Cancer Management and Research

Dove

ORIGINAL RESEARCH

Prognostic significance of preoperative serum
CEA in primary mucinous ovarian carcinoma: a
retrospective cohort study

Wei Lin
Dongyan Cao
Keng Shen

Department of Obstetrics and
Gynecology, Peking Union Medical
College Hospital, Chinese Academy
of Medical Sciences and Peking Union
Medical College, Beijing, People’s
Republic of China

Correspondence: Dongyan Cao
Department of Obstetrics and
Gynecology, Peking Union Medical
College Hospital, Chinese Academy
of Medical Sciences and Peking Union
Medical College, No | Shuaifuyuan,
Woangfujing, Dongcheng District, Beijing
100730, People’s Republic of China
Tel +86 106915 6114

Fax +86 10 6841 9898

Email caodongyan@pumch.cn

This article was published in the following Dove Press journal:
Cancer Management and Research

Purpose: The purpose of this study was to evaluate the prognostic significance of preopera-
tive serum carcinoembryonic antigen (CEA) in primary mucinous ovarian carcinoma (MOC).
Patients and methods: We reviewed 57 patients with primary MOC, in whom preoperative
serum CEA had been measured. All patients were treated at Peking Union Medical College
Hospital between June 1996 and September 2016.

Results: Preoperative serum CEA was elevated (>5.0 ng/mL) in 10 patients (17.5%), with
a median serum CEA of 9.6 ng/mL (5.4-111.7 ng/mL). CEA was significantly associated
with preoperative serum cancer antigen 125 (P=0.002), surgical debulking status (P=0.015),
and tumor stage (P=0.001). Univariate analysis showed that patients with elevated CEA had
significantly worse overall survival (OS) than patients with normal CEA (5-year OS: 50.8%
vs 91.9%, respectively; P=0.013), but there was no significant difference in progression-free
survival between the two groups (P=0.307). Multivariate analysis further demonstrated that
advanced stage was an independent prognostic predictor for OS (P=0.002, HR: 15.925, 95%
CI: 2.745-92.404).

Conclusion: Elevated preoperative serum CEA was strongly correlated with advanced stage
in primary MOC, which may indicate a poorer prognosis. Further investigation of the intrinsic
relationship between CEA and primary MOC is now required.

Keywords: epithelial ovarian cancer, mucinous carcinoma, tumor marker, carcinoembryonic

antigen, prognosis

Introduction

Mucinous ovarian carcinoma (MOC) is a relatively rare entity among the different
histological subtypes of epithelial ovarian cancer (EOC). Primary MOC accounts for
approximately 2%-3% of EOC cases.!? Although early-stage MOC presents with a
good prognosis, the survival of patients with advanced-stage MOC is worse than that
of other EOC subtypes, especially those afflicted by the serous subtype (5-year sur-
vival: 10.2%-25.7% vs 20.3%—33.6%, respectively).>> Therefore, the identification
of prognostic factors may facilitate the decision-making process for MOC patients
and thus improve their clinical outcomes.

Serum cancer antigen 125 (CA125) has been routinely used to monitor the response
of patients with EOC to chemotherapy, disease progression, and recurrence.®’ In MOC,
however, the association between preoperative serum CA125 and survival is weak.? In
fact, carcinoembryonic antigen (CEA) level is elevated more frequently than CA125
in patients with MOC,*!? rendering CEA a particularly promising candidate for prog-
nostic prediction. An increasing number of studies have suggested that pretreatment
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serum CEA level is an independent prognostic factor for
colorectal cancer, breast cancer, non-small cell lung cancer,
and gastric cancer.!'"'* However, due to the rarity of this dis-
ease, the prognostic significance of preoperative CEA level
in patients with MOC remains unknown. In this study, we
aimed to evaluate the prognostic value of preoperative CEA
elevation in patients with primary MOC.

