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ical records, The histopathological diagnosis was
determined according to the criteria of the Japan-
ese Breast Cancer Society”™ by histopathological
specialists at our hospital. Genomic DNA was
extracted as previously described".

To investigate the relationship between Akt
activation and the efficacy of endocrine therapy
for metastatic breast cancer, a total of 36 patients
with metastatic breast carcinoma were utilized in
this study. All 36 patients had been treated with
endocrine therapy at the Department of Surgery
and Science, Kyushu University Hospital, or the
Department of Breast Oncology, National Kyushu
Cancer Hospital from 2002 to 2004. Primary
human breast carcinoma specimens were
obtained and subjected to pathological and
immunohistochemical analyses. Ten patients were
premenopausal and the others were posi-
menopausal. For adjuvant therapy, 13 patients had
received chemotherapy 9 patients had received
endocrine therapy and 9 patients had had both.
The metastatic sites and the number of the
patients were as follows; bone 12, lung 11, lymph
node 10, soft tissue 6, pleura 2, and liver 1.

Assessment of efficacy

After initiating each endocrine therapy, the
patients were assessed monthly to evaluate their
clinical response. The response categories were
defined according to World Health Organization
criteria as complete response (CR), partial
response {PR), stable disease (SD), and progres-
sive disease (PD}. Both CR and PR were regarded
as an objective clinical response. When CR, PR or
SD of longer than 6 months were obtained, the
results were thus considered to demonstrate a
clinical benefit,

Antibodies,
evaluation

Monoclonal antibodies 6F11 and 1A6 (Ventana
Medical Instruments, Tucson, AZ, USA) were
used for ER and PR staining. For HER2 evaluation
the monoclonal antibody CB11 (Ventana Medical
Instruments) was used. Phosophorylated-Akt was
detected using polyclonal antibodies against phos-
phorylated Ser 473 (Cell Signaling Technology,
Beverly, MA, USA).

immunohistochemistry and

Immunohistochemisiry and evaluation
Tissue samples were fixed by immersion in
buffered formalin and embedded in paraffin.

Immunostaining of these paraffin sections was
performed using the Ventana Discovery™ auto-
mated staining instrument (Ventana Medical
Instruments), and hematoxylin (Ventana Medical
Instruments) was employed as a nuclear counter-
stain. Immunostaining was visualized with a strep-
toavidin peroxidase reaction using DAB as the
chromogen (Ventana Medical Instruments). A
negative control reaction with no primary anti-
body was always performed alongside the reac-
tion-containing sample.

Immunostaining was evaluated without knowl-
edge of the clinical and pathological parameters.
ER and PR were recorded as positive if 10% or
more of the nuclei in the invasive component of
the tumor were stained'”. HERZ2 was scored by
widely accepted criteria that assessed the intensi-
ty and completeness of membrane staining ™, A
specimen was considered positive for pAkt if 10%
or more of the cytoplasm in the invasive compo-
nent of the tumor stained positive for pAkt™.

LOH analysis

LOH at the PTEN locus was analyzed in this
study with our new system for microsatellite
analysis, termed high-resolution fluorescent
microsatellite analysis (HRFMA)™. We used two
microsatellite markers, D10S1765 and D10S1173%.
The sequences of the primers for PCR analysis of
D1051765 were as follows: forward, 5-CAATG-
GAACCAAATGTGGTC, and reverse, 5-AGTCC-
GATAATGCCAGGATG. The sequences of the
primers for PCR analysis of D1081173 were as fol-
lows: forward, 5-CATGCCAAGACTGAAACTCC,
and reverse, 5-AAACCCCAATGCCATAATGG.
PCR reactions were performed as previously
described®. The data were processed by the ABI
software GeneScan. The cases showing heterozy-
gosity were informative. The results were ana-
lyzed by comparing the peak value of the tumor
DNA with that of normal control DNA. A reduc-
tion of more than 30% in the peak value in tumor
DNA in comparison to normal control DNA in a

minimum of one marker was judged to indicate
LOHZU).

Statistical analysis

Associations between categorical variables
were assessed by means of x° tests. A pvalue of
less than 0.05 was considered to indicate a statisti-
cally significant difference.
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Fig 1. Immunostaining of phosphorylated-Akt (pAkt).
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Representative immunohistochemistry staining of pAkt in breast carcinoma. pAki was detected in the cytoplasm of tumor cells.
(A) Negative immunostaining for pAkt. (B) Positive immunostaining for pAkt.

" Results

1. Incidence of Akl activation and relation-
ships among Akt activation and other bio-
markers in primary breast carcinomas

Expression of pAkt in primary hreast cancer
tissues

The status of Akt activation was analyzed by
the expression of phosophorylated-Akt (pAkt). A
specimen was regarded as positive for pAkt when
10% or more of the cytoplasm of the tumor cells
stained positively. Representative positive and neg-
ative cases are shown in Figure 1. Eighty-four cas-
es (33.3 %) were positive for pAkt expression. We
examined the relationship between pAkt expres-
sion and HERZ status. pAkt was significantly more
expressed in the HER2 positive cases (p<0.0001)
{Fig. 2). No significant correlation was observed
between pAkt and ER expression, however PR
expression was significantly lower in pAkt-positive
cases (p<0.05) (data not shown).

l.OH at the PTEN gene locus in breast carci-
rnoma and association of PTEN LOH with Akt
activation

The 138 breast tumors were analyzed for LOH
at the PTEN gene locus, and the results from 131
cases (34.9%) were considered informative. Allelic
loss of at least one marker was observed in 31
(23.7 %) of these 131 informative cases. Of these
131 cases, 48 cases (36.6 %) were positive for pAkt
expression. pAkt expression was positive in 19
cases (61.3%) of patients with PTEN LOH. On the
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Fig 2. Relationship between pAkt and HERZ expression.
pAkt was significantly more expressed in the HER2-positive
cases (p<0.0001). Thus, Akt activation was significantly corre-
lated with HER2 overexpression.

