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Abstract

ACKGROUND: The need for clinically useful
B biomarkers which can predict the surgical outcome

after primary debulking surgery (PDS) in patients
with advance ovarian cancer (AQOC) is really important.
Insulin-like growth factor-binding protein 2 (IGFBP2) is
the main binding protein expressed by ovarian cancer cells,
which plays a prominent role in promoting proliferation,
driving invasion, and suppressing apoptosis. This study
was conducted to assess the performance of IGFBP2 in
predicting the surgical outcome after PDS in patients with
AOC.

METHODS: Twenty-four subjects with AOC (Stage Illc/
IV) who underwent PDS were recruited consecutively.
Clinicopathologic data were obtained from subjects
medical records. Blood samples were withdrawn form each
subject and preoperative level of IGFBP2 were measured
using enzyme-linked immunosorbent assay (ELISA).
Multivariate analysis was employed to test the performance
of multiple predictors of surgical outcome.

RESULTS: Eighteen patients (75%) had suboptimal
outcome after PDS. Mean IGFBP2 level was significantly
higher in the suboptimal group (1157.5+£359.9 ng/mL vs.
679.1+504.5 ng/mL, p=0.018). In bivariate model, higher
preoperative level of IGFBP2 predict the suboptimal
outcome with good accuracy (AUC: 0.796, sensitivity:
83.3%, specificity: 83.3%, p=0.033, optimal threshold level
870 ng/mL). Higher IGFBP2 level was associated with
higher risk of suboptimal outcome, athough IGFBP2 was
not an independent risk factor (adjusted OR: 5.0, 95% ClI:
0.43-57.9, p=0.198).

CONCLUSION: IGFBP2 is a novel and promising
biomarker for surgical outcome prediction following PDSin
AQC patients. Sinceit is predictive for suboptimal outcome,
patients with higher preoperative level of IGFBP2 needs
more thorough preoperative eval uation aswell as meticul ous
surgical technique to optimize the surgical outcome.

KEYWORDS: IGFBP2, advance ovarian cancer, PDS,
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Introduction

Ovarian cancer (OC) till poses a major health problem
among women worldwide. More than 300,000 new cases
diagnosed and more than 200,00 new deaths were attributed
to ovarian cancer worldwide in the year of 2020.(1) The

Copyright © 2023 The Prodia Education and Research I nstitute.

majority of OC are diagnosed in advance stage owing to
the lack of effective screening strategy and the silent nature
of disease progression in the early stage.(2) However,
the survival from OC is inversely related to the stage at
diagnosis. The 5-year survival rate for advance OC (AOC)
are 26% for stage |1l and 14% for stage 1V, as compared
to 87% for stage | and 62% for stage I1.(3) One of the
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major determinants of survival in AOC is the amount of
residual disease (RD) after primary debulking surgery
(PDS). AOC patients who achieve complete or optimal
cytoreduction (no macroscopic RD or RD <1 cm) have
better survival than those with suboptimal outcome (RD >1
cm) after PDS.(4) Thus, removing all visible tumour and
achieving no macroscopic residual disease is the ultimate
goal of PDS. However, some patients are not amenable
to complete cytoreduction due to extensive involvement
of intraperitoneal organs. For those with stage IV AOC,
involvement of liver parenchyme and lung metastases can
preclude optimal cytoreduction.(5)

The ability to accurately predict surgical outcome is
of the utmost importance before deciding the modality of
treatment for patients with AOC. For those who are not a
fit candidate for PDS, alternative strategy such as treatment
with neoadjuvant chemotherapy (NACT) followed by
interval debulking surgery (IDS) may become a more
rational approach. Several factors determine the surgical
outcome such as patient’s characteristics, the surgical
skill of the operating gyneco-oncologist, as well as the
center experience and facilities.(6) The use of molecular
biomarkers for surgical outcome prediction isan interesting
field of research. Several studies have reported the use of
gene expression profile (7), serum or plasma level of cancer
related proteins (8,9), and inflammatory markers (10) to
predict the surgical outcome following PDS. Our previous
study has demonstrated that the preoperative level of
insulin-like growth factor binding protein 2 (IGFBP2) can
accurately differentiate OC from benign ovarian masses,
especially at the advance stage.(11) The clinical utility of
IGFBP2 as a predictor of surgical outcomein AOC patients
following PDS has never been demonstrated before.
Ovarian cancer mainly express IGFBP2, which exhibit
biologic activitiesinvolved intheregul ation of proliferation,
invasion, and inhibition of apoptosis.(12,13)

Thus, this study was conducted to assess the
performance of IGFBP2 in predicting the surgical outcome
of AOC patients undergoing PDS. To our knowledge, thisis
the first study that confirms the clinical use of preoperative
level of IGFBP2 in predicting the surgical outcome after
PDSin patients with AOC.

