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Fig. 3. NADH staining showed pathological complete cell death in the entire ablated area including surgical margin. HE staining of ablated lesion removed immediately after RFA
could not demonstrate complete tumour cell death,

Table 4
Feasibility studies on radiofrequency ablation followed by surgical resection.

First Author (year) Ref. No.of cases T Electrode Application Power (W) Time (min) Complete Complications
time ablation
Jeffrey (1999)'? 5 T2-T3 LeVeen 2 times 20-60 12-28 80% None
1zzo (2001)"3 26 T1-T2 LeVeen 2 times 25-80 7-25 96% Skin burn (1case)
Burak (2003)"" 10 T1 LeVeen Over 2 times  — 7-21 90% None
Singletary (2003)'* 29 T1-T2 RITA 1 time - 30-45 86% skin burn (1 case), Wound infection (4 cases)
Hayashi (2003)'® 22 T1 RITA 1 time - - 64% skin burn (1 case)
Noguchi (2006)'¢ 10 T1 RITA Over 2 times ~ — - 100% None
Khatri (2007)"7 15 T1 Cool-Tip Over 2 times  14-53 7-36 93% Skin puckering (2 cases), Wound infection
(1 case)
Medina-Franco (2008)'® 25 T1-T2 Elektrotom 1 time 30-55 - 76% Skin burn (3 cases), Wound infection (1 case)
Imoto (2009)'° 30 T1 LeVeen 2 times 7-89 5—42 87% Skin burn (2 cases), Muscle burn (7 cases)
Wiksell (2010)%° 31 0Tl NeoDynamics AB 1 time — 6.5-11 84% Skin burn (1case), Muscle burn (1 case),
Pneumothorax (1 case)
Kinoshita (2011)*' 49 T1-T2 Cool-Tip 2 time 5-118 - 85% Skin burn (2 cases), Muscle burn (3 cases)
Present study 41 T1 Cool-Tip 1 time 50-110 6—-15 88% Skin burn (1 case)
Total 293 T1-T3 Various 1-over 2 times — - 84% Skin burn (12 cases), Muscle burn (11 cases)

Pneumothorax (1 case), Miscellaneous (8 cases)

surgery. Theoretically, one application of RFA by a 3 cm electrode RFA represents a minimally invasive treatment option for the

can ablate 3 c¢m in the shorter diameter; our technique ablated
1.8—5.5 cm (median, 2.5 cm) in the shorter diameter. If the greater
diameter of the tumour is 1.5 cm and the surgical margin is 0.5 cm,
at minimum, the zone of ablation must therefore be 2.5 cm, and so
localized tumours less than 1.5 cm are indicated for RFA.

Our findings demonstrated that a single RFA session can eradi-
cate breast cancer less than 1.5 cm by greater diameter with no EIC
(extra-intraductal component); 2 or more sessions may be effective
in tumours over 1.5 cm. Paradoxically, patient selection remains
a very important factor in determining the suitability of RFA for
breast cancer. NADH staining demonstrated complete cell death
within the ablated area (the degenerative protein ring) by MRI
scanning. Thus, when performing RFA without resection, if the
tumour is located within this area, core needle biopsy is unneces-
sary to confirm cell viability. A post-ablation MRI scan can predict
the therapeutic effect by RFA for breast cancer.

local therapy of early breast cancer instead of breast-conserving
surgery. Despite the use of various RFA procedures, the overall
total ablation rate in the literature is 84% (Table 4)."'2! RFA fol-
lowed by whole breast irradiation may be a promising protocol for
the local control of breast cancer. To confirm that RFA is an alter-
native to breast-conserving surgery, a randomized control clinical
trial is indispensable for comparing the 2 treatments.

Conclusion

We found that RFA for breast cancer could be safely applied in an
outpatient setting with good patient tolerance, and that only 1 RFA
session could achieve total tumour cell death within the whole
ablated area. RFA is a promising, minimally invasive alternative to
breast-conserving surgery for local treatment in women with small
(<1.5 cm) breast cancer.
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E-cadherin expression on human carcinoma cell affects
trastuzumab-mediated antibody-dependent cellular cytotoxicity
through killer cell lectin-like receptor G1 on natural killer cells
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Trastuzumab isa recombmant anttbody drug that is wsdely used for the treatment of HER2~overexpfessmg breast carcinoma. 'j i
Despite encouraging clinical resuits, many HERz-overexpressmg carcinomas are primarily resistant to trastuzumab We

- attempted to explain trastuzumab resistance and search for solutmns Since the kitler cell lectin-like receptor G1 (KLRGl) an
inhibitory receptor expressed on subsets of natural killer (NK) cells recognizes E-cadherin as ligands and may inhibit immune -

" responses by regulating the effector function of NK cells, we used HER2-overexpressing carcinoma cells which were expressing =
E-cadherin to investigate the role of antibody-dependent cellular cytotoxicity (ADCC) through KLRG1 on NK cells in vitroand

 vivo. The results indicated that HER2-overexpressing carcinoma cells were killed by trastuzumab-mediated ADCC and the ADCC

activity was reflected the degree of E-cadherin expression on carcinoma cells. We found that expression of E-cadherin was

- shown to be a predictor of response to trastuzumab-based treatment for HER2-overexpressing carcinomas, furthermore,
trastuzumab-mediated ADCC was markedly enhanced by KLRG1-negative peripheral blood mononuclear cells (PBMCs*%¢%()),

