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Objective
This study aimed to investigate the effect of incorporating tumor laterality into the International Federation of
Gynecology and Obstetrics (FIGO) staging system for advanced ovarian cancer.

Methods

The clinical data of 131 patients with advanced ovarian cancer treated between 2008 and 2018 were retrospectively
reviewed. To investigate the prognostic significance of tumor laterality, we divided the patients into unilateral and
bilateral groups. The prognostic significance of tumor laterality (bilateral vs. unilateral) was evaluated using univariate
and multivariate analyses. The effect of incorporating tumor laterality into the FIGO staging system to predict survival
outcomes was evaluated using the Kaplan-Meier method.

Results

Both overall survival (OS) and progression-free survival (PFS) were longer in the unilateral group than in the bilateral
group. Multivariate analysis demonstrated that tumor laterality was an independent predictor of OS (hazard ratio,
1.75; confidence interval, 1.05-2.92; P=0.032). In patients with stage Ill disease, the bilateral group had a shorter OS
than the unilateral group, but it was comparable to the OS in stage IV patients (P=0.354). The incorporation of tumor
laterality into the FIGO staging system improved the stratification of survival probabilities.

Conclusion

Tumor laterality can be an independent prognostic factor in patients with advanced ovarian cancer. The incorporation
of tumor laterality may improve the predictive performance of the FIGO staging system in patients with advanced
ovarian cancer.
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Introduction evaluated or compared with that reported in different trials.

The International Federation of Gynecology and Obstetrics
The most recent global statistics estimated that 295,414  (FIGO) staging system is a widely accepted staging method
women were newly diagnosed with epithelial ovarian cancer,
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for gynecological malignancies and estimates the survival
of ovarian cancer patients as follows: 89% for stage I, 71%
for stage I, 41% for stage lll, and 20% for stage IV [2]. Al-
though the FIGO staging system has been periodically revised
to more accurately reflect patient prognosis based on the lat-
est findings, its ability to estimate survival is far from optimal,
especially in patients with advanced-stage ovarian cancer.

The prognostic factors for patients with advanced-stage
ovarian cancer have been intensively investigated, and the
histological subtype, presence and extent of lymph node
metastasis, presence of ascites, completeness of surgical
resection, platinum-sensitive disease, and BRCA status are
well-known significant prognostic factors [3,4]. However, the
ability of these conventional risk factors to predict recurrence
and estimate survival is insufficient.

Previous studies have suggested that tumor laterality in
paired organs is predictive of patient survival, and patients
with left testicular cancer, right lung cancer, and right breast
cancer showed significantly better survival than those with
contralateral disease [5-11]. So far, three studies have in-
vestigated the prognostic significance of tumor laterality in
patients with ovarian cancer [11-13] but have produced con-
flicting results. At this point, in ovarian cancer, tumor laterali-
ty has only been included in the FIGO staging system in stage
| patients: stage IA, tumor limited to one ovary, and stage IB,
tumor involving both ovaries. In stage Il or greater disease,
tumor laterality is not included in the staging system.

In this study, we investigated the prognostic significance of
tumor laterality in patients with advanced-stage ovarian cancer.
We also investigated the effect of incorporating tumor later-
ality into the FIGO staging system for prognostic prediction.

Materials and methods

1. Patients

This retrospective study was approved by the institutional
review board of Nara Medical University (approval number:
2879). This study included patients who were clinically diag-
nosed with FIGO 2014 stage Ill or IV primary invasive ovarian
cancer between January 2008 and December 2018. Among
the 131 patients included in the current study, 52 underwent
comprehensive surgical staging. The remaining 79 patients
underwent comprehensive staging surgery or exploratory
surgery (laparotomy or laparoscopy) and were clinically
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staged according to the findings of preoperative computed
tomography. Patients with concurrent primary malignancies
of other organs or who were not followed up were excluded.

