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of the literature
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Abstract

Background: Current methods for follow-up of Ovarian Cancer (OC) are widespread, especially with CA125, which,
however, is not a perfect biomarker and thus further investigation for new methods of evaluation are warranted.
The feasibility of Circulating Tumor Cells (CTCs) in advanced OC was investigated in this case report.

Case presentation: A 19-year-old woman with advanced low-grade serous papillary adenocarcinoma and relapsed
disease did not have a CA125 correspondent with disease relapse. CTCs were evaluated, compared with CA125 and
with image exams. Relapses were not correspondent to elevations of CA125. CTCs demonstrated usefulness, being
proportional to major disease relapse, especially in the peritoneum. CTCs may be used as a complementary diagnosis tool
when marginal/small increases in CA-125 levels are observed.

Conclusions: In OC, CTCs can be an important tool to predict recurrence, response to treatment and improve the quality
of decision-making, in order to offer the best treatment to a determined group of patients.

Keywords: Ovarian cancer, CA125, Circulating tumor cells, ISET, Low-grade ovarian adenocarcinoma, Follow-up,
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Background
Epithelial ovarian cancer is the most lethal cancer of the
female genital tract and has a significant incidence in
both developed and undeveloped countries. It is pre-
dominant in perimenopausal and postmenopausal period
with up to 90% of the cases occurring after the age of
40 years [1]. Before this age, tumors of stromal and ger-
minative lineage account for the majority of cases, and
the clinical behavior is considerably different [2].
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The clear majority of data regarding epithelial ovarian
cancer therapy arise from trials comprising populations
of women who lived past the fifth decade, and mainly
with high-grade adenocarcinomas. Low-grade tumors
are characterized by a different clinical presentation and
behavior: younger patients, relative chemoresistance and
prolonged overall survival [3, 4]. Moreover, low-grade
tumors are more difficult to follow-up, since CA-125
levels are normally not as high as in high-grade tumors,
demanding alternative approaches to identify recurrence
and relapse [5–7].
In this report, we present a case of a 19-year-old pa-

tient who was diagnosed with a low-grade adenocarcin-
oma of the ovary and treated according to standard
protocols. The patient was evaluated for CTCs after a
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first recurrence and followed up with periodic dosages
upon clinical decision.

Case presentation
Clinical evaluation
A Caucasian woman, initially 19 years-old, had a story of
persistent abdominal cramps. Late in 2012 an abdomino-
pelvic ultrasound showed a heterogeneous nodular expan-
sive mass occupying the vesicouterin space, with 5,0 ×
3,2 cm in the largest dimension. In December 2012, an
abdominopelvic magnetic resonance (MRI) demonstrated
similar findings, and additionally peritoneal implants with-
out lymph node enlargement. No primary tumor was sug-
gested after the MRI. The primary diagnostic hypothesis
was an immature teratoma of the ovary.

Initial treatment
The patient underwent biochemical investigation, clinical
and radiological staging. The biomarkers were characteris-
tic of an epithelial tumor as it follows: CA-125 278.8 UI/
mL (Reference Value – RV < 35 UI/mL), Carcinoembrio-
genic Antigen (CEA) < 0.5 ng/mL (RV < 5 ng/mL), CA19-
9 13.7 UI/mL (RV < 39 UI/mL), hCG (human chorionic
gonadotrofin) < 0.5 nUI/mL (RV < 2 nUI/mL), alpha feto-
protein (AFP) < 0.6 ng/mL (RV < 13.7 ng/ML).
In January 2013, an exploratory laparotomy was per-

