R. Kanzaki et al. / Interactive CardioVascular and Thoracic Surgery 10 (2010) 1009-1014 1013

number of patients with NSCLC after potentially curative
surgery and is the first to examine the value of FDG-PET/
CT as a routine medical checkup during follow-up.

In the present study, one patient had a false negative
FDG-PET/CT study. The recurrence site was pleuritis carci-
nomatosa and the standard uptake value (SUV) of the lesion
was low (1.2). Previous reports described the diagnostic
limitations of FDG-PET in detection of brain metastasis
[14]. Detection of tumors with modest increases in glucose
metabolism is difficult because of the high rate of physio-
logic glucose metabolism in normal brain tissue. Our results
demonstrated diagnostic limitations for FDG-PET/CT in
detecting early intrathoracic recurrences, for example plu-
ral lesions, which could be interpreted as postoperative
change. On the other hand, eight patients have false
positive FDG-PET/CT studies. Even in six of these eight
patients, the final diagnosis was clinically or pathologically
non-specific or FDG uptake by benign inflammatory or
reactive process. Generally, the inflammatory process is
known as the main cause of false findings on FDG-PET [15].
In particular, false results are not unusual during the period
of up to six months after the end of treatment due to FDG
uptake in irradiated tissues and postsurgical inflammatory
changes [7, 8, 16]. Although FDG-PET/CT studies within the
first six months after surgery were excluded in this study,
inflammatory changes were the main reason for the false
positive studies. On the other hand, several studies used
SUV cut-off of 2.5 to differentiate malignant from benign
lesions [7, 17]. In the present study, four false positive
cases were identified in which SUV was >2.5. This finding
indicates that SUV is not reliable even after >6 months
postsurgical follow-up period.

The present study also demonstrated a high NPV of FDG-
PET/CT in a large number of patients (199 FDG-PET/CT
negative patients) during a follow-up period of sufficient
length (at least 12 months). Therefore, in conjunction with
the high NPV, we propose that conventional imaging modal-
ities, with the exception of brain MRI, can be omitted if
the result of FDG-PET/CT study is negative in patients with
NSCLC after potentially curative surgery. A recent report
of Takenaka and co-workers could support our proposal.
They directly compared diagnostic capabilities of FDG-PET/
CT and conventional imaging modalities (combination of
chest and abdominal CT, bone scintigraphy, and brain MRI)
for assessment of recurrence in 92 postoperative NSCLC
patients. They concluded that FDG-PET/CT can be used for
assessment of postoperative recurrence in NSCLC patlents

chest and abdominal CT, bone scintigraphy, and brain MRI
(~100,000 yen vs. 65,000 yen) [18]. After considering
these limitations, whether FDG-PET/CT could be used rou-
tinely as an alternative to the combination of conventional
imaging modalities during the postoperative follow-up peri-
od need to be investigated.

Unfortunately, the main limitations of the present study
were the lack of evaluation of the impact of FDG-PET/CT
on management of patients and patient selection bias, both
of which are related to the retrospective nature of the
study. Keidar et al. [12] prospectively evaluated the impact
of FDG-PET/CT on the management of suspected recurrent
lung cancer. They reported that FDG-PET/CT modified the
management (i.e. eliminated the need for previously
planned diagnostic procedures, resulted in initiation of
previously unplanned treatment or changed the previously
planned therapeutic approach) of 29% of the patients. In
the present study, however, we believe that FDG-PET/CT
could be a potential alternative to the combination of
conventional imaging modalities during the postoperative
course in patients with NSCLC after potentially curative
surgery.

5. Conclusions

The present study demonstrated the high diagnostic per-
formance of FDG-PET/CT in detecting recurrences in a
large group of patients with NSCLC after potentially cura-
tive surgery. FDG-PET/CT is useful not only for diagnosis of
recurrence but also for detection of other diseases.
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1. Introduction

