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Abstract. Aim: Breast cancer can be divided into four
subtypes: luminal-Α, luminal-B, HER-2 enriched and triple
negative breast cancer (TNBC) by the presence or absence of
receptors. Each subtype has a typical clinical behavior and
prognosis. Many chemotherapeutic agents are used clinically
for breast cancer. The histoculture drug response assay
(HDRA) is used for selection of effective chemotherapeutic
agents for individual patients Materials and Methods: In the
present study, the HDRA was used for eleven frequently-used
single-agent or combinations on the four subtypes of breast
cancer in order to determine the correlation of drug sensitivity
profile and breast-cancer subtype. Fifty invasive ductal breast
carcinoma patients who underwent cancer surgery and
adjuvant chemotherapy between January 2012 and January
2013 had their tumors analyzed in the HDRA. Age, gender,
height and weight, tumor-nodes-metastasis (TNM) stage,
immunohistochemical (IHC profiles, breast-cancer subtypes
and HDRA results were recorded. Results: The inhibition rate
(IR) of each agent or combination for each breast-cancer
subtype was determined. Drug to drug IRs were statistically
distinct in all subtypes (p<0.05) but no correlation between
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response to chemotherapeutic agents and breast-cancer
subtype was found (p=0.851 by two-way ANOVA test).
Conclusion: The clear difference between average sensitivity
of the chemotherapeutic agents tested and lack of correlation
with breast-cancer subtype suggest the importance of
individualized treatment for breast-cancer patients.
Breast cancers are clinically heterogeneous and tend to have
different clinical courses even if they are of the same stage
(1). Breast cancer has been classified into four subtypes:
luminal A, luminal B, HER-2 enriched and triple negative
breast cancer (TNBC) depending on the presence or absence
of estrogen/progesterone receptors (ER/RP) or HER-2 (Table
I) (2). Clinical selection of chemotherapeutic agents usually
depends on the size of the primary tumor, the presence of
axillary lymph node metastasis and distant metastasis, all of
which greatly influence the prognosis of the patient. Adverse
reactions associated with most of chemotherapeutic agents,
due to cytotoxicity, have promoted efforts to find optimum
chemotherapy with minimum side effects using in vitro
chemosensitivity assays (3, 4). Chemosensitivity assays can
be divided into either two-dimensional culture or threedimensional culture. Although two-dimensional cell culture
may be more convenient (5), it lacks tumor-stromal
interaction within intact tumor tissue, which is more
representative of the patient’s tumor in vivo (4, 5). The
histoculture drug response assay (HDRA) uses threedimensional tumor tissue culture and has been shown to have
high clinical correlation for gastrointestinal GI cancer (6, 7),
head and neck cancer (8) and ovarian cancer (9). The
effectiveness of the HDRA in breast cancer has been
demonstrated (10, 11).
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There have been reports that Luminal B-type patients have
had a better response, compared to luminal A types, to
docetaxel. Preoperative chemotherapy (neo-adjuvant) of the
HER-2 enriched type of breast cancer has had a reported
better response to doxorubicin-docetaxel (12, 13).
The present study correlates chemotherapy sensitivity with
the HDRA for eleven frequently-used single agents alone or
in combination for the four subtypes of breast cancer.

Table I. Breast-cancer subtype definitions.
Luminal A
Luminal B
HER-2 enriched
Triple negative type

ER+ and/or PR+, not HER-2+
ER+ and/or PR+, and HER-2+
ER–, PR–, HER-2+
ER–, PR–, and HER-2–

ER, Εstrogen receptor; PR, progesterone receptor.

Patients and Methods
Patients. Fifty breast cancer patients were operated at the KangNam
Sacred Heart Hospital from January 2012 to January 2013. Each
patient had invasive ductal carcinoma. Patients had breast
conservation surgery or radical mastectomy with ipsilateral axillary
lymph node dissection. The primary tumors were immunohistochemically analyzed and the breast cancer subtype was
determined based on the results. The study was approved by the
Institutional Review Board of the KangNam Sacred Heart Hospital,
Hallym University Medical Center.

