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Background: Small cell lung cancer (SCLC) is an aggressive and invasive variant of lung tumors. SCLC,
especially in advanced stages, is distinguished by extremely high numbers of circulating tumor cells (CTCs)
in comparison to other malignancies. CTCs are operative in tumor spread and are currently enumerated to
assess prognosis and response to cytotoxic therapy. Chemosensitivity of SCLC CTCs compared to primary
tumors and metastases is not known.

Methods: Establishment of two SCLC CTC cell lines, namely BHGc7 and BHGc10, allowed the in vitro
characterization of their chemosensitivity to the second-line chemotherapeutics topotecan and epirubicin in
comparison to a range of SCLC cell lines.

Results: The SCLC CTC cell lines exhibited an approximately 7- and 12-fold increased chemosensitivity
to epirubicin compared to topotecan, respectively, in in vitro cytotoxicity assays. In comparison to a panel of
six SCLC cell lines, the two CTC lines showed a significantly higher chemosensitivity to epirubicin (range, 3-
to 16-fold) and topotecan (range, 2.2- to 14.4-fold), respectively.

Conclusions: CTC cell lines derived from SCLC patients with recurrent disease exhibit high
chemosensitivity to epirubicin vs. topotecan and show considerable more cytotoxicity in response to both
compounds in comparison to a panel of SCLC cell lines. Thus, a decrease in the number of CTCs in
response to second-line chemotherapy in SCLC patients may overestimate the effect on resident SCLC

lesions and metastases.
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Introduction

Small cell lung cancer (SCLC) accounts for approximately
15% of lung cancers and has a poor prognosis due to
rapid growth and early tumor spread in combination
with unavoidably drug resistance (1,2). Standard care
for SCLC patients is platinum-based chemotherapy and
(prophylactic cranial) irradiation due to the fact that most of
them exhibit disseminated disease at first presentation (3).
Despite high initial responses, SCLC usually recurs within
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approximately 1 year as chemoresistant tumor which is
further treated with topotecan or combinations including
anthracyclines. Topotecan, which is the only FDA-
approved drug for second-line treatment of SCLC, targets
topoisomerase I eventually resulting in DNA strand breaks
and apoptosis (4). Topoisomerase II-targeting anthracyclines,
such as epirubicin may be used as alternative. This drug
represents a 4-epimer of doxorubicin/adriamycin which

is a chemotherapeutic included in the cyclophosphamide/
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adriamycin/vincristine (CAV) regimen used for treatment
of SCLC (5). A host of other drugs and attempts of targeted
therapy for SCLC were not successful so far (3). SCLC
is distinguished by the appearance of a large number of
circulating tumor cells (CTCs) in the periphery which
seems to be linked to metastasis and a poor prognosis
(6,7). Hou et al. reported the presence of CTCs in 85%
of SCLC patients at a mean count of approximately 1,600
cells/7.5 mL blood (8). The number of pretreatment CTCs
and change in count after one cycle of chemotherapy
constituted independent prognostic factors. In a study by
Huang et al. a mean reduction greater than 95% in CTCs
from baseline to post-treatment correlating with improved
survival was found for 15/24 SCLC patients with extended
disease in response to platinum/etoposide chemotherapy (9).
The CTCs may interact with cells of the immune system
to induce cachexia and tumor-associated death at final
stages (10). The chemosensitivity of SCLC CTCs has not
been known due to the lack of sufficient number of these
cells for such investigations. We have succeeded in obtaining
several permanent cultures of CTCs from advanced SCLC
patients, which could be employed for in vitro investigations
of their drug sensitivity profiles (11,12). In the present study,
SCLC BHGc7 and BHGc10 CTC cell lines were treated
with chemotherapeutics iz vitro and their chemosensitivities
compared to drug effects on a panel of permanent SCLC cell
lines derived from lung as well as different metastatic sites.