other hand, pAkt expression was positive in only
29 cases (29.0%) of patients with PTEN LOH.
PTEN LOH was significantly associated with pAkt
expression, which indicates activated Akt
(p<0.01). Interestingly, pAkt was significantly
more expressed when PTEN LOH and HER2
overexpression coexisted (p<0.001) (Table 1).
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Table 1. Association between coexistence of PTEN LOH and HER2 overexpression and At activation

pAkt pvalue
Factors n negative (n=83) positive (n=48)
PTEN
ROH 100 71 (71.0) 29 {(20.0) p<0.01
LOH 31 12 (38.7) 19 {(61.3)
PTEN LOH/HER2
ROH / negative 80 62 (77.5) 18 (22.5) p<0.001
ROH / positive 20 9 (45.0) 11 {55.0)
LOH / negative 14 6 (42.9) 26 (57.1)
L.OH / positive 17 6 (35.3) 11 (64.7)
pAkt: phosphorylated Akt (%)

2. The relationship between Akt activation
and the efficacy of endocrine therapy for
metasiatic breast cancer

Expression of hormone receptors and HER2
in breast carcinoma tissue specimens

In this study, 36 primary breast carcinoma
specimens, obtained from the patients with
‘metastatic breast cancer, were evaluated. ER and
PR were positive in 33 cases (91.7%) and 26 cases
(74.3%), respectively. Both ER and PR were posi-
tive in 23 cases (65.7%). HER2 positivity was 8.3%
(3 cases) for HER2 2+ and was also 8.3% (3 cases)
for HER2 3+.

Expression of pAkt in primary breast cancer
tissue specimens and the relationship between
Akt activation and the HER2 status

Of these 36 cases, 12 cases (33.3%) were
regarded as positive for pAkt expression. In the 6
HERZ 2+ or 3+ cases, pAkt expression was posi-
tive in 5 cases (83.3%). pAkt expression positively
correlated with HER2 overexpression (p<0.01)
even though the positivity of HER2 overexpres-
sion was low,

Response to endocrine therapies

The endocrine therapies received by these
patients included the following; aromatase in-
hibitors (anastrozole or exemestane) in 23
patients, selective estrogen receptor modulator
(SERM} (tamoxifen or tremifen) in 15 patients,
LH-RH agonist (Goselerin) in 7 patients, and MPA
(medroxyprogesterone acetate) in 1 patient.
Objective response was observed in 16 cases
(34.8%), while clinical benefit was observed in 27
(58.7%) (5 CR, 11 PR and 11 long SD).

Relationship between the clinical benefits
and hormone receptor expression

Regarding hormone receptor expression, the
clinical benefit rate was highest in the ER- and PR-
positive group, however, no statistical differences
were seen in the clinical benefit in terms of hor-
mone receptor expression (data not shown).

Relationships between the clinical benefits
and pAkt status

‘We investigated the relationship between pAkt
status and clinical efficacy. In the pAkt-positive
patients, endocrine therapy had significantly
worse efficacy than in the pAktnegative patients
(p<0.01) (Fig. 3). In addition, the clinical benefit
was the smallest in patients positive for both
HERZ and pAkt (p<0.01) (Fig. 3).

Relationships between the clinical benefits
and the status of pAkt by endocrine agents

We next evaluated whether the kind of
endocrine therapy influenced the association
between akt activation and clinical efficacy. We
divided the endocrine therapies into estrogen
deprivation therapy such as aromatase inhibitors
(Als) or LH-RH agonist and SERM. In pAkt-posi-
tive patients, the clinical benefit rate of estrogen
deprivation therapy was significantly lower than
that in pAkt-negative patients (p<0.05) (Fig. 4).
The clinical benefit of SERM also tended to be
smaller in the pAkt-positive patients (p=0.09) (Fig.
4). These findings suggest that Akt activation
induces endocrine resistance irrespective of the
kind of endocrine agents that were given for
metastatic breast cancer,
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Fig 3. Relationship between clinical benefit of hormone therapy and pAkt expression (A) or pAkt/HERZ expression (B)
A. In the pAkt-positive palients, endocrine therapy had significantly worse efficacy than in pAkt-negative patients (p<0.01). B. The
clinical benefit was the smallest in patients positive for both HER2 and pAkt {p<0.01).
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Fig 4. Relationship between the clinical benefits and the status of pAkt by endocrine agent; estrogen depletion therapy, such as
aromatase inhibitors or LH-RH agonist (A), SERM (B)

A. In pAkt-positive patients, the clinical beneht rate of estrogen deprivalion therapy was significantly lower than that in pAkl-nega-
tive patients (p<0.05). B. The clinical benefit of SERM tended to be smaller in the pAkt-positive patients {p=0.09).
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Discussion

Akt/PKB is a serine/threonine kinase, which
is a downstream effector of PI3-K. The major func-
tions of the PISK/Akt signal pathway are to pro-
mote growth-factor-mediated cell growth, prolifer-
ation, migration and survival®. Because the activa-
tion of the PI3K/Akt pathway induces resistance
to the apoptotic response, the inhibition of this
pathway is now considered to be a promising
strategy to improve the effect of therapies for vari-
ous kinds of cancers®.