Statistical analysis. The SPSS 13.0 program (SPSS Inc., Chicago,
IL, USA) was used. The Student’s t-test or the least-squares
deviation verification was used to determine each breast cancer
subtype sensitivity to each single or combination chemotherapeutic
agents. In order to determine whether the IR of single or
combination chemotherapy has a different pattern for each subtype,
the one way-ANOVA test, the Fisher exact and the Pearson chi
square test were used. Statistical significance was determined if the
p-value is below 0.05.

Results
Immunohistochemical staining. Immunohistochemical analysis was
conducted for the estrogen receptor (ER), progesterone receptor
(PR) and human epidermal growth factor receptor-2 (HER-2). The
results were semi-quantitatively expressed. For ER and PR, the
tumor was judged as positive if the staining covered more than 10%
of the nucleus or the cell membrane. HER-2 was judged as positive
if the immunohistochemical staining was 3+ and the fluorescence
in situ hybridization (FISH) was used to determine positivity if
immunohistochemical staining was 2+.
HDRA. The HDRA cultures tumors in three dimensions on
Gelfoam®. 3-(4, 5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium
bromide (MTT) was used for determining drug response (6, 10).
Primary tumors >150 mg are placed in Hank’s balanced salt solution
(HBSS) and sliced into fragments (0.5-1 mm in diameter) and
placed on Gelfoam® for one day. On day-2, the tumors were further
cultured with either single or combination chemotherapeutic agents
including: A+Cx (doxorubicin and cyclophosphamide), Txl
(paclitaxel), G+N (gemcitabine and vinorelbine), E+DTx (epirubicin
and docetaxel), A+DTx (doxorubicin and docetaxel), Cx+E
(cyclophosphamide and epirubicin), CP+Txl (cisplatinum and
paclitaxel), XEL (capecitabine), CbP+Txl (carboplatinum and
paclitaxel), DTx+XEL (docetaxel and capecitabine) and DTx
(docetaxel) for 72 hours. After removing the culture medium, HBSS
(100 μl) and collagenase (0.1 mg/ml) and MTT (100 μl) dissolved
in PBS (5 mg/ml) were pipetted into each culture well with
incubation for four hours at 37˚C. After removing the fluid, each
well was treated with dimethyl sulfoxide (0.5 ml). The resulting
formazan crystal was extracted and the absorbance was detected
with a spectrophometer. Using the measured absorbance, the
inhibition rate (IR) is calculated by the formula:
IR(%)=(l-T/C) ×100
Τ=Absorbance of the specimen treated with a chemotherapeutic
agent(s)
C=Absorbance of the control treated with PBS
Sensitivity of the tumor is scored if the IR exceeds 30%.
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Patients. The average age of the patients was 48.54 with a
range of from 24 to 87 years. The staging distribution was
as follows: 18 patients (36%) had stage I; 17 patients (34%)
had stage IIa; 8 patients (16%) had stage IIb; 7 patients
(14%) had stage IIIa. There were no patients with stage IIIb
or over (Table II).
Immunohistochemical staining identified 37 ER-positive
patients (74%); 32 PR-positive patients (64%); 15 HER-2positive patients (30%) and 8 TNBC patients (16%) (Table
III). Based on the immunohistochemical study results, the
breast cancer patients were classified into four subtypes.
Luminal A type was most frequent with 27 patients (54%)
(Table IV).
After the subtype was determined for each patient, the
HDRA was conducted and the average of the IR of each
chemotherapeutic agent was calculated for each subtype
(Table V and Figure 1).
Combination chemotherapy of CP+Txl and CbP+Txl had
the highest sensitivity (66% and 70%, respectively) (Figure 1).
The two-way ANOVA test shows that the IR of each of the
single agents or combination chemotherapies is statistically
different (p<0.05). However, the one-way ANOVA test
demonstrates no significant correlation between IR of any
agent or combination with breast cancer subtype (p=0.851).

Discussion
Breast cancers are clinically heterogeneous and the patients
tend to have different clinical courses even if they have the
same stage or the same histological characteristics (1). The
responsiveness of each breast cancer subtype to various
chemotherapeutic agents has been reported (12-15).
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Figure 1. Mean inhibition rate by subtypes.

