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Circulating tumor cells detected only after surgery for non-small
cell lung cancer: is it a predictor of recurrence?
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Background: Surgical manipulation of a tumor can lead to shedding of tumor cells that can enter the
circulation and lead to metastasis. The present study evaluated the clinical relevance of circulating tumor
cells (CTCs) that were identified immediately after non-small cell lung cancer resection in patients without
preoperative CTCs, and whether postoperative CTC detection was associated with recurrence.

Methods: Immediate preoperative testing for CTCs was performed for 147 patients with pulmonary
nodules. This study included 81 lung cancer patients (55.1%) with negative preoperative results for CTCs
and who completed postoperative testing for CTCs. The clinical relevance of postoperative CTC detection
was evaluated based on the clinicopathological characteristics and recurrence patterns.

Results: Among the eligible patients, the postoperative CTC results were none detected in 58 patients
(71.6%, “Group N”), only a single CTC detected in 6 patients (7.4%, “Group S”), and CTC clusters
detected in 17 patients (21.0%, “Group C”). The presence of postoperative CTCs was associated with tumor
vessel invasion, lymph duct invasion, and pleural invasion. Distant metastasis was very common in cases with
postoperatively detected CTC clusters. The 2-year recurrence-free survival rates were 94.6% for Group N,
62.5% for Group S, and 52.9% for Group C (P<0.01). Multivariate analysis revealed that recurrence was
independently related to the postoperative detection of single CT'Cs and CTC clusters.

Conclusions: In cases without preoperative CTCs, we postoperatively detected CTCs and the

postoperative CTC results were an independent predictor of recurrence.
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Introduction Turnbull et 4l. reported was a superior treatment strategy in
1967 (2). Since that time, various reports have addressed the

Peripheral circulating tumor cells (CTCs) can generate NTIT, including a recent prospective randomized trial (3).

metastatic lesions (1), and it is important to control
CTC shedding during surgical procedures, which can be
achieved using the “no-touch isolation technique” (NTIT).
A representative example of the NTIT surgery involves

mesenteric vascular ligation for colorectal cancer, which
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Thus, if CTCs are released during surgery, and if these
cells predict metastasis and recurrence, it would be critical
to determine whether CTCs are truly controlled during
surgery. Although several reported cases have revealed that
perioperative CTC detection predicts a poor prognosis
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Patients with pulmonary nodule, clinical stage I-Il if
lung cancer
(n=147)

CTC testing immediately before the operation
(n=147)

—— > Not lung cancer (n=15)

CTC testing immediately after the tumor resection
(n=132)

> CTC detected before surgery (n=51)

CTC not detected immediately before surgery

(n=81)
CTCs not detected Only single CTC detected CTC clusters detected
(n=58) (n=6) (n=17)

Figure 1 Study flowchart. CTCs, circulating tumor cells.

for lung cancer (4-7), we are not aware of any studies that
evaluated postoperative CTC status and outcomes in cases
where no CTCs were detected immediately before surgery.
Therefore, the present study evaluated the clinical relevance
of CTC detection immediately after lung cancer resection
in cases without preoperatively detected CTCs. We present
the following article in accordance with the STROBE
reporting checklist (available at http://dx.doi.org/10.21037/
td-20-1636).

Methods

This retrospective study complied with the STROBE
guidelines (8). The study included 81 lung cancer patients
with negative preoperative results for CT'Cs and who
completed postoperative testing for CTCs, as shown in
Figure 1. The clinical relevance of postoperative CTC
detection was evaluated based on the clinicopathological
characteristics and recurrence patterns.

Patient selection

Between April 2014 and August 2018, 147 patients with
pulmonary nodules (clinical stage I-1I if lung cancer) that
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were detected using computed tomography (CT) underwent
preoperative testing to detect CTCs at Hoshigaoka Medical
Center or Nara Medical University Hospital. Among these
cases, 132 cases were pathologically diagnosed as non-small
cell lung cancer. However, the preoperative testing revealed
CTGCs in 51 cases, which were excluded. Thus, the present
study included 81 cases without preoperative evidence of
CTCs (Figure 1). The patients’ characteristics are shown in
Table 1.

