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Abstract. Using trace three-dimensional culture, the collagen 
gel droplet-embedded culture drug sensitivity test (CD-DST) 
can be tested even in cases with a small number of cells, including 
oral squamous cell carcinoma (OSCC), and evaluation of the 
antitumor effect with a drug concentration close to the in vivo 
level is possible. The present report aimed to evaluate the 
utility of the CD-DST in the assessment of the in vitro efficacy 
of single-agent and multidrug combination chemotherapy for 
OSCC in comparison with the clinical response rates and to 
examine the possible clinical application of CD-DST for such 
cases. A total of 33 OSCC patients from whom 33 samples were 
obtained from January 2010 to September 2015 were included. 
CD-DST was performed, individually and in combination, on 
the three drugs [i.e., cisplatin (CDDP), 5‑fluorouracil (5‑FU), 
and docetaxel (DOC)] and on super selective intra-arterial 
infusion chemoradiotherapy (IACRT). The overall evaluable 
rate of the CD-DST in OSCC was 81.8% (27 of 33 cases) and 
the sensitivity to each anticancer drug was evaluated. The 
in vitro efficacy rates of IACRT, cisplatin + 5‑fluorouracil, 
and docetaxel + cisplatin + 5‑fluorouracil (TPF) confirmed 
the estimated clinical response rates. In 14 of 33 patients, 
the results of CD‑DST were compared with clinical efficacy, 
which was judged based on measurable lesions on imaging. For 
TPF therapy, the sensitivity test of the IACRT had a positive 

predictive value of 90.9% (10 of 11 cases) and a negative 
predictive value of 100% (3 of 3 cases); the accuracy of the 
susceptibility test for the anticancer agents was 92.8% (13 of 
14 cases). The CD-DST may be useful in selecting multidrug 
combination chemotherapy and IACRT for OSCC, however, 
accumulation of further clinical data is required in the future. 

Introduction

The treatment of advanced or unresectable oral squamous 
cell carcinoma (OSCC) is multidisciplinary and entails the 
use of both multidrug combination chemotherapy and radio-
therapy (1-3). The usefulness of super selective intraarterial 
infusion chemoradiotherapy (IACRT) to deliver high concen-
trations of anticancer drugs to tumors has been reported (4). 
The selection of such anticancer drugs for IACRT had been 
based on statistical information and clinical reports on a 
number of cases (1-3); however, the expected therapeutic 
effects of these anticancer drugs have not been consistent 
and adverse events were common. Therefore, drug sensitivity 
testing prior to administration of an anticancer agent is ideal 
to avoid the serious side effects of less effective anticancer 
drugs. Collagen gel droplet-embedded culture drug sensitivity 
test (CD-DST) uses an image colorimetric method to assess 
the combination of an anticancer drug and microcollagen gel 
embedded in a three-dimensional serum-free culture medium 
(3 to 10x103 cells/30 µg/drop) (5,6). It is a susceptibility test 
that is currently widely applied in various clinical fields, 
including gastrointestinal cancer (7-9). However, reports on 
the use of CD-DST in OSCC were few and none have evalu-
ated multidrug combination chemotherapy or IACRT.

CD-DST is usually carried out on surgical and biopsy 
specimens. In this study, we aimed to evaluate the utility 
of the CD-DST in the assessment of the in vitro efficacy of 
single-agent and multidrug combination chemotherapy for 
OSCC in comparison with the clinical response rates and to 
examine the possible clinical application of the CD-DST for 
such cases.
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Patients and methods

The subjects comprised 33 OSCC patients who gave consent 
to participate in the study from January 2010 to September 
2015 at Nippon Dental University Niigata Hospital Oral 
Maxillofacial Surgery (Table I). The Ethics Committee of The 
Nippon Dental University School of Life Dentistry at Niigata 
approved the present study (approval no. ECNG-H-119).

