ORIGINAL ARTICLE

Differences in chemosensitivity between primary and paired

metastatic lung cancer tissues: In vitro analysis based on the collagen
gel droplet embedded culture drug test (CD-DST)

Masahiko Higashiyama', Jiro Okami', Jun Maeda', Toshiteru Tokunaga', Ayako Fujiwara', Ken Kodama', Fumio

Imamura’, Hisayuki Kobayashi’

'Department of Thoracic Surgery; “Department of Respiratory Medicine, Osaka Medical Center for Cancer and Cardiovascular Diseases

I-3-3, Nakamichi, Higashinari-ku, Osaka, 537-8511, Japan; *Bio-Medical Department, Kurabo Industries LTD. (formally, Research
Laboratory Division, Nitta Gelatin Inc.), 14-4| Shimokida-cho, Neyagawa City, Osaka, 572-0823, Japan

ABSTRACT

KEY WORDS

Background: To elucidate the differences in chemosensitivity to anticancer drugs between primary and metastatic lesions
in non-small cell lung cancer (NSCLC) patients, we examined the in vitro chemosensitivities of surgically resected NSCLC
tissues.

Methods: A total of 32 specimens were enrolled: 26 specimens of primary lesions paired with metastases in the lymph
node, 3 specimens of primary lesions paired with metastases in the adrenal gland, and 3 specimens of primary lesions paired
with metastases in the lung. The collagen gel droplet embedded culture drug test (CD-DST) was applied to examine the
sensitivity of the tissues to anticancer drugs, including cisplatin, gemcitabine, vinorelbine, docetaxel and 5-fluorouracil.
Results: The degree of in vitro sensitivity to each anticancer drug varied between the primary and metastatic lesions. The
sensitivity of the paired metastatic lesions was significantly lower than that of the primary lesions only for gemcitabine
(P=0.029), vinorelbine (P=0.012), and docetaxel (P=0.009). The incidence of cases diagnosed as CD-DST-sensitive among
the paired metastatic lesions was significantly lower than that for the primary lesions for vinorelbine (P=0.035) or docetaxel
(P=0.022). The difference in the sensitivity to gemcitabine between the primary and paired non-lymphatic metastases was
clearer than that between the primary lesion and paired lymph node metastases.

Conclusions: The sensitivities of the paired metastatic lesions to some anticancer drugs were significantly lower than those
of the primary lesions. When performing chemotherapy based on CD-DST data using primary tumors from patients with
postoperative recurrence, an appropriate regimen can be selected by carefully considering these differences.

Non-small cell lung cancer (NSCLC); chemosensitivity test; collagen gel droplet embedded culture drug test (CD-DST);

metastatic tissue; chemotherapy

Introduction

Lung cancer is a major cause of death worldwide. More than
70% of lung cancer patients die of systemic metastasis. Although

J Thorac Dis 2012;4:40-47. DOI: 10.3978]j.issn.2072-1439.2011.05.02

chemotherapy modalities to fight this disease have been
aggressively developed, they have failed to achieve satisfactory
therapeutic effects and prognoses. Indeed, many advanced
lung cancers are finally resistant to anticancer drugs, and the
response rates of systemic metastatic disease are worse than
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those associated with induction chemotherapy (1-3). Also,

primary lesions and their corresponding metastases frequently
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show significant differences in their sensitivity to chemotherapy,
and similar differences are also seen among metastatic sites (4).
Considering these observations together, it was suggested that
the chemosensitivity of some tumors is strongly affected by the
biological aggressiveness of the tumor, such as the metastatic
potential of the tumor cells themselves, the metastatic route, and
site-specific circumstances associated with the metastatic process
(5-9). Thus, it is clinically important to analyze the heterogeneity

of chemosensitivity to anticancer drugs within tumor tissue. In
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fact, such tumor heterogeneities of potential drug sensitivity
was recently indicated in the patient-derived xenograft specimen
treated experimentally with anticancer drugs (10), but the
heterogeneity of tumor chemosensitivity in individual patients
has been not sufficiently examined.

