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Abstract. - OBJECTIVE: To explore the clini-
cal application value of '"®F-fluorodeoxyglucose
("*F-FDG) PET/CT imaging combined with detec-
tion of serum tumor molecular markers (carbohy-
drate antigen 125 (CA 125) and human epididymis
protein 4 (HE4)) in the diagnosis of recurrence and
metastasis of ovarian cancer.

PATIENTS AND METHODS: Clinical data about
BF-FDG PET/CT imaging and serum CA125 and
HE4 of 69 ovarian cancer patients after the first
cytoreductive surgery and chemotherapy were
retrospectively analyzed, and the clinical applica-
tion value of *F-FDG PET/CT imaging combined
with detection of CA125 and HE4 in the diagnosis
of recurrence and metastasis of ovarian cancer
was evaluated.

RESULTS: The ®F-FDG PET/CT images of recur-
rence and metastasis of ovarian cancer showed
hypermetabolism. The sensitivity, specificity, ac-
curacy, predictive positive value, and predictive
negative value of ®F-FDG PET/CT imaging for the
diagnosis of recurrence and metastasis of ovari-
an cancer were 90.74%, 86.67%, 89.86%, 96.08%,
and 72.22%, respectively; those of CA125 for the
diagnosis of them were 77.78%, 86.67%, 79.71%,
95.45% and 52.00%, respectively, and those of HE4
for the diagnosis of them were 70.37%, 93.33%,
76.84%, 97.44%, and 48.39% respectively. In addi-
tion, the sensitivity and specificity of '®*F-FDG PET/
CT combined with detection of serum CA125 and
HE4 for the diagnosis were 100.00% and 100.00%,
respectively, significantly higher than those of
separate '®F-FDG PET/CT imaging, detection of
serum CA125, and detection of serum HE4 ()2 =
5.243, 13.500, 18.783, p = 0.022, 0.000, 0.000; 2 =
4.000, 8.525, 9.864, p = 0.046, 0.004, 0.002), and
the accuracy of the combination use of them was
95.65%, also significantly higher than that of sep-
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arate CA125 and HE4 (2 = 8.118, 10.315, p = 0.004,
0.001, both p < 0.01). Furthermore, the maximum
standardized uptake value (SUVmax) of ®*F-FDG
PET/CT imaging for recurrence and metastasis of
ovarian cancer focuses was significantly positive-
ly correlated with serum CA125 and HE4 levels (r
= 0.596, p = 0.000; r = 0.431, p = 0.002), and the
serum CA125 level was also significantly posi-
tively correlated with serum HE4 level in patients
with recurrent or metastasized ovarian cancer (r =
0.198, p = 0.043,).

CONCLUSIONS: '®F-FDG PET/CT imaging com-
bined with detection of serum CA125 and HE4
can significantly improve the diagnostic efficien-
cy to recurrence and metastasis of ovarian can-
cer and is conducive to the early diagnosis of the
recurrence and metastasis, which provides a ba-
sis for further clinical intervention.

Key Words:
Ovarian cancer, Recurrence and metastasis, PET,
CAI125, HE4, Joint detection.

Introduction

Epithelial ovarian cancer is one of the most
common gynecologic malignant tumors, with in-
cidence rate ranking third after corpus carcino-
ma and cervical cancer. Ovarian cancer has the
highest mortality rate among gynecologic ma-
lignancies due to its insidious symptoms in the
early stage and its characteristics that recurrence
and metastasis are likely to occur after the first
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cytoreductive surgery and chemotherapy'. Seven-
ty percent of ovarian cancer patients will suffer
from recurrence and metastasis within 5 years?3,
and the 5-year mortality of ovarian cancer pa-
tients is as high as 60-70%*. Therefore, finding
recurrence and metastasis focuses in the early
stage and taking corresponding effective treat-
ment measures are the keys to lowering the mor-
tality and improving the prognosis and quality
of life of patients. Carbohydrate antigen 125 (CA
125) was once a classical marker for early diag-
nosis and evaluation of recurrence and metasta-
sis of ovarian cancer, but single detection has low
sensitivity and accuracy’. HE4 is a novel tumor
molecular marker for the diagnosis of ovarian
cancer, which has good application prospects in
differentiating benign and malignant ovarian tu-
mors and monitoring recurrence and metastasis®.
However, serum tumor marker detection, as an in
vitro diagnostic method, cannot accurately locate
tumor recurrence and metastasis focuses, so it 1S
impossible to judge secondary surgical indica-
tions. "®F-fluorodeoxyglucose (¥F-FDG) PET/CT
imaging, as a new functional imaging technology,
integrates structural imaging and functional me-
tabolism’, and the maximum standardized uptake
value (SUVmax) of imaging agent *F-FDG can
directly reflect the metabolic changes of tumor
tissues and accurately locate recurrent and met-
astatic focuses. In this study, 69 ovarian cancer
patients after the first cytoreductive surgery were
enrolled as research participants, and the clini-
cal application value of F-FDG PET/CT imag-
ing combined with detection of CA125 and HE4
in the diagnosis of recurrence and metastasis of
ovarian cancer was retrospectively analyzed, with
the goal of providing basis for early diagnosis of
recurrence and metastasis of ovarian cancer after
operation.