Methods

This cohort prospective study was approved by the
Ingtitutional Review Board of Faculty of Medicine,
Universitas Udayana/Prof. dr. | Gusti Ngoerah Gede
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Ngoerah General Hospital, Denpasar, Bali, Indonesia
(Ethical Clearance No. 222/UN14.2.2.V1l/ LP/2019).

Subjects Selection

Women aged older than 18 years with primary resectable
AQOC Stage lllc/IV who underwent PDS at the Division
of Gynecologic Oncology, Department of Obstetrics and
Gynecology Faculty of Medicine, UniversitasUdayana/Prof.
dr. | Gusti Ngoerah Gede Ngoerah General Hospital during
the period of May to December 2019 were consecutively
recruited into the study population. PDS consisted of total
abdominal hysterectomy, bilateral salpingo-oophorectomy,
pelvic or para-aorta lymph node dissection, omentectomy,
appendectomy, and resection of all other visible tumour
mass within the pelvis and abdominal peritonea cavity.
Patients with apparent unresectable stage IVB disease
from clinical examination and imaging: i.e., the presence
of multifocal parenchymal liver metastases, pulmonary
metastases including diffuse pleural involvement, brain
metastases, or bulky thoracic adenopathy (not including
cardiophrenic lymphadenopathy) were excluded from the
study. AOC patients with obesity and diabetes mellitus were
also excluded.(14) Before the commencement of the study,
a written informed consent was obtained from all subjects
or their legal surrogate.

Sensitivity value was the primary interest for
prediction performance in this study. Pre-determined
values of 90% for sensitivity (Se), while prevalence of
suboptimal outcome (Prev) of 70% were used.(15) In order
for the maximum marginal error of estimate (d) does not
exceed from 15% with 95% confidence level (0=0.05,
Za/2=1.96), the total required sample size was obtained
from the calculation of: n=Za/22 x Se(1-Se)/d2 x Prev.(16)
Following the formula, the minimum required total number
of sample was 22.

Medical Records Data Collection

Data regarding the clinicopathologic characteristics
(including age, FIGO stage, histologic type, tumour
diameter, bilaterality, the presence of ascites, and omental
carcinomatosis) were obtained from the subjects’ medical
records. Investigator who performed data extraction
from the medical records were blinded to the subjects
identity and each subject was assigned to a specific code
for identification to maintain the anonymity of the data.
The 2014 International Federation of Gynecologists and
Obstetricians criteria was used to determine the stage (17),
and the WHO classification was used to categorize the
histologic subtype.(18)
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CT-scan and X-ray

Imaging (abdomino-pelvic ultrasound and CT, chest X-ray
or CT, or head CT according to the clinical suspicion of
metastasis) were used to help determining clinical stage
preoperatively and in combinationwith clinical examination.
The findings were later confirmed intraoperatively. Stage
[IIc was defined as the presence of macroscopic, extrapelvic,
peritoneal metastasis >2 cm + positive retroperitoneal
lymph nodes. Stage Illc includes extension to capsule of
liver/spleen. Stage IV was defined as distant metastasis
such as pleural effusion with positive cytology. Abdomino-
pelvic ultrasonography or CT was also used to determine
the tumour diameter, bilaterality, ascites and omental
carcinomatosis, in combination with findings from physical
examination and the intraoperative evaluation. Ascites was
defined as the presence of intraperitoneal fluid with 500
mL volume or more. Surgical outcomes after PDS was
assessed by the gynecol ogic oncologists who performed the
procedure and defined using the criteria from Gynecologic
Oncology Group and categorized as optimal if there was no
macroscopic residual mass or RD <1 c¢m and suboptimal if
there was RD >1 cm.(19)