The HER2 receptor tyrosine kinase is one of the four mem-
bers of the epidermal growth factor receptor (HER) family of
transmembrane receptors that have an intracellular tyrosine
kinase domain, and phosphorylation of the tyrosine kinase
domain by homodimerization or heterodimerization induces
both cell proliferation and survival signaling.'” Overexpres-
sion of HER2, primarily as a result of gene amplification, is
found in 20-30% of human invasive breast carcinomas, and it
is associated with an aggressive clinical course and shortened
disease-free and overall survival>* There have been several
similar reports of HER2 overexpression being associated with
aggressive clinical behavior by colon carcinoma, ovarian carci-
noma, gastric carcinoma, and esophageal carcinoma. Trastuzu-
mab is a key drug in the treatment of HER2-overexpressing
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breast carcinoma.” Overall response rates (complete responses
plus partial responses) ranging from 15 to 30% have been
reported when used as monotherapy and response rates of
50-80% have been reported when used in combination with
taxanes or vinorelbine.5!! Multiple new combination thera-
pies that include trastuzumab are being developed and under-
going clinical testing. However, for the remaining patients
trastuzumab has no beneficial effect even though HER2 is
overexpressed in the primary tumor. Trastuzumab is a
humanized monoclonal antibody of the immunoglobulin G1
type. Trastuzumab is manifested its mechanism of action in
multiple ways, but its mechanism of action is not fully under-
stood.'” The effects of trastuzumab in relation to HER2
include direct downregulation of HER2 and activation of anti-
body-dependent cellular cytotoxicity (ADCC) in the presence
of human peripheral blood mononuclear cells (PBMCs).'*™**
One of main antitumor effects of trastuzumab is mediated by
ADCC, and the results of studies in preclinical models have
led to the hypothesis that trastuzumab recruits immune effec-
tor cells that are responsible for ADCC. The finding that
animals deficient in immune-cell-activating Fc receptors do
not respond to trastuzumab supports this hypothesis. Preoper-
ative administration of trastuzumab has been reported to
increase tumor infiltration by lymphoid cells and modulation
of ADCC in vitro."*™'® The uncertaining in defining the ways
trastuzumab exerts its effect on carcinoma cells is mirrored by
the difficulty of explaining the mechanism of carcinoma cell
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resistance to trastuzumab. Nevertheless, several mecha-
nisms," ">’ including loss of PTEN function, activation of al-

ternative pathways (IGF-I), expression of EGFR family ligands,
receptor masking or epitope inaccessibility, and impaired
ADCC response have been hypothesized to explain trastuzu-
mab resistance. ADCC is mainly attributable to the activation
of natural killer cells (NK cells), which are large granular
lymphocytes that participate in innate immune responses to
neoplastic cells.*® Although most innate immune cells express
both inhibitory and activating receptors,®®?® killer cell lectin-
like receptor G1 (KLRG1) is an inhibitory receptor that is
expressed on subsets of NK cells. KLRG1 is a transmembrane
inhibitory receptor and member of the C-type lectin-like
superfamily.’** Recently, E-cadherins have been identified as
ligands of KLRG1.*>** E-cadherins comprise a family of
transmembrane glycoproteins that mediate cell-cell adhesion.
Down-regulation of E-cadherin represents a crucial step in
epithelial tumor development and metastasis. E-cadherin bind-
ing to KLRG1 prevents the lysis of E-cadherin-expressing car-
cinoma cells by KLRG1-mediated NK cells cytotoxicity. These
findings led us to hypothesize that tumor cells expressing
E-cadherin inhibit ADCC activity, meaning that tumor cells
lacking E-cadherin may be more susceptible to NK cell attack.
To test this hypothesis, in the present study we investigated
whether E-cadherin expression in HER2 overexpressing breast
carcinoma cells affects trastuzumab-mediated ADCC through
KLRG! on NK cells in vitro, in vivo, and in clinical
specimens.

fMaterial and Methods

Cell lines

We used two HER2-overexpressing breast carcinoma cell
lines, SKBR3 and HCC1569, and two gastric carcinoma cell
lines, NCI-N87 and MKN-7, in our study. All cell lines were
obtained from the American Type Culture Collection (Mana-
ssas, VA). SKBR3 cells and MKN-7 cells were propagated in
DMEM medium supplemented with 10% heat-incubated fetal
bovine serum, penicillin (100 units/ml), and streptomycin
(100 pg/ml). HCC1569 cells and NCI-N87 cells were propa-
gated in RPMI 1640 medium supplemented as described above.

Reagents and antibodies

Trastuzumab was obtained from Chugai Pharmaceutical
(Tokyo, Japan). Mouse IgG; antibody (BioLegend, San Diego,
CA) was used as a control. Antibody to KLRG1 was purchased
from Santa Cruz Biotechnology (Santa Cruz, CA). Monoclonal
antibodies to the following were used for immunopathological
analysis: c-erbB-2, CD45 (Ventan, Kanagawa, Japan), E-cad-
herin, N-cadherin (DAKO, Tokyo, Japan), and Pan-cadherin
(Cell signaling, Tokyo, Japan).

Isolation of peripheral blood mononuclear cells

PBMCs were isolated from healthy volunteer, having taken
informed consent. The PBMCs were isolated directly from
fresh peripheral blood by using the BD vacutainer CPT (Bec-

E-Cadherin affects trastuzumab-mediated ADCC

ton Dickinson, Mansfield, MA) on density-gradient centrifu-

~gation. Highly purified KLRG1-negative mononuclear cells

(PBMCs®RS1 )y were obtained by magnetic cell sorting
(MACS) by using the system from Miltenyi Biotec according
to the manufacturer’s instructions. The purity of the KLRG1-
negative mononuclear cells was greater than 95% as deter-
mined by flow cytometry analysis (Figure S1).

Cell viability assay

HER2-overexpressing carcinoma cells in medium were seeded
into six-well cell plates (1 x 10° per well). After 24 hours,
target cells (T) and PBMCs (E) as effector cells (T:E ratios,
1:0, 1:1, 1:20) were cocultured at 37C in medium containing
either trastuzumab or mouse IgG, isotype antibody in con-
centrations of 0 mg/ml, 0.021 mg/ml, and 0.105 mg/ml under
a 5% CO2 atmosphere. Cell viability was assayed after 4 or
24 hr later by counting living target cells. Cell viability assays
were performed in triplicate.

ADCC assays

To investigate the effect on ADCC activity, after the target
HER2 overexpression breast carcinoma cells were labeled with
100 pCi °'Cr (Perkin-Elmer Life and Analytical Sciences,
Boston, MA) for 60 min, target cells (T) (1 x 10* per well)
and PBMCs (E) at various T:E ratios were coincubated in 200
puL DMEM or RPMI 1640 in a 96-well U-bottomed plate in
triplicate for 4 hr at 37°C with trastuzumab or control anti-
body. Next, the amount of radioactivity in the supernatant
liquid was measured by a gamma counter. The percentage of
specific cytolysis was calculated using the formula: percentage
specific lysis = [(experimental cpm — spontaneous cpm)/
(maximum cpm — spontaneous cpm)] x 100. ADCC assays
were performed in triplicate.

