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ABSTRACT

Aims: We evaluated the prognostic significance of postoperative re-elevation of cancer antigen-125 (CA-
125) levels in patients with ovarian cancer and preoperative normalization of CA-125 levels after neo-
adjuvant chemotherapy (NAC).
Methods: The data of 103 patients with preoperative CA-125 normalization after NAC at the Yonsei
Cancer Hospital (2006—2017) were analyzed. We compared the clinical characteristics and survival
outcomes among patients with normal postoperative CA-125 levels and those with re-elevated CA-125
levels after interval debulking surgery (IDS). CA-125 elevation was defined as levels >35 U/mL.
Results: Among 103 patients, 52 (50.5%) and 51 (49.5%) had normal and re-elevated CA-125 levels after
IDS, respectively. Patients with CA-125 re-elevation underwent more radical surgeries during IDS than
those with normal CA-125 levels (p=0.018). We found no significant differences in progression-free
survival (PFS; p=0.726) or overall survival (OS; p=0.293) between the two groups. Moreover, pa-
tients with persistent CA-125 elevation (3 weeks after IDS) did not have inferior PFS (p =0.171 and
p =0.208, respectively) or OS (p=0.128 and p = 0.095, respectively) compared to patients with early
normalization (within 3 weeks of IDS) or normal CA-125 levels. Multivariate regression showed that CA-
125 re-elevation had no effect on recurrence (hazard ratio [HR], 0.75; 95% confidence interval [CI], 0.43
—1.30) or death (HR, 0.99; 95% CI, 0.33—2.98).
Conclusion: Among patients with preoperative CA-125 normalization after NAC, postoperative CA-125
re-elevation had no prognostic value. Novel and reliable biomarkers reflecting the tumor response af-
ter IDS should be identified.

© 2018 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.

Introduction

biomarker for detecting disease, monitoring the response to ther-
apy, and detecting post-treatment recurrence in epithelial ovarian

Cancer antigen-125 (CA-125) is a commonly used serologic cancer. A decline in CA-125 levels after primary debulking surgery

(PDS) is correlated with the size of the residual tumor [1,2].
Moreover, a reduction in CA-125 levels during postoperative

Abbreviations: ASA, American Society of Anesthesiologists; CA-125, cancer an-
tigen-125; CI, confidence interval; FIGO, International Federation of Gynecology
and Obstetrics; HR, hazard ratio; IDS, interval debulking surgery; NAC, neoadjuvant
chemotherapy; OS, overall survival; PFS, progression-free survival\; POAC, post-
operative adjuvant chemotherapy; PDS, primary debulking surgery.
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chemotherapy is a predictor of survival in patients with advanced-
stage ovarian cancer [3—5]. Although CA-125 testing for routine
surveillance does not improve survival, elevated CA-125 levels
frequently precede identification of recurrence by radiographic
imaging [6].

Recently, neoadjuvant chemotherapy (NAC) followed by interval
debulking surgery (IDS) has gained popularity as an alternative
approach that may reduce perioperative morbidity in patients with
advanced-stage ovarian cancer. In the neoadjuvant setting, when
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the effect of surgery was excluded, CA-125 levels were shown to
correlate with the response to NAC [7,8]. Among patients who
achieve normalization of CA-125 levels after NAC, a post-IDS in-
crease in CA-125 levels is frequently observed. However, no study
has evaluated the prognostic value of postoperative CA-125 re-
elevation in patients with preoperative CA-125 normalization after
NAC. Moreover, although persistently raised postoperative CA-125
levels are thought to be associated with a poorer prognosis, no
study has evaluated the prognostic significance of persistently
elevated CA-125 levels after IDS.

As there are no reliable biomarkers that can be used to monitor
disease after IDS following NAC, clinicians still rely on CA-125
levels. Therefore, the aim of this study was to evaluate the prog-
nostic significance of a postoperative re-elevation of CA-125 levels
in patients with a preoperative normalization of CA-125 after NAC.

Materials and methods
Study population

We performed a retrospective review of the medical records of
283 patients with pathologically confirmed epithelial ovarian
cancer who received at least one cycle of NAC at the Yonsei Cancer
Hospital between 2006 and 2017.

