Bzl SPANDIDOS
7] ,§, PUBLICATIONS

MOLECULAR AND CLINICAL ONCOLOGY 24: 41, 2026

Differences in the clinical significance of CA125
for detecting progression among histological
subtypes of epithelial ovarian carcinoma
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Abstract. Serum cancer antigen 125 (CA125) is the
standard tool for surveillance of patients with epithelial
ovarian carcinoma (OC). However, its utility may vary by
histological subtype. The present study included patients
with epithelial OC who completed primary therapy (surgery
and chemotherapy) at the National Defense Medical College
Hospital (Tokorozawa, Japan) between January 2006 and
December 2022, achieved complete or partial response, and
had a post-treatment CA125 level of <35 U/ml. Recurrence
was defined using the Response Evaluation Criteria in Solid
Tumors criteria via computed tomography (CT) imaging.
Surveillance included quarterly CA125 testing for 5 years,
and semiannual CT in year 1 followed by annual CT. All
patients were classified into Group A, which included clear
cell carcinoma and mucinous carcinoma, or Group B, which
included high-grade serous carcinoma and other subtypes.
Among 243 patients, there were 85 in Group A and 158 in
Group B. First, the diagnostic performance of the standard
CA125 cutoff (=35 U/ml) for detecting recurrence was
evaluated. The sensitivity was 28.6% in Group A and 81.8%
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in Group B; and the specificity was 98.4% in Group A and
98.8% in Group B. Second, because the sensitivity in Group
A was very low, the CA125 ratio and a combined model
(defined as CA125 =35 U/ml or CA125 ratio =1.5) were
introduced. The CA125 ratio was defined as the maximum
CA125 value measured at CT surveillance divided by the
CA125 value measured just after the initial treatment for
patients with CA125 <35 U/ml. The sensitivity was 66.7%
in Group A and 93.5% in Group B; and the specificity was
84.1% in Group A and 86.4% in Group B. In conclusion,
the utility of CA125 for the detection of recurrence differs
substantially between histological subtypes, highlighting the
need for histological subtype-specific surveillance strategies
in epithelial OC.

Introduction

Ovarian carcinoma (OC) ranks as the eighth leading cause of
both cancer incidence and mortality among women globally (1).
For epithelial OC, the standard primary consists of a combi-
nation of maximal debulking surgery and platinum-based
chemotherapy (2). Both the European Society for Medical
Oncology (ESMO) and National Comprehensive Cancer
Network (NCCN) guidelines report that over 70% of patients
with International Federation of Gynecology and Obstetrics
(FIGO) stages ITI-IV disease experience recurrence within
3 years of initial treatment (3,4). Therefore, these guidelines
recommend efficient and accurate follow-up observations after
treatment (3,4).

The ESMO guidelines recommend cancer antigen 125
(CA125) level monitoring and physical examinations as
primary surveillance methods, with computed tomography
(CT) performed when CA125 levels rise or when clinical
symptoms indicative of relapse occur (3). In comparison, the
NCCN guidelines suggest physical examinations and CA125
assessments every 2-4 months for the first 2 years, every
3-6 months for the following 3 years, and annually for up to
5 years (4). Both guidelines recommend CT imaging when
CA125 levels increased or when new symptoms suggestive of
recurrence emerge. These standardized approaches underscore
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the clinical importance of CA125 monitoring for detecting OC
recurrence.

The tumor marker CA125, known as Mucinl6, is widely
used for monitoring initial presentation and recurrent disease.
While approximately 85% of patients with OC demonstrate
elevated CA125 levels at initial diagnosis (3), significant varia-
tion exists across histological subtypes (5). Notably, high-grade
serous carcinoma (HGSC) typically presents with markedly
elevated CA125 levels at initial diagnosis, whereas clear cell
carcinoma (CCC) often shows comparatively lower levels (5,6).
Consequently, although current ESMO and NCCN guidelines
recommend CA125 for OC surveillance, its predictive value
for recurrence detection potentially varies substantially among
histological subtypes.

