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randomized into six treatment groups (13 mice in
each group): ZOL, SMS, SOM, ZOL plus SMS, ZOL
plus SOM, and control. The groups were treated for
6 weeks with ZOL (1 pg/mouse, three times per
week, s.c), SMS (2 ng/mouse, once per day, s.c.),
SOM (2 pg/mouse, twice per day, s.c.), ZOL plus
SMS (1 ng/mouse, three times per week, s.c. plus
2 pg/mouse, once per day, s.c.), ZOL plus SOM
¢! p,g/ mouse, three times per week, s.c. plus 2 ug/
mouse, twice per day, s.c.), or saline (an equal volume
of solvent/day, s.c.). These substances were dissolv-
ed in 100 pl saline. ZOL, SMS, and SOM were
kindly provided by Novartis Pharma AG (Basel,
Switzerland). These agents were soluble in saline. The
body weights of mice were measured each week. The
effects of treatments on tumor growth were deter-
mined b;/ measuring tumor volume (0.523 x long
diameter” x short diameter). After 6 weeks of treat-
ment, the mice were killed and the tumor and liver
were removed. Liver weight was measured, and the
numbers of metastatic nodules on the liver surface
were macroscopically counted. The tissues were fixed
in 10% formalin and embedded in paraffin. The 5 pm
thick paraffin-embedded material was routinely proc-
essed for hematoxylin and eosin staining.

The Animal Experiment Committee of Sapporo
Medical University approved the in vivo experiments.
Animal care and housing followed the guidelines of
the Animal Experiment Committee.

Cell Cycle and Apoptosis Analysis of
Tissue Sections

Immunohistochemical staining was done with
formalin-fixed paraffin-embedded tissue sections of
NE-10 tumors. The 5 pm thick sections were deparaf-
finized in xylene and rehydrated in graded alcohol.
Antigen retrieval was done by boiling sections for
20 min in a microwave oven in preheated 0.01 mol/L
sodium citrate buffer (pH 6.0). Endogenous peroxi-
dase activity was blocked by 3% hydrogen peroxide
in ethanol for 10 min. After blocking with 1% non-fat
dry milk in phosphate-buffered saline (PBS) (pH 7.4),
the sections were reacted with a rabbit polyclonal
anti-Ki-67 antibody (Abcam plc., Cambridge, UK) at
20 pg/ml or preimmune sera for 1 hr, followed by
incubation with biotinylated goat anti-rabbit IgG
(Nichirei, Tokyo, Japan) for 30 min. Subsequently,
the sections were stained with streptavidin-biotin
complex (Nichirei), followed by incubation with 3,3-
diaminobenzidine and counterstaining with hematox-
ylin. The same tissues were immunostained by TdT-
mediated dUTP-biotin nick-end labeling (TUNEL) (In
situ Apoptosis Detection Kit, Takara Bio, Inc., Otsu,
Japan). The Ki-67 labeling index (KI) and apoptotic
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index (AI) were determined as the ratios of immuno-
histochemically positive cells per 1,000 NE cells by
using a fluorescence microscope (model BZ-9000;
Keyence, Osaka, Japan).

Proliferation Assays

NE-CS cells (1 x 104) were suspended with 100 pl
of culture medium in a 96-well plate for 24 hr, and
then treated with the indicated concentrations (from
0.1 to 100 pmol/L) of ZOL, SMS and SOM for 24, 48,
or 72 hr. For combination, the same concentrations of
ZOL and SMS or SOM were used; for example,
1 pmol/L of ZOL to 1 pmol/L of SMS. In addition,
they were treated with the indicated concentrations
(from 0.1 to 100 umol/L) of ZOL plus 1, 5, and
20 pmol/L of farnesyl-pyrophosphate ammonium
salt (FOH) (Sigma—Aldrich, St. Louis, MO) for 48 hr.
FOH is an isoprenoid to be involved in prenylation of
several G proteins including Ras in the intracellular
mevalonate pathway. Cell proliferation was assessed
using a WST-8 (modified tetrazolium salt) cell prolif-
eration kit (Cell Counting Kit-8, Dojin, Japan).
Changes in absorbance at 450 nm were measured
with a microplate reader. The growth inhibition was
determined as the concentration inducing 50% inhibi-
tion (IC50). For analysis of the synergism between
ZOL and somatostatin analogs (SMS and SOM), the
combination indices (CI) were calculated by the isobo-
logram equation method [18,19], and CI values of <1,
1, and >1 were considered to indicate synergistic,
additive, and antagonistic effects, respectively 12.

Cell Cycle and Apoptosis Assays

NE-CS cells (3 x 104) were suspended with 100 pl
of culture medium in a 96-well plate for 24 hr, and
then treated with various concentrations of ZOL
(from 10 to 100 pmol/L) for 48 hr. Then the cells
were fixed with 4% paraformaldehyde, permeabilized
with 0.1% Triton X-100, and labeled with the TUNEL
technique (In situ Cell Death Detection Kit TMR red,
Roche Diagnostics, Mannheim, Germany) and the pri-
mary anti-Ki-67 antibody at a 1/200 dilution (Abcam
plc., Cambridge, UK). The Ki-67 antibody was
detected with an Alexa Fluor 488 donkey anti-rabbit
antibody, and nuclei were stained with 4,6-diami-
dino-2-phenylindole (DAPI) (Invitrogen, Carlsbad,
CA). As in the in vivo study, the KI and the Al were
measured by fluorescence immunohistochemistry
using a fluorescence microscope (model BZ-9000;
Keyence, Osaka, Japan). :

Migration Assays

Cell migration analyses were performed as de-
scribed previously (10). In a trans-well culture
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chamber (Coster Science, Cambridge, MA), a poly-
vinylpyrrolidone-free polycarbonate filter with an
8.0 pm pore size was precoated with 5 pg of fibronec-
tin (Biomedical Technologies, Stoughton, MA) on
the lower surface. Two different experiments were
performed. In experiment 1, NE-CS cells (1 x 10°)
were placed in the upper chamber with 100 pl of cul-
ture medium with or without ZOL (10, 100 pmol/L).
In the lower chamber, 600 wl of culture medium was
added. In experiment 2, NE-CS cells (1 x 10°) were
placed in the upper chamber with 100 pl of culture
medium adding 20 pmol/L of FOH with or without
ZOL (10, 100 wmol/L). In the lower chamber, 600 ul
of culture medium was added. The cells that migrated
across the pores at 2, 4, 6, and 8 hr were counted under
a microscope after hematoxylin and eosin staining.
The experiments were carried out in triplicate. Data
are shown as number of cells 1 mm ? of membrane.