All patients had histologically or cytologically confirmed Inter-
national Federation of Gynecology and Obstetrics (FIGO) stage Il or
IV epithelial ovarian cancer before the start of chemotherapy. The
diagnosis was made via laparoscopic or image-guided biopsy
samples or fine needle aspiration of a tumor site or ascites/effusion.
All surgical procedures were performed by one of five gynecologic
oncology surgeons at our institute. The histological diagnoses were
based on World Health Organization criteria, and all microscopic
slides were reviewed by two experienced gynecologic pathologists.

We excluded women with elevated CA-125 before IDS (n = 130);
those who were still receiving postoperative adjuvant chemo-
therapy (POAC) at the time of data collection (n = 32); those who
did not undergo IDS after NAC (n = 14); those who underwent NAC,
IDS, and POAC elsewhere and for whom medical records were not
available (n=2); and those who were lost to follow-up (n=2).
Ultimately, the final study population comprised 103 women
(Fig. 1).

NAC was administered if at least one of the following three
criteria was met: 1) pulmonary and/or hepatic parenchymal me-
tastases were observed on imaging studies before surgery, 2) the
patient was medically inoperable, and/or 3) optimal cytoreduction

was not achievable due to a high tumor burden (Fagotti score >8),
as observed by diagnostic laparoscopy [9,10]. According to our
institutional policy, IDS was performed after three cycles of NAC
[11]. The timing of IDS was delayed when optimal cytoreduction
was not achievable, which was determined at the clinician's
discretion. However, more than 90% of the patients received IDS
within 28 days of the last administration of NAC.

Most patients received taxane and platinum combination
chemotherapy. Conventional surgical procedures included the
sampling of free fluid or peritoneal washing for cytology; a thor-
ough inspection of the abdomen and pelvis, including the upper
abdominal viscera, diaphragm, and retroperitoneal spaces; hyster-
ectomy, bilateral oophorectomy, and omentectomy; pelvic/para-
aortic lymph node dissection; and appendectomy. Radical surgery
included bowel resection; diaphragm or other peritoneal surface
stripping; splenectomy; partial hepatectomy; partial gastrectomy;
or partial cystectomy and/or ureteroneocystostomy, cholecystec-
tomy, and/or distal pancreatectomy [12—14].

The following data were extracted from the patients’ medical
records: age, American Society of Anesthesiologists (ASA) score,
serum CA-125 levels, FIGO stage, histology, radical surgery, residual
disease after IDS, chemotherapy regimen, total number of chemo-
therapy cycles, date of surgery, date of NAC and POAC initiation,
date of progression or recurrence, and date of last follow-up.

CA-125 measurements

The B-R-A-H-M-S CA-125 II KryptorR technique, an automatic
immunofluorescence analysis kit for measuring CA-125 in serum or
plasma, was used to assay CA-125 levels. A serum CA-125 con-
centration <35 Ul/mL was considered normal. For each patient, CA-
125 levels were recorded pre-NAC to post-POAC. CA-125 levels
were measured at baseline (before the first cycle of NAC) and then
every 3 weeks, before the next cycle of chemotherapy.

Endpoints

The endpoints included progression-free survival (PFS) and
overall survival (OS). PFS was defined as the interval between the
date of the diagnosis and the date of the first recurrence. OS was
defined as the interval between the date of the diagnosis and the
date of death or the last day of follow-up. Recurrence was defined
as the date of the appearance of radiologically detected disease
during a follow-up examination. A rise in CA-125 levels without
clinical signs of relapse was not considered as progression but

Patients with pathologically confirmed epithelial ovarian cancer who
received NAC between 2006 and 2017 (N = 283)

Excluded (N =180)

CA-125 was not normalized before IDS (N =130)
Still receiving chemotherapy (N =32)

Did not receive interval debulking surgery (N =14)
Missing data (N =2)

Unknown follow-up time (N = 2)

CA-125 was normalized before IDS (N =103)

Normal CA-125 after IDS (N =52) |

| CA-125 re-elevation after IDS (N =51)

Fig. 1. Flow diagram of the study population. NAC, neoadjuvant chemotherapy.
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generally triggered further radiological examinations.

Statistical analysis

Descriptive data are reported as the median (range) or fre-
quency (percentage). Categorical variables were compared with the
Chi-square or Mann-Whitney U test, and continuous variables with
the Student's t-test. PFS and OS were analyzed with the Kaplan-
Meier method and log-rank test. Factors that were identified as
significant in the univariate analyses were included in the multi-
variate analysis. A Cox regression analysis was used to evaluate the
association of the prognostic factors with survival, expressed as
hazard ratios (HRs) and 95% confidence intervals (Cls).

