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Abstract

Background
The recurrence of early-stage cervical carcinoma (CC) (about 10%) might be due to disseminated tumor
cells. This pilot study aimed to assess perioperative dissemination of circulating tumor cells (CTCs) into
peripheral blood during surgery for early-stage CC and evaluate the feasibility of their detection.

Methods
In this bicentric prospective study, 11 patients undergoing laparoscopic resection of histologically
confirmed FIGO stage IA1 to IB2 CC were included. CTCs were enumerated using the CellSearch®
system in peripheral blood samples collected (i) preoperatively (T0), (ii) after pneumoperitoneum
creation (T1), and (iii) before colpotomy (T2). The primary outcome was perioperative CTC detection (T1
or T2) and secondary outcomes included recurrence-free survival.

Results
CTCs were detected only peroperatively in 3/11 patients (27.3%; 95% CI: 7.3–60.7). One patient (9.1%)
had 2 CTCs detected at T1 and two patients (18.2%) had CTCs detected at T2 (50 and 2 CTCs
respectively). Among patients with CTCs, two had an epidermoid carcinoma and one an
adenocarcinoma; they had stage IA1, IA2, and IB1 respectively. Histopathological examination of
hysterectomy specimens revealed residual tumor in 3/11 patients (27.3%), including one CTC-positive
patient. After a median follow-up of three years, one recurrence (9.1%) occurred, in a patient without
perioperative CTC detection.

Conclusions
This pilot study demonstrates the feasibility of CTC detection in peripheral blood during surgery for early-
stage CC. The prognostic and therapeutic values of CTCs released during cervical cancer surgery
warrant further investigation.

Trial Registration:
ClinicalTrials.gov, NCT04770090, registered on 25 february 2021.

Introduction
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Despite substantial reductions in incidence following the implementation of screening and HPV
vaccination programs, cervical cancer continues to represent a major cause of cancer-related morbidity
and mortality worldwide. Indeed, according to GLOBOCAN 2022, cervical cancer ranked fourth among
cancers in women, accounting for approximately 660,000 new cases and 348,000 deaths worldwide(1).
Despite advances in prevention and treatment, cervical cancer remains associated with substantial
mortality, largely driven by disease recurrence and metastatic progression(1). Recurrence in early stages
occurs in around 10% of cases, mostly within 3 years, and thus remains a major clinical challenge(2).

Radical surgery remains the cornerstone of treatment for early-stage cervical cancer(3, 4). Minimally
invasive surgery was widely adopted because of its perioperative benefits before its oncological safety
was questioned(3, 4). The publication of the LACC trial and subsequent observational studies challenged
this approach by reporting poorer disease-free outcomes following minimally invasive radical
hysterectomy compared with open surgery(3, 4). Various mechanisms have been suggested to account
for these findings, particularly tumor manipulation by uterine manipulators and differences in colpotomy
techniques(3). In prostate cancer, tumor mobilization during biopsies has been shown to increase
circulating tumor cell (CTC) counts in blood, which were significantly correlated with poorer progression-
free survival (PFS)(5). In early-stage cervical cancer, radical hysterectomy by laparotomy or laparoscopy
both tended to increase the expression of CTC markers (cytokeratin 19 and 20 and squamous cell
carcinoma antigen)(6). In addition, the potential role of pneumoperitoneum on the dissemination of
CTCs has also been suggested to explain the poorer prognosis associated with laparoscopy(6, 7).
Whether CO₂ insufflation facilitates hematogenous tumor-cell dissemination remains uncertain,
highlighting the need for further mechanistic investigations(7).

Circulating tumor cells have attracted considerable interest in oncology over the past two decades.
Large prospective studies and meta-analyses have consistently demonstrated the prognostic and
predictive value of CTC detection in the response to treatment of metastatic breast, prostate and colon
cancers (5, 8–10). Across these studies, detectable CTCs consistently predicted shorter progression-
free and overall survival(OS). CTCs detected by the CellSearch system have also been identified as
independent prognostic markers of PFS and OS in patients with non-metastatic breast cancer(11), while
in non-metastatic colorectal cancer, a CTC count as low as one CTC/7.5 mL of blood was significantly
associated with shorter OS(12).