This study examined the utility of CA125 for recurrence
detection across different histological subtypes of epithelial
OcC.

Patients and methods

Patient selection and data collection. This retrospective study
analyzed patients with OC treated at the National Defense
Medical College Hospital (Tokorozawa, Japan) between
January 2006 and December 2022. Inclusion criteria required
that patients underwent complete primary surgery and adjuvant
chemotherapy, achieved either complete or partial response
after initial treatment, and had CA125 levels <35 U/ml
following initial treatment. Recurrence was defined as disease
progression based on the Response Evaluation Criteria in Solid
Tumors version 1.1 criteria using CT imaging (7). Patients
diagnosed with recurrence through non-CT were excluded.

Surveillance protocol and recurrence definition. The follow-up
schedule consisted of CA125 tests every 3 months and CT
scans every 6 months for the 1st year after initial treatment
and, then annually. Additional CT imaging was performed
when any symptoms developed, when CA125 values reached
=35 U/ml without symptoms, or when CA125 values showed
a twofold increase from previous measurements. If CT
imaging performed due to CA125 elevation failed to confirm
recurrence, monthly CA125 testing was initiated followed by
additional CT imaging as clinically indicated. Histological
subtypes were divided into two groups: Group A comprised
CCC and mucinous carcinoma (MC), while Group B included
HGSC, endometrioid carcinoma (EC), mixed carcinoma, and
carcinosarcoma. Staging followed FIGO classification (8),
while pathological diagnosis adhered to 2020 World Health
Organization criteria (9). For recurrent cases requiring
repeated CT scans due to initial non-detection of recurrence
when CA125 values =35 U/ml, we calculated the CA125-CT
detection interval, defined as the time between the first instance
of CA125 values =35 U/ml without CT-detected recurrence
and the subsequent CT confirmation of recurrence.

Statistical methods. Categorical variables were compared
using the * test or Fisher's exact test, as appropriate. We evalu-
ated the sensitivity, specificity, positive predictive value (PPV),
and negative predictive value (NPV) of CA125 for detecting
recurrence, both overall and by histological groups with 95%
confidence intervals. P<0.05 was considered to indicate a

statistically significant difference, and analyses were conducted
using JMP software (version 17.0; SAS Institute Inc.).

Evaluation of the CAI25 ratio. Among patients with CA125
<35U/ml during surveillance, we analyzed the CA125 ratio,
defined as the maximum CA125 value at CT surveillance
divided by CA125 value at post initial treatment. The formula
was shown as follows.

The CA125 ratio=(The maximum CA125 value at time of
CT surveillance)/(The CA125 value at post initial treatment).

The optimal CA125 ratio cutoff was determined using
receiver operating characteristic (ROC) curve analysis for
recurrence detection in these patients. We calculated sensi-
tivity, specificity, PPV, and NPV using both CA125 =35 U/ml
or the CA125 ratio, wither separately or in combination.

Results

Patient characteristics. A total of 333 patients with epithelial
ovarian cancer received initial treatment at our institution.
Of these, 243 patients treated between January 2006 and
December 2022 were included in the analysis (Fig. 1). The
cohort comprised 98 patients with recurrence and 145 without
recurrence. As a supplemental analysis, we compared the
clinical backgrounds of these two groups. Patients with recur-
rence exhibited significantly higher rates of advanced FIGO
stages (P<0.01, % test), residual tumors (P<0.01, Fisher's exact
test), elevated CA125 levels (P<0.01, % test), and neoadjuvant
chemotherapy administration (P<0.01, Fisher's exact test).