ABSTRACT

Background and aims: The collagen gel droplet embedded culture drug test (CD-DST), is an in vitro anti-
cancer drug sensitivity test. The test has been used with various types of malignant tumors, but the
significance of clinical application remains unknown. The aim of the present study is to evaluate the
ability of this test to predict the response to chemotherapy in non-small cell lung cancer (NSCLC) patients.
Methods: From January 2000 through March 2007, CD-DST data using the primary tumor specimens to
anticancer drugs such as cisplatin (CDDP), carboplatin (CBDCA), paclitaxel (PAC), docetaxel (TXT), gem-
citabine (GEM), and vinorelbine (VNR), was successfully obtained from 382 patients that underwent a
radical resection for NSCLC. Eighty-one of those patients received 1stline chemotherapy using a “new gen-
eration” of anticancer drugs for postoperative recurrence. The chemotherapy regimen consisted of a CDDP
(or CBDCA)-based combination (N=41), non-CDDP-based combination (N=1) and single agent (N=39).
The predictability of the chemotherapeutic effect by the CD-DST data was analyzed retrospectively.
Results: Partial response (PR) was obtained in 24 patients (response rate =30%), stable disease (SD) in
33 (41%) and progressive disease (PD) in 24 (30%). Forty-two patients underwent chemotherapy with
one or more CD-DST-sensitive drugs, 21 of whom showed PR (RR=50%), whereas only 3 (8%) patients
showed PR with chemotherapy with regimen including no CD-DST-sensitive drugs. Good predictability
was obtained, with a 50% positive predictive value (PPV) for PR and a 92% negative predictive value (NPV)
by CD-DST. The predictive accuracy for the response based on the CD-DST data was 70%. Interestingly, a
subset analysis according to recurrence site showed that the predictive accuracy was highest (86%) for
CD-DST-based chemotherapy for recurrence in the lymph nodes.

Conclusions: The application of the CD-DST for “new generation” anticancer drugs using surgically resected
specimens of primary lesion in NSCLC patients may be clinically useful in the prediction of the response to
chemotherapy for postoperative recurrence. CD-DST-oriented chemotherapy for postoperative recurrence
especially in the lymph nodes may therefore be promising for the improvement of the treatment outcome.

© 2009 Elsevier Ireland Ltd. All rights reserved.

to avoid the use of an ineffective anticancer drugs. Chemotherapy
based on sensitivity-associated data thus allows the application of

Predicting the chemosensitivity of a patient with malignant
disease to an anticancer drug may help to improve the chemother-
apeutic response with a possible survival benefit as well as helping

Abbreviations: NSCLC, non-small cell lung cancer; CD-DST, collagen gel droplet
embedded culture drug test; HDRA, histoculture drug response assay; CDDP, cis-
platin; CBDCA, carboplatin; PAC, paclitaxel; TXT, docetaxel; GEM, gemciatbine; VNR,
vinorelbine; CR, complete response; PR, partial response; SD, stable disease; PD,
progressive disease; RR, response rate; PPV, positive predictive value; NPV, negative
predictive value; RECIST, Response Evaluation Criteria in Solid Tumor.
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individualized therapies [1].

Chemotherapy has been established for non-small cell lung
(NSCLC) patients using a “new generation” (or 3rd generation) of
anticancer drugs, thus providing a significant improvement in the
response rate and the survival benefit. However, such results are
still insufficient, and with the development of individualized ther-
apies in various types of malignant tumors, the establishment of a
chemotherapeutic regimen based on sensitivity-associated data for
NSCLC patients is urgently needed [2].

Invitro anticancer drug sensitivity tests using clinical specimens
are representative modalities for providing useful data for design-
ing individualization chemotherapy. Several in vitro anticancer
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drug sensitivity tests have been developed in various types of
malignant tumors, and such tests have been preliminarily applied
experimentally as well as clinically [3,4]. The collagen gel droplet
embedded culture drug test (CD-DST) is an in vitro anticancer drug
sensitivity test, that has been applied for chemotherapy to NSCLC
as well as mesothelioma patients [5-8]. This test uses surgically
resected specimens of NSCLC tissues, and provides sensitivity data
to anticancer drugs, and has been clinically applied to develop a
potential individualized chemotherapy for postoperative recur-
rence of NSCLC patients [8]. However, the clinical usefulness of
this test has not been verified, especially with regard to the “new
generation”, or “3rd generation” anticancer drugs.

The aim of the present study was to examine the clinical useful-
ness of this test in the prediction of response to chemotherapy using
“new generation” anticancer drugs to treat postoperative recurrent
diseases.

2. Patients and methods
2.1. Patients, tissue specimens, and CD-DST data acquisition

Between January 2000 and March 2007, 1294 patients under-
went surgical treatment for lung cancer, and of them, the CD-DST
was selectively performed for 435 NSCLC patients using the primary
tumor tissue after they provided informed consent.