formed, with biopsies of right ovary, sigmoid implant,
omentum and left uterine tube. Every biopsy demonstrated
a low-grade serous papillary adenocarcinoma of the ovary
and peritoneal cytology was positive for malignant cells. In
February 2013, a complete cytorreduction was performed
with pelvic and retroperitoneal lymphadenectomy. The his-
topathologic analysis of the right ovary reported a low-
grade serous papillary cystadenocarcinoma, with invasion
of right uterine tube, uterine corpus, adjacent colon, cecal
appendix, omentum, and multiple peritoneal areas. Six of
67 lymph nodes were positive for malignancy. There were
areas containing cells with high-grade nuclear index and
low mitotic activity, which suggests the presence of scat-
tered high-grade neoplastic areas.
She was admitted to the Medical Oncology Department

in March 2013. The therapeutic plan consisted of 6 cycles
of adjuvant Carboplatin with a predicted area under the
curve (AUC) of 5 with paclitaxel 175 mg/m2 every 21 days.
The patient was offered for the dosage of circulating
tumor cells (CTC) with complete acceptance. Chemother-
apy cycles were completed in August 2013, without any
delays or grade 3 or 4 toxicities. Follow-up was started in
September 2013. No previously identified pathogenic mu-
tations in BRCA1 and BRCA2 genes were found.

Disease recurrence
Planned follow-up was provided with imaging studies
every three months, combined with laboratory tests and
CA125 dosage. CTC dosage was paralleled to ambula-
tory visits and not deemed as part of the follow-up
protocol. The images did not show progressive disease
(PD) until April/2014, when the CA125 modestly rose
(14.3 UI/mL in December 2013 to 34.2 UI/mL in April/
2014 and continued to rise until July/2014, with 47.2 UI/
mL peak). An abdominopelvic CT was performed, show-
ing disease recurrence.
In August/2014 an optimal secondary cytorreduction

was performed. The pathological report showed recurrence
of the disease: low grade serous papillary cystadenocarci-
noma of the ovary with infiltration of vesical peritoneum,
sigmoid colon, obturatory fossa, spleen, stomach, duode-
num, liver, gallbladder, and diaphragm, including other
peritoneal areas.
After the secondary cytorreduction, a new course of

chemotherapy was initiated with Carboplatin AUC 4 day
1 + Gemcitabine 1000 mg/m2 days 1 and 8 + Bevacizu-
mab 15 mg/kg [8] in September/2014. She underwent a
difficult course of chemotherapy for 6 cycles, requiring
granulocyte colony stimulating factor (G-CSF) support.
Maintenance bevacizumab was offered until January/
2016, when PD was identified in a nodule in abdominal
wall. Third line chemotherapy was initiated with Carbo-
platin AUC 5 day 1 + Pegylated Liposomal Doxorubicin
30 mg/m2 every 28 days.

Methods
This patient was evaluated according to best practice
protocols for Ovarian Cancer. Every treatment was con-
ducted at A.C.Camargo Cancer Center, following every
rule for patient safety.

Isolation, counting and characterization of circulating
tumor cells
Blood samples were collected from patient after she had
signed the informed consent to study with circulating
tumor cells in solid tumors, which has been approved by
the Local Research Ethics Committee of A.C. Camargo
Cancer Hospital, São Paulo, Brazil (protocol number:
1367–10).
Blood (8 mL) was collected in EDTA tubes, stored at

room temperature under homogeneization for up to 4 h,
and treated by ISET (Isolation by Size of Tumor cells
(ISET) (Rarecells Diagnostics, Paris, France) according to
manufacture procedure. This methodology uses polycar-
bonate membrane with 8-μm-diameter cylindrical pores
to isolate intact CTCs from blood through direct filtration,
based on the concept that of the larger size of tumor cells
as compared with leukocytes.
Rapidly, 8 ml blood was diluted on ISET buffer, trans-

ferred to the ISET block and filtered. Cells that have more
than 8 μm were maintained by negative pressure in the
membrane, that was stored at - 20 °C until time of analysis.