Patients and Methods

General Information

A total of 69 ovarian cancer patients suspect-
ed of tumor recurrence and metastasis after the
first cytoreductive surgery and chemotherapy in
our hospital from January 2014 to December 2016
were enrolled as research participants. Among
them, according to histological type, there were
42 patients with ovarian serous adenocarcinoma,
18 patients with ovarian mucinous carcinoma, 3
patients with ovarian endometrioid carcinoma, 4
patients with mixed cystadenocarcinoma, and 2

patients with clear cell carcinoma. According to
the 2018 International Federation of Gynecology
and Obstetrics (FIGO) staging criteria, there were
10 patients in stage I, 13 patients in stage 11, 39
patients in stage III, and 7 patients in stage IV.
The research participants were between 35 and 81
years old, with an average age of (51.23+12.36)
years. The histological classification of ovari-
an cancer is in accordance with the 2014 WHO
(World Health Organization) classification stan-
dard for ovarian cancer. All patients underwent
regular postoperative ®F-FDG PET/CT imaging
and serum CAI125 and HE4 detection. Criteria
for judging recurrence and metastasis: second-
ary postoperative pathological biopsy, puncture
pathological biopsy, tumor cytology of pleural/
peritoneal effusion or clinical follow-up data,
with a follow-up time of 6-60 months. This in-
vestigation was approved by the Medical Ethics
Committee of our hospital, and all research par-
ticipants signed informed consent forms and par-
ticipated in the study voluntarily.

"8F-FDG PET/CT Examination

The examination instrument of ®F-FDG PET/
CT applied in this study was GE Discovery 710
Clarity PET/CT, and ®F-FDG was produced by
the cyclotron of our center, with radiochemical
purity larger than 95%. Examination methods:
patients were asked to fast for solids and liquids
for 4-6 hours before examination, and their blood
glucose were controlled in the normal range of
3.11-6.61 mmol/L. Then, they were injected with
imaging agent *F-FDG at 0.2 mCi/kg after 20 min
of rest. Afterwards, they were asked to lay down
for 60 min and then given PET/CT examination
after bladder emptying. Firstly, CT plain scanning
was performed to the whole body of each patient
(from the top of skull to the upper thighs) under
the following CT scanning parameters: current:
100 mA; voltage: 120KV, scanning slice thickness:
375 mm; reconstruction slice thickness: 1.5 mm.
Subsequently, PET scanning was performed to the
patient under the premise of keeping body position
unchanged and breathing calm. Images were ac-
quired in the 3D mode within the same CT scan-
ning range, and the PET scanning was performed
to the patient at each posture in the bed for 2 min,
6-7 postures in total. CT data were used to perform
attenuation correction to PET images, and images
were reconstructed using the inner iteration meth-
od. PET/CT fusion was completed automatically
by computer system to obtain three-dimensional
coronal, transverse, and sagittal images.
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PET/CT Image Analysis

Two experienced doctors in the depart-
ment of nuclear medicine were arranged to
read the images independently and write their
diagnosis report separately. If there were dif-
ferences in diagnosis opinions, the differences
were discussed, and then diagnosis opinions
were obtained. Firstly, qualitative analysis and
semi-quantitative analysis were carried out to
visually inspect the uptake degree of the focus
developer FDG. Then, the region of interest
(ROI) was delineated for the visually positive
focus area according to the location, size, and
shape of the focus. The SUVmax was calculat-
ed using computer and the focus with SUVmax
>2.5 was judged to be positive.