Small interfering RNA (siRNA)

Commercially available siRNAs against CDH1 (Silencer®
select Pre-designed siRNA, Ambion, Austin, TX) was used. A
possible nonspecific gene silencing effect was assessed by
using a control siRNA (Silencer® select Negative Control #1,
Ambion, Austin, TX). Transfections were performed in 6-
well plates according to manufacturer’s protocols. The level
of transcripts of the silenced genes was measured 48, 72 and
96 hr post-transfection by the quantitative real-time polymer-
ase chain reaction (QRT-PCR). Relative gene expression was
quantified on a Smart Cycler II System (TaKaRa, Shiga,
Japan) by the calibration curve method, and the data were
normalized against GAPDH and expression of E-cadherin
protein was investigated by flow cytometory (FACSCalibur,
Becton Dickinson, Mansfield, MA).

Mouse model

Six-week-old female severe combined immunodeficiency
(NOD/SCID) mice were purchased from CLEA JAPAN (Tokyo,
Japan). All animals were maintained and treated in accord-
ance with institutional guidelines under approved protocols.

Int. J. Cancer: 128, 2125-2137 (2011) © 2011 UICC

— 281 —



Yamauchi et al.

NOD/SCID mice were subcutaneously injected (s.c.) with
HCC1569 cells (5.0 x 10%) suspended in 0.2 ml PBS. Tumor-
bearing mice were divided into five groups of at least three
mice each: (i) an untreated control group, (ii) a group treated
with human PBMCs*'"RC!(7), (iii) a group treated with tras-
tuzumab, (iv) a group treated with human PBMCs + trastu-
zumab and (v) a group treated with human PBMCs<IRGH)
+ trastuzumab. Trastuzumab (0.005 mg/g, intraperitoneally
[i.p.]) and human PBMCs (5.0 x 10° cells/mouse, i.p.) injec-
tions were started 4 weeks after cell implantation and contin-
ued once per a week. Tumor volume (mm?) was calculated
as the product of the length, width and height of the tumor
measured in millimeters once a week with a caliper. Tumor
volume was calculated by using the formula: Tumor volume
= length x width x depth (mm?).

Patients

Patients who received trastuzumab (Herceptin®, Chugai
Pharmaceutial Co., Tokyo Japan)-based treatment for meta-
static HER2-overexpressing breast carcinoma at the National
Cancer Center Hospital East between July 2001 and March
2007 were registered in our study. In accordance with prac-
tice at our institution, eligibility for treatment with trastuzu-
mab was determined by IHC HER2 grade 3+ overexpression
(as determined by Herceptest, Ventana medical systems,) or
confirmation of c-erbB-2 amplification by fluorescence in situ
hybridization in IHC 2+ cases. The initial dose of trastuzu-
mab was 4 mg/kg administered as an iv. infusion and it was
followed by weekly doses of 2 mg/kg or triweekly doses of
6 mg/kg iv. Response to trastuzumab therapy was evaluated
based on the results of a clinical and radiological examination
of the tumor before the start of treatment and every 6 months
after the start of treatment. All patients were treated after
obtaining their informed consent in accordance with institu-
- tional guidelines. To determine whether the expression of the
selected markers could be.used to predict response or resist-
ance to trastuzumab, two binary outcomes were considered:
clinical benefit and overall survival. Clinical benefit (response
group) was defined as the cases with a complete response or
partial response, or stable disease that lasted at least a year
and cases that stopped trastuzumab-based treatment for the
patient’s own reasons or reduced cardiac function, in spite of
last partial response status for longer than six months. All
patients gave written informed consent to use of their medi-
cal data for scientific purposes.

Immunohistochemistry

All immunohistochemical analyses were performed on paraf-
fin-embedded tissues obtained from the primary tumor in
the surgical specimen obtained during initial mastectomy.
The surgically resected specimens were fixed in 10% formalin
and embedded in paraffin for routine pathological examina-
tion. We prepared and used 4-pm-thick paraffin sections
cut from a paraffin block containing histological findings
that were representative of the tumor. Antigen retrieval was

Int. ). Cancer: 128, 2125-2137 (2011) © 2011 UICC
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performed in citrate buffer solution (pH 6.0). All slides were
heated to 95°C by exposure to microwave irradiation for
20 min and after allowing them to cool for 1 hr at room tem-
perature, they were washed in PBS. Endogenous peroxidase
was blocked with 0.3% H,O, in methanol for 15 min, and after
incubation overnight at 4°C with the primary antibodies on
the slides were incubated for 40 min with a labeled polymer
EnVision TM+, Peroxidase Mouse or Rabbit (Dako, Tokyo,
Japan). The chromogen used was 2% 3, 3'-diaminobenzidine in
50 mM Tris-buffer (pH 7.6) containing 0.3% hydrogen.

All samples were evaluated and scored independently
without any knowledge of the patients’ history.

Statistical analysis

The GraphPad Prism4 (GraphPad Software, CA) statistical
software package was used to perform the statistical analyses.
We used ANOVA to statistically evaluate differences in cyto-
toxicity. The correlations between each group and the clinico-
pathological variables and results of immunohistochemical
staining were evaluated by the y’-test or Fisher’s exact test,
as appropriate. Overall survival distributions were estimated
by the Kaplan-Meier method and compared by using log-
rank tests. p values < 0.05 were considered significant.

Results

Trastuzumab enhances cell cytotoxicity against
HER2-overexpressing breast carcinoma cell lines through
human PBMCs