Corassa et al. Applied Cancer Research  (2017) 37:12 Page 3 of 6
Cells were considered as CTCs if they have presence of
hypercromatic nucleus, irregular shape, high cytoplasm
nucleus ratio (>0.8), stain negatively for CD45 and have
nuclear size ≥12 μm (Krebs et al., 2012). For cell counting,
ISET membrane spots were cut out and used for single im-
munocytochemistry (DAB+/DakoTM) for exclusion of leu-
cocytes (CD45; 1:100; clone 2B11+ PD7/26, DakoTM),
according to the manufacturer’s instructions. Eight spots
on the ISET filter were used for counting, corresponding
to 8 mL of blood [9, 10].

Circulating tumor cells analysis
The chronologic relationship between dosages of CA125
and CTCs is shown in Fig. 1. At the first evaluation, before
receiving any surgical or chemotherapeutic treatment CTC
dosage was 7.5 CTCs/mL. In that opportunity, the CA125
was 26.8 UI/mL. After this first dosage, the patient under-
went the first treatment course (Carboplatin AUC 5 + Pac-
litaxel 175 mg/m2). Her following evaluations did not show
any prediction of progression for CA125 until ascension in
CTC dosage (see Fig. 1) with a peak of 3.6 CTCs/mL in
April/2014, and an only modest ascension in CA125 (33.9
UI/mL). In July 2014, CTCs and CA125 were still rising
(5.3 CTCs/mL and 45.0 UI/mL respectively), with demon-
stration of PD of images in August 2014. After the end of
Fig. 1 Graphic representation of levels of CA125 and CTC during follow-up pe
debulking followed by chemotherapy) and in January/2016 (chemotherapy). St
the impression of a more precise evaluation by CTC. It is of notice that CA125
This patient peaked CA125 in 45,0 UI/mL, in July/2014. Considering the extent
higher than 3 or 4 times the upper normal limit. CTCs, on the other hand, do n
the proposed second line chemotherapy and during bevaci-
zumab maintenance CTCs levels were stable.
Follow-up was continued during bevacizumab main-

tenance, with a novel and slow rise until PD. In March/
2016 there was an increase on CA125 without an in-
crease in CTC. Later, on May/2016, CTC levels rised,
with a stable level of CA125. This finding is considered
as related to the low burden of disease on the abdominal
wall and probable stability of peritoneal disease, thus,
CTCs may not be of analytic value for superficial pro-
gressive disease, such as in this case, when progressive
disease was detected only in the abdominal wall.
To evaluate the direct correlation between CTC and

CA125 levels, a paired samples T-test was performed con-
sidering the value for every data-point using IBM SPSS
Statistics 20.0 for Macintosh. This test showed a 0.868 sig-
nificance when comparing the 12 paired dosages for both
variables. The results of this test confirmed the impossibil-
ity to draw a definitive conclusion between CTC and
CA125 and the possible correlation among both, consider-
ing a statistically significant p value of < 0.05.

Discussion
Evaluation and measurement of burden of disease in
ovarian cancer has always been a challenge. Due to its
riod. Patient experienced disease progression in August/2014 (surgical
rong correlation was not demonstrated between CA125 and CTC, with
is reliable for prediction of recurrence when elevated levels are detected.
of disease detected in the surgical procedures, it should be expected levels
ot rely on the robustness of increases to indicate a possible recurrence
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characteristics, it is difficult to identify response or re-
currence in imaging studies. Historically, CA125 is the
most important biomarker for follow-up in ovarian can-
cer [11–13]. It has a direct relationship with burden of
disease, and has been used to evaluate treatment re-
sponse and recurrence.
A high baseline level of CA125 is often associated with

worst outcomes for primary treatment [14], even in pa-
tients with cancer of low malignant potential [15]. Simi-
larly, a high level of CA125 often demonstrates a massive
recurrence. Additionally, CA125 decrements are useful for
determining effectiveness of therapy in the neoadjuvant
setting and can predict optimal cytorreduction and better
outcome [16].
Much is being done at improvement in the quality of