Pull Down and Western Blot Assays

NE-CS cells (1 x 10°) were suspended with 2 ml
of culture medium in a 6-well plate for 24 hr, and
then treated with ZOL (10, 100 wmol/L) or ZOL (10,
100 pmol/L) + 20 pmol/L. FOH for 48 hr. Sub-
sequent to the treatment, cells were washed three
times with ice-cold PBS and solubilized in lysis buffer
[RIPA buffer, 100 mmol/L PMSF, 500 mmol/L
Na3zVO,, 1 mol/L NaF, 2 mol/L Sigma 104 phospha-
tase substrate, Protease Inhibitor Mini Cocktail]. The
total protein content of the cell lysates was determin-
ed by the BCA Protein Assay (Pierce, Rockford, IL).

Activated Ras was detected by pull-down assay.
The GTP-bound form of Ras in the cell lysates was
affinity-purified using the Rafl-Ras-binding domain
(RBD)-GST complexed with glutathione beads follow-
ing the manufacturer’s instructions (Active Ras Pull
Down and Detection Kit, Thermo Fisher Science, Wal-
tham, MA). Complexes were analyzed by SDS-PAGE
and immunobloting with a Ras-specific antibody.

The cells lysates obtained were boiled in SDS sam-
ple buffer containing 0.5 mol/L 2-mercaptoethanol.
Samples were separated by SDS-PAGE, transferred to
polyvinylidene difluoride (PVDF) membranes and
immunoblotted with rabbit monoclonal anti-Erk1/2
and anti-phospho-Erk1/2 antibodies (Cell Signaling
Technology Inc., MA), and a mouse monoclonal anti-
B-actin antibody (Sigma—Aldrich). Separated proteins
were visualized using horseradish peroxidase with
enhancement by chemiluminescence (GE Healthcare
Bio-Sciences Corp., NJ).

Statistical Analysis

We used the computer program StatView 5.0 for
Windows (SAS Institute, Cary, NC). Student’s f-test
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was applied to compare results between two different
groups. Repeated-measures ANOVA was used when
comparing the in vivo tumor volume, and the in vitro
cell migration in an individual group. One-way
ANOVA was used when comparing the in vivo apo-
ptosis, cell cycle progression, and liver metastases
in an individual group. Statistical significance was
assigned at P < 0.05.

RESULTS
Expression of SSTR2a and SSTRS5 in NE-10 Allografts

Since effects of somatostatin analogs are mediated
by expression of SSTR, we examined expression of
the somatostatin receptor subtypes SSTR2 and SSTR5,
to which SMS and SOM preferentially bind, respec-
tively. Gene expression of SSTR2a and SSTR5 was ob-
served in NE-10 allografts, but that of SSTR2b was not
(Fig. 1).

Effects of ZOL, SMS and SOM as Single Agents
and in Combination on Subcutaneously
Inoculated NE-10 Allografts

Growth of NE-10 tumors in mice treated with ZOL,
ZOL plus SMS, and ZOL plus SOM was significantly
slowed compared to the saline control (P = 0.003,
P < 0.001, and P = 0.001, respectively) (Fig. 2A). All
treatments were well tolerated with maintenance of
body weight (data not shown). We examined whether
anti-tumor effects of each treatment were induced by
apoptosis or cell cycle arrest by using TUNEL and
Ki67 staining, respectively (Fig. 2B1). The Al was sig-
nificantly increased in tumors of mice treated with
ZOL, ZOL plus SMS, or ZOL plus SOM compared to
the control (means: 9.2, 11.6, and 12.7, respectively,
vs. 2.4) (Fig. 2B,). The KI was significantly decreased
in tumors of mice treated with ZOL, ZOL plus SMS,
or ZOL plus SOM compared to the control (means:
5.3, 8.3, and 4.2, respectively, vs. 15.9) (Fig. 2B3). The

2a 2b 5

SSTR

GAPDH

Fig. . Expression of SSTR2a, SSTR2b, and SSTR5 in NE {0
allograft by RT PCR. Gene expression of SSTR2a, and SSTR5 was
observedinthe NE [0allograft, but that of SSTR2b was not.

The Prostate



504 Hashimoto et al.
A
By Control oL
—~ 15 O Control
?”E - S8
£ 1 -~ SOM ~
“ - Z0L )
e O~ Z0L+5MS g
X g A -3 ZOL+SOM
@ ES
E %
2 6 %
g o]
2 Z
§ 3 A 5
g =
= 0 - =0
i 1 H 1 3 i
0 1 2 3 4 5 6
time (week)
Bg_ Bg C1 Cz
25 25 10 - 3 45
- 94| @ [
- P g ; —~ | B 49 | i
w20 - ~ 20 { om 8- i ®» 35 i H
g ’ | ol g2
M | 571 | 85 | L]
%i5- i g E15 Co éa % a4 225~ | .
g | 2 | ] ossile 5 n
- = P =] % T H 5 20 P
& 10 = 10 . H o4 Lo | § -
® i g | 4= 15
'8 PR % g '{%i 3 E
-3 - £ | ) ‘
4l g | 3 :
(1 I 7 3 Q- + - - o 0 - T i 2 0 g O T g B e O
> 4o ¥ o8 S O & A
SFES 00 EE R FFESOLS SFS oL
& AP a 3OS & & & ¢ & &
& & 49 2 4P

Fig. 2. Effects of ZOL, SMS, and SOM as single agents and in combination on subcutaneous inoculated NE 10 allografts. Six week old
male BALB/c nude mice were castrated. After one week, 50 mg tissue fragments from the NE 10 allograft model were subcutaneously inocu
lated into the backs of mice. For 2 weeks, NE 10 tumors were allowed to grow to approximately more than 100 mm? before randomization
into six treatment groups: control, ZOL, SMS, SOM, ZOL plus SMS, and ZOL plus SOM (n = 13/group). NE 10 allografts in each group
were treated for 6 weeks. A: Growth of NE 10 tumors in mice treated with ZOL, ZOL plus SMS, and ZOL plus SOM was significantly slowed
compared to the saline control (P = 0.003, P < 0.00l, and P = 0.00], respectively). Data are means; bars & SE; *, significantly different from
control group (P < 0.05; repeated measures ANOVA). B: Effects of ZOL, SMS and SOM as single agents and in combination on apoptosis and
cell cycle progression. Immunohistochemical staining was done by usingTUNEL and Kié7 staining (B)). Apoptoic effects were measured by the
number of TUNEL positive cells per 1,000 cells, apoptoic index (Al). The Al was significantly increased in tumors from mice treated with
ZOL, ZOL plus SMS, or ZOL plus SOM compared to the control (means: 92, 11.6, and 2.7, respectively, vs. 2.4) (B,). Cell cycle progression was
measured by the number of Kié7 positive cells per ,000 cells (KI: Ki 67 labeling index). The Kl was significantly decreased in tumors from mice
treated with ZOL, ZOL plus SMS, or ZOL plus SOM compared to the control (means: 5.3, 8.3, and 4.2, respectively, vs. 15.9) (B3). Data
are means; bars & SD; ¥, significantly different from control group (P < 0.05; one way ANOVA). C: Effects of ZOL., SMS and SOM as single
agents and in combination on liver metastases. The weights of livers having metastatic nodules in ZOL, ZOL plus SMS, or ZOL plus SOM
were significantly lower than for the control (Cy). The numbers of metastatic nodules in these groups were not significantly different from the
control (C,). Dataare means; bars + SD. ¥, Significantly different from control group (P < 0.05; 0ne way ANOVA),

Effects of ZOL, SMS and SOM as Single Agents and in
Combination on Growth of NE-CS Cells InVitro

weights of livers having metastatic nodules in ZOL,
ZOL plus SMS, or ZOL plus SOM were significantly
lower than for the control (Fig. 2C;), but the numbers
of metastatic nodules in these groups were not signifi-
cantly different from the control (Fig. 2C,).

