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Objectives:  Circulating  tumour  cells  (CTCs)  are  reported  to be predictive  for prognosis  and  response  to
treatment  in  advanced  lung  cancer.  However,  the clinical  utility  of  the  CTCs  detection  remains  unknown
for  early  stage  lung  cancer  as  the number  of  CTCs  is  reported  as low,  providing  challenges  in  identification.
We  have  evaluated  diagnostic  performance  of filtration-based  technology  using  cytomorphologic  criteria
in patients  undergoing  surgery  for lung  cancer.
Material  and  methods:  We processed  blood  from  76 patients  undergoing  surgery  for  known  or  suspected
lung  cancer  using  ScreenCell® Cyto  filter  devices.  Captured  cells  were  stained  using  haematoxylin  and
eosin  and  independently  assessed  by  two pathologists  for the  presence  of  atypical  cells  suspicious  for
cancer.  Diagnostic  performance  was  evaluated  against  pathologist  reported  diagnoses  of cancer  from
surgically  obtained  specimens.
Results:  Cancer  was  diagnosed  in 57 patients  (77.0%),  including  32  with  primary  lung  cancer  (56.1%).
The  proportion  of  patients  with  early  stage  primary  lung  cancer  in which  CTCs  were  identified  was  18
and  21  (56.3%  and 65.6%,  respectively)  as  reported  by  two  pathologists.  The  agreement  between  the
pathologists  was  77.0%  corresponding  to  a  kappa-statistic  of  53.7%  indicating  moderate  agreement.  No
significant  differences  were  found  for the  percentage  of CTCs  for primary  and  metastatic  cancer  as  well
as for  cancer  stages.  On  sensitivity  weighted  analysis,  a sensitivity  and specificity  were  71.9%  (95%  CI

60.5–83.0)  and  52.9%  (95%  CI 31.1–77.0),  respectively.  On specificity  weighted  analysis,  a sensitivity  and
specificity  were  50.9%  (95%  CI 39.3–64.4)  and  82.4%  (60.4–96.2),  respectively.
Conclusion:  The  performance  of the  tested  filter-based  antibody-independent  technology  to  capture  CTCs
using standard  cytomorphologic  criteria  provides  the  potential  of  a diagnostic  blood  test  for  lung  cancer.

©  2014 Elsevier  Ireland  Ltd.  All  rights  reserved.
. Introduction

Lung cancer is the leading cause of cancer death worldwide with

he lowest survival rate compared to other cancer types [1]. By the
ime symptoms develop, patients are usually in the advanced stages
f disease. Currently, efforts are directed at early diagnosis where
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more treatment options are available, reinforced by results of the
National Lung Cancer Screening Trials that reported a 20% improve-
ment in cancer related survival in participants randomised to low
dose CT, a more sensitive method (compared to chest X-ray) for
early cancer detection [2].

At our institution, we  have an established translational sci-
ence research programme [3,4] and questions posed include how
early do cancers start metastasising and how soon can this be

observed in the blood of patients? The most straightforward
way would be to use current established methods using circulat-
ing epithelial cell counts [5] but cells need to be identifiable in
suing a methodology that allows robust diagnosis using accepted
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Table 1
Patient demographics.

Variable Value Percent (%)

Total 74 100.0
Mean age (±SD) 61.4 ± 14.5 –
Males/females 44/30 59.5/40.5

Pathology
Primary lung cancer 32 43.2

Adenocarcinoma 17 53.1
Squamous cell carcinoma 6 18.8
Carcinoid tumour 6 18.8
Large cell undifferentiated carcinoma 1 3.1
Pleiomorphic carcinoma 1 3.1
Small cell carcinoma 1 3.1

Metastatic cancera 21 28.4
Other cancerb 4 5.4
Benign 17 23.0

Stagingc

I–II 27 53.8
III–IV 23 46.2

a Non-lung origin; the majority was colorectal adenocarcinoma (n = 7, 31.8%);
other types include carcinomas of bladder or larynx, large bowel, breast and prostate
origin, melanoma, haemangiothelioma, myxofibrosarcoma, liposarcoma, teratoma,
osteosarcoma, chondrosarcoma, leiomyosarcoma, post-radiation chest-wall cancer;

T
T
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ytological criteria for malignancy. Moreover CTC load is expected
o be very low in early cancer and current technology is limited
y ability to accurately identify and extract suspicious cells for
onventional clinical processing. It has been demonstrated that
ltration-based antibody-independent methods for CTC detection
utperform EpCAM-antibody-based approach in terms of the num-
er of the cells detected [6]. This allows considering filtration-based
pproaches as method of choice in routine clinical practice. How-
ver, their performance in standard clinical settings needs to be
dentified.

Recently designed size-based capture of CTCs by ScreenCell®

icroporous filters may  represent a clinically relevant approach
ue to its simplicity and such the advantages as its ability to
reserve cell morphology and cell characterisation [7]. Similar

nvestigations have been undertaken by other groups [8], but there
s currently a lack of consensus of the diagnostic criteria used, and
ome of the criteria applied are not widely accepted (e.g. E-cadherin
r vimentin expression) [9].