CD-DST was performed as previously described by Kobayashi et
al. [5-7]. In brief, each fresh specimen obtained by surgery was
minced finely using a scalpel and digested in a cell dispersion
enzyme solution (EZ, Nitta Gelatin Inc., Osaka, Japan) for 2 h. The
dispersed cancer cells were washed twice and collected by centrifu-
gation at 250 x g for 3 min, filtered through an 80 pm nylon mesh,
and then incubated in a collagen gel coated flask (CG-flask, Nitta
GelatinInc.)in a CO, incubator at 37 “C for 24 h. 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.) with the final density being 1 x 105 cells/ml. Three
drops of the collagen-cell mixture (30 wl/drop) were placed in each
well of a 6-well multiplate and in a 60 mm dish, and allowed to gel
at37°CinaCO; incubator for 1 h. The final concentration was about
3 x 103 cells/collagen gel droplet. Culture medium was overlaid on
each well and the plate was incubated in a CO, incubator at 37 °C
overnight.

The anticancer drug was added, and incubated for 1h (gemc-
itabine) or 24 h (other drugs). After the removal of the medium
containing anticancer drugs, each well was rinsed twice, overlaid
with serum-free culture medium (PCN-1, Nitta Gelatin Inc.), and
incubated for 7 days. On the fourth day of the incubation, the
medium was changed once. At the end of incubation, the neutral
red was added to each well at a final concentration of 50 wg/ml, and
colonies in the collagen gel droplets were stained for 3 h. Collagen
droplets in the 60 mm dish were stained just before exposure (day
1). Thereafter, each collagen droplet was fixed with 10% neutral for-
malin buffer, washed in water, air dried, and quantified by image
analysis. The growth rate of control was calculated as the total vol-
ume of the control group on day 7/total volume at day 1. When a
growth rate was 0.8 or less, the assay was judged as unsuccess-
ful irrespective of the volume of the control group (judged as low
growth rate).

The in vitro sensitivity was expressed as the T/Cratio (%), where T
was the total volume of the treated group and Cwas the total volume
of the control group. A T/C (%) of 50% or less to each anticancer drug
was regarded as in vitro sensitive.

CD-DST data for two drugs or more were successfully obtained
in 382 (88%) patients. These data were saved for chemotherapy in
the event of postoperative tumor recurrence.

2.2. Anticancer drugs

The anticancer drugs tested in the CD-DST were 0.2 p.g/ml cis-
platin (CDDP), 2.0 pg/ml carboplatin (CBDCA), 1.0 pg/ml paclitaxel
(PAC), 0.1 pg/ml docetaxel (TXT), 0.05 ug/mlvinorelbine (VNR), and
8.0 pg/ml gemcitabine (GEM). The culture time was 1h only for
GEM, while it was 24 h for the other drugs [5-7,9,10].

2.3. Patients receiving chemotherapy for postoperative recurrent
disease

Tumors recurred postoperatively in 120 of 382 patients that
underwent the CD-DST by November 2008, and consequently a
total of 81 patients received chemotherapy as the 1st line regimen.
The clinicopathological characteristics of these patients are sum-
marized in Table 1. Forty-nine patients were male, and 32 were
female. The histologucal types were follows: 64 patients had adeno-
carcinoma, 11 squamous cell carcinoma, and 6 large cell carcinoma.
The pathological stage at surgery was IA or IB in 10 patients (pts),
IIA or IIB in 20 pts, I1IA or IIIB in 48 pts, and IV in 3 pts (2 pts with
pulmonary metastasis, and 1 patient in postoperative status for
brain metastasis). These patients received no adjuvant chemother-
apy until the tumor recurred. The recurrent site at the time of
chemotherapy was as follows: lymph nodes at the local, supra-
clavicular, cervical, and/or retroperitoneal sites in 22 patients, lung
parenchyma in 16 pts, bone in 14 pts, pleural in 8 pts, other solitary
distant sites in 6 pts (liver in 3, adrenal gland in 2, and subcuta-
neous tissue in 1), and multiple combined sites including lymph
nodes, lung, bone, pleura and/or distant organs in 15 patients.