We investigated the inhibitory effects of ZOL, SMS,
and SOM, alone and in combination on proliferation
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of NE-CS cells. Cell viability was measured by
the WST-8 assay when NE-CS cells were treated with
various concentrations of ZOL, SMS and SOM (0.1-
100 wmol/L) in the treatment groups for 24, 48 or
72 hr. For combinations, the same concentrations of
ZOL and SMS or SOM were used. The IC50 for ZOL
at 72 hr was 15.7 pumol/L, whereas those for ZOL
plus SMS, and ZOL plus SOM were 14.1, and
13.5 pmol/L, respectively (Fig. 3A). The combination
of ZOL and somatostatin analogs did not demonstrate
synergistic effects (CI: 0.57-1.00). ZOL induced time-

and dose-dependent proliferative inhibition of NE-CS
cells (Fig. 3B). These effects of ZOL were reversed by
20 pmol/L of FOH (Fig. 3C).

ZOL Inhibits Cell Cycle Activity and Induces
Apoptosis of NE-CS Cells

TUNEL-positive cells, indicated in red, increased
with increased concentrations of ZOL. On the other
hand, Ki-67-positive cells, colored green, decreased
(Fig. 4A). We also analyzed the Al and KI with ZOL
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Fig. 3. Effects of ZOL, SMS and SOM as single agents and in combination on growth of NE CS cells. Cell viability was measured by WST 8
assay when NE CS cells were treated with various concentrations of ZOL, SMSand SOM (0.1-100 p.mol/L) for 24,48 0r72 hr.For combination,
the same concentrations of ZOL and SMS or SOM were used. Cell viability was also measured when NE CS cells were treated for 48 hr with
the indicated concentrations {from 0.l to 100 wmol/L) of ZOL plus 1, 5, and 20 pmol/L of farnesyl pyrophosphate ammonium salt (FOH)
(n = 5/group). A: Cell viability of NE CS cells at 72 hr in each treatment group.The IC50 of ZOL at 72 hr for NE CS cells was 5.7 pmol/L for
ZOL, whereasit was 4.l umol/L for ZOL plus SMS, and 13.5 pmol/L for ZOL plus SOM.The combination of ZOL and somatostatin analogs did
not create synergistic effects. B: Cell viability of NE CS cellsin time and dose dependent manners. ZOL induced time and dose dependent
proliferative inhibition of NE CS cells. C: Cell viability of NE CS cells at 48 hr in ZOL plus FOH. ZOL induced inhibition was reversed by
20 pmol/L of FOH.
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concentrations of 0, 10, 50, and 100 pmol/L. The Al
was significantly increased in ZOL 50, and 100 pmol/
L compared to the control (means: 55.7 and 136.5, re-
spectively, vs. 13.8) (Fig. 4B). The KI was significantly
decreased in ZOL 10, 50, and 100 pmol/L compared
to the control (means: 37.6, 22.8, and 1.3, respectively,
vs. 68.7) (Fig. 4C).

ZOL Inhibits Migration of NE-CS Cells

In addition to effects of ZOL on cell cycle activity
and apoptosis, we examined whether ZOL inhibited
migration of NE-CS cells, using a Boyden chamber as-
say. NE-CS cells, with or without ZOL concentrations
of 10, and 100 wmol/L, that migrated across the pores
at 2,4, 6 and 8 hr were counted. The numbers of cells
migrating 1 mm ? of membrane were significantly
decreased in ZOL 10, and 100 pmol/L (Fig. 5A).
When culture medium adding 20 wmol/L of FOH

A control zZoL

was incubated in upper chamber, the ZOL-induced
inhibition was not appeared (Fig. 5B).

ZOL Utilizes the Ras/MAPK Pathway
via the Mevalonate Pathway
in NE-CS Cells

Since ZOL inhibits farnesyl-pyrophosphate synthe-
tase in the mevalonate pathway and impairs prenyla-
tion of Ras, we evaluated the effects of ZOL on
Ras activity. We used FOH, which potentially induces
farnesylation of Ras. As evaluated by pull-down
assay, 10, and 100 pmol/L inhibited Ras activation
in NE-CS cells, and then the ZOL-induced inhibition
was reversed by FOH (Fig. 6). We examined the
effects of ZOL on Erk-1/2, which are the terminal pro-
teins of the Ras/MAPK pathway. ZOL inhibited
Erk1/2 phosphorylation as evaluated by Western blot
assay.
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Fig. 4. Effectsof ZOL onapoptosis and cell activity of NE CS cells. A: TUNEL and anti Ki67 immunofluorescence were used for NE CS cells
treated with ZOL concentrations of 0, 10, 50, and 100 pwmol/L (n = 5/group). DAPI was used to visualize cell nuclei. TUNEL positive cells, col

ored red, increased with increased concentrations of ZOL.On the other hand, Ki 67 positive cells, colored green, decreased. B: The numbers
of TUNEL positive cells per 1,000 cells apoptoic index (Al) were significantly increased in ZOL 50, and 100 pmol/L compared to the control
(means: 55.7, and I36.5, respectively, vs. 13.8). Data are means; bars & SD; ¥, significantly different from control group (P < 0.001; Student’s
t test).C: The numbers of Ki67 positive cells per 1,000 cells (KI: Ki 67 labeling index) were significantly decreasedin ZOL10, 50, and [00 pmol/L
compared to the control (means: 376, 22.8, and 1.3, respectively, vs. 68.7). Data are means; bars + SD; *, significantly different from control

group (P < 0.001; Student’st test).
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Fig. 5. Effectsof ZOL on migration of NE CS cells. Migration assay was performed by using a Boyden chamber (n = 3/group). A: In experi
ment I, NE CS cells (I x 10°) were placed in the upper chamber with 100 wl of culture medium with or without ZOL (10, 100 mol/L). In the
lower chamber, 600 i of culture medium was added. The numbers of cells migrating per | mm™2 of membrane were significantly decreased
in ZOL 10, and 100 pmol/L. Data are means; bars £ SD; *, significantly different from the control (P < 0.00l; repeated measures ANOVA).
B: In experiment 2, culture medium adding 20 p.mol/L of farnesyl pyrophosphate ammonium salt (FOH) was incubated in the upper chamber.
The numbers of cells migrating | mm ™2 of membrane were not significantly decreased in ZOL 10, and 100 p.mol/L. Data are means; bars & SD.
*, Significantly different from the control (P < 0.00l; repeated measures ANOVA).