Examination of Serum Tumor Markers

Fasting venous blood (2 mL) was sampled
from ovarian cancer patients after surgery, let
stand, and centrifuged to take serum for later
analysis. CA125 and HE4 were determined using
the ELecsys-2010 electrochemical luminescence
method with Roche original reagent in strict ac-
cordance with operation procedures and quality
control meeting the requirements.

Statistical Analysis

In this study, data were statistically processed
using SPSS 22.0 (IBM, Armonk, NY, USA).
Measurement data were expressed as the mean
+ standard deviation (x=+s), and comparison be-
tween groups was carried out using the indepen-
dent-samples #-test. Comparison of enumeration
data was carried out using the c’-test. Pearson’s
correlation analysis was carried out to analyze the
correlation, and Receiver operating characteristic
(ROC) curves were drawn to obtain diagnostic
indexes. p<0.05 indicates a significant difference.

Evaluation Indexes of Diagnostic Test

The standard method of diagnostic test evalua-
tion was to statistically analyze positive and neg-
ative results of patients and non-patients (judged
according to the gold standard) obtained using
a certain test method, and then to calculate and
obtain the diagnostic indexes commonly used in
diagnostic tests. The test diagnosis results were
divided into true positive (a), false positive (b),
false negative (c), and true negative (d). The cal-
culation formula: Sensitivity = a/(a+c); specificity
= d/(d+b); accuracy = (a+d)/(a+b-+c+d); predictive
positive value = a/(atb); predictive negative value
= d/(d+c).
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Results

Among the 69 research participants, there
were 54 patients confirmed with recurrence and
metastasis, and 15 patients without recurrence
and metastasis according to secondary postoper-
ative pathological biopsy, puncture pathological
biopsy, tumor cytology of pleural/peritoneal effu-
sion or clinical follow-up data.

'8F-FDG PET/CT Examination Results
According to ""F-FDG PET/CT imaging diag-
nosis, among the 54 patients confirmed with re-
currence and metastasis, there were 49 positive
patients (true positive) and 5 negative patients
(false negative), and among the 15 patients with-
out recurrence and metastasis, there were 2 pos-
itive patients (false positive) and 13 negative pa-
tients (true negative) (Table I). The sensitivity and
specificity of ®F-FDG PET/CT in the diagnosis of
recurrence and metastasis of ovarian cancer were
90.74% (49/54) and 86.67% (13/15), respectively.
The "F-FDG PET/CT images showed that
the recurrence and metastasis focus of ovarian
cancer was mainly located in the abdominal and
pelvic cavity, indicating that abdominal and pel-
vic cavity is the main metastatic site of ovarian
cancer. In addition, a total of 136 focuses were
detected in the 49 positive patients, 103 of which
were located in the abdominal and pelvic cavity
(75.74%), 69 in soft tissue and intestinal tract, 22
in pelvic lymph nodes, 7 in the liver, 3 in the
gastric wall, 1 in the spleen, and 1 in the adre-
nal. Additionally, it was found that there were 13
cervical and axillary lymph node metastases, 14
mediastinal lymph node metastases, 1 inguinal
lymph node metastasis, 2 lymph node metas-
tases in the lung and 3 lymph node metastases
in the pleura. Of the 5 false negative cases, 9
metastatic focuses were found in the secondary
operation, including 2 focuses in the peritone-
um, 4 focuses in the pelvic lymph nodes, and 3

Table 1. Comparison of 18F-FDG PET/CT imaging and
pathological results.

Item Pathology Total
Malignant Benign
18F-FDG PET/CT
Malignant 49 3 52
Benign 5 12 17
Total 54 15 69
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focuses in the abdominal lymph nodes. Of the Comparison of Diagnostic Value
2 false positive patients diagnosed according of Serum CA125 and HE4
to "F-FDG PET/CT imaging, their focuses all for Postoperative Recurrence

showed FDP metabolism increase in the colorec- and Metastasis of Ovarian Cancer
tal or colon focuses, and they were confirmed to The levels of serum CA125 and HE4 in the
be inflammatory focuses according to endoscop- group with recurrence and metastasis after ovar-
ic biopsy and pathology. The "F-FDG PET/CT ian cancer surgery were significantly higher
images of ovarian cancer metastatic focus are than those in the group without recurrence and
shown in Figure 1. metastasis after surgery (¢ = 4.172, p = 0.000, ¢
‘ B PET MAC| 2 NB PET MAC
T v WEB PET MA Ipcmlzg o WEB PET MAC