Table II. Patient age and stage.
Age
Mean
Range

Year

T stage(%)

n (%)

N stage (%)

n (%)

Stage (%)

n (%)

48.54
24~87

T1
T2
T3

22 (44)
23 (46)
5 (10)

N0
N1
N2

34 (68)
13 (26)
3 (6)

Stage I
Stage IIa
Stage IIb
Stage IIIa
Stage IIIb
Stage IIIc

18 (36)
17 (34)
8 (16)
7 (14)
0
0

T stage, Primary tumor stage; N stage, lymph node stage (by AJCC 7th guide).

However, such studies emphasize the empirical selection of
chemotherapeutic agents. The predictivity of the HDRA for
many cancer types has been established (6-9).
The HDRA three-dimensionally histocultures the cancer
tissues on a collagen sponge (Gelfoam®) which provides an
in vivo-like environment (16). The tumor grows structurally

resembling the in vivo tumor and it should generate more
accurate results compared to chemosensitivity tests using
two-dimensional cell culture.
The present study classified breast cancer into four major
subtypes and analyzed the IR for eleven frequently-used
single or combination cytotoxic chemotherapy agents on each
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Table III. Immunohistochemical staining results.

Negative
Positive

Table V. Mean inhibition rate (IR) of chemotherapy drugs by breast
cancer subtype (%).

ER (%)

PR (%)

HER-2 (%)

13 (26)
37 (74)

18 (36)
32 (64)

35 (70)
15 (30)

ER, Estrogen receptor; PR, progesterone receptor.

Luminal A
Luminal B
HER-2 Enriched
TNBC
All-types

A+Cx

Txl

G+N

E+DTx A+DTx

38.3
36
50.2
37.5
38.1

46.1
34.8
40.6
33.8
37.5

51.8
41.4
30
50.6
43.8

CP+Txl

XEL

CbP+Txl

DTx+XEL

DTx

67.3
60.7
76.4
73.3
66

50
30.1
24.8
36.8
35.2

72.1
64.5
83.6
74.3
70

44.8
35
38.6
49.3
40.7

32.6
35.2
29.2
42.2
35.5

53.2
46.5
54.6
44.3
48.3

58.4
49.4
49.8
42.1
50

Cx+E
57.1
42.4
46.6
44.1
46

Table IV. Breast cancer patient subtype distribution.
Type
Luminal A
Luminal B
HER-2 enriched
TNBC*

Number

%

27
10
5
8

54
20
10
16

*TNBC, Triple negative type.

subtype. Each single agent or each combination
chemotherapy had a statistically-different IR (p<0.05).
However, the distribution of IRs was similar when comparing
the average chemosensitivity for each breast cancer subtype
(Figure 1) (p=0.851). Therefore, the study demonstrates that
the efficacy of a chemotherapeutic agent depends on the
individual tumor rather than the breast cancer subtype. Future
experiments will correlate the response in the HDRA and
individual breast cancer patients of each subtype. Such
experiments should further demonstrate the need for
individualized drug testing of breast cancer patient tumors in
order to design rational effective therapy for the patient.

References
1 Sorlie Τ, Perou CM, Tibshirani R, Aas T, Geisler S, Johnsen H,
Hastie T, Eisen MB, Van de Rijin M, Jeffrey SS, Thorsen T,
Quist H, Matese JC, Brown PO, Botstein D, Lonning PE and
Borresen-Dale AL: Gene expression pattern of breast carcinomas
distinguish tumor subclasses with clinical implications. Proc
Natl Acad Sci USA 98: 10869-10874, 2001.
2 Carey LA, Perou CM, Livasy CA, Dressier LG, Cowan D,
Conway K, Karaca G, TroesterMA, Chiu KT, Edmiston S,
Deming SL, Geradts J, Cheang MCU, Nielsen TO, Moorman
PG, Earp HS and Millikan RC: Race, breast cancer subtypes,
and survival in the CarolinaBreast Cancer Study. J Am Med
Assoc 295: 2492-2502, 2006.
3 Kern DH and Weisenthal LM: Highly specific prediction of
antineoplastic drug resistance with an in vitro assay using
suprapharmacologic drug exposure. J Natl Cancer Inst 82: 582588, 1990.
4 Hoffman RM: In vitro assays for chemotherapy sensitivity. Crit
Rev Oncol Hematol 15: 99-111, 1993.