Only a limited number of studies have investigated the detection of CTCs and their prognostic and
clinical significance in cervical cancer, although their presence appears to be associated with poorer
PFS(13, 14).

The aim of this pilot study was to evaluate the dissemination of CTCs during early-stage cervical cancer
surgery on peripheral blood samples.

Materials and Methods
Study design
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This bicentric exploratory study was conducted at the departments of gynecological surgery of the
Montpellier and Nimes University Hospitals from November 2021 to June 2023 (ClinicalTrials.gov
Identifier: NCT04770090). This study was conducted in accordance with the ethical principles of the
Declaration of Helsinki and applicable national regulations governing clinical research. The study
protocol was reviewed and approved by Ethics Committee IDF11 (Ile-de-France XI SAINT-GERMAIN-EN-
LAYE), Approval No. 2020-A02456-33), Date: 05/11/2020). Written informed consent was obtained from
all participants prior to their inclusion in the study. All participants were informed about the objectives,
procedures, potential risks, and benefits of the research, and their right to withdraw from the study at any
time without consequences. The study was registered in a public clinical trials registry (Registration No.
NCT04770090, date 25/02/2021).

Patient recruitment

Eligible patients were invited to participate in the study during the preoperative consultation at the study
centers. Patients aged 18 years or older with histologically confirmed primary FIGO stage IA1 to IB2
epidermoid carcinoma or adenocarcinoma, eligible for immediate (or post-brachytherapy) surgical
treatment, by laparoscopy, were eligible. All participants underwent a pelvic MRI.

Patients with advanced stage disease, laparotomy, or other concomitant cancers were not included, as
well as pregnant or breastfeeding women or those refusing to participate.

Surgical procedure

Surgical procedures were performed according to institutional standard practice and followed a
standardized protocol across all participating centers. During minimally invasive surgery,
pneumoperitoneum was created using carbon dioxide insufflation, maintaining the intra-abdominal
pressure at or below 15 mmHg. A systematic exploration of the abdominal cavity was undertaken to rule
out extra-pelvic disease, and peritoneal washings for cytological analysis were obtained at the beginning
of the procedure. When indicated, nodal assessment, including sentinel lymph node biopsy with or
without subsequent pelvic lymphadenectomy, was completed before radical hysterectomy. To minimize
the risk of intraoperative tumor dissemination, the vaginal cuff was closed by vaginal route prior to
uterine resection. All operations were performed without the use of a uterine manipulator. Resected
specimens were subsequently submitted for definitive histopathological examination..

Blood sampling

The perioperative blood sampling protocol was based on a previously established methodology
developed by our group and reported by Francini et al(7). Peripheral venous blood was collected at three
predefined perioperative time points to evaluate circulating tumor cells. An initial 20-mL sample was
obtained immediately before surgery, prior to the patient's transfer to the operating room (T0).
Subsequent samples were collected after establishment of the CO₂ pneumoperitoneum (T1) and
following division of the uterine pedicles, immediately before colpotomy (T2) (Fig. 1). At each collection,
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blood was distributed into two 10-mL CellSave Preservative Tubes (Menarini Silicon Biosystems,
Bologna, Italy). All specimens were maintained at room temperature and transported without delay to the
Laboratory of Rare Human Circulating Cells (LCCRH) at Montpellier University Hospital (France) for
subsequent analysis

CTC Enumeration

CTC analysis was performed using the same standardized methodology previously established by our
group and reported by Francini et al(7). Blood samples were processed within 96 hours of collection
using the CellSearch® platform with the dedicated CTC Kit (#7900001, Menarini–Silicon Biosystems,
Bologna, Italy), following the manufacturer’s instructions. The CellSearch® system represents the only
FDA-cleared assay currently available for CTC enumeration in patients with metastatic breast, prostate,
and colorectal cancers(15). Briefly, CTCs were enriched through immunomagnetic separation based on
epithelial cell adhesion molecule (EpCAM) expression using antibody-coated magnetic particles.
Following enrichment, cells were fluorescently labeled with antibodies targeting cytokeratins 8, 18, and
19, while leukocytes were identified through CD45 staining and excluded from analysis. Nuclear staining
was performed using 4′,6-diamidino-2-phenylindole (DAPI). The enriched and immunostained cell
fraction was subsequently maintained within a magnetic field and analyzed by automated scanning.
Final CTC identification and enumeration were performed by trained investigators (AP, LC).