Diagnostic performance of CAI25 alone in Group A and
Group B. The study population was stratified into Groups A
(n=85) and Group B (n=158) (Table I). Group A consisted
of 63 (74.1%) patients with CCC and 22 (25.9%) with MC,
while Group B comprised 94 (59.5%) with HGSC, 47 (29.7%)
with EC, 14 (8.9%) with mixed carcinoma, and 3 (1.9%) with
carcinosarcoma. Compared to Group B, Group A had signifi-
cantly more patients at early FIGO stages (P<0.01), with no
residual tumors (P<0.01), normal CA125 levels (P<0.01), and
no neoadjuvant chemotherapy (P<0.01). Among 24 patients
with recurrence, CT failed to detect recurrence when initially
raising CA125 values =35 U/ml required repeated testing. This
occurred in two Group A patients and 22 Group B patients
(P=0.09). The median CA125-CT detection interval was
3 months (range: 1-7) overall; 1 month (range: 1-1) in Group A
vs. 3 months (range: 1-7) in Group B. No significant differ-
ence was observed in median CA125-CT detection intervals
between groups A and B (P=0.12). Using CA125 =35 U/ml as
the sole criterion, sensitivity were 70.4% in all patients, 28.6%
in Group A, and 81.8% in Group B, and specificity were 98.6%
in all patients, 98.4% in Group A, and 98.8% in Group B
(Table II).

Evaluation of the CAI25 ratio for recurrence detection.
Among 162 patients with CA125 <35 U/ml, 78 patients were
in Group A, 94 patients were in Group B. ROC analysis of the
CA125 ratio yielded an AUC of 0.75 (Fig. 2). At a cutoff ratio
of 1.5, sensitivity were 58.6% in all patients, 53.3% in Group
A, and 64.3% in Group B, and specificity were 86.7% in all
patients, 85.7% in Group A, and 87.5% in Group B (Table III).
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Table I. Characteristics of each group.

Variable Group A* (n=85)  Group B® (n=158)  P-value

Age (%) 0.17
>61 years 29 (34.1) 68 (43.0)
<60 years 56 (65.9) 90 (57.0)

FIGO* stage (%) <0.01
I,1I 76 (89.4) 65 (41.1)
I, IV 9 (10.6) 93 (58.9)

Presence of residual tumor (%) <0.01
Yes 4.(4.7) 32 (20.3)
No 81 (95.3) 126 (79.7)

Neoadjuvant chemotherapy <0.01
Yes 1(1.2) 68 (43.0)
No 84 (98.8) 90 (57.0)

Recurrence (%) <0.01
Yes 21 (24.7) 77 (48.7)
No 64 (75.3) 81 (51.3)

Number of recurrent or non-recurrent patients with CA125 =35 U/ml (%)
Recurrence 6(85.7) 63 (98.4) 0.19
Non-recurrence 1(14.3) 1(1.6)

Number of recurrent or non-recurrent patients with CA125 <35 U/ml (%)
Recurrence 15 (19.2) 14 (14.9) 045
Non-recurrence 63 (80.8) 80 (75.1)

3Group A included clear cell carcinoma and mucinous carcinoma.®Group B included serous carcinoma, endometrioid carcinoma and mixed
carcinoma and carcinosarcoma. ‘FIGO, International Federation of Gynecology and Obstetrics. P-values were calculated using the ¥ test or
Fisher's exact test, as appropriate.

Patients with ovarian cancer who completed initial treatment? between January 2006 and December 2022
n =333

(Exclusion criteria)

Progressive disease after first-line therapy, n = 21
Stable disease after first-line therapy, n = 14
Chemotherapy only, n = 6

Died or best supportive care, n =9

Lost to follow up, n = 11

v

L ) CA125 more than upper limit of normal, n = 14
Eligible patients ) b
n =243 Diagnosed recurrence by other examinations®, n = 15
v v
Group A Group B
n =85 (35.0%) n = 158 (65.0%)

Figure 1. Flow chart of the patient selection process. This study includes patients with ovarian carcinoma treated at our institution between January 2006 and
December 2022. Inclusion criteria included patients who completed initial treatment, achieved either a complete or partial response following treatment, and
had CA125 levels below 35 U/ml following treatment. Patients diagnosed with recurrence using methods other than CT are excluded. *The initial treatment
consists of primary debulking surgery following adjuvant chemotherapy and neoadjuvant chemotherapy following interval debulking surgery and adjuvant
chemotherapy. *Other examinations included biopsy, magnetic resonance imaging, and positron emission tomography-CT. CA125, cancer antigen 125; CT,
computed tomography.