Recently, in vitro anticancer drug sensitivity tests using
clinical specimens have been used to provide data for designing
individualized chemotherapies. Several in vitro anticancer
drug sensitivity tests have been developed for various types
of malignant tumors, and these tests have been applied
experimentally as well as clinically (11-14). The collagen gel
droplet embedded culture drug test (CD-DST) is an in vitro
anticancer drug sensitivity test (15-17) that has been used at our
institute in chemotherapy for patients with non-small cell lung
cancer (NSCLC) (18-20) as well as those with other thoracic
tumors (21,22). So far, this test has been used to assess surgically
resected specimens from NSCLC primary lesions and to provide
data regarding their sensitivity to anticancer drugs and has also
been clinically applied to aid the development of individualized
chemotherapies for NSCLC patients who have suffered
postoperative recurrence (18,20). In fact, good predictability was
obtained when the test was used to aid the treatment of recurrent
disease, and the accuracy of treatment response predictions
based on the CD-DST data was as high as 70%, but this was
still not satisfactory because these chemosensitivity data were
obtained from primary NSCLC tissues, not systemic metastatic
tissues (20).

In the present study, in order to elucidate the differences in
the chemosensitivity to anticancer drugs between primary and
metastatic lesions in individual NSCLC patients, we examined
the in vitro chemosensitivities of surgically resected NSCLC
tissues to representative anticancer drugs. In addition, the in
vitro chemosensitivities of tumors at different metastatic sites

was examined.

Patients and methods

Patients, tissue specimens, and CD-DST data acquisition

The primary lesions and paired metastatic NSCLC tissues
used in the present study were collected in the following
manner: between 2001 and 2009, 1790 patients underwent
surgical treatment for lung cancer, and of them, the CD-DST
was selectively performed in 597 NSCLC patients after they
had provided informed consent. The tested specimens were
primary lung cancer tissues, and in cases in which the tumor
was locally advanced, 37 metastatic tissues, including 32 nodal
and S pulmonary metastatic lesions were also tested at the same
time. The paired specimens used for the test were obtained
by surgical resection for postoperative recurrence, such as
adrenal and pulmonary metastasis. In addition, the following

specimens were excluded from the present analysis: patients
undergoing neoadjuvant chemotherapy before primary surgery
or chemotherapy before metastasectomy for recurrent disease,
and patients whose CD-DST data were not obtained due to
a technical issue. As a result, a total of 32 CD-DST datasets
for primary and metastatic NSCLC lesions were enrolled:
26 CD-DST datasets for primary tumors paired with nodal
metastatic lesions, 3 for primary tumors paired with adrenal
gland metastatic lesions, and 3 for primary tumors paired with
pulmonary metastatic lesions (2 displaying synchronism and 1
displaying asynchronism).

The clinicopathological data of the patients enrolled in the
present study are summarized in Table 1. The pathological stage
(p-stage) of the disease was based on the general guidelines of
the Japan Lung Cancer Society (23). As described above, the
patients were divided into two groups, those (n=26) with CD-
DST data for primary and nodal metastatic lesions and those
(n=6) with CD-DST data for primary and distant metastatic
lesions. The former group consisted of 8 squamous cell
carcinomas, 14 adenocarcinomas, 3 large cell carcinomas, and
one adenosquamous cell carcinoma. The nodal specimens used
for the test were obtained from dissected mediastinal or hilar
lymph nodes while the metastases were histologically confirmed
during surgery. The latter group consisted of 1 squamous cell
carcinoma, 4 adenocarcinomas, and 1 large cell carcinoma.
The metastatic lesions were diagnosed using intraoperative and
postoperative histological examinations.

CD-DST was performed as described previously by Kobayashi
et al. (15-17). In brief, each surgically obtained specimen was
finely minced using a scalpel and digested in cell dispersion
enzyme solution (EZ, Nitta Gelatin Inc., Osaka, Japan) for 2 hr.
The dispersed cancer cells were then washed twice, collected by
centrifugation at 250 g for 3 min, filtered through an 80 um nylon
mesh, and then incubated in a collagen gel coated flask (CG-
flask, Nitta Gelatin Inc.,) in a CO; incubator at 37 °C for 24 hr.
Only the viable cells adhering to the collagen gel were collected
and suspended in the reconstructed type I collagen solution
(Cellmatrix Type CD, Nitta Gelatin Inc.) at a final density of
1x10° cells/ml. Three drops of the collagen-cell mixture (30 ul/
drop) were placed in each well of a 6-well multiplate and a 60
mm dish and allowed to gel at 37 °C in a CO3 incubator for 1 ho-
ur. The final concentration was about 3x103 cells/ collagen gel
droplet. The culture medium was overlaid on each well, and the
plate was incubated in a CO; incubator at 37 °C overnight.

