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Collagen gel droplet-embedded culture-drug sensitivity test and
Ki67 expression in estrogen receptor-positive
and HER2-negative breast cancer
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Abstract. Anthracyclines and taxanes are standard anticancer
drugs used in breast cancer chemotherapy. In general, the effi-
cacy of chemotherapy is lower in patients with estrogen receptor
(ER)-positive tumors compared to patients with ER-negative
tumors. Although less chemosensitive, ER-positive disease
includes a subset of patients who significantly benefit from
adjuvant chemotherapy. The collagen gel droplet-embedded
culture-drug sensitivity test (CD-DST) is an in vitro chemosen-
sitivity test that has several advantages over conventional tests.
The aim of the present study was to examine the correlation
between CD-DST and the expression of Ki67, an indicator of
tumor proliferation, to evaluate the efficacy of anthracyclines
and taxanes in patients with ER-positive and human epidermal
growth factor receptor 2 (HER2)-negative breast cancer.
CD-DST was performed in 68 patients with ER-positive
and HER2-negative breast cancer between August 2001 and
November 2006. The specimens obtained during surgery
were used for the CD-DST and immunohistological examina-
tion of Ki67 expression. Chemosensitivity to the anticancer
drugs adriamycin (ADM), epirubicin (EPI), docetaxel (DOC)
and paclitaxel (PTX) was estimated using CD-DST. Results
obtained from the CD-DST showed the chemosensitivity to
each anticancer drug to be ADM, 23.7%; EPI, 75.0%; DOC,
69.2% and PTX, 43.6%. Ki67 expression was significantly
higher in the group that was sensitive to DOC compared to the
group that was resistant to DOC (P=0.048) and PTX (P=0.036).
In addition, a significant correlation was observed between
a Ki67 labeling index (LI) of >30% and chemosensitivity to
PTX. In conclusion, results obtained from CD-DST and Ki67
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expression levels are able to identify a subset of patients with
ER-positive and HER2-negative breast cancer who exhibit
sensitivity to chemotherapy, particularly to taxane therapy.

Introduction

In operable breast cancer, anthracycline-based chemo-
therapy (1) and, more recently, taxane-containing regimens
(2-4) have been effective in improving disease-free survival
(DFS) and overall survival (OS). Breast cancer comprises
at least two different entities that are defined according to
estrogen receptor (ER) expression. Numerous published
studies (5-10) have shown that the efficacy of chemotherapy is
lower in patients with ER-positive disease compared to patients
with ER-negative disease. Findings of previous studies (1,11)
suggested that, although less chemosensitive, ER-positive
disease includes a subset of patients who significantly benefit
from adjuvant chemotherapy. Although certain predictors are
able to identify which ER-positive patients derive benefits from
cyclophosphamide, methotrexate and fluorouracil (CMF), few
data are currently available (12-14) about how to predict the
efficacy of anthracyclines and either docetaxel or paclitaxel in
this group.

Various biological parameters have been studied clini-
cally for their ability to predict responses to anticancer drugs,
including: i) efflux (p-glycoprotein) (15) and metabolism
(CYP3AA4) (16,17); ii) B-tubulin (somatic mutation of -tubulin
and change in B-tubulin isotype levels) (18,19); iii) cell cycle
[human epidermal growth factor receptor 2 (HER?2), toplla,
Aurora-A] (20,21) and iv) apoptosis (p53, BCL2 and thiore-
doxin) (22-24). The nuclear protein Ki67, which is present in
cycling cells, is an indicator of tumor proliferation. Ki67 has
shown strong prognostic effects and has been predictive of a
greater response to most chemotherapies (25-29). The 2009
St. Gallen Consensus (30) recommended using markers of
proliferation, such as Ki67, to determine the optimal treatment
for early breast cancer.