Material and methods
Materials

Epirubicin, topotecan, cisplatin and etoposide were
obtained from Sigma-Aldrich, St. Louis, MO, USA. Stock
solutions (100x) were prepared in dimethyl sulfoxide and
stored frozen, except for cisplatin which was dissolved in
0.9% sodium chloride.

Cell lines and culture conditions

SCLC26A was established in our lab from pleural effusion
of an SCLC patient before treatment. GLC14 and
GLC16 stem from the same patient before and after first
cycles of chemotherapy, DMS153 was cultured from a
liver metastases and NCI-H526 from bone metastases,
respectively, whereas NCI-H417 was established from a
primary lung SCLC before treatment. All cell lines, with
exception of SCLC26A, were obtained from the Finsen
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Center, Copenhagen, Denmark. The SCLC CTC cell lines
BHGc7 and BHGc10 were established from peripheral
blood of SCLC patients with extended disease at our
institution (9). Cells were cultured in RPMI-1640 medium
(Seromed, Berlin, Germany) supplemented with 10% fetal
bovine serum (Seromed) and antibiotics (Sigma-Aldrich).

Cytotoxicity assays

1x10* cells in 100 pL. medium were distributed to wells of
96-well microtiter plates (TPP, Trasadingen Switzerland)
and ten 2-fold dilutions of the chemotherapeutics added in
triplicate. Assays were at least performed in triplicate. The
plates were incubated for four days under tissue culture
conditions and viable cells detected using a modified MTT
assay (EZ4U, Biomedica, Vienna, Austria). IC;, values
were determined using Origin 9.1 software (OriginLab,

Northampton, MA, USA).

Statistics

Statistical significance was tested by 7-tests and P<0.05
regarded as significant difference.

Results

Dose-response curves of epirubicin and topotecan for two
SCLC CTC lines

The cytotoxic activity of epirubicin and topotecan against
BHGc7 and BHGc10 CTC cell lines was tested in MTT
assays (Figure 1). The dose-response curves revealed that,
on a molar basis, epirubicin was approximately 7.2- to 12.3-
fold more cytotoxic for BHGc7 and BHGc10, respectively,

compared to topotecan.

Chemosensitivity of the two CTC lines compared to a panel
of SCLC cell lines

Dose response curves for cisplatin, etoposide, epirubicin
and topotecan were obtained for both CTC and a panel
of SCLC cell lines by MTT assays and the corresponding
ICs, values are summarized in Figure 2 for cisplatin and
etoposide as well in Figure 3 for epirubicin and topotecan,
respectively. Whereas BHGc7 is sensitive to cisplatin,
BHGc10 showed approximately 4-fold higher ICy, values.
The SCLC cell lines exhibited varying cisplatin sensitivities
with exception of the marked chemoresistance of the
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Figure 1 Chemosensitivity of the SCLC CTC lines to epirubicin and topotecan. BHGc7 and BHGc10 CTC cell lines were treated with the
indicated concentrations of epirubicin and topotecan, respectively, for four days. Dose response curves are shown for ten 2-fold dilutions of

the drugs (mean values + SD). SCLC, small cell lung cancer; CTC, circulating tumor cells.
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Figure 2 Comparison of the chemosensitivities of SCLC CTCs and tumor cell lines to cisplatin and etoposide. ICs, values (mean values
+ SD) as obtained from dose-response curves are shown for both SCLC CTC and tumor cell lines as well as cisplatin (A) and etoposide
(B), respectively. The chemosensitivity of the BHGc7 CTC cell line is significantly different from all other cell lines, except NCI-H526.
For etoposide, the CTC cell lines as well as the SCLC26A and GLC14 SCLC cell lines exhibit high drug sensitivity which is significantly

different from the higher IC, values of the remaining cell lines. SCLC, small cell lung cancer; CTC, circulating tumor cells.
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Figure 3 Comparison of the chemosensitivities of SCLC CTCs and tumor cell lines to epirubicin and topotecan. ICs, values (mean values + SD)

as obtained from dose-response curves are shown for both SCLC CTC and tumor cell lines as well as epirubicin and topotecan, respectively. The

chemosensitivities of the CTC cell lines are significantly different from all SCLC tumor cell lines for epirubicin (A) and topotecan (B), except for

the topotecan-sensitive SCLC26A pleural effusion cell line. SCLC, small cell lung cancer; CTC, circulating tumor cells.