Patients and methods

Study population

We reviewed data of all MOC patients treated at Peking Union
Medical College Hospital (PUMCH) between 1996 and 2016.
In our institute, review of digestive symptoms and fecal occult
blood tests were performed routinely in patients with pelvic
mass, to exclude the possibility of gastrointestinal tract ori-
gin. Gastrointestinal endoscopy was performed in suspected
cases. Postoperatively, immunohistochemistry staining tests
were further performed to distinguish cases of primary MOC
from metastatic MOC. According to the 2014 WHO Classifi-
cation of Tumors of Female Reproductive Organs,'s primary
MOC cases are often positive for cytokeratin 7 (CK7) and
cytokeratin 20 (CK20; ~75% of cases), while colorectal and
appendiceal tumors are usually negative for CK7 and posi-
tive for CK20. CK7 positivity and CK20 negativity favor the
diagnosis of primary MOC (~25% of cases), pancreatobiliary
cancer, and gastric cancer.!® In addition, the immunostaining
of paired box gene 8 (PAXS8) and caudal-related homeobox
transcription factor 2 (CDX2) can sometimes be useful. PAXS
is positive in ~50% of primary MOC cases but negative in
patients with colorectal, appendiceal, pancreatobiliary, and
gastric cancers.'> CDX2 expression in primary ovarian muci-
nous tumors (40%) is lower than that in metastatic carcinomas
of gastrointestinal tract origin (90%)."” In the present study,
we focused our attention on patients with primary MOC who
had preoperative serum CEA values recorded in their medical
records. Patients were excluded if they had metastatic MOC
or mixed EOC subtypes.

A range of data were acquired from medical records,
including age, preoperative serum CEA and CA125 values,
types of surgery, surgical debulking status, laterality of dis-
ease, tumor size, stage, lymph node metastasis status, and
adjuvant chemotherapy. All identifying patient data were
anonymized. Optimal surgical debulking was defined as when
the residual disease was <1 cm in size. Tumor size of ovarian
or fallopian tube lesions was measured intraoperatively by
gynecologists and recorded in the surgical note. Disease stage
was reassessed according to the 2014 International Federa-
tion of Gynecology and Obstetrics (FIGO) staging system.'?

Following initial surgery, platinum-based chemotherapy was
administered to patients in accordance with National Com-
prehensive Cancer Network guidelines.!*2?

All patients were followed-up every 3 months for the first
year after the completion of primary therapy, then every 6
months during the period between the second to the fifth year,
and annually thereafter. At each follow-up visit, we reviewed
symptoms, carried out a pelvic examination, measured serum
tumor markers, and performed an ultrasound/computed
tomography scan (if indicated). The last patient follow-up
appointment was in October 2018.

Serum CEA analysis

Venous blood samples (3 mL per patient) were obtained
within 2 weeks before the primary surgery for preoperative
CEA measurement. Serum CEA levels were evaluated using
an automatic electrochemistry luminescence immunoassay
system (Cobas E601; Hoffman-La Roche Ltd., Basel, Swit-
zerland). Normal CEA values should be <5.0 ng/mL.

Statistical analyses

All statistical analyses were performed using the IBM SPSS
Statistics for Mac OS Package, Version 24.0 (IBM Corpora-
tion, Armonk, NY, USA). Categorical variables were com-
pared by the Pearson chi-squared test or Fisher’s exact test.
The Kaplan—-Meier method was used to generate survival
curves, and the log-rank test was used for univariate survival
analysis. In order to identify independent prognostic factors,
we performed multivariate analysis using the Cox proportional
hazards model. Variables that were statistically significant in
the univariate analysis were then included in the multivariate
analysis. Progression-free survival (PFS) was calculated from
the date of diagnosis to the date of tumor recurrence, progres-
sion, or death. Overall survival (OS) was calculated from the
date of diagnosis to the date of the last follow-up or death. A
P-value <0.05 was considered to be statistically significant.

Ethics approval

The study was approved by the Ethics Committee of PUMCH,
and written informed consent for this retrospective study was
formally waived by the Ethics Committee. All procedures
performed in this study were in accordance with the Decla-
ration of Helsinki.