DISCUSSION

Inappropriate NE regulation in the prostate might
facilitate carcinogenesis, proliferation and other tissue
changes such as loss of basal cells, angiogenesis, and
piling up of prostatic luminal epithelium and inva-
sion, which are characteristic of prostatic carcinoma

Z0L {umol/L}
1060

Control 10

FOH 20 pmol/L - -
Activated Ras

phospho-Erk
Erk

Bactin

Fig. 6. Effects of ZOL on Ras/MAPK pathway of NE CS cells.
We used farnesyl pyrophosphate ammonium salt (FOH), which po

tentially induces farnesylation of Ras, Ras activity was evaluated by
pull down assay, and Erk activity by Western blot assay. As evaluat

ed by pull down assay, 10, and 100 pmol/L ZOL inhibited Ras activa

tion in NE CS cells, and then the ZOL induced inhibition was
reversed by FOH. ZOL inhibited Erkl/2 phosphorylation in NE CS
cells as evaluated by Western blot assay.
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[20]. In addition, we previously demonstrated that
secretions from NE cells stimulated prostatic cancer
cells to achieve androgen-independent growth [21].
Androgen deprivation therapy induces an increased
number of NE cells in prostate cancer and the fre-
quency and density of NE cells are more pronounced
in CRPC [22]. Thus, the control of NE cells might be
important for establishing a treatment strategy for
CRPC.

Somatostatin analogs have been used clinically
used to treat NE tumors [23]. SMS and lanreotide,
which have high affinity to SSTR2a, have been dem-
onstrated to reduce excessive hormone production
and accompanying symptoms from carcinoid tumors
and pancreatic endocrine tumors such as glucago-
noma, VIPoma and gastrinoma [14]. The anticancer
effect may be the result of antiproliferative and apop-
toic actions through direct and indirect mechanisms.
The direct mechanism is mediated by SSTR on tumor
cells, and suppression of secretion of several growth
factors such as insulin-like growth factor-1 (IGF-1)
may also indirectly inhibit the tumor growth [24-26].
In this study, in spite of the expression of SSTR2a and
SSTR5 in our NE carcinoma models, we failed to find
significant antiproliferative effects of SMS or SOM
monotherapy in vitro or in vivo. In addition, the com-
bination therapy with ZOL did not create a synergis-
tic effect. Although, the exact reason is unclear, both
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Fig. 7. Schematic representation of the mevalonate pathway and proposed mechanism of anti tumor effects of zoledronic acid in prostatic

NE carcinoma.

SMS and SOM might be insufficient to control our NE
carcinoma models through autocrine, paracrine and
endocrine regulation via SSTRs.

Our results suggest that ZOL induces time- and
dose-dependent antiproliferative and apoptoic effects
in prostatic NE carcinoma. The observed anticancer
activity was exerted at ZOL IC50 levels of from 15.8 to
36.0 pmol/L. In addition, the drug reduced migration
by 8 hr in vitro even at the 10 wmol/L concentration,
and the time and dose did not seem to affect the via-
bility of cells. These effects were caused by disruption
of prenylation of Ras proteins as a result of farnesyl-
pyrophosphate synthetase inhibition, disrupting the
downstream MAPK/Erk signaling pathway (Fig. 7).
Farnesyl-pyrophosphate synthetase is a key enzyme
in the mevalonate pathway, which produces essential
lipid molecules such as cholesterol, farnesyl-pyro-
phosphate and geranylgeranyl-pyrophosphate [27].
Small G proteins need prenylation to link to the inner
surface of the cell membrane and function in signal
translation [28]. Prenylation of small G proteins
involves farnesylation, which provides a 15-carbon
isoprenoid moiety with Ras, and geranylgeranylation,
which provides a 20-carbon isoprenoid moiety with
Rap Rac or Rho [27,28]. Ras is the most thoroughly
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characterized member of the small G proteins in-
volved in key oncogenic cellular processes such as
proliferation, anti-apoptosis, migration, invasion and
adhesion (Fig. 7). Therefore, it is anticipated that ZOL

- disturbing prenylation of Ras will induce multifacto-
rial anticancer effects in cancer cells.

Several studies had shown that ZOL induces apo-
ptosis via impaired prenylation of small G proteins in
various cancer cells, including prostate [12,29-31],
breast [32,33], myeloma [34], colon [35], and lung
cancer cell lines [36]. Caraglia et al. [12] reported the
effects of the combination of ZOL and farnesyl-trans-
ferase inhibitor R115777 on PC3 and DU145 prostate
cancer cell lines. These effects paralleled disruption of
Ras/MAPK/Erk and Akt survival pathways, which
consequently decreased phosphorylation of both
mitochondrial bcl-2 and bad proteins, and caspase ac-
tivation. These findings may support our results indi-
cating that ZOL induced apoptosis of NE cells.
Recents studies have shown that impaired geranyl-
geranylation on other small G proteins such as Rapl
[29,34] and RhoA [32] is also crucial for the associa-
tion with these apoptotic actions induced by ZOL.

We also demonstrated that ZOL induced cell cycle
arrest of the NE carcinoma cells. Both in vitro, and in
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vivo, ZOL reduced the numbers of Ki67-positive cells
during all active phases of the cell cycle (G1, S, G2,
and M). ZOL has been shown to reduce the expres-
sion of cyclin D1 and cyclin E in osteosarcoma cells,
resulting in a cell cycle block at G1, and S [37]. In ad-
dition, experiments using leukemia cells have shown
that ZOL can also reduce the expression of cyclin D3
and cyclin B, resulting in a cell cycle block at G2-M
[38]. These actions are suggested to occur in a p53-
independent manner followed by subsequent apopto-
sis. Our results indicated that ZOL inhibited the cell
cycle of NE cells.

Moreover, we demonstrated that ZOL inhibited
migration of NE-CS cells. It decreased the weights of
livers having metastatic nodules in castrated NE-10
allografts, which means to suppress liver metastases.
Likewise, Hiraga et al. [39] reported that 1 wmol/L
ZOL significantly inhibited cell invasion in a breast
cancer cell line (4T1/Luc), which consequently led to
suppression of liver and bone metastases. Similar
results were also observed in prostate cancer cell lines
LNCaP, PC3, and DU145 31. In addition, Coxon et al.
[40] reported an inhibitory effect of 1 wmol/L ZOL on
adhesion to mineralized matrix in PC3, and DU145
cells. Although the exact mechanisms underlying
these effects remain unclear, it is suggested that ZOL
could inhibit several matrix metalloproteinase or
adhesion molecules via impairment of prenylation
of small G proteins. It is noteworthy that ZOL also
inhibits essential steps for the spread of cancer cells.
In addition, recent reports have shown that ZOL indi-
rectly exerts anticancer effects via elevated function
of gamma delta T cells [41,42]. Tt is suggested that
accumulation of isopentenyl-pyrophosphate caused
by ZOL may be involved in activation of gamma delta
T cells [43].