“ri

0129
U PT|F P

R RRS RS
I

Position:HFS

Figure 1. A 58 years old female patient undergoing 18F-FDG PET/CT imaging examination 2 years after ovarian cancer surgery.
A, CT plain scan display (indicated by arrows): An increased soft tissue density of about 1.3*1.2 cm was seen in the anterior sacral
region, with clear edges; B, PET/CT display (indicated by arrows): Increased radioactive uptake of the lesion, SUVmax approxi-
mately 9.7, the average SUV is about 5.5. The pathology of the second operation confirmed mesenteric lymph node metastasis of
ovarian cancer. C, Plain CT scan (indicated by the arrow): In the right iliac vascular walking area, the size of about 2.0*1.6 cm
soft tissue density increased shadow, with unclear edge. D, PET/CT display (indicated by arrows): the radioactive uptake of the
lesion is increased, the SUVmax is about 6.1, and the average SUV is about 3.8. The pathology of the second operation confirmed
mesenteric lymph node metastasis of ovarian cancer.
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Table Il. Comparison of serum CA125 and HE4 levels between the group with recurrence and metastasis after ovarian cancer
surgery and the group without recurrence and metastasis after surgery (x=+s).

Group n CAI125 (U/mL) HE4 (pmol/ml)
The group with recurrence and metastasis 54 108.33+63.69° 218.89+74.77
The group without recurrence and metastasis 15 39.55+18.85 118.27+44.49
1=4.172 t=4.957
p=0.000 p=0.000

Note: a indicates that in comparison with the group without recurrence and metastasis, p<0.01.

= 4957, p = 0.000) (Table IT). The ROC curves
(Figures 2 and 3) showed that the ROC area-un-
der-the-curves (AUCs) of CA125 and HE4 for the
diagnosis of recurrence and metastasis of ovarian
cancer were 0.847 and 0.858, respectively. CA125
and HE4 values corresponding to the maximum
Youden index were selected as the critical values
for judging recurrence and metastasis of ovarian
cancer. The maximum Youden index of CA125
and HE4 was 0.644 and 0.637 respectively, and
corresponding critical values were 57.50 U/L and
184.00 pmol/ml, respectively. Based on automat-
ically convention, in the ROC curves, the sensi-
tivity and specificity of CA125 in diagnosing re-
currence and metastasis of ovarian cancer were
77.78% and 86.67%, respectively, and those of
HEA4 for it were 70.37% and 93.30%, respective-
ly. In addition, the serum CA125 level in patients
with recurrence and metastasis of ovarian cancer
was significantly positively correlated with HE4
level in them (r = 0.198, p = 0.043).

Efficacy Comparison of Separate
'8F-FDG PET/CT Imaging,
Detection of Serum CA125, Detection
of Serum HE4, and Combination
of Them in the Diagnosis of Recurrence
and Metastasis of Ovarian Cancer

The sensitivity and negative predictive value
of the combination of 18F-FDG PET/CT imag-
ing, serum CA125, and HE4 in the diagnosis of
ovarian cancer recurrence and metastasis were
100.00% and 100.00%, respectively, which were
significantly improved compared with single tests
(¢’ = 5243 , 13.500, 18.783, p = 0.022, 0.000,
0.000), (¢? =4.000, 8.525, 9.864, p = 0.046, 0.004,
0.002), p < 0.05). The accuracy of ®*F-FDG PET/
CT imaging combined with detection of serum
CA125 and serum HE4 in diagnosing recurrence
and metastasis of ovarian cancer was also signifi-
cantly higher than that of separate detection of
serum CA125 and serum HE4 (¢?= 8.118, 10.315,
p = 0.004, 0.001), but not significantly different
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Figure 2. ROC curve of serum CA125 in the diagnosis of
recurrence and metastasis of ovarian cancer.

Figure 3. ROC curve of serum HE4 in the diagnosis of
recurrence and metastasis of ovarian cancer.
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Table Ill. Efficacy comparison of separate '*F-FDG PET/CT imaging, detection of serum CA125, detection of serum HE4, and
combination use of them in the diagnosis of recurrence and metastasis of ovarian cancer (%).