The 1st line chemotherapies for these patients were admin-
istered using the following regimens: CDDP- or CBDCA-based
combination with some drugs of a new generation for 41 patients
(CBDCA +PAC for 18 patients, CDDP+VNR for 10 pts, CBDCA + GEM
for 8 pts, and CDDP + GEM for 5 pts), non-platinum combination for
one patient (GEM +VNR), and single agent chemotherapy for 39 pts
(VNR for 22 pts, TXT for 9 pts, and GEM for 8 pts). These chemother-
apies started generally with the standard protocol of the standard
doses and cycles of each regimen [11,12].

Table 1
Clinicopathological characteristics of patients. Number of patients, N=81 (N=42).

Median age at surgery 62 years (range 36-75 years)

Gender male/female 49/32
Histology adenocarcinoma 64
Squamous cell carcinoma 1
Large cell carcinoma 6
P-stage at surgery I/11/111 10/20/48/3
Recurrent site
Lymph node 22
Lung 16
Bone 14
Pleura 8
Others (distant, solitary) 6
Multiple (systemic) 15
Regimen combination
CBDCA +PAC 18(11)
CDDP+VNR 10(7)
CBDCA +GEM 8(4)
CDDP+GEM 5(3)
GEM+VNR 1(0)
Single VNR 22(8)
TXT 9(5)
GEM 8(4)

Numbers in parentheses indicate the number of patients undergoing chemotherapy
including one or more in vitro sensitive agent based on CD-DST.
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Table 2
Association between chemotherapeutic effect and CD-DST results.
Effect Chemotherapy

No. of patients, N=81 No. of patients

Combined, N=42 Single, N=39 Sensitive regimen, N=42 Non-sensitive regimen, N=39

Combined, N=25 Single, N=17 Combined, N=17 Single, N=22

PR 24 (30%) 21 (50%) 3(8%)

14(33%) 10(26%) 13(52%) 8(47%) 1(6%) 2(9%)
SD 33(41%) 13(31%) 20(51%)

20(48%) 13(33%) 8(32%) 5(29%) 12(71%) 8(36%) "
PD 24(30%) 8(19%) 16(41%)

8(19%) 16(41%) 4(16%) 4(24%) 4(24%) 12(55%)

Sensitive regimen: regimen including one or more in vitro sensitive agent based on CD-DST.

Non-sensitive regimen: regimen including no in vitro sensitive agent based on CD-DST.

* Sensitive regimen vs. non-sensitive regimen. p <0.001(in total), p<0.01 (combined), p<0.01 (single).

*** Combined regimen vs. single regimen, p<0.05.

The response of recurrent tumor was assessed according to the
Response Evaluation Criteria in Solid Tumor (RECIST) criteria [13],
generally after two cycle of each combination regimen, and after
more than two cycles of each single agent regimen. CR (complete
response) was defined as the disappearance of all target lesions
for at least 4 weeks. PR (partial response) was defined as a 30%
decrease in the sum of the longest diameter of target lesions for at
least 4 weeks without the development of new metastatic lesions.
PD (progressive disease) was defined as a 20% increase in the sum
of the longest diameter of target lesions or the appearance of new
lesions. If no response or progression of the disease occurred during
the chemotherapy, then the therapeutic effect was judged to be
stable disease (SD). The response rate was defined as the total of CR
plus PR rate.

2.4. Sensitive regimen and non-sensitive regimen

The sensitive regimen of chemotherapy for the tested patients
was defined as that including one or two in vitro sensitive anticancer
drug(s) according to the CD-DST data, while the non-sensitive reg-
imen was no in vitro sensitive anticancer drug.

2.5. Statistical analyses

Statistical analyses were performed using Fisher’s exact proba-
bility test. The level of significance was set at 5%.

3. Results
3.1. Anticancer drug administration and assessment of response

The 1st line chemotherapy was performed according to the pro-
tocol schedule with at least two cycles of the regimen in 74 (91%)
of the tested patients. Seven patients received only one cycle of
chemotherapy because of some adverse events (in 3 pts) and PD
(in 4 pts). Finally, the median number of each chemotherapy cycles
was three, ranging 1-10.

Therefore, the response chemotherapeutic response after finish-
ing two cycles of each regimen was assessed only in 74 patients. For
the patients (N=7) receiving only one cycle of chemotherapy, the
response was practically assessed at the end of 1st line treatment.

3.2. Sensitive and non-sensitive regimen (Table 1)

Forty-two of the tested patients (52%) received a sensitive reg-
imen of chemotherapy. The number of sensitive regimen to each
type of chemotherapy is shown in Table 1.