The collagen gel droplet-embedded culture-drug
sensitivity test (CD-DST) is a newly developed in vitro chemo-
sensitivity test that has several advantages over conventional
tests, such as the human tumor clonogenic assay (HTCA), the
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thymidine incorporation assay (TTA), the 3-(4,5-dimethylethi-
azol-2-yl)-2,5-dephenyltetrazolium bromide assay (MTT), the
differential staining cytotoxicity (DiSC) assay, the histoculture
drug response assay (HDRA) and the succinate dehydrogenase
inhibition test (SDI). The CD-DST exhibits a high success rate
in primary culture, requires a small number of cells, eliminates
contamination by fibroblasts using image analysis, maintains
the original growth characteristics and permits evaluation by
using physiological concentrations of drugs. Feasibility of
the CD-DST has been reported in breast (31), pancreatic and
biliary tract (32) as well as lung cancers (33). One study (34)
reported that the CD-DST is able to predict the response to
chemotherapy with high accuracy in breast cancer patients.

In the present study, we examined the correlation between
Ki67 expression and CD-DST to evaluate the efficacy of
anthracyclines and taxanes in patients with ER-positive
breast cancer.

Materials and methods

Patients. CD-DST was performed in 68 patients with
ER-positive and HER2-negative invasive breast cancer who
underwent surgery between August 2001 and November 2006.
The surgically resected specimens were used for the CD-DST.
Informed consent was obtained from each patient and the study
was approved by the Ethics Committee of Gunma University.

CD-DST. Four anticancer drugs [adriamycin (ADM), epiru-
bicin (EPI), docetaxel (DOC) and paclitaxel (PTX)] were used
for the CD-DST. CD-DST was performed using a CD-DST
kit (Primaster®; Kurabou, Inc., Osaka, Japan), according to a
previously described method (31). In brief, each fresh breast
tumor specimen was minced with a scalpel, suspended in
Hanks' balanced salt solution (HBSS), treated with Dispersion
Enzyme Cocktail EZ (including 1.0% collagenase; Kurabou,
Inc.) and digested at 37°C for 2 h. The dispersed cancer cells
were collected by centrifugation at 250 x g for 3 min, filtered
through a 300-xm nylon mesh, washed in HBSS, suspended in
PCM-1 medium (Kurabou, Inc.) and incubated in a collagen
gel-coated flask (CG-flask; Kurabou, Inc.) in a CO, incubator at
37°C for 24 h. The collagen gel in the CG-flask was dissolved
in the cell dispersion enzyme EZ. Consequently, only the viable
cells that adhered to the collagen gel were collected and used
for sensitivity tests. Type I collagen (Cellmatrix Type CD; Nitta
Gelatin, Inc., Osaka, Japan), 10X F-12 medium and reconstitu-
tion buffer were mixed together in ice water at a ratio of 8:1:1.
The prepared tumor cell suspension was added to the collagen
solution so that the former did not exceed 1/10 of the latter
solution, with the final density at 1x10° cells/ml. Three drops of
the collagen-cell mixture (30 u1/drop) were placed in each well
of a 6-well multiplate on ice and allowed to gel at 37°C in a CO,
incubator; the final concentration was ~3x10° cells/collagen gel
droplet. DF medium (3 ml) (Gibco-BRL, Gaithersburg, MD,
USA) was overlaid on each well 1 h later and incubated in a
CO, incubator at 37°C overnight.

To predict the response to each agent, the anticancer drugs
were added (Table I). Following removal of the medium
containing the anticancer drugs, each well was rinsed with
3 ml of HBSS twice, overlaid with 4 ml of PCM-2 (serum-free
medium; Kurabou, Inc.) and incubated for a further 7 days. On

the 4th day of incubation the medium was changed once. At the
end of the incubation, neutral red was added to each well at a
final concentration of 50 yg/ml and colonies in the collagen gel
droplets were stained for 2 h. Each collagen droplet was fixed
with neutral formalin buffer, washed in water and quantified
by image analysis. The growth rates of the control incubations
were calculated as the total volume on Day 7/total volume on
Day 0. In vitro sensitivity was expressed as the percentage 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 ratio of
<50% was considered to demonstrate in vitro sensitivity. For
this reason, tumors were dichotomized into chemotherapy-
sensitive and -resistant groups using a cut-off value of 50%
(T/C ratio).