A comprehensive review of the medical records was per-
formed, and the following variables were obtained: age at
diagnosis, body mass index (BMI), pretreatment plasma can-
cer antigen 125 (CA125) level, imaging results (computed to-
mography of the chest and abdomen or magnetic resonance
imaging of the pelvis), surgical details, pathological findings,
adjuvant treatment information, date of disease progression
or death, and patient status at the recent follow-up. Ascites
formation was defined as the presence of ascitic fluid beyond
the small pelvic cavity, as assessed by computed tomography.

2. Treatments

At our institution, patients were assigned to a treatment
regimen after a multidisciplinary discussion among gynecolo-
gists, radiologists, and pathologists. Patients were primarily
treated with primary debulking surgery (PDS) followed by
adjuvant chemotherapy, neoadjuvant chemotherapy (NACT)
followed by interval debulking surgery (IDS), or chemothera-
py alone. Prior to chemotherapy, the patients were histologi-
cally diagnosed through exploratory laparotomy. Recurrence
was treated according to the Japan Society of Gynecologic
Oncology guidelines [14]. Since January 2014, some patients
have been treated with chemotherapy, including bevacizum-
ab. None of the patients were treated with a polyadenosine
diphosphate-ribose polymerase (PARP) inhibitor.

3. Statistical analysis

Statistical analyses were conducted using the SPSS software
(version 22.0, IBM corp., Armonk, NY, USA). Clinicopatho-
logical characteristics were compared using the y’-test,
Fisher's exact test, and Mann-Whitney U-test, as appropriate.
Progression-free survival (PFS) was defined as the duration
from the first day of treatment to the detection of tumor
progression or death from any cause. Overall survival (OS)
was defined as the time from the first day of treatment to
the date of death from any cause. Survival data were plot-
ted as Kaplan-Meier curves, and significant differences were
determined using the log-rank test. P-values were two-sided,
and a P-value <0.05 indicated statistical significance. Univari-
ate analyses were performed by comparing the Kaplan-Meier
curves. Cox proportional hazard regression analysis was per-
formed to identify the independent predictors of survival.
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Results

1. Patients
A total of 131 patients were included in the study. The
median follow-up period was 34.6 months for all patients.
The clinicopathological characteristics of the patients are
summarized in Table 1. PDS was performed in 63 patients
(48.1%). NACT followed by IDS treatment was performed
in 63 patients (48.1%). Five patients were treated with che-
motherapy alone. The primary chemotherapy regimen was
a paclitaxel-carboplatin combination, and 19 patients re-
ceived chemotherapy with bevacizumab. The most prevalent
histological type was high-grade serous carcinoma (HGSC)
(70/131, 42.7%), followed by endometrioid carcinoma
(217131, 12.8%). Seventy-three patients had unilateral ovar-
ian cancer (unilateral group), and 58 patients had bilateral
ovarian cancer (bilateral group).

The relationships between tumor laterality and clinical

characteristics are summarized in Table 1. There were no dif-
ferences in age, BMI, FIGO stage, CA125 level, and ascites
formation between the two groups. However, the number of
patients with serous ovarian cancer and those with residual
tumors after PDS was significantly higher in the bilateral
group than in the unilateral group.

2. Prognostic significance of tumor laterality

1) Right versus left

In the unilateral group, 40 patients had right-sided ovarian
cancer, and 33 patients had left-sided ovarian cancer. The
clinicopathological characteristics of patients with right-sided
versus left-sided ovarian cancer according to the site of origin
are listed in Supplementary Table 1. There were no differences
in patient characteristics, except for the tumor diameter. There
was no significant difference in OS and PFS according to tumor
laterality (OS, P=0.218; PFS, P=0.604) (Supplementary Fig. 1).