IGFBP2 Level Measurement

To determine the preoperative serum level of IGFBP2, 3-5
mL of subject’s venous blood was drawn and collected
with EDTA-containing tube a day prior to the surgery. The
blood was centrifuged immediately at 400 g for 5 minutes
to collect the plasma. Quantikine ELISA Human IGFBP2
Immunoassay (Cat. #DGB200; R&D Systems, Shanghai,
PRC) was the assay kit used to determine the level of
IGFBP2. The procedure for IGFBP2 quantification follows
the manufacturer’s instruction.(20)

Cancer Antigen 125 (CA125) Level M easurement

To determine the preoperative serum level of CA125, 3-5
mL of patient’s venous blood was drawn and collected with
EDTA-containing tube aday prior to the surgery. The blood
was centrifuged immediately at 400 g for 5 minutesto collect
the plasma. Elecsys CA125 Roche Cobas (Cat #07030207;
Roche Diagnostics GmbH, Sandhofer Strasse, Mannheim,
Germany) was the assay kit used to determine the level of
CA125. The procedure for CA125 quantification follows
the manufacturer’s instruction.(21)

Statistical Analysis

Numerical data were tested using independent T-test or
Mann-Whitney U test while categorical data were tested
using Chi square or Fisher exact test. Correlations between
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normally distributed numeric variables were assessed
with the Pearson r correlation. The receiver operating
characteristic (ROC) curve was used to determine the cut-
off value of IGFBP2 in predicting the surgical outcome. For
CA125 level, athreshold level of 500 U/mL was used.(22)
Multivariate analysis using binary logistic regression was
employed to test the performance of multiple predictorsin
predicting the surgical outcome. All tests were two-sided,
and p<0.05 was considered statistically significant. Data
were analyzed using SPSS version 28.0. (IBM Corporation,
Armonk, NY, USA).

Results

Baseline Characteristics of Subjects

Twenty four patients with AOC were enrolled into this
study and 18 (75%) of them achieved suboptimal surgical
outcome following PDS. The baseline characteristics of
the subjects were summarized in Table 1. Age, FIGO stage,
tumour diameter, bilaterality, and the presence of ascites did
not differ significantly between the two groups (p>0.05).
Among those with suboptimal outcome, 6 (33.3%) had
extensive omental carcinomatosis involving small bowel
and mesentericroot, 8 (44.4%) had extensive carcinomatosis
involving pelvic sidewalls, and 4 (22.2%) had spreading to
the peritoneal surface of diaphragm (Figure 1). High grade
serous and clear cell were the most frequent histologic type
(5/18 or 27.8% each), followed by mucinous (3/18, 16.7%)
and low grade serous (3/18, 16.7%), endometrioid (1/18,
5.6%) and mixed epithelial (1/18, 5.6%). However, data
about the grade of differentiation was unavailable.

Mean IGFBP2 level was significantly higher in
the suboptimal group, as compared to the optima group
(mean+SD: 1157.5+359.9 ng/mL vs. 679.1+504.5 ng/mL,
p=0.018). IGFBP2 level did not differ between high-grade
vs. non high-grade serous OC (mean+SD: 1302.4+250.9 ng/
mL vs. 968.3+460.2 ng/mL, p=0.136) and did not correlate
with tumour size (r=0.331, p=0.115). Median CA125 level
did not differ significantly between the suboptimal and
optimal groups (median (IQR): 577.9 (1282.8) U/mL vs.
308.8 (1003.4) U/mL, p=0.581) (Figure 2).

Performance of Preoperative | GFBP2 L evel for Surgical
Outcome Prediction

The area under the curve (AUC) of IGFBP2 level for
surgical outcome prediction was 0.796 (95% CI: 0.548-
1.000, p=0.033) (Figure 3). With the threshold level of
870 ng/mL, the sensitivity and specificity of preoperative
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Table 1. Baseline char acteristics of the study population.