Immunohistochemical assay. Paraffin-embedded blocks
from primary tumor specimens were evaluated for ER and
PgR by immunohistochemistry (IHC), and for HER2 by IHC
and fluorescent in situ hybridization (FISH). Tumors were
considered to express ER or PgR if they showed at least 1%
immunoreactive cells. Tumors were considered to be HER2-
positive if THC was 3+, or in a few cases with IHC 2+ results,
if amplified by FISH. Ki67 expression was assessed by THC
using the MIB-1 monoclonal antibody (1:200 dilution; Dako,
Glostrup, Denmark). Immunostaining was performed using an
automated immunostainer (Autostainer; Dako) and the results
were assessed without the use of an image analysis system. The
percentage of cells showing definite nuclear immunoreactivity
among 2,000 invasive neoplastic cells in randomly selected,
high-power (magnification, x400) fields at the periphery of
the tumor was recorded and the Ki67 labeling index (LI) was
calculated. Tumors were dichotomized into Ki67-high and -low
tumors using the arbitrary cut-off value of 30% in this study.

Statistical analysis. Statistical analysis was performed using
StatView® version 5.0. (SAS Institute, Inc.). Associations
between CD-DST and Ki67 expression were assessed using
Student's t-test and Chi-square or Fischer's exact tests in the
case of 2x2 variables.

Results

Patient characteristics. Patient characteristics are shown in
Table II. The median age was 50 years (range, 30-86 years).
The proportion of patients with premenopausal status (58.8%)
was higher than that of patients with postmenopausal status.
More than half of the patients had a breast tumor of >2.0 cm
and were positive for lymph node metastasis.

CD-DST. CD-DST was performed in 68 patients with
ER-positive and HER2-negative invasive breast cancer. Results
for each anticancer drug were as follows: ADM, 59 cases
(86.8%); EPI, 56 cases (82.4%); DOC, 39 cases (57.3.%) and
PTX, 39 cases (57.3%). The chemosensitivities to each anti-
cancer drug based on the CD-CST were as follows: ADM,
23.7%; EPI, 75.0%; DOC, 69.2% and PTX, 43.6% (Fig. 1).

Correlation between Ki67 expression and clinicopathological
variables. Comparisons between Ki67 expression and clini-
copathological variables are shown in Table III. A significant
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Table I. Exposure conditions in CD-DST.

Drug Concentration (xg /ml) Exposure time (h) Clinical dose (mg/m?) AUC (in vitro/human)*
ADM 0.02 24 60 0.98
EPI 0.1 24 40 1.20
DOC 0.1 24 60 0.83
PTX 1.0 24 210 1.03

1.0, same as clinical AUC. ADM, adriamycin; EPI, epirubicin; DOC, docetaxel; PTX, paclitaxel; AUC, area under the drug concentration-time curve.

Table II. Patient characteristics.

Total patients (n=68)

Variables No. %

Age (years)

Median 50

Range 30-86
Menopausal status

Pre- 40 58.8

Post- 28 41.2
ER (%)

<1 0 0

>1 68 100
PgR (%)

<1 9 132

>1 59 86.8
Tumor size (cm)

<20 15 22.1

>2.0 53 779
Lymph node metastasis

Negative 27 39.7

Positive 41 60.3
Nuclear grade

12 42 61.8

3 26 38.2
Ki67 LI

Low (<30%) 51 75.0

High (>30%) 17 25.0
LVI

0/1 47 69.1

2/3 21 309

Pre-, premenopausal; post-, postmenopausal; ER, estrogen receptor;
PgR, progesterone receptor; LI, labeling index; LVI, lymphovascular
invasion.

relationship between Ki67 expression and a higher nuclear
grade was observed.

Correlation between CD-DST and clinicopathological
variables. Table IV shows the relationship between CD-DST

ADM EPI

Figure 1. Sensitivity value of each anticancer drug as determined by the
collagen gel droplet-embedded culture-drug sensitivity test (CD-DST).
Gray, sensitive; white, resistant. ADM, adriamycin; EPI, epirubicin; DOC,
docetaxel; PTX, paclitaxel.

and clinicopathological variables in relation to the anticancer
drugs. In the Chi-square test or Fischer's exact test in the case
of 2x2 variables, no significant differences were evident in
the relationship between the CD-DST and clinicopathological
variables, with the exception of the relationship between
CD-DST and Ki67 expression with PTX.