We measured the level of expression of HER2 and E-cadherin
protein on the surface of SKBR3 and HCC1569 cell lines.
Figure la shows the results of immunocytochemical staining
for HER2 and E-cadherin. The expression of E-cadherin pro-
tein on the surface of cancer cells were also confirmed by
FACS analysis (Fig. 1a). HER2 overexpression in SKBR3 and
HCC1569 cell lines were also recognized by FACS analysis.
The expression of E-cadherin was very low in SKBR3 and
high in HCC1569. We investigated the efficacy of trastuzumab
in SKBR3 and HCC1569 cells. Firstly, we examined whether
trastuzumab directly inhibited the cell viability of SKBR3 and
HCC1569 cells by counting viable carcinoma cells. Treatment
with either 0 to 0.105 mg/ml trastuzumab had no effect on
cell viability of any of the cells. Next, to examine the cytotoxic
ability of trastuzumab through human PBMCs indirectly,
SKBR3 or HCC1569 cells as target (T) cells and human
PBMCs as effector (E) cells were mixed in different ratios,
and trastuzumab was added to different concentrations. As
shown in Figure 1b, Trastuzumab elicited cell cytotoxicity for
SKBR3 with very low expression of E-cadherin when com-
pared to the control mAb (p < 0.01). Cytotoxicity tended to
be higher at higher T:E ratios. However, trastuzumab exhib-
ited no cytotoxicity for HCC1569 cells with high expression of
E-cadherin, regardless of higher T:E ratios. We performed
ADCC assay by °'Cr release assay, similar results were
obtained (Fig. 1c). The similar results were obtained with the
other HER2-overexpressing breast carcinoma cell lines (data
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Figure 1. The level of HER2, E-cadherin expression on the surface of carcinoma cell lines and cell viability. (a) HER2 expression and E-cadherin
expression were evaluated immunocytochemically and by flow cytometry using SKBR3 cells and HCC1569 cells. (b) Very low E-cadherin
expressing SKBR3 and high E-cadherin expressing HCC1569 breast carcinoma cells (T) in medium were seeded into six-well cell plates (1 x 10°
per well each). After 24 hr, PBMCs (E) as effector cells, and target cells (T:E ratios, 1:0, 1:1, 1:20) were cocultured in medium containing either
trastuzumab or control mAb (mouse IgG, antibody) at concentrations of 0.021 mg/ml or 0.105 mg/ml. At 24 hr after incubation, cell viability was
assessed by counting living target cells. Cell viability assays were performed in triplicate. (¢) Breast carcinoma cells (1 x 10* per well each) were
analyzed for ADCC in the presence of Trastuzumab 0.021 mg/ml or control mAb in the various T:E ratios by 4h-51Cr release assay. Assays were
performed in triplicate to confirm the reproducibility. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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not shown). The indirect cytotoxic ability of trastuzumab
through human NK cells or NK cell depleted-PBMCs was
examined using HCC1569 cells as target cells (T), and human
NK cells or NK cell depleted-PBMCs as effector cells (E). NK
cells (CD3-negative and CD56-positive cells) were purified by
FACS (Figure S1). Those cells were mixed (T:E =1:20) and
trastuzumab was added. As a result, trastuzumab was able to
elicite cell cytotoxicity against SKBR3 and HCC1569 with NK
cells as well as PBMCs, however, trastuzumab was not able to
elicit cell cytotoxicity with NK cell depleted-PBMCs (Figure
S3). Therefore, we decided to perform the following experi-

ments using PBMCs as a effector cells (E). It is well-known .

that NK cells mediated target cell-killing works commonly
within 4 hr, the result of the treatment for 4 hours was same
as one of 24 hr (Figure S2).

Knockdown of E-cadherin in HER2-overexpressing breast
carcinoma enhances the cytotoxicity of trastuzumab
We investigated whether down-regulation of E-cadherin by
small interfering RNAs (siRNAs) would overcome resistance
to trastuzumab. HCC1569 cells treated with CDHI1 siRNA
transfection showed an 80% decreased expression of E-cad-
herin protein 48 hr after transfection. The knockdown level
of E-cadherin mRNA and protein was confirmed by RT-PCR
and FACS analysis (Figure $4). We examined whether trastu-
zumab directly inhibited the viability of CDHI1-siRNA
HCC1569 cells by counting viable carcinoma cells. Treatment
with either 0 to 0.105 mg/ml trastuzumab had no effect on
cell viability of any of the cells. To examine the cytotoxic
ability of trastuzumab through human PBMCs indirectly,
CDH1-siRNA HCC1569 cells as target (T) cells and human
PBMCs as effector (E) cells were mixed in different ratios,
“and trastuzumab was added to different concentrations. As
shown in Figure 2a, trastuzumab elicited cytotoxicity for
HCC1569 cells with decreased expression by CDHI1 siRNA
transfection when compared to the cells treated with control
siRNA {p < 0.01). We performed ADCC assay by °'Cr
release assay, similar results were obtained (Fig. 2b).
HCC1569 was resulted in increasing of sensitivity to trastuzu-
mab by knockdown of CDHI. These findings indicate that
E-cadherin-expressing HER2-overexpressing breast carcinoma
cells were induced resistance to treatment with trastuzumab,
because the cells were inhibited ADCC activity.

Furthermore, we investigated whether transduced expres-
sion of E-cadherin caused resistance of trastuzumab against
breast cancer cells, SKBR3 cells with transduced expression of
E-cadherin by transfection with hE-cadherin pHf Apr-1-neo
vector (hE-cadherin SKBR3) were used for cell viability assay.
As a result, trastuzumab exhibited no cytotoxicity for human
E-cadherin-expressing SKBR3 cells trandeuced, regardless of
higher T:E ratios (Figure S5). These results suggest that
expression of E-cadherin is involved in ineffectiveness of
trasutuzumab.
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The cytotoxicity against HER2-overexpressing breast
carcinoma cells treated with Trastuzumab is enhanced

by human PBMCs"*Re(-)

Because KLRG1 on NK cells were inhibitory receptor and
E-cadherin was a ligand with KLRGI1, we investigated the
efficacy of trastuzumab through KLRGI-nonexpressing
mononuclear cells (PBMCs*'*%'™), We obtained highly
purified PBMCs*"®¢!=) by MACS (Figure S1). SKBR3 and
HCC1569 as target (T) cells, and human PBMCsKIRGI) o4
effector (E) cells were mixed in different ratios, and trastuzu-
mab was added with different concentrations. Trastuzumab
elicited cytotoxicity for SKBR3 with very low expression of
E-cadherin when compared to the treatment with control
mAb (p < 0.01). Cytotoxicity tended to be higher at higher
T:E ratios. Similar results were obtained with PBMCs (Figs.
3a and 3b). And, trastuzumab also elicited cell cytotoxicity
for HCC1569 cells with high expresseion of E-cadherin,
unlike results with PBMCs (Figs. 3¢ and 3d). KLRG1 is only
expressed by a minority of NK cells (Figure S1). However,
trastuzumab exhibited no cytotoxicity for HCC1569 cells
treated with KLRGI-positive cells, while, trastuzumab showed
remarkable cytotoxicity for HCCI1569 cells treated with
KLRGI1-negative cells (Figure S6). Antibody blocking experi-
ments using anti-E-cadherin antibody directly showed that
inhibition of target cell killing is mediated by KLRG1/E-cad-
herin interaction (Figure S7). Taken together, these results
suggest that ADCC activity was inhibited by interaction with
E-cadherin and KLRG1. The response of KLRG1-positive and
of KLRG1-negative NK cells towards the various target cells
in the presence of trastuzumab was confirmed by flow
cytometry-based assays using anti-CD69 antibody as a NK
cell activating marker. About 50% of NK cells from KLRGI-
negative PBMCs showed higher expression of CD69 irrespec-
tive of target cells (HCC1569 cells) and the ratio of the
number of nonactivated NK cells to that of activated NK cells
did not change by co-culture with target cells. However, the
number of activated NK cells increased by co-culture using
media containing trastuzumab (Figure S8). Therefore, E-cad-
herin expressing and HER2-overexpressing breast carcinoma
cells were induced resistance to treatment with trastuzumab.
Similar results were obtained for the other HER2-overex-
pressing breast carcinoma cell lines (data not shown).