Optimization of recurrence detection using the combined CA125 ratio =1.5) demonstrated a sensitivity of 87.7% in
model. The combined approach (CA125 =35 U/ml or the all patients, 66.7% in Group A, and 93.5% in Group B, and
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Table II. Diagnostic performance of CA125 alone (=35 U/ml) for predicting recurrence.

Patients Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

All patients (n=243)
Group A* (n=85)
Group B® (n=158)

70.4 (60.3-79.1)
28.6 (11.3-52.2)
81.8 (71.3-89.8)

98.6 (95.2-99.8)
98.4 (91.7-99.9)
98.8 (93.5-100)

97.2 (90.3-99.7)
85.7 (42.1-99.6)
98.4 (91.6-100)

83.1 (76.8-88.3)
80.8 (70.3-88.8)
85.1 (76.5-91.6)

*Group A included clear cell carcinoma and mucinous carcinoma. °Group B included serous carcinoma, endometrioid carcinoma and mixed
carcinoma and carcinosarcoma. PPV, positive predictive value; NPV, negative predictive value; CI, confidence interval.

Table III. Diagnostic performance of the CA125 ratio (=1.5)" for predicting recurrence in patients with CA125 <35 U/ml.

Patients Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

All patients with CA125
<35 U/ml (n=162)
Group A® (n=78)

Group B¢ (n=94)

58.6 (38.9-76.5) 86.7 (80.0-91.8) 472 (30.4-64.5) 91.2 (85.1-95.4)

53.3(26.6-78.7)
64.3 (35.1-87.2)

85.7 (74.6-93.3)
87.5(78.2-93.8)

47.1 (23.0-72.2)
474 (24.4-71.1)

88.5 (77.8-95.3)
93.3 (85.1-97.8)

®CA125 ratio was defined as the ratio of the maximum CA125 value measured at the same time as CT and CA125 immediately after the initial
treatment for patients with CA125 <35 U/ml. ®Group A included clear cell carcinoma and mucinous carcinoma. ‘Group B included serous
carcinoma, endometrioid carcinoma and mixed carcinoma and carcinosarcoma. PPV, positive predictive value; NPV, negative predictive value;
CI, confidence interval.

Table IV. Diagnostic performance of the combined model (CA125 =35 U/ml or CA125 ratio* =1.5) for predicting recurrence.

Patients Sensitivity, % (95% CI) Specificity, % (95% CI) PPV, % (95% CI) NPV, % (95% CI)

All patients (n=243)
Group A® (n=85)
Group B¢ (n=158)

87.8 (79.6-93.5)
66.7 (43.0-85.4)
93.5 (85.5-97.9)

85.5 (78.7-90.8)
84.1(72.7-92.1)
86.4 (77.0-93.0)

80.4 (71.6-87.4)
58.3 (36.6-77.9)
86.7 (77.5-93.2)

91.2 (85.1-95.4)
88.3 (77.4-95.2)
93.3 (85.1-97.8)

*CA125 ratio was defined as the ratio of the maximum CA125 value measured at the same time as CT and CA125 immediately after the initial
treatment for patients with CA125 <35 U/ml. "Group A included clear cell carcinoma and mucinous carcinoma. ‘Group B included serous
carcinoma, endometrioid carcinoma and mixed carcinoma and carcinosarcoma. PPV, positive predictive value; NPV, negative predictive value;

CI, confidence interval.

a specificity of 85.5% in all patients, 84.1% in Group A, and
86.4% in Group B (Table IV).

Discussion

This study evaluated the clinical utility of CA125 in detecting
epithelial OC recurrence by histological subtype. While the
CA12S5 test was inadequate for CCC and MC, it demonstrated
higher utility for the group mainly comprising HGSC and EC.
Furthermore, combining the CA125 test with CA125 ratio
improved sensitivity for CCC and MC, though this approach
remained limited. However, this combined analysis was more
effective for the HGSC and EC groups.