Predictor (I:tzil) Su(bno:p;isTal O(r:igal p-value
Age (years), meantSD 44.7+13.8 46.3£14.0 40.2+134 0.361
FIGO stage, n (%)
llic 19(79.2) 13(72.2) 6 (100) 0.28
IVa 5(20.8) 5(27.8) 0
Tumour diameter (cm), meart:SD 23.3t7.5 23.4+7.8 21.7+6.8 0.543
Bilaterality, n (%)
Yes 10 (41.7) 6(33.3) 0 0.277
No 14 (58.3) 12 (66.7) 6 (100)
Ascites, n (%)
Yes 19(79.2) 14 (77.8) 5(83.3) 1.000
No 5(20.8) 4(22.2) 1(16.7)
Omental carcinomatosis, n (%)
Yes 16 (66.7) 15(83.3) 1(16.7) 0.007*
No 8(33.3) 3(16.7) 5(83.3)
Histologic type, n (%)
Epithelial 18 (75) 12 (66.7) 6 (100) 0.277
Non-epithelial 6 (25) 6(33.3) 0
IGFBP2 level, n (%)
Higher 16 (66.7) 15(83.3) 1(16.7) 0.007*
Lower 8(33.3) 3(16.7) 5(83.3)
CA125 level, n (%)
Higher 11 (45.8) 10 (55.6) 1(16.7) 0.166
Lower 13(54.2) 8(44.9) 5(83.3)

Thresholdlevel of IGBP2 and CA125were 870 ng/mL and 500 U/mL, respectively. All categorical variableswere
analysed using Fisher exact test. All numerical variables were normally distributed, presented in meantstandard
deviation (SD), and analysed using independent student T-test. *Significant predictors that were included in the
multivariate analysis (p<0.05). The p-values were set for suboptimal vs. optimal outcome.

IGFBP2 level in predicting the suboptimal outcome was
both 83.3%. The AUC for CA125 was 0.583 (95% CI:
0.331-0.835, p=0.549).

Performance of Clinicopathologic Predictors for
Surgical Outcome Prediction

In bivariate anaysis (Table 1), IGFBP2 level (crude
OR: 25.0, 95% CI: 2.1-298.3, p=0.007) and omental
carcinomatosis (crude OR: 25.0, 95% CI: 2.1-298.3,
p=0.007) both predict the surgical outcome. However, when
multivariable analysis was performed (Table 2), IGFBP2
level did not independently predict the surgical outcome
(adjusted OR: 5.0, 95% CI: 0.43-57.952, p=0.198). Thus,
IGFBP2 was not an independent predictor of surgical
outcome following PDS.
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Discussion

We propose the use of threshold value at 870 ng/mL to
predicts the suboptimal surgical outcome following PDS,
with sensitivity and specificity were both 83%. Previously,
IGFBP2 has been demonstrated as a novel biomarker for
the diagnosis of OC.(11, 23) A threshold level of 804 ng/mL
gave 83.3% sensitivity, 96.7% specificity, 95.2% positive
predictive value, and 87.9 negative predictive value in
diagnosing advance OC.(11) In this study, we observed
that AOC patients with suboptimal outcome following PDS
had significantly higher level of preoperative IGFBP2. This
finding was in accordance to the result of another study.
(24) They also demonstrated that IGFBP2 level returned to
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Figure 1. Presence of omental carcinomatosis. A: An abdomino-
pelvic CT-scan showingirregular peritoneal and omental thickening
with contrast enhancement suggesting an omental carcinomatosis
occupying the pelvic and abdomina cavity; B: Intraoperative
evaluation confirmed the presence of omental carcinomatosis.

normal after complete cytoreduction but rose significantly
during relapse. Higher preoperative level of 1GFBP2
also has been shown to predict shorter progression free
interval and overall survival of OC patients.(24) IGFBP2
has been shown to contributes to worse overall survival
in various cancer such as glioblastoma, colorectal cancer,
and lung cancer.(25) In regard to the role of IGFBP2
expression in driving tumorigenesis, a recent study
demonstrated that IGFBP2 promoter was found to undergo
hypomethylation and be increased at the protein level in
serous tubal intraepithelial carcinoma (STIC), the precursor
lesion to OC.(26) IGFBP2 is involved in the initiation of
signalling pathways that regulate cancer cell proliferation,
invasion, and inhibition of apoptosis, such as integrin 1/
ERK, integrin/ILK/NF-kB, EGFR/STATA3, and PI3K/Akt
pathways.(25)