There are some limitations in this study. The NE-10
allograft and the NE-CS cell line were derived from
the mouse prostate. The role of human NE cells in
human prostate cancer may be different from that
of mouse NE cells. In addition, the characteristics of
the established cell line, NE-CS, could be different
from those of the original NE-10 allograft because
cells suitable for survival in vitro were selected dur-
ing establishment of the cell line. However, there
are no ideal human lines for which both in vitro,
‘and in vivo NE carcinoma models are available.
In addition, the concentration of ZOL that induced
anticancer effects in our experiments was high in
comparison to the peak plasma levels (393 + 100 ng/
ml) usually achieved by intravenous infusion in
patients [44]. Anticancer effects of ZOL might be con-
sidered to be exerted basically in bone metastatic
lesions in which high concentrations of ZOL are
achieved.
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In patients with bone metastasis of prostate cancer,
ZOL is commonly used for relieving pain and pre-
venting skeletal-related events. This study revealed
effects of ZOL on NE cells, potential triggers of pros-
tate cancer leading to CRPC. Regulating the microen-
vironment between NE cells and prostate cancer cells
may result in benefits to patients who do not have
clinically detected bone metastasis. We believe that
our results support the clinical rationale for earlier
proactive use of ZOL, though further studies will be
needed to confirm this.

CONCLUSION

We examined the in vitro, and in vivo anti-tumor
effects of ZOL and somatostatin analogs (SMS and
SOM) on NE carcinoma models. Our results indicate
that ZOL, but not SMS or SOM, induces apoptosis
and inhibition of proliferation and migration through
impaired prenylation of Ras. Our findings support
the possibility that ZOL could be used in the early
phase for controlling NE cells which may trigger pro-
gression of prostate cancer to CRPC.
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Abstract

Purpose In the past decade, JBCRG has conducted three
studies of neoadjuvant chemotherapy which have exam-
ined sequential combination of fluorouracil, epirubicin and
cyclophosphamide, and docetaxel. The present study is a
pooled analysis of these studies performed to determine the
prognostic significance of pathologic complete response
(pCR) and predictive variables for pCR.

Methods A total of 353 patients were included. pCR was
defined as the absence of invasive cancer or only a few
remaining isolated cancer cells in the breast (quasi-pCR,

QpCR).
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Results Disease-free survival (DFS) and overall survival
(OS) were not significantly different among studies, and
patients who achieved a QpCR had significantly better
prognosis (DFS, p < 0.001; OS, p = 0.002). Patients with
triple-negative (TN) tumors had worse prognosis than
patients with the other subtypes (DFS, p = 0.03; OS,
p = 0.10). A Cox proportional hazards model showed
node-positive, TN, and QpCR were the significant predic-
tors for DES and OS among study, age, tumor size, nuclear
grade, nodal status, subtype, clinical response, and patho-
logic response (DFS; node-positive, HR = 2.29,
p=20.001; TN, HR =339, p<0.001; QpCR,
HR = 0.27, p < 0.001: OS; node-positive, HR = 3.05,
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p = 0.003; TN, HR = 4.92, p <0.001; QpCR, HR =
0.12, p < 0.001). In a logistic regression analysis, subtype
and clinical response before surgery were the significant
predictive variables for QpCR (luminal/Her2-positive,
odds ratio (OR) = 4.15, p = 0.002; Her2-positive,
OR = 6.24, p < 0.001; TN, OR = 4.24, p < 0.001; clini-
cal response before surgery, OR = 2.41, p = 0.019).

Conclusions This study confirmed the prognostic signifi-
cance of QpCR and nodal status and the predictive and prog-
nostic significance of subtype in neoadjuvant chemotherapy.

Keywords Neoadjuvant chemotherapy - Pathologic
response - Subtype - Anthracycline - Taxane

Introduction

Neoadjuvant chemotherapy (NAC) has become part of the
standard care for operable breast cancer to increase the
chance of breast conservation [1, 2]. NAC also enables us
to evaluate tumor response to determine whether ineffec-
tive therapy should be discontinued and replaced with an
alternative therapy. To date, a sequential anthracycline-
containing regimen and taxane are a frequently used regi-
men, and pathologic complete response (pCR) has pre-
dicted the long-term outcome, and is thus regarded as a
potential surrogate marker for survival [I, 2]. More
recently, however, several studies have demonstrated that
the incidence and prognostic impact of pCR could vary
among breast cancer subtypes [2 5]. Moreover, as several
definitions of pCR have been used, the term pCR has not
been applied in a consistent manner [6].

In the past decade, the Japan Breast Cancer Research
Group (JBCRG) has conducted three prospective phase II
studies of NAC, JBCRG-01, JBCRG-02, and JBCRG-03,
and found that 8 cycles of fluorouracil, epirubicin, and
cyclophosphamide (FEC), and docetaxel (DOC) were safe,
feasible, and effective, and that subtype was predictive for
pCR [7 9]. In these studies, pCR was defined as the
absence of invasive cancer (ypTO, ypTis) or only a few
remaining isolated cancer cells in the breast (near pCR)
(quasi-pCR, QpCR) [6, 8 10]. The present study is a
pooled analysis of these previous JBCRG studies per-
formed to determine the prognostic significance of QpCR
and predictive variables for QpCR.

Patients and methods
Studies

Between 2002 and 2006, JBCRG-01 (n = 202), JBCRG-02
(n = 50) and JBCRG-03 (n = 137) were conducted in
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Japan. Details of the individual studies have been described
previously [7 9]. All studies were approved by the relevant
ethics committees, and all patients provided written
informed consent for study participation and data collec-
tion. All studies were registered to UMIN (JBCRG-01,
C000000011; JBCRG-02, C000000020, C000000320;
JBCRG-03, C000000291).

All three studies had comparable main eligibility crite-
ria. The diagnosis of invasive breast cancer was histologi-
cally confirmed in all patients by core biopsy. Female
patients needed to have a measurable breast tumor of at
least 1 cm. Locally advanced or inflammatory breast cancer
was not eligible. Prior to surgery, 4 cycles of fluorouracil
500 mg/m?, epirubicin 100 mg/m?, and cyclophosphamide
500 mg/m?, q3w followed by 4 cycles of DOC 75 mg/m>,
q3w were administered in JBCRG-01, and the dose of
DOC was increased to 100 mg/m2 in JBCRG-02 [7, §]. In
IBCRG-03, FEC and DOC were administered in reverse
order from JBCRG-01 [9]. Patients with hormone receptor
(HR)-positive tumors were encouraged to receive adjuvant
endocrine treatment for at least 5 years, and adjuvant
radiation therapy was recommended for patients who
underwent breast-conserving surgery. No patients received
trastuzumab as a part of NAC; however, after the approval
of adjuvant use of trastuzumab in 2008, patients could
receive trastuzumab for 1 year, if indicated.