Table 1. Clinicopathological characteristics of the patients included in the current study

Unilateral group (n=73) Bilateral group (n=58) P-value
Age (yr) 61.0 (38-90) 60.0 (16-77) 0.323
BMI (kg/mz) 22.2 (16.3-35.2) 21.9(13.3-31.6) 0.993
FIGO stage 0.216
1] 50 (68.5) 35(60.3)
\Y 23(31.5) 23(39.7)
Histologic subtype <0.001
Non-serous 44 (60.3 17 (29.3)
Serous 29(39.7) 41 (70.7
Primary treatment <0.001
PDS+chemothrapy 45 (61.6) 18 (31.0)
NACT+IDS 28 (38.4) 35(60.4)
Chemotherapy alone 0 5(8.6)
CA125 437 (22-18,338) 582 (11-17,925) 0.270
Ascites formation 0.268
No 21(28.8) 13(22.4)
Yes 52(71.2) 45 (77.6)
Residual tumor <0.001
No 21(28.8) 2(3.4)
Yes 52(71.2) 56 (96.6)
Tumor diameter (mm) 100 (34-335) 77 (20-166) 0.014

Values are presented as median (range) or number (%).

BMI, body mass index; FIGO, the international Federation of Gynecology and Obstetrics; PDS, primary debulking surgery; NACT, neoadjuvant
chemotherapy; IDS, interval debulking surgery; CA125, cancer antigen 125.
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2) Unilateral versus bilateral
To investigate the prognostic significance of tumor laterality,
we divided the patients into unilateral and bilateral groups.

The survival outcomes of the unilateral and bilateral groups
are presented in Fig. 1. Both OS and PFS were longer in the
unilateral group than in the bilateral group (OS, P=0.004;
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Fig. 1. Survival of patients with advanced ovarian cancer (stage Ill-1V) according to tumor laterality (unilateral vs. bilateral). Kaplan-Meier
estimates of (A) progression-free survival (PFS) and (B) overall survival (OS). PFS and OS were significantly longer in the unilateral group

than in the bilateral group.

Table 2. Univariate and multivariate analysis of prognostic factors in stage Ill-IV ovarian cancer

Univariate analysis

Multivariate analysis

Patients
Hazard ratio  95% CI P-value Hazard ratio  95% CI P-value
Age (yr) <55 39 Ref
>55 92 0.454 0.745-1.932 0.355
BMI (kg/m?) <185 25 Ref
>18.5 106 1.648 0.910-2.985 0.096
Laterality Unilateral 73 Ref Ref
Bilateral 58 1.601 1.026-2.498 0.037 1.75 1.049-2.921 0.032
FIGO stage Il 85 Ref Ref
\Y, 46 1.935 1.237-3.026 0.003 1.834 1.112-30.24 0.017
Histologic subtype Non-serous 61 Ref
Serous 70 1.045 0.674-1.619 0.845
CA125 <274 43 Ref
>274 83 1.259 0.741-2.173 0.367
Ascites formation No 34 Ref
Yes 97 1.49 0.799-2.782 0.207
Residual tumor No 23 Ref Ref
Yes 108 2.543 1.159-5.580 0.016 1.82 0.798-4.152 0.155
Tumor diameter (mm) >50.5 22 Ref
>50.5 109 1.845 0.797-4.271 0.383

Cl, confidence interval; BMI;
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PFS, P=0.037).

The results of the univariate and multivariate Cox regres-
sion analyses for OS are shown in Table 2. The appropriate
cutoff values for age, BMI, serum CA125 level, and tumor
diameter were calculated from the receiver operating char-
acteristic curve analysis (Supplementary Fig. 2). Univariate
analysis revealed that bilateral tumors, FIGO stage IV, and
residual tumors were associated with a shorter OS (P<0.05).

These results were further demonstrated by multivariate
analysis showing tumor laterality as an independent predic-
tor of OS (hazard ratio [HR], 1.75; 95% confidence interval

[CI], 1.05 t0 2.92; P=0.032).