Surgical technique

All operations were performed using video-assisted thoracic
surgery (VATS) by one surgeon (N Sawabata). In cases
involving lobectomy, the pulmonary vein was ligated first
in 36 cases (92.3%). In cases involving wedge resection,
the distance from the tumor to the surgical margin was
maximized without tumor release using ring-shaped forceps
(P.N. CATCH, TKZ-F2640; Takasago, Tokyo, Japan) (9).
Mediastinal lymph node removal was performed in cases
with lobectomy, although lymph node sampling was
performed if present in cases involving wedge resection.
The surgeries were classified as pulmonary wedge resection
in 30 cases, pulmonary wedge resection followed by
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Table 1 Patient characteristics

Morphology of CTCs
Characteristics All cases
Not detected Single only Cluster P value
Number of cases 81 58 (100.0) 6 (100.0) 17 (100.0)
CTC count 2.42+3.64 0 3.27+3.30 5.80+3.70 <0.01
Sex
Female 33 24 (41.4) 2(33.3) 7(41.2) 1.00
Male 48 34 (50.6) 4 (66.7) 10 (50.8)
Mean age (years) 70.57+8.02 70.90+7.58 69.83+8.64 69.71+5.92 0.85
Lung cancer stage
Clinical 0.82
| 73 51 (87.9) 6 (100.0) 16 (94.1)
I 8 7 (12.1) 0(0.0) 1(5.9
Pathological 0.06
| 64 49 (84.5) 5(83.3) 10 (58.8)
I 10 7(12.1) 0(0) 3(17.6)
Il 4 1(1.7) 1(16.7) 2(11.8)
v 3 1(1.7) 0(0) 2(11.8)
Pulmonary resection 0.08
Wedge resection 30 25 (43.1) 2 (33.3) 3(17.6)
Wedge + lobectomy* 12 11 (19.0) 0(0) 1(5.9)
Lobectomy 39 22 (37.9) 4 (66.7) 13 (76.5)
Operation time (min) 131.8+25.9 132.7+27.2 127.6+21.0 129+23.1 0.81
CT findings
Pure GGO 8 8(13.8) 0 (0) 0 (0) 0.31
GGO + solid 13 9 (15.5) 2(33.3) 2(11.8)
Solid 60 41 (70.7) 4 (66.7) 15 (88.2)
Whole size (cm) 2.35+1.14 2.25+1.18 2.15+0.63 2.75+1.12 0.26
Solid size (cm) 2.01+1.33 1.88+1.39 2.00+0.77 2.63+1.14 0.13
Tumor markers
CEA (ng/mL) 6.32+12.02 5.51+9.95 5.95+4.95 9.18+18.72 0.56
CYFRA (ng/mL) 1.93+2.02 2.07+2.29 2.30+1.31 1.36+0.73 0.44
ProGRP (pg/mL) 56.84+20.36 57.58+21.96 69.10+14.90 51.37+15.61 0.29
SUVmax 4.55+4.52 4.04+4.77 4.95+3.52 6.10+3.71 0.25
Gross size (cm) 2.27+1.09 2.26+1.16 2.43+1.04 2.59+0.88 0.35

Table 1 (continued)
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Morphology of CTCs
Characteristics All cases
Not detected Single only Cluster P value
Tumor diagnosis 0.37
Non-inv AD 3 3(5.2) 0 (0) 0 (0)
Minimally-inv AD 9 8(13.8) 1(16.7) 0 (0)
Invasive AD 39 26 (44.8) 3 (50.0) 10 (58.8)
SQ 14 12 1 1
ADSQ 2 2 0 0
NE 6 4 1 1
Pleomorphic 5 2 0 3
NOS 3 1 0 2
Lymph duct invasion 0.02
- 36 29 (50.0) 4 (67.7) 3(17.6)
+ 45 29 (50.0) 2(33.3) 14 (82.4)
Vascular invasion <0.01
- 48 42 (72.4) 4(67.7) 2(11.8)
+ 33 16 (27.6) 2 (33.3) 15 (88.2)
Pleural invasion <0.01
- 58 48 (82.8) 4 (67.7) 6 (35.3)
+ 23 10 (17.2) 2 (33.3) 11 (64.7)

Data are reported as number (%) or mean + standard deviation. *, wedge resection followed by lobectomy. AD, adenocarcinoma; ADSQ,
adenosquamous cell carcinoma; CEA, carcinoembryonic antigen; CT, computed tomography; CTC, circulating tumor cells; CYFRA,
cytokeratin 19 fragment; GGO, ground grass opacity; Minimally-inv, minimally invasive; NE, neuroendocrine cell carcinoma; Non-inv, non-
invasive; ProGRP, progenitor of gastrin releasing peptide; SQ, squamous cell carcinoma; SUV, standard uptake value.

lobectomy in 12 cases, and lobectomy in 39 cases.