Assessment of response

Clinical tumor assessments were performed at each insti-
tute within 4 weeks before initiation of NAC, after com-
pletion of the first 4 cycles of chemotherapy and before
surgery according to the modified Response Evaluation
Criteria in Solid Tumors (RECIST) guideline. Clinical
examinations were based on palpable changes in tumor size
in combination with mammography, ultrasonography,
computed tomography (CT), and magnetic resonance
imaging (MRI). Pathologic response was independently
evaluated by a blinded central review committee according
to the criteria of the Japanese Breast Cancer Society [6,
10], and near pCR was defined as extremely high grade
marked changes approaching a complete response, with a
few remaining isolated cancer cells. For an assessment of
QpCR, multiple tumor sections were examined, and cyto-
keratin immunostaining was performed to confirm the
presence of residual cancer cells, if required.

Assessment of HR and Her2

Estrogen receptor (ER) status and progesterone receptor
(PgR) status were determined by immunohistochemistry at
each institute and, in general, tumors with >10 %
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positively stained tumor cells were classified as positive for
ER and PgR. Her2 status was also determined at each
institute by immunohistochemistry or by fluorescence
in situ hybridization (FISH) analysis. Her2-positive tumors
were defined as 34 on immunohistochemistry or as posi-
tive by FISH. Subtypes were classified into luminal (ER-
positive and/or PgR-positive, Her2-negative), luminal/
Her2-positive (ER-positive and/or PgR-positive, Her2-
positive), Her2-positive (ER-negative, PgR-negative, Her2-
positive), and triple-negative (TN) (ER-negative, PgR-
negative, Her2-negative).

Statistical analysis

Individual patient data regarding baseline characteristics,
histopathological results at diagnosis and surgery, and
follow-up was extracted for this pooled analysis from the
original databases. Only patients who received at least
one cycle of systemic chemotherapy were included.
Patients were excluded due to missing data for ER, PgR,

Her2, or surgery and due to ineligibility or withdrawal of
consent.

Comparisons between groups were performed with the
chi square test or Fisher’s exact test for proportions and
Wilcoxon test for continuous variables. Disease-free sur-
vival (DFS) and overall survival (OS) were calculated from
the date of initiation of NAC to the date of last follow-up,
recurrence, second cancers, contralateral breast cancers, or
death by using the Kaplan Meier method. Comparisons
were made by using the log-rank test. Hazard ratios
(HzRs), 95 % confidence interval (CI), and corresponding
p values were calculated by using the Cox proportional
hazards model. Factors associated with QpCR were
assessed by using univariate analysis, and odds ratios
(ORs), 95 % CI, and corresponding p values were assessed
by using logistic regression analysis. In multivariate ana-
lysis, variables were chosen on the basis of the goodness of
fit. Statistical analyses were performed with JMP (version
10, SAS Iustitute Inc.), and p < 0.05 was considered sta-
tistically significant.

Table 1 Patient characteristics

JBCRG 01 JBCRG 02 JBCRG 03 p value
(2002.6 2004.6) (2004.8 2006.7) (2005.10 2006.10)
No 186 37 130
Median age (range) 46 (28 60) 45 (30 57) 46 (24 62) 0.62
Tumor size
<3 cm 82 19 45 0.11
>3 cm 104 18 85
Nuclear grade
Grade 1 34 13 22 0.32
Grade 2 43 13 46
Grade 3 39 29
Unknown 70 3 33
Nodal status
n0 109 22 79 0.93
n+ 77 15 51
Subtype
Luminal 113 22 71 0.91
Luminal/Her2 15 3 16
positive
Her2 positive 21 15
Triple negative 37 8 28
RR (%)
After the first half of 59.7 59.5 62.3 0.88
NAC
Before surgery 74.2 67.6 754 0.24
Quasi pCR rate (%) . 253 35.1 29.1 043
Adjuvant therapy ,
CR complete response, NAC None 70 16 45 0.62
neoadjuvant chemotherapy, Endocrine 111 17 72 0.29
PCR pathologic complete Trastuzumab 4 3 10 0.042
response, RR response rate
@ Springer
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Fig. 1 Prognostic impact of
study
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Results

A total of 353 patients were included in this analysis
among 389 patients who received sequential FEC and DOC
as NAC (Table 1). With a median follow-up of 2274 days,
76 DFS events (21 %) and 36 deaths (10 %) occurred.
There were no significant differences among studies in
terms of patient age at time of study entry, menopausal
status, tumor size, nuclear grade, nodal status, subtype,
clinical response (after the first half of NAC, before sur-
gery), and pathological response. Ki-67 was not available
in the majority of patients and nuclear grade was not
assessed in 106 patients (30 %). Among the 353 patients,
206 (58 %) were luminal, 34 (10 %) were luminal/Her2-
positive, 40 (11 %) were Her2-positive, and 73 (21 %)
were TN. According to protocol and practice guidelines,
200 patients received adjuvant endocrine therapy (no sig-
nificant difference among studies), and 17 patients received
postoperative adjuvant trastuzumab for 1 year. There was a
significant increase in the use of adjuvant trastuzumab in
JBCRG-02 and JBCRG-03 as compared to JBCRG-01
(» = 0.042).

~ DFS and OS were not significantly different among the
three studies (DFS, p = 0.57; OS, p = 0.27) (Fig. 1). On
the other hand, as shown in Fig. 2, patients who achieved
QpCR had significantly improved survivals compared to