For all analyses, the significance level was set at 0.05. The sta-
tistical analyses were performed with the SPSS statistical software
(version 21.0; IBM Corp., Armonk, NY).

Results

A total of 103 patients were included in this study; of these, 52
(50.5%) and 51 (49.5%) had normal and re-elevated CA-125 levels

after IDS, respectively. The demographic and clinical characteristics
of the two groups are shown in Table 1.

Patients with re-elevated CA-125 levels after IDS had undergone
more radical surgeries during IDS than those with normal CA-125
levels (p=0.018). Of the 103 patients who had CA-125 normal-
ized before IDS after NAC, 11 patients were diagnosed with FIGO
stage IVA as pleural disease diffusion. We found no significant
differences in patient characteristics, such as age, ASA score, CA-125
levels before chemotherapy and before IDS, FIGO stage, histologic
type, tumor grade, residual disease, chemotherapy regimen, and
the total number of chemotherapy cycles, between the two groups
(Table 1).

The median CA-125 level after IDS was significantly different
between the two groups (normal CA-125 levels after IDS group:
17.3 U/mL [range, 4.1—-34.7 U/mL] vs. re-elevated CA-125 levels after
IDS group: 68.4 U/mL [range, 35.4—311.7 U/mL]; p <0.001). Fig. 2
shows the serial values of CA-125 in the two groups according to
the timeline of NAC followed by IDS and POAC. Among the 51 pa-
tients with re-elevated CA-125 levels, 26 (51.0%) showed normali-
zation within 3 weeks of IDS (prior to the second cycle of POAC), 11
(21.6%) within 6 weeks of IDS (prior to the third cycle of POAC), 12

Table 1
Demographic and clinical characteristics of the patients (N = 103).
Characteristic Normal values of CA-125 after IDS (n=52) Re-elevation of CA-125 after IDS (n=51) P-value
Median age, years (range) 58 (32—74) 59 (27—-80) 0.430
ASA score, n (%)
1 18 (34.6%) 10 (19.6%) 0.150
2 25 (48.1%) 26 (51.0%)
3 9 (17.3%) 15 (29.4%)
4 0 (0%) 0 (0%)
Median CA-125 level, U/mL (range) 987.1 (21.4—-14836.2) 1086.3 (30.2—11778.9) 0.862
Median CA-125 level before IDS, U/mL (range) 13.4(5.1-34.8) 15.6 (4.0-33.0) 0.176
Median CA-125 level after IDS, U/mL (range) 17.3 (4.1-34.7) 68.4 (35.4—311.7) <0.001
FIGO stage, n (%)
11 31 (59.6%) 24 (47.1%) 0.202
v 21 (40.4%) 27 (52.9%)
Histologic type, n (%)
HGSC 48 (92.4%) 46 (90.2%) 0.359
Endometrioid 2(3.8%) 0 (0%)
Mucinous 0 (0%) 2(3.9%)
Others 2 (3.8%) 3 (5.9%)
Grade, n (%)
1 1(1.9%) 2 (3.9%) 0.807
2 9 (17.3%) 7 (13.7%)
3 34 (65.4%) 36 (70.6%)
Not available 8 (15.4%) 6(11.8%)
Radical surgery?, n (%)
None 40 (76.9%) 28 (54.9%) 0.018
Any radical surgery 12 (23.1%) 23 (45.1%)
Residual disease, n (%)
No 22 (42.3%) 25 (49.0%) 0.494
Any residual 30 (57.7%) 26 (51.0%)
Chemotherapy regimen, n (%)
Paclitaxel + carboplatin 43 (82.7%) 41 (80.4%) 0.831
Docetaxel + carboplatin 8 (15.4%) 8 (15.7%)
Paclitaxel + carboplatin 1(1.9%) 2(3.9%)
+ bevacizumab
Cycles of total chemotherapy, median (range) 9(3-12) 8 (4-12) 0.808

ASA, American Society of Anesthesiologists; CA-125, cancer antigen 125; IDS, interval debulking surgery; FIGO, International Federation of Gynecology and Obstetrics; HGSC,

high-grade serous carcinoma.

2 Radical surgery includes any of following: bowel surgery, video-assisted thoracoscopic surgery, splenectomy, liver resection, supraclavicular fossa resection, ureter

resection, and others.
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(23.5%) 6 weeks after IDS or later, and 2 (3.9%) did not show
normalization after the completion of POAC.