CD-DST was performed on 31 primary lesions and 2 meta-
static lymph nodes; 5-7-mm2 tissues (about 0.25-0.5 mg) were 
collected mainly from the area surrounding the hardened part 
of the tumor. CD-DST was carried out according to the method 
invented and reported by Kobayashi et al (5,6), who used a 
human tumor cell primary culture system kit (Primaster®; 
Kurabo Industries Ltd., Osaka, Japan). Briefly, each sample was 
washed five times with 50 ml saline containing 1.0 mg/ml peni-
cillin, 0.5 mg/ml kanamycin, and 2.5 µg/ml amphotericin B; 
this was followed by treatment with Dispersion Enzyme 
Cocktail EZ (Primaster® reagent). The obtained cell suspension 
samples were inoculated into collagen gel‑coated flasks (CG 
flasks, a Primaster® device) and were inoculated overnight in a 
pre-culture medium PCM-1 (Primaster® content) at 37˚C in 5% 
CO2. Next, the collagen gel was digested with 0.05% EZ and 
viable cancer cells were obtained. Type I collagen, F‑12 medium 
that was 10 times concentrated, and reconstitution buffer were 
mixed together in ice water at a ratio of 8:1:1 (Primaster® 
content). The prepared cancer cell suspension was added to 
the collagen solution at a final density of 1x105 cells/ml. Three 
drops of the collagen-cell mixture (30 µl/drop) were placed in 
a 6‑well plate on ice and was allowed to solidify at 37˚C in a 
CO2 incubator; the final concentration was about 3x103 cells per 
collagen gel droplet. One hour later, a DF medium containing 
10% fetal bovine serum was overlaid in each well; the plates 
were placed in a CO2 incubator overnight at 37˚C. The anticancer 
drugs were added with the following final concentrations and 
incubated for 24 h: 0.5 µg/ml cisplatin (CDDP) (10), 0.7 µg/ml 
fluorouracil (5‑FU) (10), and 0.1 µg/ml docetaxel (DOC) (11). 
For cases that needed multidrug combination chemotherapy, 
the respective concentrations were placed together in the same 
well. The duration of CDDP contact, even at a concentration 
2.5 µg/ml (CDDP extreme contact) for IACRT, was the same at 
24 h. The concentration of each anticancer drug in the culture 
medium was determined so as to exhibit area under the curve 
values that were similar to those in serum during the first 
24 h of intravenous administration of the corresponding drug 
at the standard clinical dosage. After removal of the medium 
containing the anticancer drugs, each well was rinsed twice 
with 3 ml of Hanks' balanced salt solution, overlaid with 4 ml 
of PCM-2 medium (Primaster® serum-free medium), and 
incubated for seven more days. At the end of the incubation, 
a neutral red solution was added to each well to make a final 
concentration of 50 µg/ml; colonies in the collagen gel droplets 
were stained for two h. Each collagen droplet was fixed with 
10% neutral buffered formalin, washed in water, air dried, and 
quantified by optical density image analysis using the Primage 
System (Solution Systems, Tokyo, Japan).

In vitro sensitivity was expressed as the T/C ratio of the 
optical density, where T represented the treated samples and 
C represented the controls; a T/C ratio of <50% was regarded 
as chemosensitive in vitro. A tumor cell colony volume ratio 

Figure 1. Overview of the collagen gel droplet‑embedded culture drug 
sensitivity test method.

Table I. Characteristics of patients (N=33).

 Number of patients (%)

Sex
  Male 22 (66.6)
  Female 11 (33.3)
Age, years
  Mean 74 (37–95)
Histology (Squamous cell carcinoma)
Differentiation
  Well-differentiated 24 (72.7)
  Moderately-differentiated 6 (18.1)
  Poorly-differentiated  3 (9.0)
Stage
  I 2 (6.0)
  II 12 (36.3)
  III 6 (18.1)
  IV 13 (39.3)
Primary site
  Tongue 13 (39.3)
  Buccal mucosa 7 (21.2)
  Oral floor 4 (12.1)
  Gingiva 8 (24.2)
  Hard palate 1 (3.0)
Resection mode
  Biopsy 27 (81.8)
  Surgery 4 (12.1)
Sample site
  Neck metastasis 2 (6.0)
  Primary 31 (93.9)
  Others (Neck metastasis) 2 (6.0)
CD-DST
  Success 27 (81.8)
  Failure 6 (18.2)

CD-DST, collagen gel droplet-embedded culture drug sensitivity test.
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(tumor growth rate) at 0 time was calculated from the control 
group; a value of less than 0.8 was regarded as unsuccessful 
culture (low growth rate), regardless of the tumor cell colony 
volume of the control group.