We sought to evaluate the presence of circulating lung cancer
ells using conventional cytomorphologic criteria assessed through
aematoxylin and eosin staining and light microscopy in thoracic
urgical pathology and define the test performance against an
nderlying diagnosis of cancer in patients with known or suspected

ung cancer.

. Material and methods

The study was performed in Royal Brompton and Harefield NHS
oundation Trust. The project was approved under the auspices of
ational Institute of Health Biomedical Research Unit Advanced
isease Biobank (NRES 10/H0504/9).

Eighty one patients who underwent surgery for suspected lung
ancer were enrolled in the study and donated blood. Due to arte-
acts of blood processing, seven specimens were excluded, so the
nal cohort comprised 74 patients. The baseline characteristics of
he patients are summarised in Table 1.

Peripheral blood was collected in 9 ml  EDTA vacutainers prior
o surgery and processed within 4 h upon acquisition. ScreenCell®

yto devices (ScreenCell, France) were used to capture circu-
ating tumour cells according to the manufacturer’s protocol.
riefly, 3 ml  of blood was mixed with 4 ml  of red blood cells

yses and fixation buffer provided with the kit and incubated for
 min  at room temperature. After incubation, blood was  passed
hrough the device filter to trap cells using vacuum force pro-
ided by a 9 ml  vacutainer. Processed filters were subjected to
tandard haematoxylin and eosin staining and then reviewed by
wo histopathologists independently. Results were categorised into
negative” or “atypical cells suspicious for cancer” (nucleated cells
ith high nuclear/cytoplasmic ratios that are larger than resting

ymphocytes; cells may  also have irregular nuclear outline). An
greement between pathologists was measured by Cohen’s kappa

tatistics [10].

The diagnostic performance of the blood test was  also
enchmarked against the reference of underlying cancer as a con-
rmatory diagnosis established by surgically biopsy and expressed

able 2
he number of cases (%) with atypical cells suspicious for cancer as established through t

Group Pathologist 1 Patho

All samples, n = 74 39 (52.7) 42 (56
Cancer  samples, n = 57 33 (57.9) 37 (64
Primary  cancer, n = 32 18 (56.3) 21 (65
Metastatic cancer, n = 21 12 (57.1) 13 (61
Benign,  n = 17 6 (35.3) 5 (29
Early  stage cancer (I–II), n = 27 15 (55.6) 18 (66
Advanced stage cancer (III–IV), n = 23 15 (65.2) 16 (69
for one case, organ of origin was not reported.
b Ganglioneuroma, two cases of mesothelioma, and chondrosarcoma of chest wall.
c For seven cancer patients staging was not reported.

as sensitivity, specificity, positive and negative predictive values.
Secondary analyses were also performed by means of a sensitiv-
ity weighted analysis (at least one pathologist classifies the results
as suspicious for cancer) and specificity weighted analysis (both
pathologists classify the results as suspicious for cancer) were
undertaken.

Prevalence of atypical cells suspicious for cancer between dif-
ferent groups was  compared using two-sided Fisher’s exact test.
The significance level of p < 0.05 was  applied. Statistical analy-
sis was  performed in R using base, epicalc and bdpv packages
[11–13].

3. Results

From 06/03/2012 to 25/01/2013, blood specimens from 81
patients were processed. Seven filters were excluded due to arte-
facts of processing preventing pathology assessment and leaving 74
patients in the study (57 with a confirmatory diagnosis of cancer
(77.0%) of which 32 (56.1%) were primary lung cancer). The arte-
facts were air bubbles under the cover slip (5), understaining (1),
and a filter physical damage (1).

The results of the assessment for the presence of atypical cells
suspicious for cancer are presented in Table 2.

Atypical cells suspicious for cancer (Fig. 1) were reported for
52.7% and 56.8% of patients by two  pathologists, respectively.

The between observer agreement was  77.0%, and corresponding
Cohen’s kappa-statistics was 0.537 ± 0.116 (p < 0.001) indicat-
ing moderate agreement according to Landis and Koch criteria
[10].

he analysis of H&E stained filters catching atypical enlarged cells.

logist 2 Both pathologists At least one pathologist

.8) 32 (43.2) 49 (66.2)

.9) 29 (50.9) 41 (71.9)

.6) 16 (50.0) 23 (71.9)

.9) 10 (47.6) 15 (71.4)

.4) 3 (17.6) 8 (47.1)

.7) 14 (51.9) 19 (70.4)

.6) 13 (56.5) 18 (78.3)
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Fig. 1. Atypical cells suspicious for cancer trapped

There were no statistically significant differences between
atients with primary and metastatic cancer regarding the pres-
nce of atypical cells in peripheral blood (Table 2). There was an
ncreased amount of the cells in advanced stage patients as com-
ared to early stage patients (Table 2). However, these differences
ere not statistically significant (Fisher’s exact p = 0.569–0.999).

The percentage of atypical cells was higher in cancer patients
s compared to patients with benign lung diseases (Table 2). These
ifferences were statistically significant for the assessments under-
aken by the second pathologist and by two pathologists together
p = 0.013 and 0.024, respectively), but not for the assessments
ndertaken by the first pathologist and by at least one of the pathol-
gists (p = 0.165 and 0.080, respectively).