Among OC, CCC and MC subtypes, CCC and MC
represented minor subtypes worldwide; however, CCC is
a relatively more prevalent in Asia, accounting for 30% of
cases (10,11). Therefore, HGSC is widely recognized as the
major histological subtype (2). Compared to HGSC, CCC

and MC exhibited greater chemoresistance, are diagnosed
at a younger age and earlier stage, and are associated with a
higher potential for complete resection (no residual tumor)
and a lower rate of Neoadjuvant chemotherapy (12-14). Since
our results align with previous studies, the study groups
included in our study reflect common clinical presentations.
Previous studies reported a median CA125-CT detection
interval of 3-5 months in HGSC (15). Consistent with this,
our study found a median interval of 3 months in both
groups, with no significant difference across histological
subtypes.

In our study, the CA125 test demonstrated low sensitivity
for detecting recurrence in patients with CCC and MC,
whereas HGSC it showed high sensitivity and specificity for
HGSC, consistent with ESMO and NCCN guidelines (3.,4).
This discrepancy arises because CA125 levels are potentially
reflect HGSC disease burden at recurrence or initial diag-
nosis (16), while CCC and MC typically exhibit lower CA125
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Figure 2. Receiver operating characteristic curve analysis of recurrence and
the CA125 ratio among patients with CA125 <35 U/ml. The area under the
curve of the combination was 0.75. The CA125 ratio was defined as the ratio
of the maximum CA125 value measured at the same time as CT and CA125
immediately after the initial treatment for patients with CA125 <35 U/ml.

responsiveness (5). Therefore, alternative methods may be
required to detect recurrence in patients with CCC and MC.

Detecting recurrence in patients with CA125 levels of
<35 U/ml remains challenging (17,18). Therefore, we evalu-
ated the CA125 ratio, the rate of CA125 increase. Although
the CA125 ratio was only moderately efficient for all patients,
the combined CA125 =35 U/ml or the CA125 ratio model had
a higher sensitivity, particularly for patients with the group
including HGSC as the major types. Therefore, this method
might be useful in reducing the number of CT scans required
for patients with HGSC and EC as the major types. However,
its utility was limited to patients with CCC and MC, high-
lighting that CT scans cannot be omitted during surveillance
in patients with CCC and MC.

The difference of the utility of CA125 between two
Groups in our study might be affected with the imbal-
ance of FIGO stage. In fact, most cases were discovered
at early-staged diseases in Group A, while most cases in
Group B were found at advanced-staged diseases. Generally,
several reports showed CCC and MC are diagnosed at an
early stage and HGSC is often found at an advanced stage
because of these biological characteristics itself (10-13).
Therefore, this distribution reflected the actual clinical
situation in daily practice. Because our study analyzed
the utility of CA125 on the perspective of histology, we
considered this imbalance as not confounding factor but
histological characteristics. Thus, our study emphasized
the specific follow-up strategies using CA125 for different
histological subtypes.

This study had several limitations. First, our findings
are based on a single-institution retrospective design with a
relatively small sample size. Second, we did not perform the
analysis with factors effected with CA125 such as tumor size or
sites of recurrence. Finally, this real-world, non-standardized
imaging protocol could influence the calculated sensitivity
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and specificity compared to a theoretical study where all
patients received imaging at fixed intervals regardless of
CA125. Further large-scale studies are needed to evaluate the
biological influence of histology and to optimize follow-up
protocols for these subtypes.

Our findings would be useful for the follow-up methods
at clinical setting. Because the sensitivity of the follow-up
methods by the CA125 value and the CA125 ratio of patients
with CCC and MC was not satisfactory, CT scan was often
performed in order to miss the recurrence. Hence, because
the sensitivity of this follow-up method for patients with
HGSC was sufficient, we could reduce the times of CT scan
to discover recurrence. Thus, our results might minimize
medical costs and medical radiation exposure.

In conclusion, our findings demonstrate that CA125 is
clinically useful for detecting recurrence in patients with
HGSC but shows limited utility in CCC and MC. These results
highlight the need for subtype-specific recurrence detection
strategies, particularly for CCC and MC, warranting further
investigation into surveillance methods.
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