The median follow-up duration was 35.7 months (range,
7.6—114.6 months). At the time of analysis, 25 patients (24.3%) had
died, and 67 (65.0%) had experienced recurrence. The Kaplan-Meier
curves and log-rank test showed no differences in PFS (p = 0.726)
or OS (p=0.293) between patients with normal and re-elevated
CA-125 levels after IDS (Fig. 3).

We then categorized the patients based on the time interval
from IDS to CA-125 normalization (normal CA-125 post-IDS; CA-
125 normalization within 3 weeks of IDS [early normalization],
and CA-125 normalization later than 3 weeks after IDS [persistent
elevation]) to evaluate the survival outcomes by normalization
period. Patients with persistent CA-125 elevation after IDS did not
have PFS (p = 0.208) or OS (p = 0.095) inferior to those with normal
CA-125 levels. Furthermore, patients with persistent CA-125
elevation did not have PFS (p = 0.171) or OS (p = 0.128) inferior to
those with early normalization (Supplementary Figure 1).

Table 2 shows the results of the multivariate Cox regression
analyses. The multivariate analysis showed that CA-125 re-eleva-
tion after IDS did not significantly increase the risk of recurrence
(HR, 0.75; 95% CI, 0.43—1.30) or death (HR, 0.99; 95% CI, 0.33—2.98)
when compared to normal CA-125 levels after IDS. In contrast, a
higher grade was significantly associated with a higher risk of

A Progression-Free Survival

recurrence (HR, 0.52; 95% CI, 0.27—0.99) and death (HR, 0.31; 95%
Cl, 0.11-0.90).

Discussion

In this study, we evaluated whether serial CA-125 levels after
IDS had prognostic relevance in patients with advanced-stage
ovarian cancer. Our results showed that the re-elevation of CA-
125 levels after IDS was not a prognostic factor for survival.

CA-125 is often used to monitor disease status when patients
are undergoing active treatment as CA-125 levels are thought to be
correlated with tumor burden [15]. Therefore, a decline in CA-125
levels often indicates a positive response to systemic treatment.
In the postoperative setting, CA-125 levels and CA-125 regression
are known prognostic factors of survival outcomes [16,17]. Sevelda
et al. [18] reported that a postoperative decline in CA-125 levels
correlated with the size of the residual tumor after PDS. Moreover,
Zivanovic et al. [2] showed that a postoperative increase in serum
CA-125 levels was strongly associated with an increased risk of
relapse when compared to patients who experienced a decline of
80% or more.

In the neoadjuvant setting, most studies have focused on
identifying a correlation between changes in CA-125 levels and the
response to NAC, excluding the effects of surgery [7,19]. Pelissier

B Overall Survival

104 P=0.726
Normal CA-125 after IDS
—— CA-125 re-elevation after IDS

087

0.6+

0.0

104 P=0.293
Normal CA-125 after IDS
— CA-125 re-elevation after IDS

Follow-up Time (Months)

T T T T T T
0 200 400 60.0 80.0 100.0 1200

Follow-up Time (Months)

Fig. 3. Kaplan-Meier curves of progression-free (A) and overall (B) survival according to CA-125 elevation after interval debulking surgery. CA-125, cancer antigen 125; IDS, interval

debulking surgery.
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Table 2
Cox proportional hazard model of the factors associated with progression-free and
overall survival.

Variables PFS oS

HR (95% CI) P HR (95% CI) P
Age, years
<58 Reference Reference
>58 0.74 (0.42—1.30) 0.294 1.09 (0.35-3.42) 0.887
ASA score
1-2 Reference Reference
34 1.17 (0.59-2.31) 0.654 0.88 (0.15—5.25) 0.887
FIGO stage
I Reference Reference
I\% 1.58 (0.90—2.80) 0.115 1.43(0.43—-4.78) 0.564
Grade
1-2 Reference Reference
3 0.52(0.27—0.99) 0.047 0.31(0.11-0.90) 0.031
Histology
HGSC Reference Reference
Non-HGSC 1.07 (0.36—3.18) 0.909 4.36 (0.91-20.93) 0.066
Radical surgery®
No Reference Reference
Yes 1.01 (0.56—1.84) 0.968 0.75(0.20—2.79) 0.663
Residual disease
No Reference Reference
Any residual 1.49 (0.86—2.57) 0.156 0.91(0.27—3.03) 0.871