In the present study, we found that pAkt
expression correlated significantly with HER2
overegpression. This finding was consistent with
previous reports™*. In addition, we found that
LOH of the PTEN locus is significantly associated
with Akt activation. PTEN LOH may diminish
PTEN function and therefore induce Akt activa-
tion. Interestingly, the expression of pAkt was
more significantly associated with coexistence of
PTEN LOH and HER2 overexpression, both of
which induce Akt activation. On the other hand,
an inverse correlation was found between pAkt
and PR expression (p<0.05). A recent study
demonstrated that expression of the progesterone
receptor was reduced via the PI3K/Akt pathway™,
and this finding may support our results.

‘We then investigated the association between
Akt activation and the efficacy of endocrine thera-
py in metastatic breast cancer. Recent studies sug-
gest high Akt activity in breast carcinoma to be
associated with a poor prognosis in patients with
adjuvant endocrine therapy™'®. However, the rela-
tionship between Akt activation and the efficacy of
endocrine therapy for metastatic breast cancer
has not been reported.

In the present study, we analyzed 36 cases of
metastatic breast cancer who had been treated
with 46 endocrine therapies. In terms of the rela-
tionship between Akt activation and the efficacy of
endocrine therapy, the clinical benefit rate was sig-
nificantly lower in the pAkt-positive patients
(p<0.01). In addition, the clinical benefit was the
smallest in the both HER2 and pAkt positive
patients (p<0.01).

We thereafter investigated whether the associ-
ation between pAkt and resistance to endocrine
therapy differed by type of endocrine therapy.
The activation of Akt has been reported to be
" associated with resistance to antiestrogens such

as tamoxifen, however, the relationship between
Akt activation and the effect of estrogen depletion
therapy, such as aromatase inhibitors (Als) or LH-
RH agonist, has not yet been elucidated. Interest
ingly, pAkt-positivity significantly correlated with
lack of efficacy of estrogen depletion therapy
(p<0.05). In experimental studies, a constitutively
active Akt mutant mimics the effect of estrogen in
the absence of the ligand of the estrogen recep-
tor’®. These results suggest that breast cancer
cells with activated Akt can survive under estro-
gen suppression by either aromatase inhibitors or
LH-RH agonist.

In this study, we demonstrated that Akt activa-
tion was significantly associated with a poor
response to endocrine therapy for metastatic
breast cancer. The results of this study suggest
that inhijbition of the Akt signaling pathway may
improve the efficacy of endocrine therapy for
metastatic breast cancer. In fact, there are some
either currently ongoing or planned phase II/III
clinical trials of endocrine therapy, either with or
without signal transduction inhibitors for locally
advanced or metastatic breast cancer®. In combi-
nation with endocrine therapy, monoclonal anti-
bodies such as trastuzumab, tyrosine kinase
inhibitors such as gefinitib or lapanitib, and the
mTOR inhibitors, CCI-779 or RADQ(QI were
recruited in these trials. The data obtained from
these studies will hopefully lead to an improve-
ment in the treatment for breast cancer patients.

In conclusion, this study suggests that pAkt
may be a useful predictor of resistance to
endocrine therapy for breast cancer, while also
suggesting that the inhibition of Akt may increase
the efficacy of endocrine therapy.
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ABSTRACT

In this retrospective study, the relationship between Akt activation and the efficacy of
endocrine therapy for metastatic breast cancer was investigated. Thirty-six metastatic
breast cancer patients, treated with endocrine therapy, were evaluated for the activation
of Akt by an immunohistochemical assessment of the expression of phosphorylated Akt
at Ser 473 (pAkt). The relationship between the efficacy of endocrine therapy and Akt
activation, HER2 status and hormone receptor expression was also investigated. Of these
36 cases, 12 cases (33.4%) were considered to show a posidve pAkt expression. In the
pAkt-positive patients, endocrine therapy demonstrated a worse efficacy than in pAkt-
negative patients (P < 0.01). pAkt positivity was also associated with a poorer objective
response (P <0.05). The clinical benefit rate was lower in HER2 positive groups than in
HER2 negative group (P < 0.05}. In addition, the clinical benefit was the smallest in bath
the HER? and pAkt-positive patients (P < 0.01). Regarding the endocrine agents, the clini-
cal benefit of estrogen deprivation therapy with aromatase inhibitor or luteinising hor-
mone-releasing hormone agasists was significantly lower in the pAkt-positive patients
than that in the pAkt-negative ones (P < 0.05). In addition, there was a tendency for clin-
ical benefit of selective estrogen receptor modulator to be smaller in the pAkt-positive
patients (P=0.09}, These findings, therefore, suggest that Akt activation induces endo-
crine resistance in metastatic breast cancer, irrespective of the kind of endocrine agents
that were administered. Our findings suggest that the activation of Akt in the down-
stream pathway of HER2 plays an imnportant role in the resistance to endocrine therapy
for breast cancer. Although our study was small in scope and retrospective in design,
our findings suggest that pAkt may be a useful predictor of resistance to endocrine ther-
apy for breast cancer, while also suggesting that the inhibition of Akt may increase the
efficacy of endocrine therapy.

® 2005 Elsevier Ltd. All rights reserved.
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1. Introduction

Breast cancer is the most common cancer in women in the
Western World, and the numbers breast cancer patients are
also growing year by year in Japan.*? Endocrine therapy was
first introduced more than 100 years ago, however, it is still
the most effective systemic treatment for patients with hor-
mone receptor-positive breast cancer.