CA125 as a biomarker. Nevertheless, concrete data is
lacking to allow the physician to rely only on its levels to
make definite decisions, since it is not able to predict re-
sponse or recurrence in some patients [17]. For instance,
in some ovarian cancer histological types, such as clear
cell carcinoma and low-grade adenocarcinoma, fre-
quently the CA-125 levels do not correlate with extent
of disease. The levels of CA125 sufficient to warrant the
suspicion for recurrence are normally robust, over 3 or 4
times the upper reference limit of the test. The ideal cut-
off, however, is not defined, opening a role for CTC kin-
etics analysis.
CA-125 is also often expressed in patients without can-

cer, and can be detected in recurrences when disease is
measurable. The levels of CA125 are higher with increas-
ing age, use of hormone therapy, former smoking and his-
tory of breast cancer, but can be lower after hysterectomy,
in current smokers, obese and non-white women [18, 19].
Moreover, the capacity of determining good prognosis in
early declines from baseline [20] is lost if the neoplasm
doesn’t express significant levels of CA125.
According to recent data, it is estimated that 95% of

recurrences of ovarian cancer can be detected by using
the current NCCN guidelines for follow-up [21]. This re-
sults in 5% of women that are not covered by typical
tools of follow-up and should be evaluated by different
methods. In this setting, the evaluation of CTCs and dis-
seminated tumor cells (DTCs), in the bone marrow, arise
as a prominent tool for follow-up of specific groups of
patients [22–24].
This case describes a very young woman bearing an un-

usual neoplasm for her age, what makes the optimal
choice of treatment and decisions regarding her follow-up
challenging. The patient had a recurrence with a great ex-
tent of peritoneal disease, without pronounced elevation
of CA125 or burden of symptoms. Of notice, it was ex-
pected a very important elevation in the CA125 levels,
and only a modest one was encountered. The case itself
and the anterior considerations encouraged the clinicians
to offer her the CTC dosage protocol. A negative assay for
CTCs for this patient would be precisely useful. On the
other hand, the elevation of CTCs could demonstrate a
strong evidence of recurrent and extensive disease [22].
Moreover, since it seems that CTCs have the ability to dis-
seminate, a positive result points out an increased risk for
extra-peritoneal disease [25], what makes the choice for
systemic therapy even more important.
The majority of data regarding CTCs comes from

breast, colon and prostate cancer [26]. Studies with ovar-
ian cancer are not frequent and controversial. Marth et
[25] were unable to demonstrate a positive correlation of
CTC detection and prognosis, with equivalent progres-
sion free survival (PFS) and overall survival (OS) be-
tween patients with positive and negative CTCs in blood
samples. To isolate CTCs they used density gradient
centrifugation followed by immunomagnetic labeling
with MOC31, an epitope regularly expressed on ovarian
carcinoma cells. Judson et al. [27] confirmed absence of
prognostic value for CTCs when dosing them by the
same method, but using a pool of antibodies (anti-cyto-
keratin 7, 8, 18 and 20, TFS-2 and EGFR) before cytorre-
duction surgery. However, the sample analyzed in this
study was small and the follow-up short. Other groups,
working with different assays, showed different results.
Fan et al. [27] suggested that patients with elevated
CTCs might predict shorter disease free survival (DFS)
using Vita-AssayTM (an immunolabeling method) for
evaluation of CTCs. They also showed that in patients
with high-grade adenocarcinoma there was a direct rela-
tionship between higher levels of CTCs, more aggressive
disease, and higher levels of CA125. Poveda et al. [28]
also found a direct connection between elevated CTCs
and shorter PFS and OS. The study conducted by
Poveda was a multicentric phase III study, enrolling 672
patients. The CTCs were investigated using the Cell-
SearchTM system, using anti-EPCAM antibodies, conju-
gation of anti-cytokeratin and decontamination of
leucocytes with anti-CD45 staining. The univariate ana-
lysis found that patients with elevated CTCs had shorter
PFS (6,6 × 3,2 months – p = 0,0024) and shorter OS
(20,6 × 12,4 months – p = 0,0017). The multivariate ana-
lysis found a numerical difference between the groups
but statistical significance was not reached. Liu et al.
[29] using this same method, the CellSearch System (the
only one approved by FDA to analyze CTCs from meta-
static breast, colon and prostate cancers) in a small study
enrolling 78 women with newly diagnosed or recurrent
ovarian epithelial cancer did not show a relationship be-
tween CTC counts and clinical outcomes. The absence of
relation was explained considering the inabilities to en-
hance the phenotypic characteristics of CTCs. Pearl et al.
(2014) refined the search considering what was named
iCTCs (invasive CTCs). By using cell adhesion matrix