To exclude the possibility that insufficient surgical debulk-
ing was the sole reason for poor prognosis in the bilateral
group, we further evaluated the prognostic significance of
tumor laterality in stage Ill patients with residual tumor af-
ter PDS. There were 66 patients with residual tumors after
primary surgery, with 33 patients each in the unilateral and
bilateral groups. The OS was longer in the unilateral group
than in the bilateral group (P=0.014) (Supplementary Fig. 3).
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Fig. 2. Clinical implications of tumor laterality in patients with ovarian cancer according to the disease stage. (A) Incorporation of tumor
laterality into the International Federation of Gynecology and Obstetrics (FIGO) staging system. Survival curves according to the stage
grouping in the two systems. Figure (A, B) reflect the difference in distribution of stage Il patients; the revised FIGO staging system wid-
ens the distance between the curves, thus better stratifying the survival probabilities. (C) Kaplan-Meier estimates of overall survival (OS)
according to tumor laterality. The OS of the stage Il bilateral group was significantly shorter than that of the stage Il unilateral group
(P=0.004) and comparable to that of stage IV ovarian cancer patients (P=0.354).
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3. Incorporation of tumor laterality into the FIGO
staging system

According to the FIGO staging system, 85 (64.9%) patients

had stage lll disease and 46 (35.1%) had stage IV disease. As

predicted, patients with stage IV disease exhibited a signifi-

cantly shorter OS (P=0.001) (Fig. 2A).

We investigated whether the incorporation of tumor later-
ality into the FIGO staging system could improve prognostic
predictions in patients with FIGO stage Ill and IV ovarian
cancer. Among the stage Il ovarian cancers, the OS of the
unilateral group was longer than that of the bilateral group
(P=0.004). The OS of the bilateral group with stage Il dis-
ease was comparable to that of stage IV disease (P=0.354)
(Fig. 2C). We then created a new FIGO staging system by
incorporating tumor laterality. In the revised FIGO staging
system, patients who had been diagnosed with stage Il bilat-
eral ovarian cancer in the original FIGO staging system were
classified as stage IV. According to the revised FIGO staging
system, 35 patients had bilateral ovarian cancer, 50 (38.2%)
had stage Il disease and 81 (61.8%) had stage IV disease.
The OS of the patients is shown in (Fig. 2B). Survival curves
according to the stage grouping in the two systems reflect
the difference in distribution of stage Ill patients, and the
revised FIGO staging system widens the distance between
the curves, thus better stratifying the survival probabilities.
The results of the univariate and multivariate Cox regression
analyses for OS are shown in Supplementary Table 2. It was
demonstrated that revised FIGO staging (stage Il vs. stage IV)
was an independent predictor of OS, and the HR was higher
in the revised FIGO stage than in the original FIGO staging
(HR: 2.119 vs. 1.834).

Discussion

In the current study, we showed that tumor laterality (bilateral
vs. unilateral) was an independent predictor of recurrence
and survival in patients with stage lll-IV ovarian cancer. We
also demonstrated that the incorporation of tumor lateral-
ity improved the predictive performance of the FIGO staging
system in these patients.

The prognostic significance of tumor laterality has been in-
vestigated in various solid malignancies. In colorectal cancers,
it has been reported that right-sided tumors have poorer sur-
vival than left-sided tumors [5-7]. Similarly, in breast cancer,
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several reports have suggested that left-sided breast cancers
have poorer survival than right-sided tumors [8-10]. In ovar-
ian cancer, two studies reported that patients with left-sided
ovarian cancer had a more favorable prognosis than those
with right-sided ovarian cancer, presumably because of flow
pattern dynamics in the peritoneal cavity or differential flow
patterns of the right and left ovarian veins [11,12]. In addi-
tion, one study reported that patients with bilateral ovarian
cancer showed shorter survival than those with unilateral
ovarian cancer [13]. However, these studies were reported
more than a decade ago, and there have been no reports
on the relationship between tumor laterality and prognosis
under the current treatment. In the current study, as shown
in Supplementary Fig. 1, patients with right-sided ovarian
cancer showed slightly better survival than those with left-
sided tumors. However, this difference was not statisti cally
significant (P=0.211). The prognostic significance of tumor
laterality requires further investigation.