Detection of CTCs

Peripheral arterial blood (3 mL) was collected in the
operating room immediately before surgery and placed
in a tube with ethylenediaminetetraacetic acid. When the
pathological examination confirmed the presence of lung
cancer, we also obtained a postoperative blood sample
for testing in the operating room at the completion of
pulmonary resection. All samples were processed within 1
h from the end of the operation. The presence of CTCs
in the blood samples was evaluated using the ScreenCell®
CTC selection kit, which uses a size-based selection
method (10). To lyse the red blood cells before filtration,
the blood samples were diluted in 4 mL of a buffer for
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fixing cells. After filtration of the fixed cells, the filter was
washed with 1 mL of phosphate-buffered saline to remove
the cellular debris. The extracted cells were then stained
using hematoxylin and eosin and observed under a light
microscope.

The presence of CTCs was determined based on a
cytology atlas for CT'Cs from solid cancers (11). Suspicious
cells were not considered CTCs for the present study.
The CTC detection results were divided into three types
based on the morphology findings: no CTCs were detected
(Group N), only single CTCs were detected (Group S),
and CTC clusters were detected (Group C). A “cluster”
was defined as >4 cells to minimize the contribution of
collection- or preparation-related artifacts. All CTC
evaluations were performed by a surgeon (N Sawabata) and
the diagnoses were confirmed by a pathologist (T Ito).
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Recurrence Total Morphology of CTCs

pattern Not detected (n=58) Single only (n=6) Cluster (n=17) P value
No recurrence 65 (100.0) 55 (84.6) 4 (6.2) 6 (9.2) <0.01
Local 2 (100.0) 0(0) 1(50.0) 1(50.0)

Regional 7 (100.0) 3 (42.9) 0(0) 4 (57.1)

Distant 7 (100.0) 0(0) 1(14.3) 6 (85.7)

Data are reported as number (%). Single only, only a single CTC was detected; Cluster, CTC clusters were detected. CTC, circulating

tumor cell.

Follow-up examinations

All patients were followed at 1- to 3-month intervals, which
included physical and chest radiography examinations, as
well as blood testing for tumor markers. The patients also
underwent thoraco-abdominal CT scans that were generally
performed at 6-month intervals. Mortality and recurrence
data were collected by the primary physician (N Sawabata).
The median follow-up period was 44 months (range,
18-68 months) and the last follow-up examination was
during July 2019. Recurrence was classified as none,
resection margin recurrence (local), ipsilateral intrathoracic
recurrence (regional), or metastasis outside the ipsilateral
intrathoracic cavity (distant).

Statistical analysis

The primary outcome was defined as the 2-year recurrence-
free survival rate, which was evaluated based on Kaplan-
Meier curves and the log-rank test. Cox proportional
hazard models were used for the univariate and multivariate
analyses. In addition, we investigated the associations
between tumor-related factors and the morphological CTC
classifications. Inter-group comparisons were performed
using the #-test and Fisher’s exact test, as appropriate, and
differences were considered statistically significant at P
values of <0.05. All analyses were performed using freely
available “EZR” software, which is based on R and R

commander (12).

Ethical approval

The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013). This study’s
protocol was approved by the institutional review board
of the Hoshigaoka Medical Center and the Nara Medical
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University Hospital. Informed consent was obtained from
all individual participants who were included in the study.

Results
CTC morphology patterns

Among 81 cases without preoperative evidence of CTCs
(Figure 1), the morphology findings of postoperative CTC
revealed one or more CTCs in 23 cases (28.4%), which
resulted in 58 cases (71.6%) being assigned to Group N,
6 cases (7.4%) being assigned to Group S, and 17 cases
(21.0%) being assigned to Group C. All patients with CTC
clusters also had single CTCs that were detected. There
were significant differences between the three groups in
terms of lymph duct invasion, vascular invasion, and pleural
invasion (Table 1).