Correlation between Ki67 and CD-DST. Ki67 LI was signifi-
cantly higher in the group that was sensitive to DOC compared
to the group that was resistant to DOC (P=0.0480) and PTX
(P=0.0359) (Fig. 2). Regarding ADM and EPI, Ki67 LI tended
to be higher in the sensitive group than in the resistant group,
although there were no significant differences. Of the 11 Ki67-
high tumors, 8 (72.7%) were diagnosed as PTX-sensitive by
the CD-DST, and 9 (32.1%) of the 28 Ki67-low tumors were
diagnosed as PTX-sensitive by the CD-DST (P=0.0214)
(Table IVD). No significant differences were observed with
respect to the other anticancer drugs.

Discussion

The development of accurate predictors of chemotherapeutic
responses in order to establish personalized treatment for
breast cancer patients is crucial. For effective chemotherapy,
the chemosensitivity testing of anticancer drugs should be
performed with fresh surgical specimens or biopsy specimens
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Table III. Correlation between KI67 and clinicopathological
variables.

Ki67 labeling index
Variables High Low P-value
Menopausal status
Pre- 10 30
Post- 7 21
ER (%)
<1 0 0
=1 17 51
PgR (%)
<1 1 8 0.3016
=1 16 43
Tumor size (cm)
<20 4 11 0.8659
>20 13 40
Lymph node metastasis
Positive 10 31 0.8862
Negative 7 20
Nuclear grade
172 6 36 0.0095
3 11 15
LVI
0/1 12 35 0.8795
2/3 5 16

Pre-, premenopausal; Post-, postmenopausal; ER, estrogen receptor;
PgR, progesterone receptor; LVI, lymphovascular invasion.

obtained from the breast cancer. Various in vitro chemo-
sensitivity tests have been studied and developed. These
include HTCA (35), TIA (36), SDI test (37), MTT assay (38),
DiSC assay (39), three-dimensional agarose-based EDRA
(40) and HDRA (41). However, these tests are not widely
used in clinical practice for several reasons. The HTCA and
TIA tests require a large sample volume; the HTCA, SDI and
MTT tests have a low success rate in primary culture; and
HDRA requires an extremely high concentration of drugs in
the culture medium. CD-DST is a newly developed in vitro
chemosensitivity test that has several advantages over conven-
tional tests. CD-DST exhibits a high success rate in primary
culture, requires a small number of cells, eliminates contami-
nation by fibroblasts using image analysis, maintains the
original growth characteristics and permits evaluation using
physiological concentrations of drugs.

Takamura et al (34) demonstrated that CD-DST may be
a predictive marker for chemotherapy. In their study, biopsy
specimens of patients with primary breast cancers or locally
recurrent breast cancers before chemotherapy were used for
CD-DST and examined for sensitivity to cyclophosphamide
and epirubicin (CE) therapy or DOC therapy. These authors
investigated the correlation between CD-DST and clinical

ADM EPI
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Figure 2. Ki67 labeling index and chemosensitivity to each anticancer drug.
The Ki67 labeling index was significantly higher in the group sensitive to DOC
compared to the group resistant to DOC (P=0.0480) and PTX (P=0.0359).
ADM, adriamycin; EPI, epirubicin; DOC, docetaxel; PTX, paclitaxel.

chemotherapeutic responses and reported that CD-DST was
able to predict a response to CE and DOC therapy with high
accuracy in breast cancer patients.