Objectives and outcomes

The primary objective was to assess the perioperative dissemination of CTCs into peripheral blood
during surgical treatment of early-stage cervical cancer. The primary outcome was a CTC-positive blood
sample during surgery (i.e. at T1 or T2). At T0, a blood sample of 20 mL was considered positive when at
least 1 CK(+), DAPI(+), CD45(−) cell was detected (15). At T1 and T2, a blood sample of 20 mL was
considered positive when at least 1 CK(+), DAPI(+), CD45(−) cell was detected (in case of negative T0
sample), or if there was an increase of at least one cell compared with T0 (in case of positive T0
sample).

The secondary objective was to evaluate the prognostic impact of intraoperative CTC detection, as
assessed by recurrence-free survival.

Statistical analysis
A target sample size of 20 patients was planned for this pilot study in the absence of available data on
CTC detection in cervical cancer. During the inclusion period, new guidelines on cervical cancer
management were published, recommending the laparotomy approach (16). Consequently, patient
recruitment was prematurely discontinued. Nevertheless, all included patients were followed up as
initially planned in the protocol to assess recurrence-free survival.
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All analyses were performed on the entire study population. Given the small sample size, only descriptive
analyses were conducted, both overall and according to CTC detection status.

Patient characteristics were described using median and range (minimum-maximum) for quantitative
variables and counts and percentages for categorical variables. The primary outcome was described
using number and frequencies (n, %) along with 95% confidence interval (95% CI). The number of
recurrences was reported descriptively; however, no survival analysis was performed due to the limited
sample size. All statistical analyses were performed using R (version 4.3.1) by the Clinical Research and
Epidemiology Unit of Montpellier University Hospital, France.

Results

Patient cohort
A total of eleven patients meeting the inclusion criteria were included. Their clinicopathological
characteristics are summarized in Table 1. The median age was 45 years [range: 33–75]. FIGO stage was
IA1 in one patient (9.1%), IA2 in two patients (18.2%), IB1 in six patients (54.6%) and IB2 in two patients
(18.2%). One patient (9.1%) received preoperative brachytherapy. Cervical cancer was primarily
diagnosed by conization in 9 patients (81.8%) and by biopsy in two patients (18.2%). Pelvic lymph nodes
were dissected in nine patients (81.8%). The median surgery duration was 240 minutes (range: 92–322).
The planned total blood volume for CTC detection and analysis was successfully collected during
peripheral venous sampling, with no complications reported.
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Table 1
Patients’ characteristics

Characteristics Population (n = 11)

Age, median (min, max) 45 [33 ; 75]

BMI (kg/m²), median (min, max) 24.5 [21.3 ; 35.4]

Menopausal Hormonal status, n (%) 3 (27.3)

Preoperative Brachytherapy, n (%) 1 (9.1)

Histology, n (%)  

Epidermoid Carcinoma 9 (81.8)

Adenocarcinoma 2 (18.2)

FIGO stage, n (%)  

A1 1 (9.1)

A2 2 (18.2)

IB1 6 (54.6)

IB2 2 (18.2)

Surgery duration (min), median (min, max) 240 [92 ; 322]

Residual tumor, n (%) 3 (27.3)

Abbreviations: BMI: body mass index, FIGO: Federeration Internationale de Gynecologie et
Obstétrique.

CTC enumeration before, during and after surgery
Results of CTC detection at each time point are shown in Fig. 2. CTCs were not detected in preoperative
samples (T0). Conversely, peroperative samples (T1 or T2) were positive in 3/11 patients (27.3%, 95% CI:
7.3 ; 60.7). After pneumoperitoneum (T1), one patient (9.1%) had two CTCs detected (one in each tube).
During open surgery (T2), CTCs were detected in two patients (18.2%): one with a cluster of at least 50
CTCs and one with two CTCs (one in each tube) (Fig. 3).