Detection Sensitivity Specificity Accuracy Predictive Predictive
indexes positive value  negative value

BF-FDG PET/CT 90.74 (49/54) 86.67 (13/15) 89.86 (62/69) 96.08 (49/51) 72.22 (13/18)

CA125 7778 (42/54) 86.67 (13/15) 79.71 (55/69) 95.45 (42/44) 52.00 (13/25)

HE4 70.37 (38/54) 93.33 (14/15) 76.81 (53/69) 97.44 (38/39) 48.39 (15/31)

Combination 100.00 (54/54)b 80.00 (12/15)  95.65 (66/69)c 94.74 (54/57) 100.00 (12/12)°
of the three

Note: bindicates that in comparison with separate one, p<0.05, and cindicates that in comparison with separate detection of CA125

and HE4, p<0.05.

from that of ®F-FDG PET/CT imaging alone (¢’=
1.725, p = 0.189). In addition, the negative value
predicted by ""F-FDG PET/CT imaging combined
with detection of serum CA125 and serum HE4
was significantly higher than that predicted by
separate use of them (c’= 4.000, 8.525, 9.864; p =
0.046, 0.004, 0.002) (Table III).

Discussion

Due to the high recurrence rate and high me-
tastasis rate of ovarian cancer after operation,
even if there is no visible residual focus after the
first tumor reductive surgery and standard post-
operative chemotherapy has been applied, a con-
siderable number of patients will still suffer from
recurrence and metastasis after initial treatment®.
Therefore, finding postoperative residual focuses,
recurrent focuses, and metastatic focuses as soon
as possible is of great significance for guiding
secondary surgery and subsequent chemotherapy
to improve the survival of patients’'?. It is diffi-
cult to accurately find recurrence and metasta-
sis focuses in the early stage with color Doppler
ultrasound, CT, and MRI, and medical scholars
have been consistently exploring measures to find
them in the early stage.

F-FDG PET/CT, as a new imaging technolo-
gy, integrates PET and CT and fully combines the
anatomical structure of tissues with the metabolic
function of cells, thus realizing organic combina-
tion of anatomical imaging and functional imag-
ing". Tumor cells need energy for growth, and the
source of energy is glucose. The structure of FDG
is similar to that of glucose. When "*F-FDG is in-
jected intravenously, FDG is absorbed by tumor
cells in recurrence and metastasis focuses, but
cannot be metabolized into carbon dioxide (CO,)
and water (H,0), so it is stored in tumor cells in

the focuses, and then it is imaged by isotope fluo-
rine-18", which not only can accurately locate the
focuses, but also can accurately find early tumor
metastasis through the metabolic changes of tu-
mor cells, especially soft tissue shadows that can-
not be qualitatively determined by color Doppler
ultrasound and sites that are not easy to find'>".
Therefore, *F-FDG PET/CT imaging plays an im-
portant role in the early diagnosis and treatment
of recurrence and metastasis of ovarian cancer.
BE-FDG PET/CT is noninvasive, sensitive, and
can be used to obtain whole-body localization im-
ages with one injection of contrast agent. It uses
the difference between the SUVmax of tumor fo-
cus contrast agent FDG and normal tissues and
benign focuses to achieve the purpose of differen-
tiating benign from malignant. It has been widely
used in the diagnosis and treatment of recurrence
and metastasis of ovarian cancer'®'". The results
of this study showed that the abdominal and pel-
vic cavity was the main metastatic site of ovarian
cancer, and ""F-FDG PET/CT had a sensitivity of
90.74% in diagnosing recurrence and metastasis
of ovarian cancer, which is basically consistent
with the sensitivity of 92.2% reported by Rusu et
al?. ®F-FDG PET/CT imaging can reflect false
positive due to the influences of inflammation
and other factors, and the uptake of contrast agent
FDG in inflammatory focuses is higher than that
of normal tissues, so image analysis should be
based on compressive clinical analysis* .