Tamoxifen is the most widely used selective estrogen
receptor modulator (SERM]} and it has been regarded as the
gold standard endocrine therapy for hormone receptor-posi-
tive breast cancer.? Aromatase inhibitors (Als) are new drugs
which are used for endocrine treatment of post-rnenopausal
breast cancer and they have demonstrated efficacy in pa-
tients with breast cancer resistant to anti-estrogens.* In
addition, third-generation Als, non-steroidal agents, letroz-
ole and anastrozole, and the stercidal agent exemestane
have all demonstrated both efficacy and safety advantages
over tamoxifen. The increase in the use of the endocrine
agents has resulted in the development of more sirategies
for the treatment of breast cancer. The major clinical prob-
lem in endocrine therapy is tumour resistance, either de
novo or acquired during the treatment. About half of all
estrogen receptor (ER)-positive tumours are responsive at
first presentation to endocrine therapy, however, they even-
tually become resistant to it with the progression of the
disease.?

Major clinical trials have shown that the ER status is the
strongest and most reliable predictor of the response to endo-
crine therapy.®> However, there are limitations in predicting
the efficacy of endocrine therapy based on the hormone
receptor expression alone. Progesterone receptor (PR) is an
estrogen-regulated gene and the presence of PR is an indica-
tor of a functional ER protein and a higher likelihood of a po-
sitive response to endocrine therapy.® However, about 30% of
both ER- and PR-positive tumours remain resistant to endo-
crine therapy. These findings imply that other factors other
than ER and PR are thus involved in resistance to endocrine
therapy.

Recently, the cross-talk between signal transduction path-
ways and ER signalling has been focused on breast cancer eti-
ology and progression.’ This cross-talk, which occurs at
multiple levels, has recently been shown to be associated
with endocrine resistance.¥*? Estrogen-activated membrane
ER either directly or indirectly activates membrane tyrosine
kinase receptors and this interaction leads to the activation
of key secondary signalling messengers and downstream ki-
nase pathways such as ERK/MAPK and PI2K/Akt. These ki-
nases phosphorylate ER at key positions, and in tumn,
activate both nuclear ER transcriptional activity and promote
ER-dependent transcription.’?

Akt, which is also known as protein kinase B (PKB), is a ser-
ine/threonine protein kinase, which is activated by a variety
of sgmuli, through growth factor receptors, in a phosphoino-
sitide-3-OH kinase {PI3-kinase}-dependent manner.** The dis-
ruption of normal AkY/PKB signalling occurs frequently in
several human cancers, and this enzyme appears to play an
important role in cancer progression and cell survival.!? The
mechanisms by which Akt promotes cell survival include
phosphorylation of the pro-apoptotic proteins BAD, caspase-

9, Forkhead transcription factors and IkB kinase o.?® In addi-
tion, the mammalian target of rapamycin (mTOR) is a down-
stream effector of the PI3K/Akt signalling pathway that
activates p7056 kinase and 4E-binding protein-1, which in
turn regulates the transiion Gi-S phase of the cell cycle.
Breast cancer cell lines with s constitutively activated PI3K/
Akt pathway due to HER2 overexpression and/or loss of the
PTEN suppressor gene have been shown to be resistant to
HER2-, EGFR-targeted therapies and to endocrine therzpy
with tamoxifen.** In addition, breast cancer cell lines with
activated Akt are especially sensitive to mTOR antagonism.'®
Therefore, the PI3K/Akt signalling pathway currently attracts
considerable attention as a new target for effective therapeu-
tic strategies.

The activation of Akt/PKB has recently been shown to be
positively associated with a worse outcome among endo-
crine-treated breast cancer patients.’®" In pre-menopausal
patients who were treated with tamoxifen and/or goserelin,
the patients with activated Akt were found to be more
prone to suffering a relapse with distant metastasis.’® On
the other hand, in post-menopausal patients with a nega-
tive status of Akt showed a significant benefit from tamox-
ifen.”” Recently, we have also reported Akt activation to be
associated with a poor disease-free survival in cases with
post-operative hormone therapy.®® These findings suggest
that the status of Akt activation could thus be used as a
predictive marker for the sensitivity to endocrine therapy
for breast cancer. However, the role of Akt in the resistance
to endocrine therapy has not yet been clarified in metastatic
breast cancer.

In the present study, we have investigated the relationship
between Akt activation and the efficacy of endocrine therapy
for metastatic breast cancer. We evaluated the activation of
Akt by an immunchistochemical assessment of the expres-
sion of phosphorylated Akt (pAkt). pAkt positivity was thus
found to be significantly associated with resistance to endo-
crine therapy. Our results suggest that: (1) Akt activation in-
duces resistance to endocrine therapy; (2) Akt activation
thus appears to be useful as a predictive marker of endocrine
therapy and; (3) the inhibition of the Akt signalling pathway
may improve the efficacy of endocrine therapy for metastatic
breast cancer.

2. Patients and methods

2.1.  Patient population and tumour specimens

A total 36 patients with metastatic breast carcinoma were
investigated in this study, and all 36 patients had been trea-
ted with endocrine therapy at the Department of Surgery
and Science, Kyushu University Hospital, or the Department
of Breast Oncology, National Kyushu Cancer Center from
2002 to 2004. Primary human breast carcinoma specimens
were obtained and subjected to pathological examinations
and immunohistochemical analyses. Informed consent
was obtained from all patients prior to tissue acquisition.
Clinical data were obtained from medical records. The cli-
nico-pathological features of these patients are described
in Table 1.
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Table 1 - Clinico-pathological features in the patients

Number

‘Variables
Menopausal status
Pre-menopausal 10 (27.8%)
Post-mencpausal 26 (72.2%)
Disease sites
Bone 12
Lung 11
Lymph node 10
Soft tissue [
Pleura 2
Liver 1
Others 2
Adjuvant therapy
Chemotherapy 13
Endocrine therapy 9
Chemotherapy and endocrine therapy 9
None 5
ER
Negative 3(8.3%)
Positive 33 (91.7%)
BR
Negative 9 (25.7%)
Positive 26 (74.3%)
Unknown 1
ER/PR
Positive/negative 9 (25.7%)
Negative/positive 3 (8.6%)
Positive/positive 23 (65.7%)
Positive/unknown 1
HER2
0, 1+ 30 (82.3%)
2+ 3 (8.3%)
34 3 (B.3%)
pAkt
Negative 24 (66.7%)
Positive 12 (33.3%)

2.2, Assessment of the efficacy

After initiating each endocrine therapy, the patients were as-
sessed monthly to evaluate their clinical response. The re-
sponse categories were defined according to World Health
Organization criteria as a complete response (CR), partial re-
sponse (PR), stable disease (SD), and progressive disease
(PD). Both CR and PR were regarded as an objective clinical re-
sponse. When CR, PR and SD longer than & months were ob-
tained, the results were considered to demonstirate a clinical
benefit.