Trastuzumab enhances the cytotoxicity against
HER2-overexpressing gastric carcinoma cells

We used two gastric carcinoma cell lines, MKN-7 cells which
were not expressed E-cadherin and NCI-N87 cells which
were expressed E-cadherin. We examined whether trastuzu-
mab directly inhibited the cell viability of MKN-7 and
NCI-N87 cells by counting viable carcinoma cells, Treatment
with either 0 to 0.105 mg/ml trastuzumab had no effect
on cell viability of any of the cells. Next, to examine the
cytotoxic ability of trastuzumab through human PBMCs
indirectly, MKN-7 or NCI-N87 cell lines as target (T) cells
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Figure 2, Knockdown of E-cadherin in HER2-overexpressing breast carcinoma enhances the cytotoxicity of trastuzumab. (a) HCC1569 cells

transfected with control SiRNA (upper) and CDH1 siRNA (lower) in medium were seeded into six-well cell p

lates (1 x 10° per well each). After 24

hr, PBMCs (E) as effector cells, and target cells (T:E ratios, 1:0, 1:1, 1:20) were co-cuitured in medium containing either trastuzumab or control
mAb (mouse IgG; antibody) at concentrations of 0.021 mg/ml or 0.105 mg/ml. At the end of the 24-hr incubation period cell viability was
assessed by counting living target cells. Cell viability assays were performed in triplicate. (b)) HCC1569 cells transfected with CDH1 siRNA (1 x 10*
per well each) were analyzed for ADCC in the presence of Trastuzumab 0.021 mg/ml or control mAb in the various T:E ratios by 4h-51Cr release
assay. Assays were performed in triplicate. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

and human PBMC:s as effector (E) cells were mixed in different
ratios, and trastuzumab was added to different concentrations.
As shown in Figure 4a, Trastuzumab elicited cytotoxicity for
MKN-7 which were not expressed E-cadherin when compared
to the isotype control (p < 0.01). Cytotoxicity tended to be
higher at higher T:E ratios. However, trastuzumab exhibited no
cytotoxicity for NCI-N87 cells which expressed E-cadherin.
Furthermore, we investigated the efficacy of trastuzumab
through PBMCs“"®'™). Trastuzumab elicited cytotoxicity
for both MKN-7 and NCI-N87 cells, regardless of expression of
E-cadherin. These results are the same as that was obtained
with the breast carcinoma cell lines.

Trastuzumab induces potent antitumor activity in the

mouse model of human PBMCs-engrafted NOD/SCID mice
HCC1569 cells were implanted into the flank of severe com-
bined immunodeficiency (NOD/SCID) mice. The tumor-
bearing mice were divided into five groups each for treatment.
As a results, injection of trastuzumab together with human
PBMCS™1) ghowed significant therapeutic efficacy as dem-
onstrated by the effect on the tumor volume at day 28 after
starting treatment (mean * S.D. 281.5 * 213.8 mm3), com-
pared to the control group (8784 * 204.9 mm®), human
PBMCs“"™"' ™) group (1098.0 * 427.1 mm3), trastuzumab
alone group (868.7 * 204.9 mm?®), and trastuzumab and

Int. J. Cancer: 128, 2125-2137 (2011) © 2011 UICC
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Figure 3. Trastuzumab enhances cytotoxicity against HER2-overexpressing breast carcinoma cells through human PBMCS R (g and ¢, left)

Breast carcinoma cells in medium were seeded into six-well cell plates (1 x 10° per well each). After 24 hr, PBMCs'

KRG 35 effector cells (E),

and target cells (T) (T:E ratios, 1:0, 1:1, 1:20) were cocultured in medium containing either trastuzumab or control mAb (mouse IgG, antibody) at
concentrations of 0.021 mg/ml or 0.105 mg/ml. At the end of the 24-hr incubation period cell viability was assessed by counting living target
cells. Cell viability assays were performed in triplicate. (a and c, right) Breast carcinoma cells (1 x 10“ per well each) were analyzed for ADCC in
the presence of Trastuzumab 0.021mg/ml or control mAb in the various T:E ratios by 4h-51Cr release assay. (b and d) We compared cell viability
with PBMCs and PBMCs**R1() by counting living target cells in the presence of trastuzumab 0.105mg/ml in the T:E ratios =1:20. Assays were
performed in triplicate. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

human PBMCs group (686.9 * 326.5 mm?). As demonstrated
by the lack of effect on tumor volume trastuzumab alone did
not exert any therapeutic efficacy (Figs.5¢ and 5b). We
showed effect of each treatment on the characteristics. Photo-
graphs of each mouse were taken at day 56 after the
HCC1569 cell implantation (Fig. 5¢, top). Tissue from each