Results

Patient characteristics
A total of 57 consecutive primary MOC patients with avail-
able preoperative serum CEA values were included in our
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Table | Clinicopathological characteristics of 57 patients with

primary MOC
Characteristics Patients, n* %
Median age (range), years 30 (18-74)
Preoperative serum CEA (ng/mL)
<5.0 47 82.5
>5.0 10 17.5
Preoperative serum CAI125 (U/mL)
<35 30 53.6
>35 26 46.4
Css
TH+BSO-+omentectomy-+appendectomy 35 614
USO-+omentectomy-+appendectomy 22 38.6
Surgical debulking status
Optimal 53 93.0
Suboptimal 4 7.0
Laterality of disease
Unilateral 52 91.2
Bilateral 5 8.8
Tumor size, mean (range), cm 15 (2—40)
FIGO stage
1A 17 29.8
IC 25 439
Il 3 52
1] 12 21.1
Lymph node metastasis status
Yes 2 42
No 46 95.8
Adjuvant chemotherapy
Yes 44 772
No 13 228

Note: *Data on preoperative serum CA125 and lymph node metastasis status were
available for 56 and 48 patients, respectively.

Abbreviations: BSO, bilateral salpingo-oophorectomy; CAI25, cancer antigen
125; CEA, carcinoembryonic antigen; CSS, comprehensive staging surgery; FIGO,
International Federation of Gynecology and Obstetrics; MOC, mucinous ovarian
carcinoma; TH, total hysterectomy; USO, unilateral salpingo-oophorectomy.

study. Patient characteristics are given in Table 1. The median
age at the time of diagnosis was 30 years (range: 18-74
years). Preoperative serum CEA was elevated (>5.0 ng/mL)
in 10 (17.5%) patients. The median preoperative serum CEA
level in these patients was 9.6 ng/mL (range: 5.4-111.7 ng/
mL). A total of 26 (46.4%) patients had elevated preoperative
levels of serum CA125 (>35 U/mL).

All patients underwent comprehensive staging sur-
gery (CSS). A total of 35 (61.4%) patients received total
hysterectomy, bilateral salpingo-oophorectomy, omentec-
tomy, and appendectomy (including metastasectomy and
multiple biopsies as required). In all, 22 (38.6%) patients
underwent fertility-preserving CSS (including unilateral
salpingo-oophorectomy, omentectomy, and appendectomy).
Lymphadenectomy was performed in all cases, except for
nine (16.1%) patients with grossly normal lymph nodes.
Optimal surgical debulking was achieved in 53 (93.0%)

patients. In all, 52 (91.2%) patients had unilateral disease.
Five (8.8%) patients had bilateral tumors, raising suspicion
for metastatic MOC. The results of gastrointestinal evalua-
tion and immunohistochemical staining tests provided strong
evidence that these five patients were all afflicted by primary
MOC rather than metastatic MOC (Table 2). The mean tumor
size was 1518 cm (range: 2—40 cm). Forty-two, three, and
12 patients had stage I, II, and III diseases, respectively. All
stage III patients had peritoneal metastasis, including two
patients with retroperitoneal lymph node metastasis. All
stage IC—III patients, and five stage IA patients, received
adjuvant chemotherapy. The mean number of chemotherapy
cycles was 412 cycles.

During a median follow-up duration of 36 months
(range: 2—144 months), seven (12.3%) patients experienced
recurrence with a median PFS of 14 months (range: 5—43
months). Three patients were platinum resistant. The sites
of recurrence included the perihepatic area (5/7), contra-
lateral adnexal area (3/7), peritoneum (3/7), sigmoid (1/7),
and hepatic flexure of the colon (1/7). Four stage I patients
received repeat cytoreductive surgery and second-line
platinum-based chemotherapy after recurrence. One of
these patients died 3 months after recurrence because of
respiratory and circulatory failure, and the remaining three
patients were alive with no evidence of recurrence at the last
follow-up visit. One patient with stage IIB and another with
stage IIIC disease received only second-line chemotherapy
after recurrence, and died of MOC 4 and 5 months after
recurrence, respectively. One patient with stage IIC disease
was lost to follow-up after recurrence. Six (10.5%) patients
died with a median OS of 16 months (range: 3—45 months),
including three recurrent patients and three patients with
persistent disease. The 5-year PFS and OS rates for the entire
cohort were 82.3% and 85.5%, respectively.