We investigated chemosensitivity to ADM, EPI, DOC and
PTX using CD-DST. In this study, the chemosensitivity values
were found to be ADM, 23.7%; EPI, 75.0%; DOC, 69.2% and
PTX, 43.6%. Yamamoto et al (42) reported that the chemo-
sensitivity values were 30.8, 53.8 and 46.2% for ADM, DOC
and PTX, respectively. Takamura et al (34) reported that the
chemosensitivity values were 65.2 and 38.9% for CE and DOC,
respectively. Yamamoto et al (42) investigated the sensitivity
to ADM in 13 breast cancers using CD-DST. Of 13 tumors,
8 were HER2-positive, and 4 of these 8 HER2-positive tumors
were sensitive to ADM. Thus, patients with HER2-positive
breast cancer reportedly derive benefits from ADM (43). The
sensitivity to EPI was the highest among these 4 anticancer
drugs. Anthracycline-based chemotherapy may be a standard
regimen even for patients with ER-positive and HER2-negative
breast cancer. The sensitivity to DOC and PTX in this study
was 69.2 and 43.6%, respectively. The sensitivity to PTX was
similar to that reported above (46.2%). However, the sensitivity
to DOC was higher than those values reported above (38.9 and
53.8%). We selected ER-positive and HER2-negative breast
cancers in this study. In general, the efficacy of chemotherapy
is lower in patients with ER-positive tumors as compared with
patients with ER-negative tumors (5,6). Henderson et al (44)
reported improved DFS as a result of adding PTX to adriam-
ycin and cyclophosphamide (AC) for patients with ER-negative
tumors, but not for those with ER-positive tumors in the
adjuvant setting. Bear et al (8) showed that the pCR rate of
ER-negative tumors is higher (22.8%) than that of ER-positive
tumors (14.1%) in the neoadjuvant setting by evaluating the
effect of the addition of DOC to AC in an NSABP B-27
trial. By contrast, Tham et al (45) reported that the DOC
response rate of ER-positive tumors is higher (90%) than that
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Table IV. Correlation between CD-DST and clinicopatho-
logical variables (ADM, EPI, DOC and PTX).

A, ADM.
CD-DST
Variables Sensitive ~ Resistant ~ P-value
Menopausal status
Pre- 8 28 0.7336
Post- 6 17
PgR (%)
<1 1 7 0.4220
>1 13 38
Tumor size (cm)
<20 9 0.9077
>2.0 11 36
Lymph node metastasis
Positive 11 23 0.0694
Negative 3 22
Nuclear grade
12 9 26 0.6651
3 5 19
LVI
0/1 11 32 0.5835
2/3 13
Ki67 LI
High 5 10 03113
Low 9 35
B, EPL
CD-DST
Variables Sensitive ~ Resistant ~ P-value
Menopausal status
Pre- 28 7 0.2646
Post- 14 7
PgR (%)
<1 4 0.2434
=3 38 11
Tumor size (cm)
<20 10 2 0.4520
>2.0 32 12
Lymph node metastasis
Positive 23 8 0.8767
Negative 19 6
Nuclear grade
172 26 8 0.7520
3 16 6
LVI
0/1 31 10 0.8617
2/3 11 4
Ki67 LI
High 11 0.7216
Low 31 11

97
Table IV. Continued.
C,DOC.
CD-DST
Variables Sensitive ~ Resistant ~ P-value
Menopausal status
Pre- 17 6 0.4475
Post- 10 6
PgR (%)
<1 3 1 0.7919
>1 24 11
Tumor size (cm)
<20 7 3 09513
>2.0 20 9
Lymph node metastasis
Positive 14 6 0.9150
Negative 13 6
Nuclear grade
172 14 8 0.3892
3 13 4
LVI
0/1 20 9 09513
2/3 7 3
Ki67 LI
High 10 2 0.2033
Low 17 10
D, PTX.
CD-DST
Variables Sensitive ~ Resistant ~ P-value
Menopausal status
Pre- 10 12 0.7893
Post- 7 10
PgR (%)
<1 2 2 0.7894
>1 15 20
Tumor size (cm)
<20 5 5 0.6355
>2.0 12 17
Lymph node metastasis
Positive 12 9 0.0652
Negative 5 13
Nuclear grade
12 10 12 0.7893
3 7 10
LVI
0/1 13 16 0.7906
2/3 4 6
Ki67 LI
High 8 3 0.0214
Low 9 19

Pre-, premenopausal; Post-, postmenopausal; PgR, progesterone
receptor; LI, labeling index; LVI, lymphovascular invasion; ADM,
adriamycin; EPI, epirubicin; DOC, docetaxel; PTX, paclitaxel.
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of ER-negative tumors (50%) in neoadjuvant chemotherapy.
Results of an investigation by Learn et al (46) of the effect
of adding DOC to AC suggested that ER-positive tumors are
more likely to respond to DOC than are ER-negative tumors in
the neoadjuvant setting. Although the predictive value of ER
or HER?2 status for the response to DOC or PTX remains to
be established, patients with ER-positive and HER2-negative
breast cancer may derive benefits from DOC rather than PTX.