3.3. Overall response and analysis according to CD-DST results
(Table 2)

In the present series, PR was observed in 24 patients (30%), SD
in 33 pts (41%), and PD in 24 pts (30%). No CR was obtained, thus
the overall response rate was 30%. There was no difference in the
response rate between combined and single agent chemotherapy
(Table 2, left column).

The response according to the CD-DST results is also shown in
Table 2 (right column). Among the patients receiving sensitive reg-
imen, PR was observed in 21 patients (50%), SD in 13 pts (31%),
and PD in 8 pts (19%). In contrast, PR was shown only in 3 patients
receiving the non-sensitive regimen (8%), SD in 20 pts (51%), and
16 pts (41%). The response rate (50%) of sensitive regimen was sig-
nificantly higher than that of non-sensitive regimen (8%; p<0.001).
This significance was found regardless of the use of a single agent
(p<0.01) or a combination (p <0.01). However, among the patients
receiving chemotherapy with non-sensitive regimen, the rate of SD
(71%) in a combination was higher than that (36%) in a single agent
(p<0.05, Table 2, right column).

Based on the CD-DST data to chemotherapeutic effect, the sen-
sitivity rate was 88%, and the specificity rate was 63%. There was a
50% positive predictive value (PPV) for PRand a 92% negative predic-
tive value (NPV). The predictive accuracy for the chemotherapeutic
effect based on the CD-DST data was 70%.

3.4. Analysis according to recurrence site (Table 3)

The response to each regimen was analyzed according to the
recurrence site. Among 22 patients with recurrence in the lymph
nodes, 15 pts received chemotherapy using the sensitive regimen,
of whom 13 pts (87%) showed PR, while 7 pts were treated with
the non-sensitive regimen chemotherapy, and only one (14%) of
them showed PR. The PPV based on the CD-DST was 87%, and NPV
was 86%. The predictive accuracy of the CD-DST data for recurrence
in the lymph nodes was the highest (86%). There was a significant
difference in the response rate between sensitive and non-sensitive
regimens to response (p <0.01). In contrast, suchan association was
not observed in other recurrence sites. It was also noted that there
was no responder among the patients treated with non-sensitive
regimen chemotherapy when tumor recurred in any tissue other
than the lung.

4. Discussion
In Japan, as well as in other countries, an in vitro chemosensitiv-

ity test for malignant tumors has been developed and introduced
clinically. Four tests have been widely applied because they have a
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Table 3

Association between chemotherapeutic effect and CD-DST results according to recurrence site.

Recurrence site

Node Lung Bone Pleura Others (solitary) Multiple
No. of patients 22 16 14 8 6 15
Chemotherapy using sensitive regimen 15 1 4 3 3 5
PR 13 5 0 0 1 2
SD+PD 2 6 4 3 2 4
Chemotherapy using non-sensitive regimen 7 5 10 5 3 9
PR b 2 0 0 0 0
SD+PD 6 3 10 5 3 9

Sensitive regimen: regimen including one or more in vitro sensitive agent based on CD-DST.

Non-sensitive regimen; Regimen including no in vitro sensitive agent based on CD-DST.

* Sensitive regimen vs. non-sensitive regimen, p <0.01.

high success rate for primary culture, require a small number of
malignant cells for testing, easy quantification of the anticancer
effects without contamination due to fibroblasts, low cost, high
speed, and simplicity. Those test are the CD-DST [5-7], histoculture
drug response assay (HDRA) [14], succinic dehydrogenase inhi-
bition test (SDI) [15], and the MTT assay [16]. Among them, the
CD-DST and HDRA are commonly used in Japan for clinical appli-
cation. The CD-DST was chosen in this institute to select potential
individualized chemotherapy for patients with lung cancer, because
the HDRA usually requires high concentrations of anticancer drugs,
about twenty to several-hundred fold of the area under the curve
(AUC) to the observed in vivo [5,8,10],