Int. J. Cancer: 128, 2125-2137 (2011) © 2011 UICC

tumor stained with H.E (middle) and anti-human CD45 (bot-
tom) is shown (scale bar, 1 cm). The tumor size was bigger
growth and central lesions of tumor tissue were showed with
necrosis or fibrosis for cases which control, trastuzumab alone
and human PBMCs®®')  Trastuzumab and Human
PBMCs or PBMCs"*%™)_engrafted mice cases showed that
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Figure 4, Trastuzumab enhances cytotoxicity against HER2-overexpressing gastric carcinoma cells. Gastric carcinoma cells in medium
were seeded into six-well cell plates (1 x 10° per well each). After 24 hr, (a) PBMCs or (b) PBMCs "R a5 effector cells and target cells
(T:E ratios, 1:0, 1:1, 1:20) were cocultured in medium containing either trastuzumab or control mAb (mouse IgG, at antibody)
concentrations of 0.021 mg/ml or 0.105 mg/ml. At the end of the 24-hr incubation period cell viability was assessed by counting living
target cells. Cell viability assays were performed in triplicate. (c) We compared cell viability with PBMCs and PBMCsKRS1py counting
living target cells in the presence of trastuzumab 0.105 mg/ml in the T:E ratios = 1:20. Assays were performed in triplicate. [Color figure
can be viewed in the online issue, which is available at wileyonlinelibrary.com.]
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Figure 5, Trastuzumab induces potent antitumor activity as demonstrated by its effect on tumor volume in a mouse model. Antitumor activity
of trastuzumab against pre-established subcutaneous HCC1569 tumors. Treatments was started when tumor volume was about 300~500 mm?
(28 days after HCC1569 cell inoculation). (a) Tumor volume was calculated by using the formula: Tumor volume = length x width x depth
(mm?>). (b) Tumor volume was compared day 28 with day 56 after HCC1569 cell inoculation. Significant differences between the groups are
indicated by asterisks, p < 0.05. (¢) Effect of each treatment on the characteristics. The photographs of each mouse were taken at day 56 after
HCC1569 cell inoculation (day 28 from the start of treatments) (upper). Tissue from each tumor stained with H.E (middle, scale bar, 1cm) and
anti human CD45 antibody (lower) is shown. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

human lymphocytes were invaded intercellular and stroma in
tumor tissue.

Patients with E-cadherin-expressing breast cancer were
resistant with trastuzumab-based treatment

Out of a total of 1,344 patients, 115 patients had tumors that
overexpressed HER2, and 28 of 115 patients relapsed. A total

Int. J. Cancer: 128, 2125-2137 (2011) © 2011 UICC

of 22 patients were treated with trastuzumab for HER2-
overexpressing metastatic breast carcinoma (Fig. 6a). The
characteristics of the patients and the tumors are summarized
in Table SI. The data revealed that a clinical benefit was
achieved in 50% (11/22). Clinicopathological variable was not
significantly different. Figures 6a and 6b shows markers
expression. E-cadherin immunoreactivity was found in 27%
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Figure 6. The tumors of patients with Pan-cadherin-positive breast carcinoma were resistant to trastuzumab-mediated therapy. (@) Results
of immunohistochemical analysis (Pan-cadherin, E-cadherin, N-cadherin) with HER2-overexpressing breast carcinomas are shown (b) Typical
photographs of the results of immunohistochemical analysis of E-cadherin are shown. (¢) Kaplan-Meier analysis of overall survival is shown
according to the response to trastuzumab-based therapy. (d) The Kaplan-Meier analysis of overall survival is shown according to
Pan-cadherin expression. [Color figure can be viewed in the online issue, which is available at wileyonlinelibrary.com.]

of the tumors in of the responder group and in 81% of the
tumors in resistant group, and the difference was significant
(p = 0.01). Kaplan-Meier survival curves were plotted based
on clinical follow-up data regarding overall survival. Figure
6¢ shows the overall survival data for the responder group
and the resistant group, and the difference between the two
groups was significant (p = 0.002). A comparison between
the survival curves revealed longer overall survival in the
group with E-cadherin negative tumors (p = 0.008, Fig. 6d).

We could not identify other predictors that had been impli-
cated as trastuzumab-resistance factors such as PTEN, IGF-I
and pZ7klp (Table S2).

Discussion

We demonstrated that E-cadherin-expressing HER2-overex-
pressing breast carcinoma cells were induced resistance to
treatment with trastuzumab, because the cells were blocked

Int. J. Cancer: 128, 2125-2137 (2011) © 2011 UICC
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ADCC activity that was inhibited by interaction with
E-cadherin and KLRGI1.

It was reported previously that the loss of PTEN in cells
occurs commonly in breast carcinomas, and that leads to acti-
vation of the PI3K/AKT pathway and has been suggested to
cause trastuzumab resistance. However, we demonstrated that
although HCC1569 is a HER2-overexpressing and loss of
PTEN breast carcinoma cell line, CDHI-siRNA HCC1569
cells were sensitive to trastuzumab with PBMCs, and HCC1569
cells were sensitive to trastuzumab with PBMCs*"*%'),

We thought that ADCC activity was blocked by interac-
tion with E-cadherin and KLRGI1. KLRGI is an inhibitory
receptor that is expressed on subsets of NK cells and T cells,
and 30-80% of NK cells obtained from healthy adult donors
express KLRG1. KLRGI is rapidly up-regulated on NK cells
and CD8+ T cells when mice are infected with virus, and in
humans it is up-regulated during chronic infection with
some virus.®*' KLRGl is a transmembrane inhibitory
receptor and member of the C-type lectin- like superfamily,
and it contains an immunoreceptor tyrosine-based inhibitory
motif (ITIM) in its cytoplasmic domain. E-, N- and
R-cadherins have recently been identified as ligands of
KLRG1.*>® Cadherins comprise a family of transmembrane
glycoproteins that mediate Ca2*-dependent cell-cell adhe-
sion, and they contribute to tissue morphogenesis during
embryonic development and to the maintenance of tissue
type and architecture. E-cadherin is found at epithelial cell
junctions and on Langerhans cells. The malignancy of
epithelial tumors or infection with virus is often associated
with down-regulation of E-cadherin, which makes tumor
cells invasive and likely to metastasize.*>**> E-cadherin and
KLRGI interactions triggers an inhibitory pathway that viral
infection. A higher threshold for activation for NK cells
expressing KLRG1 are imposed when their targets express
E-cadherin. These finding shows that KLRG1-mediated inhi-
bition of effector cell function may help to prevent collateral
damage to healthy cells. The results of -a study by Tto
et al®>**% indicate that tumor cells lacking of E-cadherin
expression would be more prone to killing by NK cells
expressing KLRG1. So down-regulation of E-cadherin on car-
cinoma cells were a poor prognosis factor, however, down-
regulation of E-cadherin on HER2-overexpressing carcinoma
cells was a good factor for trastuzumab-mediated treatment.
Moreover, our present results suggest that the increase of
ADCC activity may be attributed to activated NK cells from
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Patients with estrogen receptor (ER)-positive breast cancers have a
better prognosis than those with ER-negative breast cancers, but
often have low sensitivity to chemotherapy and a limited survival
benefit. We have previously shown a combination effect of tax-
anes and fulvestrant and suggested that this treatment may be
useful for ER-positive breast cancer. In this study, we evaluated
the effects of combinations of hormone drugs and chemothera-
peutic agents. In vitro, the effects of combinations of five chemo-
therapeutic agents (doxorubicin, paclitaxel, docetaxel, vinorelbine,
and 5-fluorouracil) and three hormone drugs (fulvestrant, tamoxi-
fen, and 4-hydroxytamoxifen) were examined in ER-positive breast
cancer cell lines using CalcuSyn software. Changes in chemoresis-
tant factors such as Bcl2, multidrug resistance-associated protein
1, and microtubule-associated protein tau were also examined
after exposure of the cells to hormone drugs. In vivo, tumor sizes
in mice were evaluated after treatment with docetaxel or doxoru-
bicin alone, fulvestrant alone, and combinations of these agents.
Combination treatment with fulvestrant and all five chemothera-
peutic agents in vitro showed synergistic effects. In contrast,
tamoxifen showed an antagonistic effect with all the chemothera-
peutic agents. 4-Hydroxytamoxifen showed an antagonistic effect
with doxorubicin and 5-fluorouracil, but a synergistic effect with
taxanes and vinorelbine. Regarding chemoresistant factors, Bcl2
and microtubule-associated protein tau were downregulated by
fulvestrant. In vivo, a combination of fulvestrant and docetaxel
had a synergistic effect on tumor growth, but fulvestrant and
doxorubicin did not show this effect. In conclusion, fulvestrant
showed good compatibility with all the evaluated chemothera-
peutic agents, and especially with docetaxel, in vitro and in vivo.
(Cancer Sci 2011; 102: 2038-2042)