Serum tumor marker detection, a common-
ly used inspection method for malignant tumor
diagnosis and prognostic follow-up, is simple to
operate at low costs, and the samples are easy to
be collected. CA125 is the most widely used clas-
sical serum tumor marker in clinical diagnosis of
ovarian cancer at present. It has high expression
in epithelial ovarian cancer tissues®, and it is of
great significance in the early diagnosis of ovari-
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an cancer and, more importantly, in the diagnosis
of recurrence and metastasis of ovarian cancer
after initial treatment. Therefore, dynamic detec-
tion of serum CA125 level can be used for moni-
toring of efficacy on ovarian cancer and the sever-
ity of ovarian cancer and judgment of prognosis
of the cancer”®?". In this study, according to the
ROC curve analysis, if the diagnostic threshold
of serum CA125 was set as 35.00 U/L according
to the conventional standard, the sensitivity and
specificity of it were 88.90% and 66.70%, respec-
tively. Although the sensitivity is high, the spec-
ificity is too low. If the diagnostic threshold of
serum CA125 was set as 57.50 U/L, the sensitiv-
ity and specificity of it were 77.78% and 86.67%,
respectively. Although the sensitivity decreased,
the diagnostic specificity was improved and the
false positive was reduced, suggesting that 57.50
U/L can be used as the diagnostic threshold for
CA125 to diagnose recurrence and metastasis of
ovarian cancer.

HE4, as a new tumor molecular marker, has
been recognized in the diagnosis of ovarian can-
cer’®. In the process of malignant transformation
of ovarian tissue cells, the HE4 level in peripheral
blood significantly increases due to gene muta-
tion, abnormal gene transcription regulation and
continuous transcription and translation of HE4
gene®”. Moore et al*® found that the expression of
serum HE4 in ovarian cancer patients is signifi-
cantly correlated with that of serum CA125 in the
patients, and joint detection of them is comple-
mentary, and other studies have reported that if
the serum HE4 level in ovarian cancer patients
cannot return to normal after cytoreductive sur-
gery for ovary tumors and chemotherapy, the
prognosis is poor and there is a possibility of re-
currence and metastasis, and such patients should
be followed up in a short period of time*!*2. There-
fore, serum HE4 is a relatively good indicator for
diagnosing recurrence and metastasis of ovarian
cancer. In this study, according to ROC curves,
when the judgment threshold of HE4 was 184.00
pmol/mL, the sensitivity and specificity of it in
diagnosing recurrence and metastasis of ovarian
cancer were 70.37% and 93.33%, respectively.
Although the specificity is high, the sensitivity is
low, so it is necessary to combine HE4 with other
indexes to improve the efficiency of HE4.

In summary, in view of the easy recurrence
and metastasis of ovarian cancer after surgery,
follow-up monitoring should be followed closely.
The results of this study show that "*F-FDG PET/
CT imaging combined with serum CA125 and

HE4 tests for diagnosing recurrence and metas-
tasis of ovarian cancer has significantly improved
sensitivity, accuracy, and negative predictive val-
ue compared with individual tests. The novelty of
this study is that ®F-FDG PET/CT imaging com-
bined with serum CA125 and HE4 tests can com-
plement each other and confirm each other, which
can significantly improve the diagnostic efficacy
of ovarian cancer recurrence and metastasis.

Conclusions

The novelty of this study is that *F-FDG PET/
CT imaging combined with serum CA125 and
HE4 tests can complement each other and con-
firm each other, which can significantly improve
the diagnostic efficacy of ovarian cancer recur-
rence and metastasis and provide reference for the
early diagnosis of ovarian cancer recurrence and
metastasis. The sample size of this study is limit-
ed. In the future, more samples will be included,
and the clinical values of combined detection will
be explained.

Conflict of Interests
The authors declare that they have no conflict of interests.

References

1) EvANGELISTA L, Patma MD, GregiaNIN M, NARDIN M,
Roma A, NicoLetto MO, NARrDELLI GB, ZaconEL V. Di-
agnostic and prognostic evaluation of fluorodeox-
yglucose positron emission tomography/computed
tomography and its correlation with serum cancer
antigen-125 (CA125) in a large cohort of ovarian

cancer patients. J Turk Ger Gynecol Assoc 2015;

16: 137-144.

Murakami M, Mivamoto T, libAa T, TsukabA H, WATANABE

M, SHIDA M, MAEDA H, Nasu S, YASUDA S, Yasupa M, Ipe

M. Whole-body positron emission tomography and

tumor marker CA125 for detection of recurrence

in epithelial ovarian cancer. Int J Gynecol Cancer

2006; 16: 99-107.

3) WonGg KH, Mang OW, Au KH, Law SC. Incidence,
mortality, and survival trends of ovarian cancer
in Hong Kong, 1997 to 2006: a population-based
study. Hong Kong Med J 2012; 18: 466-474.