Preoperative serum CEA values and

clinicopathological characteristics

The frequency of preoperative serum CEA elevation was
compared in terms of preoperative serum CA125 (<35
U/mL vs >35 U/mL), surgical debulking status (optimal
vs suboptimal), laterality of disease (unilateral vs bilat-
eral), tumor size (<10 cm vs 210 cm), and FIGO stage
(early vs advanced). The results are given in Table 3. In
brief, 34.6% (9/26) of patients with elevated levels of
preoperative serum CA125 showed elevated CEA levels,
as compared with 3.3% (1/30) of patients with normal
CA125 levels (P=0.002). In addition, 75.0% (3/4) of
patients with suboptimal debulking had elevated CEA
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Table 2 Results of gastrointestinal evaluation and immunohistochemistry tests in five patients with bilateral tumors

Patient FIGO Tumor Gl evaluation IHC tests
stage | size (cm) | symptoms Fecal OB | Gl CK7 | CK20 PAXS CDX2
tests endoscopy
| nc 4.0 Abdominal pain, - N + + (focal) - +
distension

2 nc 6.0 Abdominal distension - N ++ - / /

3 A 15.0 Abdominal distension - N + - + (diffuse) + (focal)
4 nc 20.0 - - / + - / /

5 nc 27.2 - - / + + + /

Notes: “+” indicates positive. “++” indicates strong positive. “~” indicates negative. “/” indicates not estimated.

Abbreviations: CDX2, caudal-related homeobox transcription factor 2; CK7, cytokeratin 7; CK20, cytokeratin 20; FIGO, International Federation of Gynecology and
Obstetrics; Gl, gastrointestinal; IHC, immunohistochemistry; N, no evidence of malignancy; OB, occult blood; PAX8, paired box gene 8.

Table 3 Preoperative serum CEA values and clinicopathological characteristics in primary MOC

Characteristics Preoperative serum CEA P-value©
<5.0 ng/mL (%) >5.0 ng/mL (%)

Preoperative serum CA125%(U/mL)
<35 29 (96.7) I 3.3) 0.002
>35 17 (65.4) 9 (34.6)

Surgical debulking status
Optimal 46 (86.8) 7(132) 0.015
Suboptimal | (25.0) 3(75.0)

Laterality of disease
Unilateral 44 (84.6) 8 (154) 0.208
Bilateral 3 (60.0) 2 (40.0)

Tumor size® (cm)
<10 5(83.3) I (16.7) 0.474
=10 33(91.7) 3(83)

FIGO stage
Early (I-11) 41 (9L.1) 4(8.9) 0.001
Advanced (l1I-1V) 6 (50.0) 6 (50.0)

Notes: *Data on preoperative serum CA125 were available for 56 patients. "Correlation between tumor size and frequency of CEA elevation was analyzed in only stage |
patients. Calculated by the Pearson chi-squared test or Fisher’s exact test. Bold figures indicate statistically significant, P<0.05.
Abbreviations: CAI25, cancer antigen 125; CEA, carcinoembryonic antigen; FIGO, International Federation of Gynecology and Obstetrics; MOC, mucinous ovarian

carcinoma.

levels, as compared with 13.2% (7/53) of patients with
optimal debulking (P=0.015). Furthermore, 50.0% (6/12)
of patients with advanced-stage disease had elevated
CEA levels, as compared with 8.9% (4/45) of early-stage
patients (P=0.001). There was no significant difference in
the frequency of CEA elevation when comparing between
patients with unilateral disease and those with bilateral
disease (8/52 vs 2/5, respectively; P=0.208). In stage |
patients, no significant difference was observed between
patients with a tumor size <10 cm and those with a tumor
size 210 cm (1/6 vs 3/36, respectively; P=0.474).

Preoperative serum CEA values and

survival
Among the seven patients with recurrence, two patients (stage
IC and stage I1IC, respectively) presented with elevated serum

CEA levels both before primary surgery and at the time of
recurrence. The remaining five patients (all with early stage
disease) showed persistently normal serum CEA levels during
the follow-up period.