Chemotherapy regimen

Paclitaxel + carboplatin Reference Reference

Others 1.24 (0.60—2.56) 0.566 2.46(0.66—9.18) 0.179
Cycles of total chemotherapy

<9 Reference Reference

>9 0.80(0.46—1.39) 0.422 0.34(0.10-1.12) 0.077
CA-125 elevation after IDS

No Reference Reference

Yes 0.75(0.43—-1.30) 0.301 0.99 (0.33—2.98) 0.989

ASA, American Society of Anesthesiologists; CA-125, cancer antigen 125; CI, confi-
dence interval; FIGO, International Federation of Gynecology and Obstetrics; HGSC,
high-grade serous carcinoma; HR, hazard ratio; IDS, interval cytoreductive surgery;
PFS, progression-free survival; OS, overall survival.

@ Radical surgery includes any of following: bowel surgery, video-assisted thor-
acoscopic surgery, splenectomy, liver resection, supraclavicular fossa resection,
ureter resection, and others.

etal. [19] showed that a CA-125 level <75 U/mL after the third cycle
of NAC was an independent predictor of complete IDS. Tate et al. [ 7]
identified the regression coefficient of CA-125 as a significant
prognostic factor for OS, with a regression coefficient greater
than —0.039 predicting good 3-year survival after IDS. Furthermore,
Zeng et al. showed that CA-125 nadir value (<13U/mL) after NAC
followed by IDS was the most significant prognostic factor for
predicting survival outcomes [20]. Using 35 U/mL as the CA-125
cutoff, about 37—56% of patients with advanced-stage ovarian
cancer were reported to have normalized CA-125 levels after NAC
[7,8]. In this study, we observed re-elevation of CA-125 levels after
IDS in half of the patients, even though CA-125 levels had
normalized before IDS.

Several retrospective studies showed that both preoperatively
raised and persistently raised postoperative CA-125 levels were
associated with a poorer prognosis [21,22]. However, it is unclear
whether the re-elevation of CA-125 levels after IDS affects the
outcomes of patients with advanced-stage ovarian cancer. To the
best of our knowledge, there have been no studies on the prog-
nostic significance of re-elevated CA-125 levels after IDS in these
patients. However, Shannon et al. [23] demonstrated that, for
peritoneal-based malignancies, CA-125 was an inaccurate surveil-
lance tool immediately after cytoreductive surgery with hyper-
thermic intraperitoneal chemotherapy. Postoperative re-elevation
of CA-125 levels up to 1 month after surgery was seen in 27—67% of
patients, despite normal preoperative values. They suggested that,
aside from an immediate postoperative reading, CA-125 should not

be measured in the first 3 months after surgery. However, their
study investigated the significance of re-elevated CA-125 levels
after PDS in patients with peritoneal-based malignancies. Perito-
neal trauma may cause CA-125 release [24], and manipulation of
the tumor during IDS may lead to increased shedding of CA-125
into the circulation as remaining barriers between the tumor and
surrounding tissue are disturbed [25]. The removal of tumors and
ascites from patients with ovarian cancer leads to a decrease in CA-
125 levels, whereas peritoneal trauma caused by surgery does the
opposite. Evidence suggests that postoperative CA-125 levels in-
crease after incision and healing of the peritoneum via de novo
synthesis [26].

This study has two main limitations. First, the study design was
a retrospective review of medical records. Second, NAC has been
administered in our institution only since late 2010; thus, our
cohort was limited by a short follow-up period.

Despite these limitations, the major strength of this study is
that, to the best of our knowledge, it is the first to investigate the
prognostic significance of CA-125 re-elevation after IDS in patients
with advanced-stage ovarian cancer. Our results suggest that a re-
elevation of CA-125 levels is not a prognostic factor for survival
outcomes in patients with advanced-stage ovarian cancer treated
with NAC. Although CA-125 is an inaccurate surveillance tool
immediately after IDS followed by NAC, it is frequently used for
predicting prognosis and monitoring postoperative recurrence.
Therefore, novel biomarkers that can predict the disease burden in
patients with ovarian cancer treated with NAC are urgently needed.