The precise role and indications for chemotherapy for
ER-positive breast cancer are controversial. Ki67 has been
investigated as a predictive marker for chemotherapy using
clinical and pathological responses as endpoints. Previous
reports (31,34) have demonstrated that CD-DST may predict
a response to chemotherapy with high accuracy in breast
cancer. We investigated the association between CD-DST and
Ki67 expression in ER-positive and HER2-negative breast
cancer. Higher levels of Ki67 expression tended to be sensitive
to DOC and PTX. Although there is no standard pathological
assessment for Ki67, the panel of experts at the St. Gallen
Consensus in 2009 considered Ki67 LI to be crucial in
selecting additional chemotherapy beyond endocrine therapy
for patients with hormone receptor-positive breast tumors.
The patients were divided into low-, intermediate- and highly-
proliferating groups according to the value of Ki67 LI (<15,
16-30% and >30%, respectively). Tumors were dichotomized
into Ki67-positive and -negative tumors using the arbitrary
cut-off value of 30% (Ki67 LI) in this study. We found that
highly proliferating tumors were significantly more sensitive
to PTX compared to the low ones.

In The Breast Cancer International Research Group
(BCIRG) 001 trial, investigators stratified the hormone
receptor-positive breast cancers into two subtypes: luminal A
(hormone receptor-positive, HER2-negative and Ki67 <11%)
and luminal B (hormone receptor-positive, HER2-positive
and/or Ki67 >11%). Taxane-containing therapy showed a
significant benefit for patients in the luminal B group, with
a 3-year DFS. Thus, high levels of Ki67 expression may be a
predictive marker for taxane-containing therapy (13). In the
PACSOLI study (14), using a cut-off value of >20% for positive
Ki67, the hazard ratio for relapse associated with DOC was 0.51
(95% CI, 0.26-1.01) in patients with ER-positive/Ki67-positive
tumors and 1.03 (0.69-1.55) in the ER-positive/Ki67-negative
tumors. The investigators concluded that Ki67 identified a
subset of DOC-sensitive, ER-positive breast cancers.

In this study, high-Ki67 tumors were found to be sensitive
to taxane therapy in patients with ER-positive breast cancer.
Results of recent studies (13,14) have shown an association
between Ki67 and sensitivity to DOC; however, no report
on PTX has been published. We showed that high-Ki67
tumors were sensitive to both PTX and DOC. The association
between anticancer drug sensitivity and clinicopathological
variables has been evaluated, but no significant association
was obtained. Although anthracyclines, particularly EPI, may
be effective for patients with ER-positive breast cancer, the
risk of a cardiac event is likely to be severe. If Ki67 level is
high, taxanes may replace anthracyclines in patients with low
cardiac function.

The possible use of Ki67 as a prognostic marker for
breast cancer has been investigated (47-50). In their study,
Cheang et al (48) reported that luminal breast cancers with

a Ki67 level of =14% had a worse prognosis for both breast
cancer recurrence and death as compared to tumors with a
Ki67 level <14%. The 21-gene assay (Oncotype DX™) and
the 70-gene profile (Mammaprint®) are new prognostic tools
that have the potential to greatly improve risk assessment and
treatment decision-making for early breast cancer (51,52).
Oncotype DX™, including the Ki67 gene, was developed
specifically for patients with ER-positive breast cancer and
has been shown to predict distant recurrence more accu-
rately than classical clinicopathologic features in patients
with ER-positive breast cancer and negative axillary nodes
treated with adjuvant tamoxifen. The prospective validation of
these assays is currently ongoing through the TAILORx and
MINDACT trials (53,54). CD-DST is known to predict the
response to chemotherapy with high accuracy in breast cancer
(31,34). However, no report has been published regarding the
association between CD-DST and the prognosis of breast
cancer. A prospective study is therefore required to investigate
the association between CD-DST and the prognosis of breast
cancer. In conclusion, the CD-DST and Ki67 expression levels
are capable of identifying a subset of patients who are poten-
tially sensitive to chemotherapy.
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