Sensitivity, specificity, positive and negative predictive val-
es were estimated for each pathologists independently and in
ensitivity and specificity weighted manners (Table 3). Highest
ensitivity was achieved when at least one pathologist reported
ositive findings (71.9%, 95% CI 60.5–83.0), and the highest speci-
city was achieved when both pathologists reported positive
ndings (82.4%, 95% CI 60.4–96.2). High positive predictive values
83.7–90.6%) and low negative predictive values (31.4–37.5%) were
chieved in all cases.

. Discussion

This study was designed to assess the ability to detect CTCs in
eripheral blood of a prospective cohort of surgical patients sus-
ected of having lung cancer, using ScreenCell® Cyto filter devices
o isolate cells and standard cytomorphologic criteria and analysed
n a clinical setting.

We were able to detect atypical cells suggestive of can-
er in more than 50% of cancer patients. High specificity was
chieved using weighted analysis (82.4%). Recently, we  used
nother antibody-independent approach to detect CTCs in periph-
ral blood of lung cancer patients, which is based on a microfluidic
iochip [4]. A high specificity (up to 100%) was achieved using this
ethod, while sensitivity was low (up to 46%). This study as well

s our current findings justifies that antibody-independent size-

ased filtration techniques with cytomorphologic assessment for
he detection of CTCs can be used as a diagnostic tool for lung cancer.

The results of our study identified atypical cell suggestive of
ancer in a high proportion (55.6–66.7%) of our patients with

able 3
est performance statistics (95% CI) for the diagnosis of cancer using filter-based capture

Statistic Pathologist 1 Pathologist 

Sensitivity 57.9 (46.1–70.9) 64.9 (53.2–7
Specificity 64.7 (42.0–85.8) 70.6 (47.8–8
Negative predictive value 31.4 (23.7–42.2) 37.5 (28.9–4
Positive predictive value 84.6 (75.6–91.6) 88.1 (79.6–9

a Specificity weighted analysis.
b Sensitivity weighted analysis.
reenCell® Cyto device filters (400×, H&E staining).

early stage primary lung cancer. This observation would be con-
sistent in the seed and soil hypothesis where the cancer needs to
invade the basement membrane and elude host cell immunity to
be able to continue in the metastatic process, and the CTCs that
we have captured represent cells from the underlying cancer “en
route” to a secondary site [14]. If so, then our findings add to
the increasing body of literature that supports the concept of cell
based cancer detection despite no clinical evidence of secondary
tumour.

We also report a number of atypical cells with cytomorphologic
features suggestive of cancer identified in the cohort with “benign”
disease, and we are unable to confidently determine if these rep-
resent true cancer cells in patients who  may subsequently develop
clinical features of cancer or simply false positive results in patients
with genuinely benign disease. We  plan to follow this sub-cohort
carefully with time.

The results from our work suggest that we  are not yet ready for
clinical use. Test sensitivity is poor, and can be due to either analytic
sensitivity of the method used or the genuine absence of CTCs in the
blood. A diagnostic method can have 100% sensitivity but if only 2
out of 100 patient shed circulating tumour cells in the system will
have a test performance sensitivity of 2%, both variables are beyond
the investigators control. Specificity however can be improved.
Current lack of confirmatory diagnostic ability limits the use of
this method in clinical practice at individual pathologist’s speci-
ficity ranging from 64.7 to 70.6%, regarded as moderate at best (but
remains short of the performance required for widespread clini-
cal adoption). With the addition of immunohistochemistry, false
positive results are expected to reduce. Certainly, cell characterisa-
tion remains a challenging area in this research space, other similar
studies report a between-observer agreement for cancer diagnosis
as kappa of 0.64 [15], which is not far from what we observed at
0.537.

Getting this process correct has a number of important clini-
cal implications, pre-operative identified increasing CTC load was
associated with increasingly poor prognosis and shorter disease
free interval [16]; a monitoring of CTC number before and after
chemotherapy was shown to be of essential prognostic significance

for small cell lung cancer [17]. However, our current test perfor-
mance remains insufficient for clinical application and further work
needs to be undertaken with cell characterisation before this can
become effective tool for clinical diagnosis.

 of rare atypical cells in peripheral bloodstream.

2 Both pathologistsa At least one pathologistb

7.1) 50.9 (39.3–64.4) 71.9 (60.5–83.0)
9.7) 82.4 (60.4–96.2) 52.9 (31.1–77.0)
9.0) 33.4 (27.3–41.4) 36.0 (25.2–50.9)
4.1) 90.6 (79.9–96.5) 83.7 (76.6–89.7)



g Canc

5

fi
s
n

C

A

G
a
f
I
a
I

R

[

[

[

[

[

[

[

M.B. Freidin et al. / Lun

. Conclusion

The results of our study suggest that an antibody-independent
lter-based technology to capture CTCs coupled with standard H&E
taining and light microscopy assessment has potential as a diag-
ostic blood test for lung cancer.
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