoneal implantation metastasis was present) (B).
April 2022 | Volume 12 | Article 754067

https://www.frontiersin.org/articles/10.3389/fonc.2022.754067/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fonc.2022.754067/full#supplementary-material
https://doi.org/10.3322/caac.21332
https://doi.org/10.1016/S0020-7292(06)60033-7
https://doi.org/10.1002/ijgo.12608
https://doi.org/10.1097/IGC.0000000000000361
https://doi.org/10.1001/jamaoncol.2017.3290
https://doi.org/10.1002/cncr.32476
https://doi.org/10.1016/j.humpath.2018.06.018
https://doi.org/10.1001/jama.2017.21926
https://doi.org/10.1002/cncr.32476
https://doi.org/10.1016/j.suronc.2015.12.005
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Fang et al. A Preliminary Exploration Using Imaging
Value Ratio in Advanced Serous Epithelial Ovarian Cancer. Eur Radiol (2017)
27(11):4510–5. doi: 10.1007/s00330-017-4883-z

13. Xiaojing G, Yong Z, Zhi W. Influence of CT Manifestations, Tumor Marker
Levels and Pathology on Ovarian Cancer Recurrence. Chin J Med Imaging
(2016) 24(2):133–7. doi: 10.3969/j.issn.1005-5185.2016.02.013

14. Chen Y, Zhang L, Liu WX, Liu XY. Prognostic Significance of Preoperative
Anemia, Leukocytosis and Thrombocytosis in Chinese Women With
Epithelial Ovarian Cancer. APJCP (2014) 16(3):933–9. doi: \10.7314/
apjcp.2015.16.3.933

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Oncology | www.frontiersin.org 9
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Fang, Huang, Dong, Yan, Fang, Zhang, Cao, Chen and Zhang. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
April 2022 | Volume 12 | Article 754067

https://doi.org/10.1007/s00330-017-4883-z
https://doi.org/10.3969/j.issn.1005-5185.2016.02.013
https://doi.org/10.7314/apjcp.2015.16.3.933
https://doi.org/10.7314/apjcp.2015.16.3.933
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	A Preliminary Exploration Using Imaging Methods to Predict the Possibility of the Recurrence of Serous Ovarian Cancer in Patients Undergoing Total Resection
	Introduction
	Methods
	Patients and Clinical Information
	CT Examination
	MRI Examination
	Radiological Evaluation
	Histopathological Evaluation
	Statistical Analysis

	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