This test shows clinical significance for some “old generation”
anticancer drugs in NSCLC patients [8]. Briefly, the chemotherapeu-
tic effect for postoperative recurrence was analyzed in comparison
with the CD-DST data obtained by surgery. CDDP-based combined
chemotherapy yields a good response more frequently with a sensi-
tive regimen than with a non-sensitive regimen, and interestingly,
it was noted that the CD-DST results for CDDP or CBDCA, a key
drug for chemotherapy, correlated with the clinical response. At
that time, anticancer drugs other than CDDP or CBDCA had less
power for obtaining clinical response. In contrast, the present study
used anticancer drugs of a “new generation”, which are thought to
have stronger therapeutic power than those of the “old generation”,
so that a good response (PR) to recurrent disease can be expected
with chemotherapy even using a single agent regimen, for exam-
ple TXT, VNR or GEM [11]. In fact, a good response was observed
even for single agent chemotherapy, especially those using a sensi-
tive regimen in this study, and interestingly, there was a significant
association between the CD-DST data and clinical response in single
agent chemotherapy (Table 2, right column, p<0.01).

Over the last decade, many studies have reported in vitro
chemosensitivity tests in various types of malignancy. The effi-
cacy of the CD-DST has been clinically shown in several types of
cancer. For example, Hanatani et al. [17] reported promising data
with the CD-DST for gastric cancer. In addition, Takamura et al.
[18] showed the CD-DST had good predictive value for the clini-
cal response in breast cancer patients, especially for chemotherapy
using TXT or some combined anticancer drugs. Several investi-
gators [19,20] reported the clinical application of the CD-DST in
gynecological cancer. Another method of in vitro chemosensitiv-
ity test is the HDRA. Pathak et al. [21] reported a good predictive
value of the HDRA, using biopsy specimens from patients with
advanced oral cancer. Hirano et al. [22] described the possibility
of chemotherapy based on HDRA data in patients with urothelial,
bladder and renal cell cancers. Furukawa et al. [23] accumulated the
HDRA data using gastric and colorectal cancer tissues, and empha-
sized the clinical value selecting the effective chemotherapy for
these patients. On the other hand, with regard to lung cancer, in
addition to previous reports by several investigators [4,8,24,25],

Kawamura et al. [9] recently reported promising data of CD-DST
using biopsy samples for treatment of NSCLC patients. Yoshimasu
et al. [26] also emphasized that data acquisition based on HDRA
using lung cancer samples may be required to realize individual-
ized chemotherapy for lung cancer patients. Therefore, regardless
of the specific method, in vitro chemosensitivity tests may provide
a predictive indicator of response to chemotherapy using anti-
cancer drugs of an “old generation” as well as a “new generation”
for patients with various types of malignant tumors. The present
study was the first reporting a good correlation between in vitro
chemosensitivity data and response, using “new generation” anti-
cancer drugs for NSCLC patients with postoperative recurrence.

When evaluating the in vitro chemosensitivity data for com-
bined chemotherapy, treatment including at least one in vitro
sensitive anticancer drug was regarded as a sensitive regimen,
while that including no in vitro sensitive anticancer drug being
as non-sensitive regimen. Of course, in single agent chemother-
apy, in vitro sensitivity data could be easily evaluated with clinical
response, but in vitro tests, such as the CD-DST and HDRA for com-
bined agents has not been established because of its technical
difficulty. Chemotherapy including two or more in vitro sensitive
anticancer drugs showed better response than that including only
one in vitro sensitive anticancer drug [8]. Such a trend was also
observed in the present series, but it was not significant (data not
shown). Interestingly, the rate of SD among the patients receiv-
ing combined chemotherapy with a non-sensitive regimen was
significantly higher than that among the patients receiving non-
sensitive single agent chemotherapy (Table 2). This suggested that
even non-sensitive anticancer drugs provided a better response
with a combined regimen. In these cases, good response could be
clinically obtained by using a combined regimen. Therefore, the
value of the present evaluation method may be limited to com-
bined chemotherapy, and this problem should be resolved in the
future.

In the present study, a good predictability was observed, thus
showing the sensitivity, specificity, PPV, and NPV to be 88%, 63%,
50%, and 92%, respectively. The representative results of in vitro
sensitivity tests performed clinically in Japan are summarized in
Table 4. In lung cancer or NSCLCs, the sensitivity rate is generally
88-100%, specificity 60-81%, PPV 42-73%, and the NPV was gener-
ally high (more than 90%) [8,9,26]. The results in the present study
were consistent with the results shown in others [9,25]. The data
on other tumors [10,18,22,23] show the sensitivity and NPV rates
to generally be high, thus indicating that sensitive data by in vitro
tests have a tendency towards making an over-diagnosis in predict-
ing good response, whereas resistant data have a tendency towards
making an accurate diagnosis.