In this study, the rate of suboptimal outcome was quite
high (75%). Other studiesreported that the rate of suboptimal
outcome after PDS range from 60% to 72%.(4,27) The
majority of patients who achieved suboptimal outcome in
our study had extensive carcinomatosisinvolving the pelvic
sidewalls. Other reasons for suboptimal cytoreduction were
the presence of extensive omental carcinomatosisinvolving
the mesenteric root and small bowels and extension to the
peritoneal surface of the diaphragm. The presence of ascites,
diaphragmatic or omental carcinomatosis, and suprarenal
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Figure 2. Preoperative IGFBP2 and CA125 levels based on
surgical outcome and histologic subtype. A: preoperative
level of IGFBP2 based on surgical outcome; B: preoperative
level of CA125 based on surgical outcome; C: preoperative level
of IGFBP2 based on histologic subtype. A and C are normally
distributed, presented in mean+SD, and tested using independent
T-student. Horizontal line above and below the graph represent
standard deviation and bold line within the graph represent mean
value. B is non-normally distributed, presented in median (IQR),
and tested using Mann-Whitney test. Horizonta line above and
below the graph represent range (max-min), the bold line within
the graph represent median value. *Significant if p<0.05.
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Figure 3. The ROC curve of preoperative IGFBP2 level for
surgical outcome prediction. The threshold value for the best
sensitivity and specificity in predicting surgical outcome was 870
ng/mL. The area under curve (AUC) was 0.796 (95% CI: 0.548-
1.000, p=0.033)

retroperitoneal lymph nodes enlargement were associated
with suboptimal outcome.(28,29)

Besides the use of imaging modalities, several studies
have proposed the use of serum biomarkers for surgical
outcome prediction following PDS in AOC patients as they
are non-invasive and can reflect the disease progression.
human epididymis protein 4 (HE-4) was found useful in
predicting optimal cytoreduction after PDSwith asensitivity
of 86.1% and a specificity of 89.5%.(30) One study
reported that CA125 and HE-4 combination can be useful
for diagnosing suboptimal cytoreduction after PDS with
the diagnostic accuracy, negative predictive values (NPV),
positive predictive values (PPV) and specificity were 71,
100, 68, and 100%, respectively.(9) Another study reported
that HE-4 was superior to CA125 in predicting surgical
outcome following PDS (AUC: 0.758 vs. 0.633).(31) In
our study, CA125 failed to predict the suboptimal outcome
(AUC: 0.583, p=0.549). This finding is in accordance to the
finding by another study that reported an AUC of 0.576 and
p=0.617.(32) However, one meta-analysis reported a strong
association between preoperative level of CA125 and the
risk of suboptimal outcome.(33) Our study demonstrated a
good performance of IGFBP2 with AUC of 0.796 (p=0.033).
However, after adjusting with another predictor, i.e., omental

Print ISSN: 2085-3297, Online ISSN: 2355-9179

carcinomatosis, we did not demonstrate that IGFBP2
independently predict the suboptimal outcome following
PDS. Multivariable model of prediction combining serum
biomarker with patient-specific clinical predictors may
enhance the prediction accuracy and thus, optimizing the
safety and outcome of PDS. One study demonstrated that
demonstrate a logistic model incorporating age, histologic
type, and preoperative CA125 and HE-4 level to predict
optimal cytoreduction with AUC of 0.71.(9) Ancther study
demonstrates the multivariate model of Cancer Ovarii Non-
invasive Assessment of Treatment Strategy (CONATS)
index, can predict suboptimal outcome with AUC of
0.80.(34) One study demonstrated a triage algorithm
incorporating clinical (age, albumin level, CA125 level,
American Society of Anesthesiologist score) and radiologic
data from contrast-enhanced abdominal and pelvic CT scan.
(35) The implementation of that multimodal algorithm
led to excellent surgical results, i.e. the rate of suboptimal
cytoreduction was only 6%. One study developed a
simple triage system to allocate the patients into PDS or
NACT-IDS that involves preoperative albumin level, age,
ECOG performance status, and the likelihood of complex
surgery.(36) Comparable outcomes for PDS and IDS were
demonstrated after implementing that triage system. By
implementing the multivariable prediction model, AOC
patients who are not a fit candidate to PDS may be switched
to NACT followed by IDSto optimize the outcome although
in a recent meta-analysis, there is little or no difference in
primary survival outcomes between PDS and NACT.(37)
NACT is associated with reduction in the risk of serious
perioperative adverse events and postoperative mortality.
Following NACT-IDS, one report shows that perioperative
complications and mortality are significantly reduced by 70-
80%.(38)

Our study has several limitations. Wewereonly ableto
identified two predictors to include them in the multivariable
analysis, i.e., the presence of omental carcinomatosis and
preoperative serum IGFBP2 level, despite our efforts to
include other relevant clinical parameters. On the other
hand, this study is a single-institutional study with no
external validation group. However, this study belongs to
one of new application of specific biomarkers as predictor of
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Table 2. Multivariate analysis for surgical outcome prediction.