2.3, Immunohistochemistry

Tissue samples were fixed by immersion in buffered forma-
lin and then embedded in paraffin. Four-micron sections
were placed onto charged slides and dried at 60°C for 1h,
The sections were deparaffinized and hydrated in water.
Immunostaining of these paraffin sections was performed
using the Ventana Discovery™ automated staining instru-
ment (Ventanza Medical Instruments), and hematoxylin {(Ven-

tana Medical Instruments) was employed as a nuclear
counterstained. Immunostaining was visualized with a
streptoavidin peroxidase reaction using DAB as the chromo-
gen (Ventana Medical Instruments). A negative-control reac-
tion with no primary antibody was always performed
alongside the reaction-containing sample. Immunostaining
was evaluated without any knowledge of the clinical and
pathological parameters.

24.  Predictive marker analysis

As predictve markers for endocrine therapy, ER, PR and
HER2 were zanalyzed by immunochistochemical staining.
Monoclonal antibodies 6F11 and 1A6 (Ventana Medical
Instruments, Tuscon, AR, USA) were used for ER and PR
staining. For the HER2 evaluation, the monoclonal antibody,
CB11 {Ventana Medical Instruments), was used.®® ER and PR
were considered to be positive if 10% or more of the nuclei in
the invasive component of the tumour were stained.*® HER2
was scored by the widely accepted criteria that assessed the
intensity and completeness of membrane staining as previ-
ously described®* The intensity of membrane staining
was evaluated according to the following criteria: score 0,
none or up to 10% membrane staining; score 1+, partial
and/or faint membrane staining present in more than 10%
of tumour cells; score 2+, weak to moderate, complete
membrane staining present in more than 10% of tumour
cells; and score 3+, strong, complete membrane staining
present in more than 10% of tumour cells. Scores 0 and 1+
were considered to be normal (i.e., negative for overexpres-
sion) and scores 2+ and 3+ were considered positive for
HER2 overexpression.

2.5.  Evaluation of Akt activation

The status of Akt activation was analyzed by the expression
of phosophorylated Akt {(pAkt). pAkt was detected using poly-
clonal antibodies against phosphorylated Ser 473 {Cell Signal-
ling Technology, Beverly, MA, USA). A specimen was regarded
as positive for pAkt when 10% or more of the cytoplasm of the
tumour cells was positively stained.!®

2.6.  Statistical analysis
The associations between the categorical variables were as-

sessed by means of the 3? tests. The cut-off for significance
‘was set at P < 0.05.

3. Results

3.1.  Expression of hormone receptors and HERZ in breast
carcinoma tissue specimens

In this study, 36 primary breast carcinoma specimens, ob-
tained from the patients with metastatic breast cancer, were
evaluated. The expressions of estrogen receptor (ER}, proges-
terone receptor (PR} and HERZ were investigated by immuno-
histochemistry (IHC). ER and PR were positive in 33 cases
{91.7%) and 26 cases (74.3%), respectively. Both ER and PR were
positive in 23 cases {65.7%). In most of these cases, HER2 was
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negative (0 or 1+). HER2-positivity was 8.3% (3 cases) for HER2
2+ and was also 8.3% (3 cases) for HER2 3+ (Table 1).

3.2, Expression of pAkt in primary breast cancer tissue
specimens and the relationship between Akt activation and
the HER2 status

Of these 36 cases, 12 cases (33.3%) were regarded as positive
for pAkt expression. Regarding the relationship between pAkt
and HER? expression, pAkt expression was positively corre-
lated with HER2 expression (P < 0.01) even though the positiv-
ity of HER2 expression was low (Table 2). As a result, in HER2
2+ and 3+ tumours, Akt was more highly activated than HER2-
negative tumours.

3.3, Response to endocrine therapies

The endocrine therapies received by these patients inclunded
the following; aromatase inhibitors (anastrozole or exemes-
tane) in 23 padents, selective estrogen receptor modulator
(SERM]) (tarncxifen or tremifen) in 15 patients, luteinising hor-
mone-releasing hormone (LHRH) agonist (Goselerin) with or
without tamexifen in seven patients, and medroxyprogester-
one acetate (MPA) in one patient. The response data are shown
in Table 3. Among46 therapiesin 36 patients, 5 CR and 11 partial
responses were achieved. Objective response was observed in
16 cases (34.8%), while clinical benefit was cbserved in 27
{58.7%) therapies (5 CR, 11 partial responses and 11 long Sb).

3.4.  Relationship between the clinical benefits and
hormone receptor expression

First of all, the relationship between clinical benefits and hor-
mone receptor expression was examined, The clinical benefit
rate was highest in ER-positive/PR-positive group. However,
no statistical differences were seen in the clinical benefit in
terms of the hormone receptor expression (Table 4).