Table 2 summarizes the clinicopathological characteristics of patients with and without CTC detection.
Among the three CTC-positive patients, two had epidermoid carcinoma and one adenocarcinoma, with
stage IA1, IA2, and IB1 respectively. Histopathological examination of hysterectomy specimens revealed
the presence of residual tumor in three patients (27.3%), including one with CTCs.
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Table 2
Clinicopathological features of patients with and without CTC detection

  CTC Detection

Negative (n = 8) Positive (n = 3)

Age (years), median (min ; max) 43 (33 ; 48) 53 (36 ; 75)

Surgery duration (min), median (min ; max) 244 (162 ; 298) 223 (92 ; 322)

Histology, n (%)    

Epidermoid Carcinoma 7 (87.5) 2 (66.7)

Adenocarcinoma 1 (12.5) 1 (33.3)

FIGO stage, n (%)    

A1 0 (0) 1 (33.3)

A2 1 (12.5) 1 (33.3)

IB1 5 (62.5) 1 (33.3)

IB2 2 (25.0) 0 (0)

Residual tumor    

n, (%) 2 (25.0) 1 (33.3)

size (individual values) 3 mm;17mm 5 mm

Abbreviations: FIGO, Federation of Gynecology and Obstetrics

Recurrence-free survival
All eleven patients were followed up until three years. Recurrence occurred in one patient (9.1%) who had
no CTC detected during surgery (T1/T2). This was the patient with the largest residual tumor at the time
of surgery. The recurrence was locoregional, with no evidence of local relapse or distant metastasis. The
patient was treated with surgery and chemotherapy.

Discussion
The objective of this pilot study was to explore the presence and perioperative dynamics of 0CTCs in
peripheral blood during surgery for early-stage cervical cancer. We showed that CTCs can be identified in
intraoperative blood samples, suggesting that surgical procedures may provide an opportunity for real-
time assessment of tumor cell dissemination. Further studies are needed to determine the prognostic
implications of CTC detection and its potential association with recurrence outcomes.
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Previous studies have reported highly variable rates of CTC detection in the peripheral blood of patients
with cervical cancer, ranging from 26% to 90% (13, 14, 17–20). Such heterogeneity may be explained by
differences in patient populations, tumor characteristics, disease stage, and the analytical methods used
for CTC identification. In our study, CTC enumeration was performed using the CellSearch® system, the
only FDA-cleared platform currently available for CTC detection in solid tumors (15). CTC positivity has
been associated with more advanced disease, including higher tumor grade and advanced FIGO
stage(13). Therefore, the exclusive inclusion of patients with early-stage cervical cancer in our cohort
may account for the absence of detectable CTCs in peripheral blood samples collected before surgery.
This observation is consistent with previous reports, as most studies investigating CTCs in cervical
cancer have involved patients with locally advanced or metastatic disease(13, 14, 18, 19). Considering
the limited sensitivity of peripheral blood sampling for CTC detection in early-stage disease, alternative
approaches may be required to improve CTC recovery. Increasing the volume of collected blood samples
may represent one potential strategy. In addition, sampling blood from vessels located closer to the
primary tumor could enhance CTC detection by increasing the concentration of tumor-derived cells in the
analyzed sample(20). Supporting this hypothesis, Francini et al. reported, in a pilot study of early-stage
endometrial cancer, a higher CTC detection rate in ovarian vein samples compared with peripheral blood
(8/10 versus 0/10)(7). Similar observations have been described in colorectal, pancreatic, and lung
cancers, where tumor-proximal blood sampling resulted in increased CTC yields compared with
peripheral Regarding the surgical management of cervical cancer, updated recommendations were
issued in France in 2023 by the French National College of Gynecologists and Obstetricians. These
guidelines suggest a sequential approach consisting of initial conization combined with laparoscopic
lymph node assessment, followed by delayed hysterectomy through an open abdominal approach 15 to
21 days later. This change in practice was largely influenced by the results reported by Ramirez and
Melamed(3, 4), which raised concerns regarding the oncological safety of minimally invasive radical
hysterectomy after demonstrating less favorable outcomes compared with open surgery. One proposed
explanation for these findings is that minimally invasive procedures may facilitate tumor cell release
through mechanical manipulation or pneumoperitoneum-related effects. In our cohort, CTCs were
identified only in blood samples collected during the operative procedure (3/11 patients), including one
patient after establishment of pneumoperitoneum and two patients before colpotomy. Although based
on a limited number of cases, these results suggest that surgical manipulation may influence the
transient release of tumor cells into the bloodstream. Similar perioperative increases in CTC detection
have been reported during colorectal cancer surgery, supporting the hypothesis that surgical procedures
may affect circulating tumor cell dynamics (24, 25).