In univariate analysis, we analyzed preoperative serum
CEA, preoperative serum CA125, fertility-preserving CSS,
surgical debulking status, laterality of disease, tumor size,
FIGO stage, and adjuvant chemotherapy (Table 4). No signifi-
cant association was observed between any of these parameters
and PFS. Elevated preoperative serum CEA (P=0.013), sub-
optimal debulking (P<0.001), and advanced stage (P<0.001)
were significantly associated with a worse OS. The 5-year OS
rate for patients with elevated CEA levels was 50.8%, while
that for patients with normal CEA levels was 91.9% (Figure 1).

In multivariate analysis of OS, a Cox proportional haz-
ards model (Table 5) was created which featured elevated
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Table 4 Univariate survival analysis of prognostic factors related to PFS and OS®

Prognostic factors PFS

os

XZ

P-value x2 P-value

Preoperative serum CEA (ng/mL)
<5.0 1.045
>5.0

Preoperative serum CA125 (U/mL)
<35 0.003
>35

Fertility-preserving CSS
Yes 0.435
No

Surgical debulking status
Optimal 0.223
Suboptimal

Laterality of disease
Unilateral 0.219
Bilateral

Tumor size® (cm)
<10 0.114
=10

FIGO stage
Early (1)

Advanced (IlI-IV)

Adjuvant chemotherapy
Yes 0.610
No

0.032

0.307 6.226 0.013

0.957 0217 0.641

0.510 0.271 0.603

0.637 18.178 <0.001

0.640 3.133 0.077

0.735 0.207 0.649

0.857 16.252 <0.001

0.435 2.287 0.130

Notes: *Calculated by the log-rank test. ®Univariate survival analysis of tumor size related to PFS and OS was performed in only stage | patients. Bold figures indicate

statistically significant, P<0.05.

Abbreviations: CAI25, cancer antigen 125; CEA, carcinoembryonic antigen; CSS, comprehensive staging surgery; FIGO, International Federation of Gynecology and

Obstetrics; OS, overall survival; PFS, progression-free survival.

oS
100

80 CEA<5.0 ng/mL

60

40 CEA>5.0 ng/mL

20

Cumulative survival (%)

P=0.013
0 24 48 72 96 120 144
Time (months)

Figure | OS curves of patients with primary ovarian mucinous carcinoma according
to preoperative serum CEA values (CEA<5.0 ng/mL vs CEA>5.0 ng/mL).
Abbreviations: CEA, carcinoembryonic antigen; OS, overall survival.

preoperative serum CEA, suboptimal debulking, and
advanced stage. In this model, advanced stage was the only
independent prognostic factor for OS (HR: 15.925, 95% CI:
2.745-92.404, P=0.002).

Discussion
Prior to the present study, the prognostic value of preoperative
serum CEA in patients with primary MOC remained unclear.

Our analyses showed that patients with elevated CEA levels
have significantly lower 5-year OS rates than patients with
normal CEA levels (50.8% vs 91.9%, respectively; P=0.013),
although the multivariate analysis showed that preoperative
serum CEA was not an independent prognostic predictor.
Instead, advanced stage was identified as an independent
predictor of the risk of primary MOC-related death (Figure 2).

Distinguishing between primary MOC and metastatic
MOC is challenging. Metastatic ovarian involvement from
other primary sites could be mistakenly reported as primary
MOC, especially from colorectal sites.?* In a previous study,
Seidman et al?* found that in bilateral tumors, 92%-95% of
cases are metastatic. This finding has been validated by sev-
eral other studies.?>?¢ In our present study, five (8.8%) patients
had bilateral tumors, raising suspicion for metastatic MOC.
In these patients, gastrointestinal evaluation and immunohis-
tochemistry tests were performed to exclude metastatic MOC
(Table 2). It is necessary to carefully differentiate primary
MOC from metastatic disease in order to provide optimal
treatment for patients.