T he malignant grade of estrogen receptor (ER)-positive
breast cancer is generally low, thus patients with this can-
cer have a better prognosis than those with ER-negative breast
cancer. However, ER-positive breast cancers have low sensitiv-
1ty to chemotherapy and the survival benefit of chemotherapy
is limited."'™ Estrogen receptors play a crucial role in the
development and progression of breast cancers and modulate
many genes including of chemoresistant factors. The low sensi-
tivity to chemotherapy may be caused by ER itself or by ER
modulation of the levels of factors that cause resistance to
chemotherapy.“!!

Tamoxifen has significant efficacy for ER-positive breast can-
cer. However, the mechanism is not completely understood.
Tamoxifen is metabolized and the metabolites (4-hydroxytam-
oxifen and 4-hydroxy-N-desmethyltamoxifen) have different
affinities for ER and exert a variety of agonist and antagonist
properties."'271%) Fylvestrant, a selective ER inhibitor, is an

Cancer Sci | November 2011 | vol. 102 | no. 11 | 2038-2042

active hormone drug for advanced breast cancer, and a random-
ized phase II comparative study of a fulvestrant high-dose regi-
men for advanced hormone receptor-positive breast cancer in
postmenopausal women found that fulvestrant was at least as
effective as anastrozole in terms of clinical benefit and objective
response, and was associated with a significantly longer time to
progression.

Previous in vitro studies have shown that hormone drugs have
an antagonistic effect on anticancer drugs. Several clinical stud-
ies have found similar antagonistic effects on concurrent chemo-
therapeutic agents, with combined use of tamoxifen and these
agents being inferior to use of the drugs sequentially.(!’~%?
Therefore, the current view is that concomitant chemotherapy
and endocrine therapy should be avoided. However, most stud-
ies have examined the compatibility of tamoxifen and anthracy-
cline regimens. There have also been a few reports on
combination therapy of fulvestrant with chemotherapeutic
agents (taxanes, vinca alkaloids, and doxorubicin) in vitro, but
the number of studies is limited and combination treatment
using modern hormone therapy w1th chemotherapeutlc agents
has not been examined thoroughty.! 13329

Our previous study showed that expression of microtubule-
associated protein tau (MAPT), a taxane-resistant factor, is mod-
ulated by ER; and that tamoxifen, a selective ER modulator, and
fulvestrant, a selective ER downregulator, had different effects
on MAPT expression through the ER. We also showed that
tamoxifen upregulated MAPT expression through its estrogen-
like agonist activity and decreased sensitivity to taxanes,
whereas fulvestrant downregulated ER and MAPT expression
and increased sensitivity to taxanes."'

In the current study, we tested the following hypotheses. (i)
As fulvestrant downregulates anticancer drug-resistant factors
modulated by ER, combination treatment of fulvestrant and che-
motherapeutic agents should be beneficial. (ii) As tamoxifen and
its metabolites have different effects on ER, combination treat-
ment of these molecules with chemotherapeutic agents should
show different results. We examined combinations of chemo-
therapeutic agents (doxorubicin, paclitaxel, docetaxel, vinorel-
bine, and 5-fluorouracil) with hormone drugs (tamoxifen, its
active metabolite, 4-hydroxytamoxifen, and fulvestrant) based
on the combination index (CI) in ER-positive human breast can-
cer cell lines. We also evaluated the effects of hormone drugs
on the levels of chemoresistant factors such as Bcl2, multidrug
resistance-associated protein 1 (MRP1), and MAPT, and
assessed the compatibility of doxorubicin and docetaxel with
fulvestrant in vivo.
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Materials and Methods

Cell culture and agents. MCF-7 and ZR75-1 cell lines were
obtained from ATCC (Rockville, MD, USA). Cells were main-
tained at 37°C in a 5% CO, incubator in RPMI-1640 medium
(Sigma-Aldrich, Tokyo, Japan) containing 10% heat-inactivated
FBS and 1% penicillin—streptomycin. Paclitaxel, docetaxel,
17-B estradiol, tamoxifen, and 4-hydroxytamoxifen (Sigma-
Aldrich), vinorelbine and doxorubicin (Kyowa Hakkoh, Tokyo,
Japan), and fulvestrant (Sigma-Aldrich and Astra Zeneca,
London, UK) were purchased from commercial sources. Cells
were cultured in a phenol-free medium containing 10% dextran-
coated, charcoal-treated FCS (Hyclone, Logan, UT, USA), then
treated with 17-B estradiol, fulvestrant, tamoxifen, and 4-hydr-
oxytamoxifen alone or in combination.