Predictor B SE. Wald Df Sig. Exp(B) 95% Cl
Omental carcinomatosis 1.609 125 1.657 1 0.198 5 0.431-57.952
IGFBP2 level 1.609 125 1.657 1 0.198 5 0.431-57.952
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clinical outcomein OC after surgery, leading to future better
management of ovarian cancer. Future study investigating
the multivariable prediction model involving IGFBP2 and
clinical or imaging data is urgently needed. Furthermore,
patients with higher preoperative level of IGFBP2 needs
more thorough preoperative evaluation such as better
imaging and multidisciplinary collaborative approach
as well as meticulous surgical technique to optimize the
surgical outcome.

Conclusion

IGFBP2 is a novel and promising biomarker for surgical
outcome prediction following PDS in AOC patients. Since
it is predictive for suboptima outcome, patients with
higher preoperative level of IGFBP2 needs more thorough
preoperative evaluation as well as meticulous surgical
technique to optimize the surgical outcome.

Acknowledgments

The authors would like to sincerely thank Prodia Denpasar

for their support and assistance in the quantification of
IGFBP2 level.

Authors Contribution

PKAP INGB, KYS, IGSW, and INBM were involved in
the conception and study design. PKAPwas involved in the
acquisition of data, as well as drafted the manuscript and
conducted the statistical anlysis. PK AP and INGB analyzed
andinterpreted thedata. INGB, KY S, IGSW, INBM, andKS
gave administrative, technical, or material support for the
study. KS supervised the study. All authors critical revisions
and already approved the final draft of the manuscript.

References

1. SungH, Ferlay J, Siegel RL, Laversanne M, Soerjomataram |, Jemal
A, et al. Global Cancer Statistics 2020: GLOBOCAN estimates of
incidence and mortality worldwide for 36 cancersin 185 countries.
CA Cancer JClin. 2021; 71(3): 209-49.

2. Reid BM, Permuth JB, Sellers TA. Epidemiology of ovarian cancer:
A review. Cancer Biol Med. 2017; 14(1): 9-32.

3. Gaitskell K, Hermon C, Barnes |, Pirie K, Floud S, Green J, et al.
Ovarian cancer survival by stage, histotype, and pre-diagnostic
lifestylefactors, inthe prospective UK Million Women Study. Cancer

10.

11

12.

13.

14.

16.

17.

18.

19.

Indones Biomed J. 2023; 15(6): 429-36

Epidemiol. 2022; 76: 102074. doi: 10.1016/j.canep.2021.102074.

Winarto H, WelladatikaA, Habiburrahman M, Purwoto G, KusumaF,
Utami TW, et al. Overall survival and related factors of advanced-
stage epithelial ovarian cancer patients underwent debulking
surgery in Jakarta, Indonesiaz A single-center experience. Open
Access Maced JMed Sci. 2022; 10(B): 265-80.

Shih KK, Chi DS. Maximal cytoreductive effort in epithelial ovarian
cancer surgery. J Gynecol Oncol. 2010; 21(2): 75-80.

Keunecke C, Kulbe H, Dreher F, Taube ET, Chekerov R, Horst D,
et al. Predictive biomarker for surgical outcome in patients with
advanced primary high-grade serous ovarian cancer. Are we there
yet? An anaysis of the prospective biobank for ovarian cancer.
Gynecol Oncol. 2022; 166(2): 334-43.

Cardillo N, Devor EJ, Pedra Nobre S, Newtson A, Leslie K, Bender
DP, et al. Integrated clinical and genomic models to predict optimal
cytoreduction in high-grade serous ovarian cancer. Cancers. 2022;
14(14): 3554. doi: 10.3390/cancers14143554.

Merlo S, Besic N, Drmota E, Kovacevic N. Preoperative serum CA-
125 level as a predictor for the extent of cytoreduction in patients
with advanced stage epithelial ovarian cancer. Radiol Oncol. 2021,
55(3): 341-6.

Feng LY, Liao SB, Li L. Preoperative serum levels of HE4 and CA125
predict primary optimal cytoreduction in advanced epithelia
ovarian cancer: A preliminary model study. J Ovarian Res. 2020;
13(1): 17. doi: 10.1186/s13048-020-0614-1.