Given the small size of our cohort, we were not able to determine clinical or pathological factors
associated with CTC positivity. Identifying such predictors remains an important objective for future
studies, particularly as current evidence in cervical cancer is still limited. In a study including 90 patients
with early-stage cervical cancer, Pan et al. reported higher baseline CTC levels among patients with FIGO
stage II disease, pelvic lymph node involvement, and lymphovascular space invasion(14). Conversely, Du
et al., who analyzed 107 patients using immunofluorescence in situ hybridization, did not find any
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significant association between CTC counts and clinicopathological characteristics, including age, FIGO
stage, tumor differentiation, tumor size, or histological subtype(13).

These findings raise the possibility that CTC assessment may represent a relevant prognostic tool,
particularly for identifying patients at increased risk of recurrence. Numerous studies have explored the
association between CTC detection and clinical outcomes, including survival and treatment response. In
metastatic colorectal cancer, Cohen et al. demonstrated that CTC enumeration was an independent
predictor of both PFS and OS in a cohort of 430 patients(26). Similarly, De Bono et al. reported a
significant association between post-treatment CTC levels and OS in patients with metastatic castration-
resistant prostate cancer (n = 276)(27). Beyond prognostic assessment, serial CTC monitoring may also
provide an opportunity for early evaluation of therapeutic efficacy and treatment adaptation(8, 28, 29). In
cervical cancer, Du et al. reported that the detection of CTCs (defined as ≥ 1 CTC/3.2 mL of blood, n = 
107) was independently associated with poorer outcomes and shorter PFS(13). However, their cohort
predominantly included patients with more advanced disease, and the potential impact of surgical
intervention on CTC release was not investigated. To date, limited data are available regarding the
clinical significance of perioperative CTC detection following tumor resection. In other solid tumors,
perioperative CTC dynamics have been associated with oncological outcomes. Sawabata et al. showed
that, among patients with non-small cell lung cancer who had no detectable CTCs before surgery,
postoperative CTC positivity was associated with adverse pathological features, including vascular
invasion, lymphatic invasion, and pleural involvement(30). Furthermore, patients with postoperative CTC
detection experienced a higher incidence of distant metastases, and the 2-year PFS rate was lower in
patients with one detectable CTC compared with those without postoperative CTCs (62.5% versus
94.6%). Similarly, Joose et al. demonstrated that prostate biopsy procedures could induce an increase in
circulating tumor cell levels, and that this rise was associated with poorer PFS(5).

To our knowledge, this is the first study to report the rate of perioperative CTC detection in patients
undergoing surgery for cervical cancer. The presence and count of CTCs during surgery could help to
predict the clinical outcome of the patients. Although this hypothesis requires confirmation in larger
studies. The main limitation of this study is its low sample size. These preliminary data must be
validated in a larger cohort of patients with early-stage cervical cancer and further studies are needed to
evaluate the clinical and prognostic value of CTC count and of CTC detection during and after surgical
procedures.

Conclusion
This pilot study demonstrates the feasibility of detecting circulating tumor cells (CTCs) in peripheral
blood samples collected during surgery for early-stage cervical cancer. Although these findings provide
preliminary evidence of intraoperative CTC release, they require confirmation in larger prospective
cohorts. Further studies are needed to determine the prognostic significance of perioperative CTC
detection and to evaluate its potential role in guiding therapeutic strategies in patients with cervical
cancer.
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CC
Cervical Carcinoma
CTC
Circulating tumor cells
PFS
Progression-free survival
OS
overall survival
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Figure 1

Surgical Procedure of early-stage cervical cancer and timing of blood sample collection. The initial blood
sample (T0) was collected from a peripheral vein just before anesthesia and surgery. The other blood
samples were obtained during surgery: T1 after creation of pneumoperitoneum and T2 after uterine
pedicle coagulation.

Figure 2

Flow chart showing the number of patients and the results of CTC detection.
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Figure 3

Representative images of circulating cervical cancer cells. This cells were detected with the
CellSearch® system in peripheral blood samples from patients with early-stage cervical cancer during
surgery.
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