Prognosis analysis

During the median follow-up period of 44 months, we
identified 16 cases of recurrence, which included 7 cases of
distant metastasis, 7 cases of local recurrence, and 2 cases of
regional recurrence. We also identified 16 deaths, including
14 deaths that were related to lung cancer. Tuble 2 shows
the recurrence types according to CTC morphology, which
revealed that distant metastasis was more common in Group
C than in the other groups. The 2-year recurrence-free
survival rates were 94.6% for Group N, 62.5% for Group
S, and 52.9% for Group C (P<0.01). In addition, the 2-year
overall survival rates were 96.5% for Group N, 80.0%
for Group S, and 82.5% for Group C (P=0.02) (Figure 2).
Table 3 shows the Cox proportional hazard ratios for
recurrence-free survival, which were determined using
the regression model. Relative to Group N, higher risks
of recurrence were observed in Group S and Group
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Figure 2 Survival according to circulating tumor cell morphology from immediately after the lung cancer resection. N, not detected; S, only
single circulating tumor cell (CTC) detected; C, cluster CTCs were detected. The 2-year recurrence-free survival (RFS) rates were 94.6%
for Group N, 62.5% for Group S, and 52.9% for Group C (P<0.01) (A). The 2-year overall (OS) survival rates were 96.5% for Group N,
80.0% for Group S, and 82.5% for Group C (P=0.02) (B).

Table 3 Cox proportional hazards regression model results for recurrence

Univariable Multivariable
Variables
HR 95% CI P value HR 95% CI P value
CTC morphology
Not detected Ref. - - Ref. - -
Single only 8.23 1.37-49.47 0.02 14.79 1.86-117.10 0.01
Cluster 16.61 4.60-59.94 <0.01 17.01 2.23-130.10 <0.01
CTC count 1.24 1.14-1.36 <0.01 0.925 0.76-1.13 0.45
Sex
Female Ref. - - - - -
Male 0.89 0.33-2.4 0.82 - - -
Age 0.99 0.94-1.06 0.91 - - -
Lung cancer stage
Clinical
| Ref - - - - -
I 2.13 0.60-7.50 0.24 - - -
Pathological
| Ref. - - Ref. - -
I 3.53 0.88-14.11 0.07 3.62 0.64-20.37 0.14
1 15.31 3.78-62.13 <0.01 13.65 1.54-120.90 0.02
v 24.92 5.84-106.40 <0.01 16.75 2.93-95.73 <0.01

Table 3 (continued)
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Univariable Multivariable
Variables
HR 95% Cl P value HR 95% ClI P value

Pulmonary resection

Wedge resection Ref. - - - - -

Wedge + lobectomy* 1.73 0.29-10.39 0.50 - - -

Lobectomy 3.16 0.88-11.37 0.08 - - -
CT findings

Pure GGO Ref. - - - - -

GGO + solid 4.80E+06 0-undefined 1.00 - - -

Solid 8.82E+06 0-undefined 1.00 - - -

Whole size (cm) 1.39 0.99-1.96 0.06 - - -

Solid size (cm) 1.43 1.05-1.93 0.02 0.98 0.57-1.7 0.96
Tumor markers

CEA (ng/mL) 1.02 0.99-1.05 0.14 - - -

CYFRA (ng/mL) 0.77 0.45-1.31 0.33 - - -

ProGRP (pg/mL) 0.98 0.95-1.01 0.19 - - -
SUVmax 1.03 0.95-1.13 0.56 - - -
Gross size 1.23 0.83-1.82 0.29 - - -
Tumor diagnosis

Non-/min-inv AD Ref. - - - - -

Others 8.90E+06 0-undefined 1.00 - - -
Lymph duct invasion (+) 5.30 1.20-23.37 0.03 1.8 0.21-14.87 0.59
Vascular invasion (+) 6.79 1.93-23.83 <0.01 10.3 0.15-7.20 0.97
Pleural invasion (+) 4.75 1.72-13.12 <0.01 1.21 0.27-5.30 0.80

*, wedge resection followed by lobectomy. HR, hazard ratio; Cl, confidence interval; Ref., reference; CTC, circulating tumor cells; AD,
adenocarcinoma; CT, computed tomography; GGO, ground grass opacity; CEA, carcinoembryonic antigen; CYFRA, cytokeratin 19
fragment; ProGRP, progenitor of gastrin releasing peptide; SUV, standard uptake value; Non-/min-inv, non-invasive or minimally invasive.