Retrospective comparison between clinical response, as 
measured by tumor shrinkage and the results of drug sensi-
tivity on CD-DST was conducted on 14 cases (42.4%) that had 
measurable lesions on imaging. We studied five cases of TPF 
therapy and nine cases of IACRT; TPF therapy was intrave-
nously administered with DOC: 50 mg/m2, CDDP: 50 mg/m2, 
5‑FU: 2,500 mg/m2. The latter was administered weekly using 
CDDP at a cumulative dose of 80-460 mg/body (median, 
350 mg/body) and radiation therapy was given at 2 Gy/day at 
a cumulative dose of 56-72 Gy (median, 66 Gy). Response was 
evaluated in accordance with the Response Evaluation Criteria 
in Solid Tumors (12). Partial response (PR) and complete 
response (CR) were judged to be sensitive.

Fisher's exact test was used to determine differences 
between groups. A value of P<0.05 was considered statisti-
cally significant (SPSS, Inc., Chicago, IL, USA).

Results

Evaluable rate of clinical specimens. CD-DST in OSCC had 
an overall evaluable rate of 81.8% (27 of 33 cases) and could 
be applied to each of the anticancer agent in this study. The 
evaluable rate was 83.8% (26 of 31 cases) for primary lesions 
and 50% (1 of 2 cases) for metastatic lymph nodes (Table II). 
Causes of unsuccessful CD-DST were insufficient tumor 
cells (growth rate less than 0.8) in three cases and bacterial 
contamination in three cases. The mean tumor growth rate 
was 10.1±4.92.

Comparison between in vitro effective rate and clinical 
response rate of various anticancer drugs. Results of the 

comparison between the in vitro effective rates and clinical 
response rates of representative anticancer drugs for clinical 
treatment of OSCC (13-20) are shown in Table III. 5‑FU and 
DOC had slightly higher clinical response rates than in vitro 
effective rates, but CDDP had comparable clinical response 
and in vitro effective rates. The in vitro effective rates and 
clinical response rates were comparable in docetaxel + 
cisplatin + 5‑fluorouracil (TPF) and cisplatin + 5‑fluorouracil 
(PF) therapies, as well as in CDDP at high concentrations 
mimicking IACRT. In addition, no significant difference was 
observed among the susceptibilities of various anticancer 
agents, regardless of stage and histologic differentiation 
(P>0.05).

Comparison between clinical response and anticancer 
drug sensitivity test. The clinical response of 14 patients 
with measurable lesions by imaging diagnosis is shown 
in Table IV. Among patients who received TPF therapy, 
three had PR and two had stable disease (SD). For those 
who received IACRT, eight cases had CR and one case had 
progressive disease (PD). There were three cases of TPF 
therapy and seven cases of IACRT that were determined by 
the CD-DST to be highly sensitive. The corresponding drug 
sensitivity test results of the 14 are shown in Table V. Among 
the cases that received TPF therapy and IACRT, all three 
cases with PR and seven of eight cases with CR were highly 
sensitive; all cases with SD and PD had low sensitivity and 
agreed with the CD-DST. In the 88.8% (8 of 9 cases) who 
received IACRT, the results of the CD-DST performed at 
a high CDDP contact concentration revealed were corre-
lated with the clinical results. In addition, in the 100% (5 
of 5 cases) who received TPF, the results of the CD‑DST 
performed at a TPF contact revealed were correlated with 
the clinical results. TPF therapy and IACRT had a positive 
predictive value of 90.9% (10 of 11 cases) and a negative 

Table III. In vitro sensitivity and clinical efficacy rates of the individual drugs for OSCC

 CDDP 5‑FU DOC TPF PF IACRT

CD-DST in vitro 23.8 30.0 37.5 80.7 22.2 87.5
Efficacy rate (%) (5/21)a (3/10) (3/8) (21/26) (4/18) (14/16)
Clinical efficacy rate (%) 26.3 (13) 13.0 (14) 10.0 (15) 80.6 (16) 20.0‑30.0 (17,18) 85.0‑91.2 (19,20)b

In vitro drug sensitivity was defined as positive when the T/C ratio was ≤50%. CD‑DST, collagen gel droplet‑embedded culture drug sensitivity 
test; CDDP, cisplatin; 5‑FU, 5‑fluorouracil; DOC, docetaxel; TPF, DOC+CDDP+5‑FU; PF, CDDP+5‑FU; IACRT, super selective intraarterial 
infusion chemoradiotherapy. aNumber of effective cases/total number of assays. bEvaluated with complete response only.