Declarations of interest
None.
Funding

This research was supported by the Bio & Medical Technology
Development Program of the National Research Foundation (NRF)
funded by the Ministry of Science, ICT & Future Planning
(2017M3A9E8029714) and a new faculty research seed money
grant from the Yonsei University College of Medicine for 2017
(2017-32-0033).

Appendix A. Supplementary data

Supplementary data related to this article can be found at
https://doi.org/10.1016/j.ejs0.2018.10.053.

References

[1] Yoo SC, Yoon JH, Lyu MO, Kim WY, Chang SJ, Chang KH, et al. Significance of

postoperative CA-125 decline after cytoreductive surgery in stage IIC/IV

ovarian cancer. ] Gynecol Oncol 2008;19:169—72.

Zivanovic O, Sima CS, lasonos A, Bell-McGuinn KM, Sabbatini PJ, Leitao MM,

et al. Exploratory analysis of serum CA-125 response to surgery and the risk of

relapse in patients with FIGO stage IIIC ovarian cancer. Gynecol Oncol

2009;115:209—14.

Kim HS, Park NH, Chung HH, Kim JW, Song YS, Kang SB. Serum CA-125 level

after 6 cycles of primary adjuvant chemotherapy is a useful prognostic factor

for complete responders’ survival in patients with advanced epithelial ovarian

cancer. Onkologie 2008;31:315—20.

Markman M, Federico M, Liu PY, Hannigan E, Alberts D. Significance of early

changes in the serum CA-125 antigen level on overall survival in advanced

ovarian cancer. Gynecol Oncol 2006;103:195—8.

[5] Lee M, Chang MY, Yoo H, Lee KE, Chay DB, Cho H, et al. Clinical significance of

CA125 level after the first cycle of chemotherapy on survival of patients with

advanced ovarian cancer. Yonsei Med ] 2016;57:580—7.

Esselen KM, Cronin AM, Bixel K, Bookman MA, Burger RA, Cohn DE, et al. Use

of CA-125 tests and computed tomographic scans for surveillance in ovarian

cancer. JAMA Oncol 2016;2:1427—-33.

[7] Tate S, Hirai Y, Takeshima N, Hasumi K. CA125 regression during neoadjuvant
chemotherapy as an independent prognostic factor for survival in patients

[2

[3

[4

(6


https://doi.org/10.1016/j.ejso.2018.10.053
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref1
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref2
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref3
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref4
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref5
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref6
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref7

[8

[9

[10]

[11]

[12]

[13]

[14]

[15]

YJ. Lee et al. / European Journal of Surgical Oncology 45 (2019) 644—649

with advanced ovarian serous adenocarcinoma. Gynecol Oncol 2005;96:
143-9.

Rodriguez N, Rauh-Hain JA, Shoni M, Berkowitz RS, Muto MG, Feltmate C, et al.
Changes in serum CA-125 can predict optimal cytoreduction to no gross re-
sidual disease in patients with advanced stage ovarian cancer treated with
neoadjuvant chemotherapy. Gynecol Oncol 2012;125:362—6.

Fagotti A, Vizzielli G, Fanfani F, Costantini B, Ferrandina G, Gallotta V, et al.
Introduction of staging laparoscopy in the management of advanced epithelial
ovarian, tubal and peritoneal cancer: impact on prognosis in a single insti-
tution experience. Gynecol Oncol 2013;131:341—6.

Fagotti A, Ferrandina G, Fanfani F, Garganese G, Vizzielli G, Carone V, et al.
Prospective validation of a laparoscopic predictive model for optimal cytor-
eduction in advanced ovarian carcinoma. Am ] Obstet Gynecol 2008;199:642.
el-.e6.

Lee Y], Chung YS, Lee JY, Nam EJ, Kim SW, Kim S, et al. Impact of the time
interval from completion of neoadjuvant chemotherapy to initiation of
postoperative adjuvant chemotherapy on the survival of patients with
advanced ovarian cancer. Gynecol Oncol 2018;148:62—7.

Eisenhauer EL, Abu-Rustum NR, Sonoda Y, Levine DA, Poynor EA,
Aghajanian C, et al. The addition of extensive upper abdominal surgery to
achieve optimal cytoreduction improves survival in patients with stages IlIC-
IV epithelial ovarian cancer. Gynecol Oncol 2006;103:1083—-90.

Chi DS, Eisenhauer EL, Zivanovic O, Sonoda Y, Abu-Rustum NR, Levine DA,
et al. Improved progression-free and overall survival in advanced ovarian
cancer as a result of a change in surgical paradigm. Gynecol Oncol 2009;114:
26-31.