Then, one of the anticancer drugs was added and incubated
for 1 hr (gemcitabine) oor 24 hr (other drugs). After the removal
of the medium containing the anticancer drug, each well was
rinsed twice, overlaid with serum-free culture medium (PCN-1,
Nitta Gelatin Inc.), and incubated for seven days. On the fourth
day of the incubation, the medium was replaced. At the end
of the incubation, neutral red was added to each well at a final
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Table 1. Clinicopathological characteristics of the patients.

No. of patients (%)

Patients with paired primary and nodal metastatic lesions (n=26)

Age

Gender male / female
p-stage (23) 1B/ A /B / IV
Histology (23) squamous / adeno / large / adenosquamous *

Patients with paired primary and distant metastatic lesions (n=6)

Age

Gender male / female
Distant site lung / adrenal gland
Histology* squamous / adeno / large

mean 66 years-old

18 (69%) / 8 (31%)
2 (8%)/ 18 (69%) / 5(19%) / 1(4%)
8 (31%) /14 (54%) /3 (12%) /1 (4%)

mean 62 years-old
5(83%)/ 1 (17%)
3(50%) / 3 (50%)
I (17%) /4 (67%) / | (17%)

*adeno: adenocarcinoma; squamous: squamous cell carcinoma; large: large cell carcinoma; adenosquamous: adenosquamous cell carcinoma.

concentration of 50 ug/ml, and the colonies in the collagen gel
droplets were stained for three hr. The collagen droplets in the 60
mm dish were stained just before exposure (day 1). Thereafter,
each collagen droplet was fixed with 10% neutral formalin buffer,
washed in water, air dried, and quantified by image analysis. The
growth rate of the controls was calculated as the total volume of
the control group on day 7/total volume on day 1. The in vitro
sensitivity was expressed as the T/C ratio (%), where T was the
total volume of the treated group and C was the total volume of
the control group. A T/C (%) of 50% or less to an anticancer

drug was regarded demonstrating in vitro-sensitivity.
Anticancer drugs

The anticancer drugs tested in the CD-DST were 0.2 ug/ml
cisplatin (CDDP), 0.1 ug/ml docetaxel (TXT), 0.05 ug/ml
vinorelbine (VNR), 8.0 ug/ml gemcitabine (GEM), and 1.0 ug/
ml S-furuolouracil (5-Fu). The culture time was 1 hr for GEM,
while it was 24 hr for the other drugs (15-18,20).

Statistical analyses

Statistical analyses were performed using the paired T test or Fisher’s

exact probability test. The level of significance was set at 5%.

Chemosensitivity of the primary tissues and paired metastatic
lesions to each anticancer drug

In vitro sensitivity data for the primary and paired metastatic
tissues were obtained in all 32 patients for CDDP, but were only
obtained in 29 patients for 5-FU, and in 28 patients for GEM,
VNR, and TXT, because of technical problems or material

deficiencies. Table 2 shows a summary of the chemosensitivity

data of the primary (P) and paired metastatic lesions (M)
for each anticancer drug. With regard to the T/C ratio (%)
of each anticancer drug, the mean ratio in the primary tissue
was generally lower than that in the paired metastatic lesion,
especially for GEM (P=0.029), VNR (P=0.012), and TXT
(P=0.009), in which the difference was significant, indicating
that the paired metastatic lesions showed significantly less
sensitivity to these drugs than the primary lesions. Figure 1
shows a comparison of the CD-DST data for the primary lesions
and their paired metastatic lesions for each anticancer drug. For
GEM, VNR, and TXT, although a minority of cases showed T/
C ratios that were lower in the paired metastatic lesions than
those in the primary tissues, the T/C ratios of the metastatic
lesions were generally higher than those of the primary lesions.
In contrast, for CDDP and S-FU (Figure 1), no such observation
was seen, as described in Table 2.

Regarding the diagnosis of CD-DST, whether the lesion was
in vitro-sensitive or —resistant based on this chemosensitivity
test, the frequency of in vitro-sensitive cases was generally lower
for the metastatic lesions than the primary tissues, especially for
VNR (P=0.035) and TXT (P=0.022), and the difference was
significant according to Fisher’s exact probability test (Table 2).