Table ΙΙ. Evaluable rate of the clinical specimens of OSCC on CD‑DST.

 Primary lesion Metastatic lymph node Total

Number of samples 31 2 33
Evaluable cases 26 1 27
Evaluable rate (%) 83.8 (26/31)a 50.0 (1/2) 81.8 (27/33)

aNumber of success cases/total number of assays.
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predictive value of 100% (3 of 3 cases). The diagnostic 
accuracy was 92.8% (13 of 14 cases).

Discussion

The standard chemotherapy in the head and neck region 
that were reported to exert beneficial effects comprises PF 
therapy, which is a combination of CDDP and a 5‑FU‑type 
pyrimidine antimetabolite (17,18), and TPF therapy, which is a 
combination of CDDP, 5‑FU, and a taxane type of anticancer 
drug (1-3). However, TPF therapy had been reported to have 
high rates of adverse reactions, including grade 3 or higher 
neutropenia at 76.9 to 83.0%, febrile neutropenia at 5.2 to 
12.0%, and severe hematologic toxicity, in addition to muco-
sitis, nausea, and vomiting (21,22). From this point of view, 
the clinical application of in vitro chemosensitivity test is a 
promising strategy.

There have been previously published in vitro methods 
of anticancer drug sensitivity test, such as the human tumor 
clonogenic assay and the succinate dehydrogenase inhibi-
tion test; however, the success rate of these two-dimensional 
primary culture methods have been limited by drug contact 
concentration (23,24). On the other hand, the CD-DST that 
we performed in this study had a potential for a high success 
rate on initial culture, needed a small number of cells, and 
used serum-free culture medium and image colorimetry to 
eliminate the influence of fibroblasts. The CD‑DST has the 
advantage of using an anticancer drug contact concentration 
that is comparable to the clinical therapeutic dose (5,6,10,25). 
In fact, the primary measurement success rate of the CD-DST 
was reported to be 87.5% in colorectal cancer, 79.2% in lung 
cancer, and 84.3% in breast cancer (11,26,27). For OSCC, the 
primary culture rate was 83.8% (26 of 31 cases) for primary 
tumors, 50% (1 of 2 cases) for metastatic lymph nodes, and 
81.8% (27 of 33 cases) overall.

Notably, CD-DST was clinically applicable even with the 
use of small tissue specimens of OSCC. For cases that could 
not be evaluated by the CD-DST, the lack of cells may have 
been due to biopsy technique. Yamamoto et al (28) reported 
that in breast cancer, sampling should be performed mainly 
from the central part of the tumor. In the non-evaluable cases 
in this study, collection of OSCC samples may have been from 
the superficial necrotic portions of the tumor. Therefore, it 
is important to collect tumor specimens from the hardened 
portions during biopsy.

Kobayashi et al (5,6) reported a statistically significant 
correlation between in vitro efficacy on CD‑DST and clinical 
response in breast cancer, gastric cancer, colorectal cancer, 
and lung cancer. In this study on OSCC, the 80.7% in vitro 

Table IV. Association between in vitro sensitivity rate and chemotherapeutic effect.

  Treatment Clinical  T/C value Growth CD-DST/clinical
 Evaluated lesion regimen effect Sensitivity test  (%) rate effect

  1 Gingiva TPF PR TPF 22.8 5.8 S/S
  2 Tongue TPF PR TPF 27.7 15.03 S/S
  3 Buccal mucosa TPF SD TPF 54.2 7.96 R/R
  4 Hard palate TPF SD TPF 71.6 2.59 R/R
  5 Tongue (metastatic lymph node) TPF PR TPF 32.2 1.55 S/S
  6 Tongue IACRT CR CDDP (extreme) 19.4 11.22 S/S
  7 Gingiva IACRT CR CDDP (extreme) 31.2 2.89 S/S
  8 Tongue IACRT CR CDDP (extreme) 42.3 17.65 S/S
  9 Gingiva IACRT CR CDDP (extreme) 42.6 3.88 S/S
10 Gingiva IACRT PD CDDP (extreme) 62.3 15.4 R/R
11 Tongue IACRT CR CDDP (extreme) 11.6 9.13 S/S
12 Buccal mucosa IACRT CR CDDP (extreme) 22.7 2.86 S/S
13 Tongue IACRT CR CDDP (extreme) 34.0 1.39 S/S
14 Gingiva IACRT CR CDDP (extreme) 118.0 0.87 R/S