Wimberger P, Lehmann N, Kimmig R, Burges A, Meier W, Du Bois A. Prog-
nostic factors for complete debulking in advanced ovarian cancer and its
impact on survival. An exploratory analysis of a prospectively randomized
phase III study of the Arbeitsgemeinschaft Gynaekologische Onkologie
Ovarian Cancer Study Group (AGO-OVAR). Gynecol Oncol 2007;106:69—74.
Geisler JP, Miller GA, Lee TH, Harwood RM, Wiemann MC, Geisler HE. Rela-
tionship of preoperative serum CA-125 to survival in epithelial ovarian car-
cinoma. ] Reprod Med 1996;41:140—2.

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]

649

Riedinger JM, Eche N, Basuyau JP, Dalifard I, Hacene K, Pichon MF. Prognostic
value of serum CA 125 bi-exponential decrease during first line paclitaxel/
platinum chemotherapy: a French multicentric study. Gynecol Oncol
2008;109:194-8.

Crawford SM, Peace ]. Does the nadir CA125 concentration predict a long-term
outcome after chemotherapy for carcinoma of the ovary? Ann Oncol 2005;16:
47-50.

Sevelda P, Rosen A, Barrada M, Gober S, Vavra N, Salzer H. Does follow-up of
false-negative CA-125 serum values in tumor after-care of ovarian cancer
make sense? Gynakol Rundsch 1990;30(Suppl 1):210—1.

Pelissier A, Bonneau C, Chereau E, de La Motte Rouge T, Fourchotte V, Darai E,
et al. CA125 kinetic parameters predict optimal cytoreduction in patients with
advanced epithelial ovarian cancer treated with neoadjuvant chemotherapy.
Gynecol Oncol 2014;135:542—6.

Zeng J, Huang H, Shan Y, Li Y, Jin Y, Pan L. The effect of CA125 nadir level on
survival of advanced-stage epithelial ovarian carcinoma after interval
debulking surgery. ] Canc 2017;8:3410-5.

Makar AP, Kristensen GB, Kaern ], Bormer OP, Abeler VM, Trope CG. Prognostic
value of pre- and postoperative serum CA 125 levels in ovarian cancer: new
aspects and multivariate analysis. Obstet Gynecol 1992;79:1002—10.

Gupta D, Lis CG. Role of CA125 in predicting ovarian cancer survival - a review
of the epidemiological literature. ] Ovarian Res 2009;2:13.

Shannon NB, Tan GHC, Chia CS, Soo KC, Teo MCC. CA-125: an inaccurate
surveillance tool immediately after cytoreductive surgery and hyperthermic
intraoperative chemotherapy (CRS-HIPEC)? Int ] Hyperther 2017:1—4.
Redman CW, Jones SR, Luesley DM, Nicholl SE, Kelly K, Buxton EJ, et al.
Peritoneal trauma releases CA125? Br J Canc 1988;58:502—4.

Fleuren GJ, Nap M, Aalders ]G, Trimbos JB, de Bruijn HW. Explanation of the
limited correlation between tumor CA 125 content and serum CA 125 antigen
levels in patients with ovarian tumors. Cancer 1987;60:2437—42.

Talbot RW, Jacobsen DJ, Nagorney DM, Malkasian GD, Ritts Jr RE. Temporary
elevation of CA 125 after abdominal surgical treatment for benign disease and
cancer. Surg Gynecol Obstet 1989;168:407—12.


http://refhub.elsevier.com/S0748-7983(18)31453-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref7
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref8
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref9
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref10
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref11
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref12
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref13
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref14
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref14
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref14
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref14
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref14
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref14
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref15
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref16
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref17
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref18
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref19
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref20
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref21
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref22
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref22
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref23
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref24
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref25
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref26
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref26
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref26
http://refhub.elsevier.com/S0748-7983(18)31453-7/sref26

	Prognostic significance of CA-125 re-elevation after interval debulking surgery in patients with advanced-stage ovarian can ...
	Introduction
	Materials and methods
	Study population
	CA-125 measurements
	Endpoints
	Statistical analysis

	Results
	Discussion
	Declarations of interest
	Funding
	Appendix A. Supplementary data
	References