Chemosensitivity analysis based on the metastatic route

As described in Patients and Methods, 6 metastatic specimens were
obtained from non-nodal metastases (3 from the adrenal gland
and 3 from the lung). Then, the difference in chemosensitivity
between the primary lesions and their paired metastatic lesions
was analyzed according to the metastatic route, namely lymphatic
(n=26) versus non-lymphatic (n=6). Figure 2 shows waterfall
plots of each anticancer drug reflecting the differences in the T/
C ratio (%) between the primary and metastatic lesions. The
cases associated with a non-lymphatic route (white column) were
widely distributed in these plots, and in the GEM group, 4 cases
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Table 2. Comparison of in vitro sensitivity data produced by the CD-DST between primary and paired metastatic lesions in patients with NSCLC.
CDDP (P) CDDP (M) GEM((P) GEM (M) VNR(P) VNR(M) TXT (P) TXT (M) 5-FU (P) 5-FU (M)

Number 32 32 28 28 28 28 28 28 29 29

T/C ratio (%)

Mean 64.3 72.0 61.3 75.2 58.7 72.8 59.6 74.1 73.1 79.0

S.D. 20.7 21.0 26.9 24.8 25.9 22.9 24.5 243 21.4 24.6
Median 62 74 58 79 56 74 55 79 73 77
p value (P vs M)* 0.13 0.029 0.012 0.009 0.33
Mean

Number of sensitive
cases (%) 7 (22%) 4(13%) 9(32%) 5(18%) Il 39%) 4(14%) 13 (46%) 5 (18%) 4 (14%) 2 (7%)
P value (P vs M)** 0.32 0.21 0.035 0.022 0.39

(P): Primary lesions, (M): Paired metastatic lesions; *: Paired T test; **: Fisher’s exact probability test.
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Figure 1. Comparison of the in vitro chemosensitivities (T/C ratio, %) of primary lesions and their paired metastatic NSCLC lesions. P: pri-
mary lesions, M: paired metastatic lesions. The cases surrounded with dotted-line frames were diagnosed as being in vitro-sensitive. The P value for
each anticancer drug was calculated using the Paired T test. Figure 1. shows a comparison of CD-DST data between each primary lesion and its paired
metastatic lesion for each anticancer drug. For GEM, VNR, and TXT, the T/C ratio of the metastatic lesions was significantly higher than that of the

primary lesions. In contrast, for CDDP and 5-FU, no significant differences in chemosensitivity were observed.
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Figure 2. Differences in the T/C ratio (%) between the primary lesions and their paired metastatic lesions. Differences in the T/C ratio (%) be-

tween the primary lesions and their paired metastatic lesions are shown by waterfall plots. The black columns show the difference between primary le-

sions and their paired lymph node lesion. The white columns show the difference between primary lesions and their paired non-lymphatic lesions. Al-

though the cases involving a non-lymphatic route (white column) were widely distributed, 4 cases (67%) treated with GEM showed a 30% or greater

increase in in vitro resistance in the paired metastatic lesions compared with the primary tissue. Three cases (50%) showed similar results for CDDP.

(67%) showed at least a 30% greater number of in vitro resistant
metastatic lesions than primary tumors. Also, three cases (50%)

showed similar observations for CDDP.

For the past 20 years, we have investigated the technical

development of the CD-DST and have presented experimental

and clinical results that aid the selection of individualized
chemotherapy for patients, especially for those with lung cancer
(15-17). For example, we reported that the CD-DST displayed
clinical significance for some "old generation” anticancer drugs
in NSCLC patients (18). In this report, the chemotherapeutic
effects of treatment for postoperative recurrence were analyzed
in comparison with the CD-DST data obtained by surgery.
CDDP-based combined chemotherapy yielded a good response
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more frequently with in vitro-sensitive regimens than with non-in
vitro-sensitive regimens; and consequently, the CD-DST results
for CDDP and CBDCA, a key drug for chemotherapy, correlated
with the clinical response. Next, we showed the similar results for
some "new generation” anticancer drugs, which were thought to
have stronger therapeutic effects than the "old generation” drugs.
In fact, so good responses to the recurrent tumors were obtained
by chemotherapy even with a single agent regimen such as GEM,
TXT, and VNR, when diagnosed as in vitro- sensitive (20).