In vitro drug sensitivity was defined as sensitive when the T/C rate was ≤50%. CD‑DST, collagen gel droplet‑embedded culture drug sensitivity 
test; T/C, total colony of the treated cells/total colony of the untreated cells; CR, complete response; PR, partial response; SD, stable disease; 
PD, progressive disease; CDDP, cisplatin; 5‑FU, 5‑fluorouracil; DOC, docetaxel; TPF, DOC+CDDP+5‑FU; IACRT, super selective intraarte-
rial infusion chemoradiotherapy; S, sensitive; R, resistant.

Table V. Summary of the association between in vitro sensi-
tivity data and chemotherapeutic effect.

 Chemotherapeutic effect
 ----------------------------------------------------
 CR PR SD PD

In vitro chemosensitivity data
  High sensitivity 7 3 0 0
  Low sensitivity (resistant) 1 0 2 1

CR, complete response; PR, partial response; SD, stable disease; PD, 
progressive disease.
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efficacy rate of TPF therapy was comparable to the previ-
ously reported 80.6% clinical response rate to preoperative 
TPF chemotherapy (16). Furthermore, the 22.2% in vitro 
efficacy rate of PF therapy in this study was comparable to 
the reported clinical response rate of 20 to 30% (17,18). For 
multidrug combination therapy, it was suggested that the 
in vitro effective rate on CD-DST reproduced the clinical 
response rate. Drug sensitivity test of IACRT has not been 
reported; as a substitute and to reproduce the clinical response 
rate of IACRT in combination with radiation therapy, a high 
concentration contact of CDDP was used. As a result, the 
87.5% in vitro efficacy rate of IACRT was comparable to 
the previously reported 85 to 91.2% (19,20). In the 88.8% (8 
of 9 cases) who received IACRT, the results of the CD-DST 
performed at a high CDDP contact concentration revealed 
were correlated with the clinical results. Our results suggested 
that a high contact concentration of CDDP can be applied to 
represent CD-DST of IACRT in OSCC.

In one patient (case 14), the result of the susceptibility 
test and clinical effect were different. Nakagawa et al (29) 
reported that if the growth rate was low, the sensitivity may 
be underestimated because the denominator of the T/C value 
decreases. Case 14 had a low growth rate of 0.87, suggesting 
the possibility of underestimating as reported. Therefore, 
further improvement of culture conditions is important to 
obtain accurate drug sensitivity test results.

A comparison of the clinical effect judgment of preopera-
tive TPF therapy and IACRT which was treated with OSCC 
and the sensitivity test result of CD-DST revealed that the 
clinical correlation rate was 92.8% (13 of 14 cases) in combine 
with TPF therapy and IACRT, which reflected the clinical 
effect adequately. The clinical correlation rate of the CD-DST 
in OSCC was comparable to the previously reported clinical 
correlation rate of 91% for breast cancer, gastric cancer, and 
rectal cancer (6). From these results, CD‑DST may predict the 
response of OSCC to multidrug combination therapy and the 
therapeutic effect IACRT.

In the future, cancer chemotherapy based on drug suscep-
tibility test, including that for OSCC, could enable appropriate 
selection of patients, as well as treatment regimens that 
emphasize function preservation; improve quality of life; 
and provide treatment options for unresectable and refrac-
tory cases. However, Suzuki et al (30) reported differences 
in anticancer drug sensitivity testing between primary and 
metastatic OSCC tumors and suggested repeat chemotherapy 
drug sensitivity testing for metastatic/recurrent cases. The 
timing and performance of drug susceptibility test for recur-
rent/metastatic OSCC tumors need investigation in the future. 
In addition, accumulation and analysis of additional cases are 
necessary to verify our results on CD-DST in OSCC patients. 
Further study on the correlation between clinical effect and 
survival rate should be carried out to determine the range of 
clinical application of the CD-DST in OSCC.

In conclusion, CD‑DST data of TPF and IACRT obtained 
by biopsy or surgical-fresh specimens of OSCC correlated to 
the disease control effects of chemotherapy for it. To select the 
chemotherapy regimen and to expect a better response from 
each patient with OSCC, the clinical application of this in vitro 
sensitivity test should be prospectively driven under clinical 
study using more OSCC patients.
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