The clinical effect and CD-DST data in the treatment for recurrent
sites yielded interesting results. The CD-DST data had the strongest
correlation with the clinical response for lymph node recurrence.
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Table 4

Representative reports of an association between in vitro sensitivity test and clinical response (in Japanese series).

Authors Anticancer agents Chemotherapy Number of pts

Higashiyama et al. [8] CDDP, CBDCA, old generation Combination 25

Kawamura et al. [9] CDDP, CBDCA, new generation Combination, single 49

Yoshimasu et al. [26] CDDP, old and new generation Combination, single 29

Higashiyama et al. CDDP, CBDCA, new generation Combination, single 81

Higashiyama et al. [10] CDDP, CBDCA, old and new generation Combination, single 14

Furukawa et al. [23] 0ld generation, 5-Fu Combination, single 38

Hirano et al. [22] CBDCA. old generation, others Combination 12

Takamura et al. [18] CDDP, old generation Combination 23

Takamura et al. [18] TXT Single 36

Disease In vitro sensitivity test Sensitivity Specificity PPV NPV

Lung cancer
NSCLC CD-DST 89 81 73 93
NSCLC CD-D5T 100 65 73 100
Lung cancer HDRA 100 66 42 100
NSCLC (the present study) CD-DST 88 63 50 92

Other tumors
Mesothelioma CD-DST 100 36 30 100
Gastric and colorectal cancer HDRA 100 91 67 100
Urothelial cancer HDRA 100 80 88 100
Breast cancer CD-DST 100 63 83 100
Breast cancer CD-DST 93 95 93 95

The predictive accuracy of the CD-DST data for recurrence in the
lymph nodes was also the highest. In contrast, a poor association
between the CD-DST data and response was observed, in particular,
there was no responder among the patients with pleural or bone
metastasis in the series, in spite of chemotherapy with a sensitive
regimen.

The mechanism associated with different results according to
the recurrent site is not known, but there are potential explanations.
First, since the CD-DST data in the present study were obtained by
testing the primary tumor tissues specimens, not recurrent lesions,
there may be differences in the chemosensitivity of primary and
recurrent tumor tissues. Second, the chemosensitivity status itself
in the primary tumor tissues might be biologically associated with
the metastatic pattern. For example, lung cancer having a strong
potential for bone metastasis might clinically trend to show less
sensitivity to anticancer drugs. Third, a good association could not
be obtained because of the use of a pharmacologically ineffec-
tive concentration of anticancer drugs, for example, in patients
with pleuritis carcinomatosa. Therefore, the recurrent site may be
considered in performing chemotherapy based on CD-DST data.
When tumor recurs especially in lymph nodes, chemosensitivity
data based on CD-DST may be quite effective for prediction of the
response.

A recent report [9] showed chemotherapy for NSCLC patients
using the best regimen, including sensitive or active anticancer
drugs selected actively by in vitro sensitivity tests have been per-
formed, and favorable results were observed not only in the clinical
response but also in survival. Similar reports in other cancers
have been also published [22,23]. Moreover, postoperative adjuvant
chemotherapy, using optimized regimen based on such chemosen-
sitivity tests have been aggressively applied [23,27,28]. Although
the present study was not designed to compare CD-DSTdataand the
optimal regimen, the results may support the potential usefulness
for planning chemotherapy with the optimal regimen. Therefore,
when the CD-DST shows sensitivity to several anticancer drugs,
chemotherapy should be performed with the best regimen, and
this individualized therapy could elevate the response rate approx-
imately by 30-50%, according to the present data of the PPV for PR.
This individualized treatment strategy may be the most hopeful
for recurrence in the lymph nodes. On the other hand, when there
was no sensitive anticancer drug of the “new generation” agents,

chemotherapy with other anticancer drugs and/or other treatment
modalities may be considered after a thorough consultation with
patients, because the response rate may be <10%.

In summary, the CD-DST for “new generation” medicine using
surgically resected specimens of primary NSCLC tissues may be
clinically useful in the prediction of response to chemotherapy for
postoperative recurrence, especially in patients with postopera-
tive recurrence in the lymph nodes. Chemotherapy with the best
regimen based on the CD-DST provides a promising individualized
treatment for improving the response rate in NSCLC patients.
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