Sastra WIG, Aditya PPK, Gradiyanto OE, Ketut S. Predictive value
of preoperative inflammatory markers and serum CA 125 level
for surgical outcome in Indonesian women with epithelia ovarian
cancer. Cancer Biomark. 2022; 34(1): 123-9.

Prayudi PKA, Budiana ING, Mahayasa PD, Surya IGNHW,
Wiradnyana AAGP, Suwiyoga K. Diagnostic accuracy of serum
insulin-like growth factor-binding protein 2 for ovarian cancer. Int J
Gynecol Cancer. 2020; 30(11): 1762-7.

Yao X, Sun S, Zhou X, Guo W, Zhang L. IGF-binding protein 2 is
a candidate target of therapeutic potential in cancer. Tumour Biol.
2016; 37(2): 1451-9.

Wang GK, Hu L, Fuller GN, Zhang W. An interaction between
insulin-like growth factor-binding protein 2 (IGFBP2) and integrin
alphab is essential for IGFBP2-induced cell mobility. J Biol Chem.
2006; 281(20): 14085-91.

KangHS, ChoHC, LeeJH, OhGT, Koo SH, Park BH, et al. Metformin
stimulates | GFBP-2 gene expression through PPARalphain diabetic
states. Sci Rep. 2016; 6: 23665. doi: 10.1038/srep23665.

Makar AP, Tropé CG, Tummers P, Denys H, Vandecasteele K.
Advanced ovarian cancer: Primary or interval debulking? Five
categories of patientsin view of the results of randomized trials and
tumor biology: Primary debulking surgery and interval debulking
surgery for advanced ovarian cancer. Oncologist. 2016; 21(6): 745-
54,

Hajian-Tilaki K. Sample size estimation in diagnostic test studies of
biomedical informatics. J Biomed Inform. 2014; 48: 193-204.

Pereira A, Pérez-Medina T, Magrina JF, Magtibay PM, Rodriguez-
Tapia A, Peregrin I, et al. International Federation of Gynecology
and Obstetrics staging classification for cancer of the ovary,
fallopian tube, and peritoneum: Estimation of survival in patients
with node-positive epithelial ovarian cancer. Int J Gynecol Cancer.
2015; 25(1): 49-54.

Meinhold-Heerlein |, Fotopoulou C, Harter P, Kurzeder C, Mustea
A, Wimberger P, et al. The new WHO classification of ovarian,
fallopian tube, and primary peritoneal cancer and its clinica
implications. Arch Gynecol Obstet. 2016; 293(4): 695-700.

Chang SJ, Hodeib M, Chang J, Bristow RE. Surviva impact of

435



The Indonesian Biomedical Journal, Vol.15, No.6, December 2023, p.351-436

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

436

complete cytoreduction to no gross residual disease for advanced-
stage ovarian cancer: A meta-analysis. Gynecol Oncol. 2013;
130(3): 493-8.

RnD System [Internet]. Human IGFBP-2 Quantikine ELISA Kit
Catalog #DGB200 [cited 2023 Sep 1]. Available from: https://
www.rndsystems.com/products/human-igfbp-2-quantikine-elisa-
kit_dgb200#assay-procedure.

Sint-Maria Halle LABOGIDS [Internet]. Elecsys CA 125 I, Cobas
® [cited 2023 Sep 1]. Available from: https://labogids.sintmaria.be/
sites/default/files/files/ca_125 ii_2018-03_v2.pdf.

Bachmann R, Brucker S, Stdbler A, Krdmer B, Ladurner R,
Konigsrainer A, et al. Prognostic relevance of high pretreatment
CA125 levels in primary serous ovarian cancer. Mol Clin Oncol.
2021; 14(1): 8. doi: 10.3892/mc0.2020.2170.

Russell MR, Graham C, D'Amato A, Gentry-Maharg] A, Ryan A,
Kas JK, et al. A combined biomarker panel shows improved
sensitivity for the early detection of ovarian cancer allowing the
identification of the most aggressive type Il tumours. Br J Cancer.
2017; 117(5): 666-74.

Baron-Hay S, Boyle F, Ferrier A, Scott C. Elevated serum insulin-like
growth factor binding protein-2 as a prognostic marker in patients
with ovarian cancer. Clin Cancer Res. 2004; 10(5): 1796-806.