4) Lu KH, Skates S, HernanDEz MA, Bepi D, Bevers T,
Leeps L, Moore R, Granal C, HARrrS S, NEwLAND W/,
ADEYINKA O, GEFreN J, Deavers MT, Sun CC, Horick
N, FrirscHe H, Bast RC Jr. A 2-stage ovarian can-
cer screening strategy using the Risk of Ovarian
Cancer Algorithm (ROCA) identifies early-stage
incident cancers and demonstrates high positive
predictive value. Cancer 2013; 119: 3454-3461.

n



The value of '8F-FDG PET/CT imaging combined

5) Yang ZJ, Znao BB, Li L. The significance of the
change pattern of serum CA125 level for judging
prognosis and diagnosing recurrences of epithelial
ovarian cancer. J Ovarian Res 2016; 9: 57.

6) Piovano E, Attamante L, MaccHi C, CavaLLero C, Ro-
MAGNoLO C, MacgaiNo T, Lanpboni F, Gabbuccal A, SAR-
TorRl E, Gion M, Zovra P. The role of HE4 in ovarian
cancer follow-up: a review. Int J Gynecol Cancer
2014; 24: 1359-1365.

7) HavriLesky LJ, Kutasingam SL, MATcHAR DB, Mvers ER.
FDG-PET for management of cervical and ovarian
cancer. Gynecol Oncol 2005; 97: 183-191.

8) GuneL T, DogaN B, GumusocLu E, Hosseint MK, Topruz
S, Avoinu K. Regulation of HMGA2 and KRAS
genes in epithelial ovarian cancer by miRNA hsa-
let-7d-3p. J Cancer Res Ther 2019; 15: 1321-1327.

9) FuLarz M, Abamiak P, CzerczyNski R, JARZABEK-BIELECKA
G, Rewers A, Kepzia W, RucHata M. Utility of PET/
CT in the diagnosis of recurrent ovarian cancer
depending on CA 125 serum level. Nuklearmedizin
2015; 54: 158-162.

10) Harries M, Gore M. Part Il: chemotherapy for
epithelial ovarian cancer-treatment of recurrent
disease. Lancet Oncol 2002; 3: 537-545.

11) MunkaraH AR, CoLeman RL. Critical evaluation of
secondary cytoreduction in recurrent ovarian can-
cer. Gynecol Oncol 2004; 95: 273-280.

12) Rustin GJ, Bast RC Jr, KeLLorr GJ, BARReTT JC, CARTER
SK, Nisen PD, SiamaN CC, ParkinsoN DR, Rubbon RW.
Use of CA-125 in clinical trial evaluation of new
therapeutic drugs for ovarian cancer. Clin Cancer
Res 2004; 10: 3919-3926

13) Weser WA, Grosu AL, Czernin J. Technology Insight:
advances in molecular imaging and an appraisal
of PET/CT scanning. Nat Clin Pract Oncol 2008;
5: 160-170.

14) Nanni C, RugeLLo D, FArsap M, De laco P, Sansovint M,
Erea P, RampiN L, MariANI G, FanTi S. (18)F-FDG PET/
CT in the evaluation of recurrent ovarian cancer: a
prospective study on forty-onepatients. Eur J Surg
Oncol 2005; 31: 792-797.

15) MaPeLLl P, INCErTI E, FALLANCA F, GianoLul L, PiccHio M.
Imaging biomarkers in ovarian cancer: the role of
®F-FDG PET/CT. Q J Nucl Med Mol Imaging 2016;
60: 93-102.

16) Kim TH, Kim J, Kang YK, Lee M, Kim HS, CHeon GJ,
CHung HH. Identification of metabolic biomarkers
using serial 18F-FDG PET/CT for prediction of
recurrence in advanced epithelial ovarian cancer.
Transl Oncol 2017; 10: 297-303.

17) Lee M, Lee H, CHeoN GJ, Kim HS, CHung HH, Kim JW,
Park NH, Sona YS. Prognostic value of preoperative
intratumoral FDG uptake heterogeneity in patients
with epithelial ovarian cancer. Eur Radiol 2017; 27:
16-23.

18) Bristow RE, Giuntou RL 2nD, Pannu HK, ScHutick
RD, Fisiman EK, WaHL RL. Combined PET/CT for
detecting recurrent ovarian cancer limited to ret-
roperitoneal lymph nodes. Gynecol Oncol 2005;
99: 294-300.