In addition to our series (18,20), there have been several
reports regarding the clinical application of in vitro sensitivity
tests for the treatment of lung cancer patients. Kawamura
et al. (19) described the survival benefit of CD-DST-
based chemotherapy for patients with stage IV lung cancer.
Yoshimasu et al. (24) also reported the usefulness of another
in vitro chemosensitivity test, the histoculture drug response
assay (HDRA), for treating postoperative recurrence in lung
cancer patients. Recently, Tanahashi et al. (25) reported the
clinical application of the HDRA for postoperative adjuvant
chemotherapy in lung cancer patients and demonstrated that
overall survival was prolonged by treatment using an HDRA-
sensitive regimen. In addition, there have also been some
promising reports regarding other novel chemosensitivity tests
for the treatment of patients with NSCLC (10,26). In particular,
such an in vivo test system as patient-derived xenograft
model described by Dong et al. (10) was newly promising for
predicting drug sensitivities. Thus, it is considered that these
chemosensitivity tests may be clinically applicable for sensitivity
test-guided, individualized treatment of cancer patients.
However, it has been well recognized that there are some
limitations to apply these in vitro tests in clinical practice enough.
In fact, there are still some technical problems of primary
culture failure, anticancer drug level, bacterial contamination,
measurement only for cancer cells, and so on. Anyway, these
tests including CD-DST (15-17) have been developed while
overcoming such technical problems step by step.

Interestingly, we must also pay particular attention to the
fact that most of these analyses are based on sensitivity data
obtained from primary, not metastatic, lesions. In other words, it
is possible that these data do not reflect the characteristics of all
tumor tissues in a particular patient. Since chemosensitivity data
could not be obtained for all sites, chemotherapy was performed
based on the data of the most representative primary site in
patients with NSCLC (18,20,24). However, the prediction of
chemotherapeutic effects using sensitivity tests was not always
satisfactory in our series (18,20) or those of others (19,24).
Unfortunately, the reason for these problems is unclear. From
this standpoint, this study is extremely important for elucidating
the cause of predictive failure.

According to the present study, although a minority of

patients had metastatic lesions that were more in vitro-sensitive

than the primary lesion, some anticancer drugs, for example,
TXT, VNR, and GEM, showed significantly less in vitro-
sensitivity in metastatic lesions than in primary lesions, and
then, these differences resulted in a lower incidence of in vitro-
sensitive cases for TXT and VNR. In contrast, only small
differences in sensitivity were detected between the primary
and metastatic lesions for CDDP and 5-Fu. Furukawa et al.
(27) reported similar results for various anticancer drugs using
specimens from primary breast cancer lesions and their paired
nodal metastatic tumors by the HDRA. Interestingly, they
also showed that the sensitivity of the metastatic nodal lesions
to CDDP was not different from that of the primary lesions.
Therefore, when performing individualized chemotherapy based
on CD-DST data using primary tumor specimens, false-sensitive
regimens, including some anticancer drugs that display in vitro-
sensitivity, e.g.,, TXT and VNR, might be selected.

Surprisingly, the effectiveness of some anticancer drugs
depended on the metastatic route or site. GEM and CDDP
showed a trend towards reduced sensitivity in non-lymphatic
metastatic lesions compared with lymph node metastases,
although the observation was not subjected to statistical analysis
because of the small number of samples. This trend might be
closely associated with our previously reported result (20);
i.e., in CD-DST-based chemotherapy for recurrent disease, the
predictive accuracy of CD-DST data was highest for lymph
node recurrence. In contrast, among patients with pleural
or bone metastasis, few such associations between CD-DST
data and response were observed, despite the fact that we
performed chemotherapy with an in vitro- sensitive regimen
(20). In addition, a similar tendency was also found in a recent
report: Tanahashi et al. (25) described that the incidence of
postoperative lymph node recurrence was low in lung cancer
patients undergoing adjuvant chemotherapy involving an
in vitro-sensitive regimen. Thus, for some anticancer drugs,
the metastatic route or site may also influence the predictive
performance of CD-DST.

A few reports have demonstrated clear differences in the in
vitro or in vivo chemosensitivity of primary lesions and their
paired metastatic lesions using human tumor tissues (10).
Also, several biomarkers associated with chemosensitivity
have been aggressively developed (28,29), but although the
chemosensitivity heterogeneity of tumor tissues has been
studied (10), no studies comparing tumors according to the site
of the lesion have been performed. Besides, there are few studies
comparing these tests. Inaba et al. (30) previously reported an
in vitro-in vivo correlation of CD-DST, and such comparison
studies may be also necessary in the future. Anyway, in this study,
the sensitivity of tumors to anticancer drugs showed surprisingly
variation among the tumor tissues in individual patients. In
particular, it was interesting that these differences were closely
related to the type of anticancer drug used and the metastatic
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route/site. Based on these observations, when performing CD-

DST-based chemotherapy for NSCLC patients, especially those

with postoperative recurrent disease, an appropriate regimen

should be selected after carefully considering these differences.

Further analysis is required to establish a promising strategy for
CD-DST-guided chemotherapy for patients with NSCLC.
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