CEA, first named by Dr Phil Gold and Dr. Samuel Freed-
man in 1965,” has long been recognized as a tumor marker,
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Table 5 Multivariate survival
proportional hazards model

analysis of OS by the Cox

Prognostic factors oS
HR 95% CI P-value
Elevated preoperative serum CEA | 2.653 | 0.430-16.379 | 0.294
Suboptimal debulking 3.371 | 0.457-24.860 | 0.233
Advanced stage 15.925 | 2.745-92.404 | 0.002
Notes: Bold figure indicates statistically significant, P<0.05.
Abbreviation: OS, overall survival.
oS
100
g 80 Early stage
©
2
g 60
7 Advanced stage
2 40
o
g
S 20
O P<0.001
0
0 24 48 72 96 120 144

Time (months)

Figure 2 OS curves of patients with primary ovarian mucinous carcinoma according
to the FIGO stage (early stage vs advanced stage).

Abbreviations: FIGO, International Federation of Gynecology and Obstetrics; OS,
overall survival.

especially for mucin-containing tumors.”® In MOC, the
reported frequencies of preoperative serum CEA elevation
are 41%—88%.%°3° Our current data suggest that only 17.5%
of patients present with elevated preoperative serum CEA,
which is much lower than that reported in previous studies.
This phenomenon could be attributed to the inherent selection
bias of retrospective studies. Primary MOC patients were
excluded from our present study if preoperative measure-
ment of CEA was not available. In fact, the proportion of
advanced-stage patients in the current cohort was relatively
lower than that in the excluded population (21.1% vs 27.9%,
respectively; P=0.427). As a result, the frequency of preop-
erative serum CEA elevation could have been underestimated
in this study.

Our results indicate that FIGO stage is an independent
prognostic factor of OS in patients with primary MOC,
which concurs with a previous study.>! In our study, the
proportion of patients with elevated CEA was significantly
correlated with FIGO stage (early stage vs advanced stage:
8.9% vs 50.0%, respectively; P=0.001). On the basis of
this, the impact of CEA on survival may be attributed to
the correlation between CEA elevation and advanced stage,

although elevated preoperative serum CEA (P=0.173) has no
significant effect on OS in the multivariate analysis (Table 5).

Suboptimal cytoreductive surgery is associated with poor
survival in patients with EOC.*? Our data showed that patients
with suboptimal debulking had a worse OS than patients
with optimal debulking (P<0.001). In addition, suboptimal
debulking was significantly correlated with CEA elevation
(P=0.015). This may be explained by the finding that CEA
elevation is strongly correlated with advanced-stage MOC
cases, in which implantation metastases are more common
and thus surgical debulking is more challenging.

Some studies report that elevated serum CEA correlates
well with lymph node metastasis of gastric cancer,' breast
cancer,* and squamous cell carcinoma of the uterine cervix.**
In the present study, lymph node metastasis was found in
4.2% (2/48) of patients. These two patients both had elevated
preoperative serum CEA values. One patient recurred with
an even higher serum CEA than the preoperative level (48.6
ng/mL vs 24.0 ng/mL). The other patient had persistently
elevated serum CEA and CA125 values, and was lost to
follow-up after completing first-line chemotherapy. However,
it is difficult to further investigate the association between
CEA elevation and lymph node metastasis owing to the
limited sample size of the current study.

There is no clear evidence that adjuvant chemotherapy is
beneficial in early-stage MOC.* Compared with the serous
subtype of EOC, advanced-stage MOC is associated with
a poorer response rate to platinum-based chemotherapy
and worse survival.*® Since the phenotypic appearance and
behavior of MOC exhibit some similarities to those of gas-
trointestinal cancers, gastrointestinal regimens are among
the postoperative options for patients with MOC.!'%?? In our
cohort, three patients received gastrointestinal regimens, such
as fluorouracil, oxaliplatin, capecitabine, and gemcitabine,
combined with platinum regimens as first-line chemotherapy.

Limitations

There are some limitations of our study that need to be
considered when interpreting our data. First, patients were
excluded if preoperative CEA values were not available. This
may have caused selection bias. In addition, we included
only 57 patients with primary MOC due to its rarity. In the
future, prospective multi-institute studies will be beneficial
to minimize the effect of potential confounding factors.

Conclusion

Elevation of preoperative serum CEA was strongly correlated
with advanced stage in patients with primary MOC and most
likely indicated a poor prognosis. Further investigation of
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the intrinsic relationship between CEA and primary MOC
is now required.
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