Western blot analysis. Samples from cultured cells were pre-
pared for Western blot analysis, as previously described. %>
The samples were separated on a NuPAGE Bis-Tris Gel 4-12%
(Invitrogen, Carlsbad, CA, USA) and electroblotted onto a
PVDF membrane. Primary antibodies were used to identify
MAPT (T1029; US Biologicals, Swampscott, MA, USA), Bcl-2
(Santa Cruz Biotechnology, Santa Cruz, CA, USA), P-glycopro-
tein (MDRI1) (Calbiochem, San Diego, CA, USA), and actin
(Sigma-Aldrich). The blots were exposed to the appropriate
HRP-conjugated secondary antibody (Santa Cruz Biotechnol-
ogy) with development using the enhanced chemiluminescence
detection method (ECL kit; Amersham Pharmacia Biotech,
Chandler, AZ, USA).

Cell viability assay. Cells were seeded on 96-well plates at
concentrations of 2 X 10°~5 x 10° cells/well. After incubation
for 24 h, the cells were cultivated in the presence of various
concentrations of a chemotherapeutic agent (doxorubicin, paclit-
axel, docetaxel, vinorelbine, and 5-fluorouracil) alone, a hor-
mone drug (fulvestrant, tamoxifen, and 4-hydroxytamoxifen)
alone, or combinations of these agents for 72 h at 37°C in 5%
CO;. An 3-(4,5-dimethylthiazol-2-yl)-5-(3-carboxymethoxyphe-
nyl)-2-(4-sulfophenyl)-2H-tetrazolium (MTS) assay was then
carried out using a CellTiter 96 AQueous One Solution Cell
Proliferation Assay (Promega, Fitchburg, W1, USA), according
to the manufacturer’s protocol. The assays were carried out
independently four times and mean ICsg values are reported.

Combination effect. The combination effect of two drugs
was evaluated using the CI, which was calculated using Cal-
cusyn software (Biosoft, Cambridge, UK) and is defined as
follows:

CI = (D)1/(Dx)1 + (D)2/(Dx)2 + (D)1(D)2/(Dx)1(Dx)2,

where: (Dx)1 is the dose of Drug 1 alone required to produce
an X% effect; (D)1 is the dose of Drug 1 required to produce
the same X% effect in combination with Drug 2; (Dx)2 is the
dose of Drug 2 alone required to produce an X% effect; and
(D)2 is the dose of Drug 2 required to produce the same X%
effect in combination with Drug 1. The combination effect is
defined as follows: CI< 1 is a synergistic effect; CI =1, an
additive effect; and CI > 1, an antagonistic effect.

Xenograft model and treatments. Female athymic (nu/nu)
mice (5-6 weeks old) were purchased from Charles River Lab-
oratories (Yokohama, Japan). 17B-Estradiol pellets (SE-121;
Innovative Research of America, Sarasota, FL, USA) were
implanted s.c. into the back of mice 3 days before tumor trans-
plantation. Xenografts were created using MCF-7 cells trans-
planted into both sides of the back of BALB/c nu/nu mice.
The tumors were allowed to reach 3-6 mm in size before the
mice were randomized into several treatment groups. The size
of each tumor was measured twice a week. The tumor volume
was calculated using the formula: 1/6mrry,, where r; is the
largest tumor diameter and r, is the smallest tumor diameter.

lkeda et al.

The study protocol was approved by the Animal Care and Use
Committee, Okayama University (Okayama, Japan).

Results

Combination effect of hormone drugs and chemotherapeutic

‘agents in vitro. The combination effects of chemotherapeutic

agents (doxorubicin, paclitaxel, docetaxel, vinorelbine, and
5-fluorouracil) and hormone drugs (fulvestrant, tamoxifen, and
4-hydroxytamoxifen) were evaluated using the CI in two ER-
positive human breast cancer cell lines (MCF-7 and ZR75-1). A
cell viability assay was carried out and ICsy values were deter-
mined for the antiproliferative activity of each drug. The study
was carried out using a constant ratio design, with the molar
ratios for drug combinations determined based on individual
ICso values (Table 1). Fulvestrant showed a synergistic effect
with all five chemotherapeutic agents, regardless of the fulve-
strant dose. In contrast, tamoxifen had an antagonistic effect
with all the chemotherapeutic agents, with the strongest antago-
nism occurring at a low dose of tamoxifen. 4-Hydroxytamoxifen
showed an antagonistic effect with doxorubicin and 5-fluoroura-
cil, but a synergistic effect with taxanes and vinorelbine. The
antagonistic effects of 4-hydroxytamoxifen with doxorubicin
and 5-fluorouracil were weaker than those of tamoxifen. These
trends were similar in the two cell lines (Fig. 1, Table 2).
Influence of hormone drugs on the expression of
chemoresistant factors. To explain the results of the combina-
tion effects of hormone drugs and chemotherapeutic agents, we
examined the protein levels of Bcl2, MRP1, and MAPT, which
are well-known chemoresistant factors. MCF-7 cells were
seeded in a serum-free medium, incubated for 24 h, then culti-
vated in a medium containing 17-B estradiol, fulvestrant, tamox-
ifen, or 4-hydroxytamoxifen alone or various combinations of
these agents, followed by Western blot analysis. The levels of
MAPT and Bcl2 were increased by 17- estradiol and decreased

Table 1. Molar ratios of chemotherapeutic agents and hormone
drugs used in combination treatment for breast cancer
Drugs MCI—t—? ZR75-1
Ratio Ratio
Doxorubicin
Doxo:Ful 1:30 1:50
Doxo:TAM 1:40 3:200
Doxo:40H-TAM 1:30 3:100
Paclitaxel
Pacli:Ful 4:5 1:1
Pacli:TAM 3:5 3:4
Pacli:4OH-TAM 4:5 32
Docetaxel
Doce:Ful 4:5 11
Doce:TAM 3:5 3:4
Doce:40H-TAM 4:5 3:2
Vinorelbin
Vino:Ful 1:30 1:600
Vino:TAM 1:40 1:800
Vino:4OH-TAM 1:30 1:400
5-Fluorouracil
5-FU:Ful 1:3 16
5-FU:TAM 1:4 1:8
5-FU:40H-TAM 1:3 1:4

Cell viability assay was carried out and ICsq values were determined
for the antiproliferative activity of each drug. Molar ratios for drug
combinations were determined based on individual 1Csq values.
40H-TAM, 4-hydroxytamoxifen; 5-FU, 5-fluorouracil; Doce, docetaxel;
Doxo, doxorubicin; Ful, fulvestrant; Pacli, paclitaxel; TAM, tamoxifen;
Vino, vinorelbine.
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