T —"

HER2 n pAkt-negative  pAkt-posidve  P-value
(n=24) n=12)

0, 1+ 30 23 {76.7%) 7 (23.3%) P<0.01

2+ 3 1 (20.0%) 2 (55.7%)

3+ a 0 (0%) 3 (100%)

3.5.  Relationships between the clinical benefits and the
status of HER2 and pAkt

We next investigated the relationship between HER2 status
and clinical efficacy. As described in Table 5, the clinical ben-
efit rate was lower in the HER2 2+ and 3+ groups (P < 0.05). As
recent studies have suggested that high Akt activity in breast
carcinoma is associated with poor prognosis in patients'with
adjuvant endocrine therapy, we, therefore, hypothesized that
pAkt might be associated with poor response to endocrine
therapy in metastatic breast cancer. As expected, pAkt posi-
tivity was significantly associated with ineffectiveness. In
pAkt-positive patients, endocrine therapy had worse efficacy
than in pAkt-negative patients {P < 0.01) {Table 5). pAkt posi-
tivity was also associated with poorer objective response
(P < 0.05) (Table 6). In addition, the clinical benefit was the

_Table 4 - Relanonshlp between chmcal beneﬁt and ;

9 hormune Yeceptor expressmn

Clinical beneﬁts P-value

Variables n
Yes (n=27) No (n=19)
ER/PR
Positive/negative 13 6 (46.2) 7 {53.8} NS
Negative/positive 4 2 (50.0) 2 {50.0}
Positive/positive 28 18 (64.3) 10 (35.7)

P-value

Clinical benefits

Vanables n
Yes (n=27) No(n=19)

HER2
0, 1+ 39 26 (66.7) 13 {33.3) P<0.05
2+ 3 1(33.3) 2 (66.7)
34 4 0 (0} 4 (100.0}

pAkt
Negative 28 21 {75.0} 7 {25.0) P<0D1
Positive 18 6 (33.3) 12 {66.7)

HER2/pAkt
Negative/negative 27 20 74.1) 7 (25.9) P<0.01
Positive/negative 1 1 (i00.0) 0 (0)
Negative/positive 12 6 {50.0) 6 (50.0)
Positive/positive 6 0 6 {100.0}

Er———

pies received by patients and their efficacies "

OR (%)  Clinical benefit (%)

Regimen n CR PRes 5D PD

Aromatase inhibitors 23 4 5 5 9 9 (39.1} 14 (60.9)
LHRH agonist 7 0 2 1 4 2 {28.6} 3 (42.9)
SERM 15 1 4 4 6 5 (33.3) 5 (60.0)
Methylprogesterone acetate 1 0 0 1 0 o) 1 (100}
Total LT 5 11 11 19 16 (34.8) 27 (58.7)

CR, complete response; PRes, partial response; SID, stable disease; PD, progressive disease; OR, objective response is CR + PRes; Clinical benefit is

CR + PRes + SD.
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’ihble [ Relanonshxp between objecuve respnnse and
Akt activation : .

P-value

SD, PD

pAkt CR, PR

(n=16, 34.8%) (n=30, 65.2%)
Negative 13 15 P<005
Positive 3 15

CR, complete response; PR, partial response; 5D, stable disease; PD,
progressive disease,

smallest in the both HER2 and pAkt-positive patients (P < 0.01)
(Table 5).

3.6.  Relationships between the clinical benefits and the
status of HER2 and pAkt by endocrine agents

We next evaluated whether the kind of endocrine therapies
influenced the association between efficacy and expression
of HER2 or pAkt. We divided the different endocrine therapies
into estrogen deprivation therapy such as aromatase inhibi-
tors (Als) or LHRH agonist and SERM {Table 7}, In HER2 2+
and 3+ patients, the clinical benefit rate of Al or LHRH agonist
was significantly lower than that in HER? Q or 1+ patients
{P <0.01), although the number of the patients of HER2 2+
and 3+ was quite small (Table 7). On the other hand, no asso-
ciation was observed between the HERZ status and clinical
efficacy of SERM, probably due to paucity of patients with
HER2 overexpression. We then investigated the association
between Akt activation and the clinical benefit by endocrine
agents. In pAkt-positive patients, the clinical benefit rate of
estrogen deprivation therapy, Al or LHRH, was significantly
lower than that in pAkt-negative patients {P < 0.05). In addi-
tion, the clinical benefit of SERM tended to be smaller in the
pAkt-positive patients (P = 0.09) (Table 7). These findings sug-

Table 7- Relauons'h:ps between the chmcal benefits and
- the status of HER2 and pAkt accordmg to the endocnne
__Z_agent : R

Clinica] beneﬁts P-value

Vanables n

Yes (n=27) No(n=19)
HER2
Al or LH-RH agonist
0, 1+ 25 17 {68.0} g (32.0) P<0.01
2+ 2 0 {0} 2 (100.0)
3+ 3 o (a} 3 (100.0)
SERM
0, 1+ 14 g (54.3) 5 (35.7) NS
3+ 1 0 (0) 1 (100.0)
phAkt
Al or LH-RH agonist
Negative 16 12 (75.0) 4 (25.0) P <0.05
Positive 14 5 (35.7) 9 {64.7)
SERM
Negative 11 8 (72.7) 3{27.3) P=0.09
Pasitive 4 1 {25.0) 3 {75.0)

gest that Akt activation induces endocrine resistance in met-
astatic breast cancer irrespective of the kind of endocrine
agents that were administered.