NCI-H417 cells (Figure 2A). Half of the cell lines, including
BHGc7 and 10, proved to be highly etoposide-sensitive but
GLC14, DMS153, NCI-H526 and NCI-H417 displayed
elevated 1Cy, values (Figure 2B).

Both CTC lines proved to be significantly more sensitive
to epirubicin compared to the panel of SCLC cell lines
tested (Figure 34). The partial chemosensitive NCI-H417
line was established from primary untreated SCLC of the
lung. On average, the SCLC cell lines are 10- and 5-fold
more resistant to epirubicin than BHGc7 and BHGc10,
respectively and approximately 5.5-fold more resistant to
topotecan, excluding the topotecan-sensitive SCLC26A cell
line (Figure 3B). NCI-H526 exhibited distinct resistance to
treatment with topotecan.

Discussion

Combination chemotherapy has been the mainstay of
treatment for disseminated SCLC over the last decades,
even though it only achieves a short prolongation in
survival time (2). Although platinum-based combination
chemotherapy regimens have been shown to increase
complete response rates, tumors recur in the majority of
patients within 1-2 years (4,13). Patients are categorized
into relapsed (progression after 3 months) and refractory
patients (no response or relapse within 3 months) and
especially for the latter group efficacy of second-line
chemotherapy is poor (14). Topotecan monotherapy
improves survival and quality of life as well as cancer-related
symptoms and is the single approved drug for this setting.
Alternatively, doxorubicin-based combination therapy can
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be administered with a similar outcome but a slightly lower
rate of symptom control (15).

Permanent CTC cultures of SCLC patients were
established at our institution for the first time (11).
Relapsing patient BHGc7 responded to initial treatment
with several cycles of carboplatin/etoposide but the
tumor recurred 10 months later in form of multiple
bone metastases. This patient did not respond to further
therapy and died shortly after tumor progression. The
BHGc10 CTC line was established from a blood sample
of a refractory patient before initiation of the second-
line therapy, consisting of CEV. This patient had received
three cycles of carboplatin/etoposide but progressed
under therapy obviously exhibiting chemoresistance to
the platinum drug in conformance with our subsequent
in vitro cytotoxicity tests. Permanent CTC cultures
were obtained from both patients and checked for their
chemosensitivity to cisplatin, etoposide, epirubicin and
topotecan. BHGc10 showed an ICy, value for cisplatin
in the range of the maximal achievable peak plasma
concentration of approximately 3 pg/mL, whereas
BHGc7 is chemosensitive. All cell lines seem to be
sensitive to etoposide since this drug exhibits peak plasma
concentrations up to 20 pg/mL in vive, clearly exceeding
the IC;, values determined. The CTC lines express typical
SCLC markers and show slow proliferation with doubling
times of approximately 60 hrs (data not shown). Both
CTC cultures are highly sensitive to epirubicin compared
to a panel of SCLC cell lines of diverse metastatic origin
and are much more sensitive on a molar basis to this
anthracycline in comparison to topotecan.
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Anthracyclines are among the most effective
chemotherapeutics for several types of cancer. The
combination regimens etoposide-cisplatin (EP) and
CAV can be considered equivalently effective therapies
in extensive SCLC (16,17). Doxorubicin/Adriamycin
may be replaced by epirubicin which exhibits reduced
cardiotoxicity due to faster elimination (18). Topotecan
and epirubicin regimens yield matchable peak plasma
concentrations of approximately 0.2 pM (18,19). Topotecan
was at least as effective as CAV in the treatment of patients
with recurrent SCLC and resulted in improved control of
several symptoms (20). This was the only study to report
improvement, although not statistically significant in
symptom management with topotecan compared with CAV.