C. Significant differences in recurrence were observed
according to postoperative CTC detection and pathological
stage. The morphological CTC classifications were also
found to independently predict recurrence.

Some reports regarding lung cancer cases have described
CTC detection after surgical manipulation, although the
clinical relevance of these postoperatively detected CTCs
remains controversial. Before the current morphological
detection method became ubiquitously available, CTC
shedding after surgical manipulation was identified
using a real-time polymerase chain reaction method

© Journal of Thoracic Disease. All rights reserved.

(13-15). Yamashita et 4/. also described the detection of
CTCs in peripheral blood by targeting the mRNA for
carcinoembryonic antigen (CEA), which revealed that,
among patients without preoperative evidence of CTCs,
approximately 30% of patients had postoperatively detected
CTCs (14). Yao et al. also reported that CTCs were
surgically shed in the pulmonary vein using fluorescence-
activated cell sorting that targeted the epithelial cell
adhesion molecule (EpCAM) (15). In 2007, Sawabata ez al.
reported the morphological evaluation of CTCs using
the CellSearch® system after surgery for lung cancer (16).
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That system can visualize a single CTC and their findings
revealed postoperative CTCs in approximately 25%
of patients who did not exhibit preoperative CTCs.
Furthermore, Matsutani et a/. evaluated CTC shedding
after pulmonary resection in a multi-center prospective
study using a micropore film size-based selection method
(ScreenCell®) (17). Hashimoto et «l. also used the
CellSearch® method to determine that a postoperatively
increased CTC count was a significant predictor of distant
metastasis (18). Moreover, despite a small sample size,
Sawabata ef al. used the ScreenCell® method to determine
that both preoperative and postoperative detection of CTC
clusters were significant predictors of early recurrence (19).
A novel finding from the present study is that distant
metastasis was very common in cases with CTC clusters
that were detected immediately after the resection, which
suggests that CTC clusters in this setting may predict
the development of distant metastasis. However, an issue
with immunostaining-based CTC detection is the fact
that epithelial markers may not be detectable on CTC
clusters, which suggests that it is still important to perform
morphological CTC detection.

Management of the pulmonary vasculature before
resection of lung cancer can be considered a type of NTIT,
which we routinely use in cases involving lobectomy. Song
et al. used real-time PCR to determine that a lower CTC
count was observed for patients who underwent a vein-first
ligation technique, relative to patients who underwent an
artery-first ligation technique (20). Wei ez a/. also recently
reported that the postoperative CTC count was lower
for the vein-first technique, based on an antigen-positive
selection method (21), and that the vein-first technique
was associated with better survival outcomes. There are
additional reports that vein-first lobectomy is associated
with significantly better survival outcomes (21-23), although
other studies have failed to detect a significant difference in
survival between the vein-first and artery-first techniques
(24-26). The presence of postoperative CTCs appears to
be a more sensitive predictor of recurrence (27), and the
present study’s findings suggest that surgical manipulation
can lead to seeding of CTCs, which become detectable
after surgery and presumably contribute to recurrence
and distant metastasis. It seems logical that postoperative
single CTC detection would predict recurrence, although
preoperative single CTC detection does not seem to be
related to postoperative recurrence (28).

The present study has several limitations. First, the small
sample size from only two centers and the retrospective

© Journal of Thoracic Disease. All rights reserved.
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design highlight the potential risks of bias. Second, the
patients underwent various forms of surgery, including
wedge resection, wedge resection followed by lobectomy,
and lobectomy alone, although the surgical technique
was not a significant factor in the regression analysis.
Nevertheless, our wedge resection technique without tumor
release using ring-shaped forceps has a low potential for
releasing CTCs (9). We also only considered cases without
preoperative evidence of CTCs, which is an ideal group to
investigate the relevance of CTC detection after surgical
manipulation. However, we performed the CTC detection
using 3-mL blood samples, which are relatively small, and
the results might be more accurate if larger blood samples
were used. In addition, the generalizability of our findings
needs be established via other studies in the same setting.

Conclusions

The present study revealed that, among patients treated
for non-small cell lung cancer at our center, CTCs could
be detected immediately after surgery, and that these
postoperatively detected CTCs were an independent
predictor of recurrence.
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