Corassa et al. Applied Cancer Research  (2017) 37:12 Page 5 of 6
(CAM) enrichment these researchers were able to raise
sensitivity and specificity, obtaining positive results. There
was a stronger relationship among OS, PFS and unfavor-
able clinical factors (tumor stage, debulking, platinum
sensitivity) for iCTCs when compared to CA125 [28].
The controversial findings of these studies can be ex-

plained by the diversity of the enrolled population, sample
size, different times of blood collection and diverse tech-
niques used to isolate CTCs. Most these studies used only
epithelial markers to identify CTCs, and is well established
on literature that these cells sometimes lose their epithe-
lial markers and express mesenchymal ones, as a manner
to leave the primary tumor, invade the circulation and
reach distant organs [29]. Here, we used a method that is
marker independent and isolates CTCs by size. This
method, called ISET (Isolation by Size of Epithelial Tu-
mors; Rarecells®, France) allows to capture CTCs no mat-
ter in which phase of this evolution they are, if they
express epithelial or mesenchymal markers. This explains
why it was possible to follow-up the patient described here
and to notice her tumor evolution by CTC analysis before
imaging exams. It is important to notice that to our know-
ledge our group was the first to identify and characterize
ovarian cancer CTCs using ISET. Besides availability for
isolating CTCs, the method allows the researcher to iden-
tify tumor microemboli and to immunostain the cells for
diverse surface markers, improving the possibility of fur-
ther studies.
In summary, it is important to emphasize that in this

case report the CTC analysis provided a very reliable
prediction for recurrent disease, sometimes before the
ascension of the CA125 levels, what may warrant CTCs
as a complementary tool for OC follow-up. CTCs are
not a perfect biomarker, but are of very important con-
sideration, particularly in cases where CA125 cannot be
trusted alone. The lack of statistical significance to the
correlation between CA125 and CTC dosages demon-
strates, to our point of view, that these tools could be
evaluated together in the care of patients, especially the
ones when follow-up can be troublesome.
However, it is necessary to address that any definite con-

clusions regarding the role of CTCs in Ovarian Cancer,
specially by the usage of ISET as a novel modality for re-
search, are not possible, and a prognostic evaluation of a
series of cases is necessary to confirm our hypothesis.
Thus, we do not intend to define CTCs as an individual
biomarker for follow-up in ovarian cancer, but to deter-
mine them as a novel tool that could be very useful in
cases where the current technology is not capable of de-
fining alone the best care for patients.

Conclusions
As shown by recent studies, CTC counts is a valuable
complementary tool in evaluation of recurrence in ovarian
epithelial cancer, especially in when disease is not precisely
measured by CA125, such as low-grade adenocarcinoma,
very young patients, those with disease limited to the peri-
toneum and other patients that may present with a dispar-
ity between extent of disease and levels of CA125 [30, 31].
With the presented data, we would encourage studies to

validate the use of CTCs counts in the clinical practice of
ovarian epithelial cancer. For patients with low-grade
adenocarcinoma, this indication should be carefully evalu-
ated and may benefit decision-making.
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