Many patients with SCLC relapse due to spread of cancer
cells which evades detection by conventional methods.
CTCs are tumor cells that have disseminated from primary
and metastatic sites and circulate in the bloodstream. Their
analysis is considered as a liquid biopsy approach for early
diagnosis, risk stratification, evaluation of curative efficacy,
and early detection of lung cancer relapse (6). For example, in
one study CTCs were present in 85% of SCLC patients and
were abundant with a mean count of 1,600 CTCs/7.5 mL
of blood (8). Pretreatment CTCs and change in numbers
after one cycle of chemotherapy were independent
prognostic factors. Overall survival was 5.4 months for
patients with >50 CTCs/7.5 mL of blood and 11.5 months
for patients with less than 50 CTCs/7.5 mL of blood before
chemotherapy, indicating just a delay of approximately
6 months in final tumor progression. Higher baseline CTCs
and percentage change in post-treatment CTCs were
associated with decreased survival in another small trial (9).
The widely differing mean number of 75 CTCs/7.5 mL
blood of CTCs in ED-SCLC reported in this study seems
to indicate different results in dependence of patients and
technologies employed. Of course, the best prognostic
group being patients without CTCs before and after
therapy, indicating localized SCLC (21). A metaanalysis
covering 440 SCLC patients revealed that CTCs were
significantly associated with shorter progression-free and
overall survival (22). CTCs may overlap with CD133*
cancer stem cells (CSCs) which were reported to have
predictive value in lung adenocarcinoma (23).

In other malignancies, CTCs are associated with poor
response to chemotherapy in metastatic gastrointestinal
cancer patients (24). The ability to determine resistance-
mediating androgen receptor modifications or other
mutations in CTCs has the potential to considerably
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improve treatment of prostate and other cancers (25).
Furthermore, CTCs are correlated with prognosis in
colorectal cancer patients treated with chemotherapy (26).
CTCs could provide additional prognostic information
to tumor radiographic imaging and might be used as a
surrogate and novel predictive marker for the response
to chemotherapy. However, in metastatic breast cancer
enumeration of CTCs had prognostic but not predictive
significance for chemotherapy (27). Cluster formation
in the post-treatment short-term CTC culture of breast
cancer patients correlated with shorter overall survival of
9.8 months versus a mean overall survival of 16.6 months
for cluster-negative patients (28).

In the present study, both CTC cell lines exhibited
higher sensitivity to epirubicin and topotecan compared
to SCLC lines derived from lung and distinct metastases.
Thus, a drop in CTC counts in patients may not exactly
reflect response of primary and metastatic SCLC lesions
to chemotherapeutic treatment in general. Furthermore,
CTCs are freely accessible in the bloodstream but
chemoresistance of tumors iz vivo may be further enhanced
by adverse microenvironmental conditions, such as
poor vascularization, increased intratumoral pressure
and acidosis (29). Nevertheless, monitoring of CTCs in
SCLC has the potential to detect tumor spread at an early
phase before clinically appearance. Removal of CTCs by
chemotherapeutics is expected to impair tumor spread and
in advanced disease with high CTC counts these tumor
cells may contribute to morbidity through their interactions
with the immune system. We have demonstrated recently
that SCLC CTGCs recruit macrophages via differentiation of
monocytes and stimulate release of inflammatory cytokines
and mediators possibly involved in triggering cachexia (10).

Conclusions

In conclusion, application of CTC counts as surrogate
marker of tumor response may be impaired by different
drug sensitivities of circulating versus primary and
metastatic SCLC cells. Furthermore, chemosensitive
CTCs may survive through homing to special niches or
formation of resistant spheroids for subsequent generation
of secondary lesions.
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