4, Discussion

As far as we know, this is the first report to show an associa-
don between Akt activation and the efficacy of endocrine
therapy in metastatic breast cancer. Akt/PKB is a serine/thre-
onine kinase, which is a downstream effector of PI3K. Major
functions of the PI3K/Akt signal pathway includes the promo-
ton of growth-factor-mediated cell growth, proliferation,
migratien and survival? Because the activation of the PI3K/
Akt pathway induces resistance to the apoptotic response,
the inhibitdon of this pathway is now considered to be a
promising stzategy to improve the effect of therapies for var-
ious kinds of cancers (reviewed in [22])

Recent studies suggest high Akt activity in breast carci-
noma to be associated with poor prognosis in patients with
adjuvant endocrine therapy.?**® Perez-Tencric and col-
leagues revealed that pAkt-positive patients were more prone
to suffering a relapse with distant metastasis in a study of the
pre-menopausal patients whe were treated with tamoxifen
and/or goserelin.** On the other hand, in a study of post-men-
opausal breast cancer patients, the benefit from tarmoxifen
was analyzed in estrogen receptor-positive patients,” Pa-
tients with a negative status of Akt showed a significant ben-
efit from tamoxdfen, whereas there was no significant benefit
frorn tamoxifen in patients with positive Altt status.”” In addi-
tion, we recently reported that pAkt positivity was associated
with poor disease-free survival in cases with post-operative
hormone therapy.*®

We next investigated whether Akt activation had any im-
pact on the response to endocrine therapy for metastatic
breast cancer. In the present study, we analyzed 36 cases of
metastatic breast cancer that had been treated with 46 endo-
crine therapies, In terms of the relationship between Akt act-
vation and the efficacy of endocrine therapy, the clinical
benefit rate was significantly lower in the pAkt-positive pa-
tents (P <0.01) (Table 5). In addition, HER2 overexpression
was associated with a lack of effectiveness of endocrine ther-
apy, although the number of the patients with HER2 overex-
pression was too small (Table 5). Kowever, this finding could
have been expected based on previcus experimental and clin-
ieal reports,1®11.1617.23

We thereafter investigated whether the association be-
tween pAkt and resistance to endocrine therapy differed
depending on the endocrine therapy agent. Up to now, the
activation of Akt has been reported to be dssociated with
resistance to anti-estrogen such as tamoxifen, however, the
relationship between Akt activation and the effect of Als or
LHRH agonist has not yet been elucidated. Interestingly,
pAkt-positivity or HERZ overexpression was significantly
higher in the non-effective cases than that in effective cases
with Als or LHRH agonist, which are both types of estrogen
depletion therapy (P <0.01, P < 0.05) (Table 7). In experimen-
tal studies, estradiol has been shown to rapidly activate
FI3K/Akt through the HER2 pathway®* and a constitutively
active Akt mutant mimics the effect of estrogen in the ab-
sence of the estrogen receptor ligand.*® These results
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suggest that breast cancer cells with activated Akt can sur-
vive under estrogen suppression by either Al or LHRH ago-
nist. In terms of the relationship between HER2
overexpression and sensitivity to Al, a randomized trial of
neoadjuvant therapy showed that, in a subset of ER-positive,
epidermal growth factor receptor-positive and/or HER2-posi-
tive, letrozole was significantly more effective than tamoxi-
fen.*® However, in the metastatic setting, endocrine
therapy has recently been shown to be less effective in pa-
tients with HER2-positive tumours irrespective of the drugs
administered.*® Our findings regarding the relationships be-
tween HER2 overexpression and sensitivity to estrogen
depletion therapy are thus consistent with this meta-analy-
sis in the metastatic setting.?® In addition, we herein demon-
strated that endocrine therapy is less effective in patents
with Akt-activated breast cancer jrrespective of the endo-
crine agents administered.

One possible mechanism for endocrine resistance in Akt-
activated cells that we propose is illustrated in Fig. 1. When
Akt is activated for any reason, it promotes the ER target gene
expression even in the absence of esttogen or when being
treated with tamoxifen. The esirogen independent tumour
growth may also partly be associated with such resistance.

In this study, we have demonstrated that Akt/PKB activa-
tion was significantly associated with a poor response to
endocrine therapy for metastatic breast cancer. The results
of this study suggest that an inhibition of the Akt signalling
pathway may improve the efficacy of the endocrine therapy
for metastatic breast cancer. In fact, there are some currently
cngoing or planned phase I/III clinical trials of endocrine
therapy, either with or without signal transduction inhibitors,
in locally advanced or metastatic breast cancer.® In combina-
tion with Als and tamoxifen, monoclonal antibodies such as
trastuzumab, and tyrosine kinase inhibitors such as gefinitib

HER2, EGFR, IGFR, ....

plasma membrane

- .oy

e etragon | E
;inuzpenﬂumg MEK12
Gell Survival: growth ¢

Cell cycle

progression \

Cell proliferation

ER target gens
expression
RNy

nucleus

Fig. 1 - Possible mechanism for endocrine resistance in
Akt-activated cells. In breast cancer cells, stimuli such as the
activation of membrane tyrosine kinase and the loss of
PTEN function are known to lead to Akt activation. Activated
Akt promotes ER target gene expression even in the absence
of estrogen (under treattment with aromatase inhibitors or
LHRH agonists) or while being treated with tamoxifen,
which induces cell growth, Estrogen independent tumour
growth of Akt-activated cancer cells may partly be
associated with such resistance.

or lapanitib, and mTOR inhibitors, CCI-779 or RAD0OO1 were re-
cruited in these trials. Trastuzumab and tyrosine kinase
inhibitors have a potency to inhibit Akt activity, and the inhi-
bition of mTOR, which is downstream of Akt, can also lead to
the inhibiticn of Akt signalling. The data obtained from these
studies will hopefully lead to an improvement in the treat-
ment of breast cancer patients.