The results from our study are consistent with those of a
previous study showing that patients with unilateral ovarian
cancer showed better survival than those with bilateral ovar-
ian cancer [13]. The precise reasons for this finding remain
unknown; however, we hypothesized several. First, ovarian
cancer involving bilateral ovaries may exhibit increased inva-
siveness to the surrounding gastrointestinal or genitourinary
organs than that involving a unilateral ovary, leading to the
formation of unresectable disseminations and a decreased
complete surgery rate during PDS. Multiple randomized con-
trolled clinical trials and observational studies have confirmed
a survival benefit associated with complete cytoreduction at
the time of PDS. Resection of gross disease improved both
PFS and OS [15-18]. In our study, the number of patients with
residual tumors was higher in the bilateral group. To exclude
the possibility that insufficient surgical debulking was the sole
reason for the poor prognosis in the bilateral group, we fur-
ther evaluated the prognostic significance of tumor laterality
in patients with residual tumors only (Supplementary Fig. 3).
Even in cases of residual tumors, patients with bilateral ovar-
ian cancer had a poorer prognosis than those with unilateral
ovarian cancer. This result suggests that there should be rea-
sons other than insufficient surgical debulking for the poor
prognosis in the bilateral group. Second, considering the fact
that bilateral ovarian cancer develops through synchronous
tumorigenesis or metastasis from one side to the other, ovar-
ian cancer involving bilateral ovaries may have more subclini-
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cal metastases to the lymph nodes or visceral organs than
those involving a unilateral ovary. In colorectal or breast can-
cer, several investigations have suggested that the survival dif-
ferences can be attributed to the differences in the molecular
and clinical characteristics of right-sided and left-sided tumors
[5-10]. In the current study, we did not perform such mecha-
nistic investigations. Thus, the differences in characteristics of
bilateral or unilateral ovarian cancer need to be further inves-
tigated clinically and preclinically in future studies.

The results of this study have important clinical implica-
tions. Although tumor laterality cannot be precisely deter-
mined with imaging studies alone, by evaluating preopera-
tive imaging studies, it may be possible to identify advanced-
stage ovarian cancer patients who are at high risk of
developing recurrence or exhibiting shorter survival.

Moreover, the incorporation of tumor laterality into the
FIGO staging system of advanced ovarian cancer would allow
additional risk stratification, which may enable physicians to
provide more aggressive cytoreductive surgery, more aggres-
sive adjuvant treatment, or an intensive post-treatment fol-
low-up program for advanced ovarian cancer patients with
bilateral ovarian cancer. In our study, two patients in whom
complete resection could be achieved showed a favorable
prognosis compared to patients in whom complete resection
could not be achieved (5-year OS: 100% vs. 42.0%) (data
not shown). Thus, at this point, maximum effort to achieve
complete resection should be made for patients with bilat-
eral ovarian cancer.

The limitations of our study need to be addressed. First, our
study was conducted at a single institution, and the number
of study cases was small. In a previous study investigating the
significance of tumor laterality in stage Ill-IV ovarian cancer
patients, the number of patients in the bilateral group was
greater than that observed in the unilateral group (22 vs.
68), which is different from the current study (Table 1). Thus,
the significance of tumor laterality in patients with advanced
ovarian cancer must be further evaluated in a larger study.
Second, the number of patients who underwent complete
surgery was larger in the unilateral group than in the bilateral
group in our study, but the number of complete surgeries
for bilateral ovarian cancer patients may increase in another
institution in which PDS is performed more actively. Third,
due to its retrospective nature, potential confounding biases,
such as selection bias introduced during the surgical stag-
ing or the selection of adjuvant treatments, may have been
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missed during the analysis. Fourth, as this study was con-
ducted over a long period, changes in the choice of adjuvant
treatments, the mode of pretreatment workup, and/or diag-
nostic procedures, or improvements in surgical procedures
may have affected the survival of patients. To eliminate these
potential biases, prospective multi-institutional investigations
are required.

In conclusion, we found that tumor laterality was an inde-
pendent predictor of recurrence and survival in patients with
advanced ovarian cancer. The incorporation of tumor later-
ality may improve the predictive performance of the FIGO
staging system in patients with advanced ovarian cancer.
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