@ Springer

109

Days

patients without QpCR (DFS, p < 0.001; OS, p = 0.002),
and patients with QpCR experienced greater DFS and OS
as compared to patients without QpCR in JBCRG-01, and
patients with QpCR showed a trend towards greater DFS
and OS in JBCRG-02 and JBCRG-03 (DFS; JBCRG-01,
p < 0.001, IBCRG-02, p = 0.07, JBCRG-03, p = 0.46:
OS; IBCRG-01, p < 0.001, IBCRG-02, p = 0.28, IBCRG-
03, p = 0.17) (Fig. 3). The types of events was not dif-
ferent among studies (data not shown). Patients with TN
tumors had worse survivals than patients with luminal,
luminal/Her2-positive, and Her2-positive tumors (DFS,
p = 0.031; OS, p = 0.10) (Fig. 4). When DFS and OS
according to subtype was analyzed separately for patients
with or without QpCR, patients who achieved QpCR had
significantly improved DFS as compared to patients with-
out QpCR in luminal, luminal/Her2-positive, and Her2-
positive tumors (p = 0.022, p = 0.028, p = 0.003,
respectively), and those who achieved QpCR had signifi-
cantly improved OS compared to those without QpCR in
Her2-positive and TN tumors (p = 0.024, p = 0.031,
respectively) (Fig. 5). There was a trend towards better
prognosis in patients with QpCR as compared to those
without QpCR in DFS for patients with TN tumors
(p = 0.11) and in OS for patients with luminal or luminal/
Her2-positive tumors (luminal, p = 0.09; luminal/Her2-
positive, p = 0.16). The Cox proportional hazards model
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Fig. 3 Prognostic impact of pathologic response according to studies

showed node-positive, TN, and QpCR were the significant
predictors for DFS and OS among study, age, tumor size,
nuclear grade, nodal status, subtype, clinical response, and
pathologic response (DFS; node-positive, HzR = 2.29,
p = 0.001; TN, HzR = 3.39, p < 0.001; QpCR, HzR =
027, p<0.001: OS; node-positive, HzR = 3.05,
p = 0.003; TN, HzR = 4.92, p < 0.001; QpCR, HzR =
0.12, p < 0.001) (Tables 2, 3).

As shown in Table 4, luminal/Her2-positive, Her2-
positive and TN tumors showed significantly higher QpCR
rates than luminal tumors (41.2, 52.5, 42.5, 15.5 %,
respectively) (p < 0.001), and the clinical response was
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Days

also significantly associated with QpCR in univariate ana-
lysis (clinical response after the first half of NAC,
p < 0.001; clinical response before surgery, p < 0.001).
When logistic regression analysis was performed to exam-
ine which variables among study, age, tumor size, nuclear
grade, subtype, and clinical response were associated with
QpCR, subtype (luminal/Her2-positive, Her2-positive, TN),
and clinical response before surgery were significant pre-
dictive variables for QpCR (luminal/Her2-positive,
OR =4.15, p =0.002; Her2-positive, OR = 6.24,
p <0.001; TN, OR = 4.24, p < 0.001, clinical response
before surgery, OR = 2.41, p = 0.019) (Table 5).
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Discussion noteworthy that, in the study by Symmans et al. [13], when

This is, to the best of our knowledge, the largest individual
patient-based pooled analysis of the prognostic significance
of QpCR and the predictive variables for QpCR in pro-
spective studies of neoadjuvant anthracycline-taxane-based
chemotherapy. In a similar study, von Minckwitz et al. [3]
demonstrated that when pCR was defined as no invasive
and no in situ residuals in breast and nodes (ypTOypNO),
the pathologic response could best discriminate between
patients with favorable and unfavorable outcomes and was
a suitable surrogate end point for patients with luminal
B/Her2-negative, Her2-positive and TN tumors, but not for
patients with luminal A or luminal B/Her2-positive tumors
(irrespective of trastuzumab treatment). In addition, in the
meta-analysis of a working group known as the Collabo-
rative Trials in Neoadjuvant Breast Cancer (CTNeoBC)
[4], pCR was uncommon in patients with low-grade HR-
positive tumors, and pCR (ypT0/isypNO) had prognostic
impact in patients with HR-positive-high-grade, HR-posi-
tive-Her2-positive, Her2-positive, and TN tumors. Con-
sistent with these studies, we found that pathologic
response as well as subtype (i.e., TN) has prognostic sig-
nificance. In addition, the prognostic significance of QpCR
was dependent on subtypes; however, the beneficial effect
of QpCR on DFS in luminal and luminal-Her2-positive
tumors might be attributed to 8 cycles of NAC, as longer
treatment was found to increase pCR rates in HR-positive
tumors, irrespective of Her2 status [5].

In the present study, we included near pCR to pCR to
ensure consistency among the studies. In this respect, it
should be noted that residual invasive diseases (RD) after
NAC include a broad range of actual responses from near
pCR to frank resistance, and QpCR used in the present
study differs from the other studies including focal RD for
pCR in the extent of RD [3, 11, 12]. For example, in the
former study[3], up to 5 mm of RD was considered as
focal, and it was found that focal RD was associated with
increased relapse risk, while we strictly limited near pCR
to only a few remaining isolated cancer cells [3, 11]. It is
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pathologic responses were subdivided into residual cancer
burden (RCB)-0 (ypstage0), RCB-1(minimal RD), RCB-II
(moderate RD) and RCB-III (extensive RD) by calculating
RCB as a continuous variable from the primary tumor
dimensions, cellularity of the tumor bed, and the number
and size of nodal metastases, patients with RCB-I had the
same S5-year prognosis as patients with RCB-0. Thus, the
inclusion of RCB-1 or near pCR as defined in this study
would expand the subset of patients who could be identi-
fied as having benefited from NAC [13].

In addition to pathologic response, nodal status was an
independent prognostic variable in this study. This finding
is consistent with the study of Bear et al. [14] demon-
strating that pathologic nodal status was a strong predictor
of survival irrespective of pathologic response to the breast.
On the other hand, the prognostic impact of QpCR was
statistically significant in JBCRG-01, but not in JBCRG-02
and JBCRG-03. One plausible explanation of this differ-
ence seems to be due to the adjuvant use of trastuzumab, as
more patients received trastuzumab as adjuvant therapy in
JBCRG-02 and JBCRG-03 than JBCRG-01. On the other
hand, we could not completely exclude another possibility
that the sequence of FEC and DOC could affect the sur-
vival. However, so far, no strategy has been found to be
clearly superior to the others in patients with operable
breast cancer [1]. In addition, the potential limitations of
the present study should be addressed. We could not divide
luminal A tumors and luminal B/Her2-negative tumors; the
majority of tumors were HR-positive; the sample size of
patients with Her2-positive or TN tumors was small; and
the limited number of events could affect the result. Nev-
ertheless, the results of the present study as a whole are
consistent with the previous reports in that the prognostic
significance of pCR varies according to subtype [3, 4].