Zhang B, Hong CQ, Luo YH, Wei LF, Luo Y, Peng YH, et al.
Prognostic value of IGFBP2 in various cancers: A systematic
review and meta-analysis. Cancer Med. 2022; 11(16): 3035-47.

Wang Y, Huang P, Wang BG, Murdock T, Cope L, Hsu FC, et al.
Spatial transcriptomic analysis of ovarian cancer precursors reveals
reactivation of IGFBP2 during pathogenesis. Cancer Res. 2022;
82(24): 4528-41.

Kehoe S, Hook J, Nankivell M, Jayson GC, Kitchener H, LopesT, etal.
Primary chemotherapy versus primary surgery for newly diagnosed
advanced ovarian cancer (CHORUS): An open-label, randomised,
controlled, non-inferiority trial. Lancet. 2015; 386(9990): 249-57.

Chesnais M, Lecuru F, Mimouni M, Ngo C, Fauconnier A, Huchon
C. A pre-operative predictive score to evaluate the feasibility of
complete cytoreductive surgery in patients with epithelial ovarian
cancer. PLoS One. 2017; 12(11): e0187245. doi: 10.1371/journal.
pone.0187245.

Suidan RS, Ramirez PT, Sarasohn DM, Teitcher JB, Mironov S, lyer
RB, et al. A multicenter prospective trial evaluating the ability of
preoperative computed tomography scan and serum CA-125 to
predict suboptimal cytoreduction at primary debulking surgery for

30.

31

32.

33.

35.

36.

37.

38.

Print ISSN: 2085-3297, Online ISSN: 2355-9179

advanced ovarian, fallopian tube, and peritonea cancer. Gynecol
Oncol. 2014; 134(3): 455-61.

Angioli R, Plotti F, Capriglione S, Aloisi A, Montera R, Luvero D, et
al. Can the preoperative HE4 level predict optimal cytoreduction in
patients with advanced ovarian carcinoma? Gynecol Oncol. 2013;
128(3): 579-83.

Shen Y, Li L. Serum HE4 superior to CA125 in predicting poorer
surgical outcome of epithelial ovarian cancer. Tumour Biol. 2016;
37(11): 14765-72.

Arits AH, Stoot JE, Botterweck AA, Roumen FJ, Voogd AC.
Preoperative serum CA125 levels do not predict suboptimal
cytoreductive surgery in epithelial ovarian cancer. Int J Gynecol
Cancer. 2008; 18(4): 621-8.

Kang S, Kim TJ, Nam BH, Seo SS, Kim BG, Bae DS, et al.
Preoperative serum CA-125 levels and risk of suboptimal
cytoreduction in ovarian cancer: A meta-analysis. J Surg Oncol.
2010; 101(1): 13-7.

Lof P, van de Vrie R, Korse CM, van Driel WJ, van Gent M, Karlsen
MA, et al. Pre-operative prediction of residual disease after interval
cytoreduction for epithelial ovarian cancer using HE4. Int JGynecol
Cancer. 2019; 29(8): 1304-10.

Straubhar AM, Filippova OT, Cowan RA, Lakhman 'Y, Sarasohn DM,
Nikolovski |, et al. A multimodality triage algorithm to improve
cytoreductive outcomes in patients undergoing primary debulking
surgery for advanced ovarian cancer: A Memoria Sloan Kettering
Cancer Center team ovary initiative. Gynecol Oncol. 2020; 158(3):
608-13.

Narasimhulu DM, Thannickal A, Kumar A, Weaver AL, McGree ME,
Langstraat CL, et al. Appropriate triage allows aggressive primary
debulking surgery with rates of morbidity and mortality comparable
to interval surgery after chemotherapy. Gynecol Oncol. 2021,
160(3): 681-7.

Coleridge SL, Bryant A, Kehoe S, Morrison J. Neoadjuvant
chemotherapy before surgery versus surgery followed by
chemotherapy for initial treatment in advanced ovarian epithelial
cancer. Cochrane Database Syst Rev. 2021; 7(7): CD005343. doi:
10.1002/14651858.CD005343.pubb.

Machida H, Tokunaga H, Matsuo K, Matsumura N, Kobayashi Y,
Tabata T, et al. Survival outcome and perioperative complication
related to neoadjuvant chemotherapy with carboplatin and
paclitaxel for advanced ovarian cancer: A systematic review and
meta-analysis. Eur J Surg Oncol. 2020; 46(5): 868-75.