19) SaFr MW, Cornretp D, MobArresiFaR H, OuHA B.
18F-FDG positron emission tomography CT (FDG
PET-CT) in the management of pancreatic cancer:
initial experience in 12 patients. J Gastrointestin
Liver Dis 2008; 17: 173-178.

20) Rusu D, Caruier T, Coromsie M, GoutoN D, FLEurY V,
Rousseau N, BErRTON-RIGAUD D, JAFFRE |, KRAEBER-BODERE
F, Campion L, Rousseau C. Clinical and survival
impact of FDG PET in patients with suspicion of
recurrent ovarian cancer: a 6-Year follow-up. Front
Med (Lausanne) 2015; 2: 46.

21) HautH EA, ANTocH G, StatTaus J, Kuent H, Verr P, Bock-
1scH A, Kimmvig R, Forsting M. Evaluation of integrated
whole-body PET/CT in the detection of recurrent
ovarian cancer. Eur J Radiol 2005; 56: 263-268

22) Simcock B, NEeesHam D, Quinn M, DrumMmonD E, MILNER
A, Hicks RJ. The impact of PET/CT in the manage-
ment of recurrent ovarian cancer. Gynecol Oncol
2006; 103: 271-276.

23) Risum S, HoGpALL C, LoFT A, BerTHELSEN AK, H@GDALL
E, NeperGaArD L, LunDvALL L, ENGElHOLM SA. The
diagnostic value of PET/CT for primary ovarian
cancer--a prospective study. Gynecol Oncol 2007;
105: 145-149.

24) Bast RC Jr, BabgweLL D, Lu Z, Marauez R, Rosen D,
Liu J, BagGery KA, AtkinsoN EN, Skates S, ZHANG
Z, LoksHIN A, MEnoN U, Jacoss I, Lu K. New tumor
markers: CA125 and beyond. Int J Gynecol Cancer
2005; 15: 274-281

25) DotGuN ZN, Kaeaca C, KArateke A, DviBozkurt C,
PNAN C, AintaD AS, KarabaD C. The use of hu-
man epididymis 4 and cancer antigen 125 tumor
markers in the benign or malignant differential di-
agnosis of pelvic or adnexal masses. Balkan Med
J 2017; 34: 156-162.

26) ZHenG LE, Qu JY, He F. The diagnosis and patho-
logical value of combined detection of HE4 and
CA125 for patients with ovarian cancer. Open Med
(Wars) 2016; 11: 125-132.

27) Guo N, Peng Z. Does serum CA125 have clinical
value for follow-up monitoring of postoperative
patients with epithelial ovarian cancer? Results of
a 12-year study. J Ovarian Res 2017; 10: 14.

28) Stiekema A, BoLpINGH QJ, Korse CM, vaN DER NOORT V,
Boor H, van Driec WJ, Kenter GG, Lok CA. Serum
human epididymal protein 4 (HE4) as biomarker
for the differentiation between epithelial ovarian
cancer and ovarian metastases of gastrointestinal
origin. Gynecol Oncol 2015; 136: 562-566.

29) Jia MM, DenG J, CHenG XL, Yan Z, Li QC, XinG YY,
Fan DM, Tian XY. Diagnostic accuracy of urine HE4
in patients with ovarian cancer: a meta-analysis.
Oncotarget 2017; 8: 9660-9671.

30) Moore RG, Brown AK, MiLter MC, SkaTes S, ALLARD
WJ, VercH T, SteEINHOFF M, MESSERLIAN G, DISILVESTRO
P, Granal CO, Bast RC Jr. The use of multiple nov-
el tumor biomarkers for the detection of ovarian
carcinoma in patients with a pelvic mass. Gynecol
Oncol 2008; 108: 402-408.

31) ScHumMER M, DrescHER C, FORResT R, GOUGH S, THORPE
J, Hewstrom |, HewstrOm KE, Ursan N. Evaluation
of ovarian cancer remission markers HE4, MMP7
and Mesothelin by comparison to the established
marker CA125. Gynecol Oncol 2012; 125: 65-69.

32) CarriGLIONE S, Luvero D, ProtTi F, Terranova C, MoN-
TERA R, SCALETTA G, ScHIRO T, RossiNi G, BENEDETTI PANICI
P, Anciou R. Ovarian cancer recurrence and early
detection: may HE4 play a key role in this open
challenge? A systematic review of literature. Med
Oncol 2017; 34: 164.