Moreover, we found that subtype (i.e., not luminal) was
predictive of QpCR. This result is consistent with the meta-
analysis by Houssami et al. [15] demonstrating an inde-
pendent association between subtype and pCR. In that
meta-analysis, OR for pCR was highest for TN and HR-
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Fig. 5 Prognostic impact of pathologic response according to subtypes

negative/Her2-positive  tumors,

and

in Her2-positive

Days

was also indicated by the Neoadjuvant Herceptin (NOAH)

tumors there was an influential effect on achieving pCR
through inclusion of Her2-directed therapy with NAC. The
significance of simultaneous anti-Her2 treatment with NAC
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trial [16]. It is also demonstrated that patients with TN
tumors have increased pCR rates as compared to non-TN
tumors, and patients with pCR have excellent and
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Table 2 Multivariate analysis for disease free survival (Cox pro
portional hazards model)

Table 3 Multivariate analysis for overall survival (Cox proportional
hazards model)

Variables HzR 95 % CI p value Variables HzR 95 % CI p value
Study Study

JBCRG 02 2.09 0.95 4.25 0.07 JBCRG 03 2.85 0.92 7.81 0.07

JBCRG 03 1.31 0.76 2.21 0.32 JBCRG 02 1.42 0.57 3.42 0.44
Age 1.00 0.97 1.03 0.86 Age 0.98 0.94 1.03 0.45
Tumor size Tumor size

>3 cm 1.19 0.73 1.98 0.48 >3 cm 2.03 0.98 4.54 0.06
Nuclear grade Nuclear grade

Grade 3 1.31 0.66 2.55 0.43 Grade 3 1.07 0.39 2.81 0.89
Nodal status Nodal status

Node positive 2.29 1.40 3.81 0.001 Node positive 3.05 1.47 6.63 0.003
Subtype Subtype

Luminal/Her2 positive 1.62 0.60 3.73 0.32 Luminal/Her2 positive 273 0.60 9.08 0.17

Her2 positive 1.33 0.48 3.12 0.55 Her2 positive 3.31 0.88 10.19 0.07

Triple negative 3.39 1.82 6.19 <0.001 Triple negative 492 2.07 11.42 <0.001
Clinical response (CR, PR) Clinical response (CR, PR)

After the first half of NAC 0.74 044 1.27 0.27 After the first half of NAC 0.76 0.34 1.71 0.50

Before surgery 0.88 0.48 1.50 0.56 Before surgery 0.55 0.25 1.26 0.16
Pathological response Pathologic response

Quasi pCR 0.27 0.11 0.56 <0.001 Quasi pCR 0.12 0.02 0.43 <0.001

CI confidence interval, CR complete response, HzR hazard risk, NAC
neoadjuvant chemotherapy, PR partial response, pCR pathologic
complete response

comparable survival, but those without pCR have signifi-
cantly worse survival if they have TN tumors as compared
to non-TN tumors [3, [7]. Similarly, patients with TN
tumors had worse survival compared with the others in the
present study. In addition, we failed to find statistically
significant improvement of DFS by achieving QpCR in
patients with TN tumors, and probability of OS tended to
decrease with time. Thus, high QpCR rates obtained in
patients with TN tumors do not appear to have a mean-
ingful effect on the prognosis of the entire group of patients
with TN tumors, and it is conceivable to consider that the
worse survival of patients with TN tumors is primarily
determined by the worse survival of patients with RD after
NAC [17]. These findings indicate the necessity of an
individualized approach for preoperative treatment
according to subtype or RD after NAC to improve the
outcomes of patients receiving NAC [5]. To address these
issues, JBCRG is conducting several phase II studies of
neoadjuvant-endocrine treatment in patients with HR-
positive/Her2-negative tumors and an exploratory ran-
domized phase II study of dual-Her2 blockage therapy
(trastuzumab and lapatinib) in Her2-positive operable
breast cancer JBCRG-16/Neol.aTH) [18, 19]. In addition,
an international collaborating randomized phase III study is
now investigating whether or not capecitabine improves
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CI confidence interval, CR complete response, HzR hazard risk, n-+
node positive, NAC neoadjuvant chemotherapy, PR partial response,
PCR pathologic complete response

the outcome in patients with Her2-negative tumors who
have RD after NAC (JBCRG-04/CREATE-X) [18, 19].

In addition, this study demonstrated the predictive
impact of clinical response before surgery on QpCR by
logistic analysis. This finding is consistent with the finding
of JBCRG-01, indicating that clinical response was an
independent predictive variable for QpCR [7], but is in
contrast to the findings of JBCRG-03, in which clinical
response was not a significant predictive factor. Although
the inconsistency might partially be due to the lack of a
standardized method to evaluate clinical response, it should
be noted that current imaging techniques may underesti-
mate the biological or pathologic tumor response, as these
are primarily based on anatomic information only (tumor
size). Therefore, it will be important to identify accurate
methods for monitoring early treatment response in order
to maximize treatment effectiveness and minimize treat-
ment toxicity without benefit [2]. In this respect, a
quantitative contrast-enhanced MRI and [F-18] fluorode-
oxyglucose positron emission tomography (FDG PET)
might be helpful to identify RD and to predict pCR [2, 20,
21]. Further study is needed to better characterize the
response to NAC.

In conclusion, this pooled analysis confirmed the prog-
nostic significance of QpCR in patients who received
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Table 4 Predictive variables for QpCR by univariate analysis

Variables QpCR Non QpCR  p value

Study
JBCRG 01 47 (253 %*) 139
JBCRG 02 13 (35.1 %) 24 0.43
JBCRG 03 38 (29.2 %) 92

Median age (range)

Tumor size 47.5 (29 60) 46 (24 62) 0.57
<3cm 43 (26.6 %) 103 0.55
>3 cm 55 (29.5 %) 152

Nuclear grade
Grade 3 25 (329 %) 51 0.18
Grade 2, 1 42 (24.6 %) 129

Subtype
Luminal 32 (155 %) 174
Luminal/Her2 positive 14 (41.2 %) 20 <0.001
Her2 positive 21 (52.5 %) 19
Triple negative 42 (42.5 %) 42

Clinical response (response rate)

After the first half of NAC

- SD, PD 29 (20.9 %) 145 0.018
CR, PD 69 (32.2 %) 110

Before surgery
SD, PD 15 (16.9 %) 74 0.023
CR, PD 82 (31.4 %) 179

CR complete response, NAC neoadjuvant chemotherapy, PD pro
gressive disease, PR partial response, pCR pathologic complete

response, SD stable disease
* QpCR rate

Table 5 Predictive variables for QpCR by logistic regression

analysis
Variables OR 95 % CI p value
Study
JBCRG 02 2.11 0.87 5.05 0.10
JBCRG 03 1.22 0.69 2.17 0.50
Age 1.01 0.97 1.04 0.65
Tumor size
>3 cm 0.68 039 1.20 0.19
Nuclear grade
Grade 3 0.70 0.33 1.42 0.32
Subtype
Luminal/Her2 positive 4.15 1.75 9.86 0.002
Her2 positive 6.24 2.76 14.48 <0.001
Triple negative 4.24 2.14 8.54 <0.001
Clinical response (CR, PR)
After the first half of NAC 1.35 0.74 2.50 0.32
Before surgery 241 1.15 5.27 0.019

CI confidence interval, CR complete response, NAC neoadjuvant
chemotherapy, OR odds ratio, PR partial response
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sequential FEC and DOC regimens as NAC. The QpCR
rate was high in patients with luminal/Her2-positive, Her2-
positive, and TN tumors as compared to luminal tumors;
however, the survival of patients with TN tumors was
inferior. This study underscores the significance of a sub-
type-based, individualized approach for NAC.
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