7200

Luminal A
Luminal B
HER-2 Enriched
TNBC
All-types

A+Cx (doxorubicin and cyclophosphamide); Txl (paclitaxel); G+N
(gemcitabine and vinorelbine); E+DTx (epirubicin and docetaxel);
A+DTx (doxorubicin and docetaxel); Cx+E (cyclophosphamide and
epirubicin); CP+Txl (cisplatinum and paclitaxel); XEL (capecitabine);
CbP+Txl (carboplatinum and paclitaxel); DTx+XEL (docetaxel and
capecitabine); DTx (docetaxel); TNBC (triple negative breast cancer).

5 Kim JB, Stein R and O’ Hare MJ: Three-dimensional in vitro
tissue culture models of breast cancer- a review. Breast Cancer
Res Treat 85: 281-291, 2004.
6 Furukawa T, Kubota T and Hoffman RM: Clinical applications
of the histoculture drug response assay. Clin Cancer Res 1: 305311, 1995.
7 Kubota T, Sasano N, Abe O, Nakao I, Kawamura E, Saito T,
Endo M, Kimura K, Demura H, Sasano H, Nagura H, Ogawa N
and Hoffman RM: Potential of the histoculture drug response
assay to contribute to cancer patient survival. Clin Cancer Res
1: 1537-1543, 1995.
8 Singh B, Li R, Xu L, Poluri A, Patel S, Shaha AR, Pfister D,
Sherman E, Hoffman RM and Shah J: Prediction of survival in
patients with head and neck cancer using the histoculture drug
response assay. Head and Neck 24: 437-442, 2002.
9 Jung PS, Kim DY, Kim MB, Lee SW, Kim JH, Kim YM, Kim
YT, Hoffman RM and Nam JH: Progression-free survival is
accurately predicted in patients treated with chemotherapy for
epithelial ovarian cancer by the histoculture drug response assay
in a prospective correlative clinical trial at a single institution.
Anticancer Res 33: 1029-1034, 2013.
10 Kang HJ, Ko CD, Yoon HS, Kim MB and Ahn SH: The
reliability of Histoculture Drug Response Assay (HDRA) in
chemosensitivity tests for breast cancer. Cancer Res Treat 33:
392-397, 2001.
11 Furukawa T, Kubota T, Tanino H, Oura S, Yuasa S, Murate H,
Morita K, Kozakai K, Yano T and Hoffman RM. Chemosensitivity
of breast cancer lymph node metastasis compared to the primary
tumor from individual patients tested in the histoculture drug
response assay. Anticancer Res 20: 3657-3658, 2000.
12 Hugh J, Hanson J, Cheang CU, Nielsen TO, Perou CM,
Dumontet C, Reed J, Krajewska M, Treilleux I, Rupin M,
Magherini E, Mackey J, Martin M and Vogel C: Breast cancer

Kim et al: Lack of Correlation Between Drug Sensitivity and Breast Cancer Subtype

subtypes and response to docetaxel in node-positive breast
cancer: use of an imrnunohistochemical definition in the BCIRG
001 trial. J Clin Oncol 27: 1168-1176, 2009.
13 Rouzier R, Perou CM, Symmans WF, Ibrahim N, Cristofanilli
M, Anderson K, Hess KR, Stec J, Ayers M, Wanner P, Morandi
P, Fan C, Rabiul I, Ross JS, Hortpbagyi GN and Puszati L:
Breast cancer molecular subtypes respond differently to
preoperative chemotherapy. Clin Cancer Res 11: 5678-5685,
2005.
14 Carey LA, Dees EC, Sawyer L, Gatti L, Moore DT, Collichio F,
Ollila D, Sartor CI,Graham ML and Perou CM: The triple
negative paradox; primary tumor chemosensitivity ofbreast
cancer subtypes. Clin Cancer Res 13: 2329-2334, 2007.

15 Panasci LC: Re: Breast cancer subtypes and response to
docetaxel in node-positive breast cancer: use of an
imrnunohistochemical definition in the BCIRG 001 trial. J Clin
Oncol 27: e111, 2009.
16 Hoffman RM: Tissue Culture. In: Brenner’s Encyclopedia of
Genetics, 2nd Ed., Vol. 7, pp. 73-76. Elsevier, 2013.

Received September 11, 2014
Revised October 1, 2014
Accepted October 7, 2014

7201