In conclusion, this study suggests that pAkt may be a use-
ful predictor of resistance to endocrine therapy for breast can-
cer, while also suggesting that the inhibition of Akt may
increase the efficacy of endocrine therapy, although our study
was small in scope and retrospective in design. Similar exam-
inations in well-designed, larger-scale prospective studies
should provide us more valuable findings in the future.
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Abstract. A phase I study of S-1 and biweekly docetaxel
(DOC) combination therapy was conducted to determine the
maximum tolerated dose (MTD) and pharmacokinetic para-
metexrs. Fourteen patients with advanced or recurrent gastric
cancer were analyzed. The treatment consisted of 3-1 [body
surface area (BSA) <1.25 m™:80 mg/day, 1.255 BSA <1.50 m™
100 mg/day, 1.50 m*=< BSA; 120 mg/day, orally, day 1-14)
and DOC (30-40 mg/m*day, intravenously, day 1 and 15],
which were repeated as often as possible every four weeks.
Pharmacokinetic analysis was done at DOC 40 mg/m*/day.
Initially, patients were administered S-1 and 40 mg/m*/day
of DOC, and DOC 40 mg/m*day was considered as MTD.
In detail, one patient developed neutropenia (grade 4, G4),
and two other patients had no day 15 DOC administration
because of neutropenia (grade 3, G3). When S-1 and 35 mg/
m?/day of DOC were administered to three patients, no
adverse reactions were noted. In six patients treated with S-1
and 30 mg/m*day of DOC, one patient developed neutropenia
(G4), and another patient developed diarthea (G3) and anorexia
(G3). The rest of this cohort showed no adverse reactions.
Although 5-fluorouracil and gimeracil concentrations remained
high vnder impaired renal function, no pharmacokinetic
interactions appeared between S-1 and DOC under normal
renal function, The dose limiting toxicity of a combination of
S-1 and biweekly DOC was leukopenia and neutropenia. The
recommended dose for this combination in phase II study is
DOC 35 mp/m*day.

Introduction

S-1 is a novel oral anticancer drug, which was developed based
on the biochemical modulation of tepafur (FT) by 5-chloro-

Correspondence 1o: Dr Ikuo Takahashi, Department of Surgery and
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3-1-1 Maidashi, Higashi-ku, Fukuoka 812-8582, Jupan
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Key words: gastric cancer, 8-1, docetaxel, phase T siudy

2 4-dihydroxypyridine (gimeracil, CDHP) and potassium
oxonate (oteracil, oxo) in a molar ratio of 1:0.4:1 (1-3).FTisa
prodrug of S-fluorcuracil (5-FU), an active drug against various
forms of gastrointestinal malignancy. 5-FU is degraded to o-
fluoro-B-alanine by dihydropyrimidine dehydrogenase
(DPD), which is produced in various organs, including tumor
tissne. CDHP strongly inhibits DPD, which results in a
prolonged increased concentration of 5-FU in the plasma (4).
Oxo inhibits phosphorylation of 5-FU to 5-flnorouridine-3'-
monophosphate (5). As oXo is distributed in the gastrointestinal
tract after oral administration, it possibly decreases 5-FU-
induced gastrointestinal tract toxicity (5). Thus, §-1 was
designed both to increase antitumor activity and to reduce
drug-induced adverse gastrointestinal adverse reaction.

Independent phase II stadies of 8-1, including gastric cancer
patients without prior chemotherapy, give an excellent response
rate and survival (6-8). The response rate using S-1 alone is
comparable to or better than the response rate in combination
studies such as FAMTX or ECF, which has been mainly used
in Europe or the United States (9-12). S-1 has been in common
use in clinical practice since March 1999 in Japan against
advanced and recurrent gastric cancer. Clinical information
on this drug has accumulated. We previously summarized
recent clinical data of 29 patients with advanced or recurrent
gastric cancer and, as expected, a high response rate and good
survival were confirmed in patients without prior chemotherapy
(13). However, in patients who had received chemotherapy,
the response rate was 12.5%. Today, S-1 is a main drug for the
treatment of advanced or recurrent gastric cancer, especially
in first-line chemotherapy. However, the questions arise as to
which is the best chemotherapy regimen for second-line
chemotherapy, and whether combination therapy of §-1 is
superior to S-1 monotherepy. Thus, a new combination therapy
of -1 is worth exploring.

Docetaxel (DOC) is a semi-synthetic taxane prepared from
a non-cytotoxic precursor extracted from the needles of the
European yew tree Taxus baccata. Docetaxel accelerates micro-
tubule assembly from tubulin, and blocks depolymerization
of microtubules. Stable microtubules result in cell death. As a
single agent, laxanes are currently the most widely administered
agenis for metastatic breast cancer after anthracycline treatment
(14). DOC is also active against gastric cancer. Independent
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Table I. Patient characteristics (n=J4).

Covariate No. of patients
Gender
Male 13
Female
Age (years old) 58 (41-72)
Performance status
0 10
1 4
Type of disease
Recurrence 7
Inoperable 3
Postoperation with 4
residual tumor
Histological type
Differentiated 6
Undifferentiated 8
Treatment course 24 courses  [1-4 courses for each pt]
Level 1 (n=5) 9 courses  [1-4 courses for each pt]
Level 0 (n=3) 7 courses  [1-4 courses for each pt}
Level -1 (n=6) 8 courses  [1-2 courses for each pt}
Calculated creatinine 81.3 (33.9-129.8)

clearance {ml/min}

pt, patient.

phase II studies in Japan showed that the response rate is
23.7% (15,16).

Recent reports of docetaxel-based combination therapy
showed high response rates as a first line for gastric cancer
patients (17,18). We focused on DOC as a candidate for
combination therapy with S-1, and we made a phase I study
of S-1 and biweekly DOC combination therapy, to find the
maximurn tolerated dose (MTD) and recommended dose in a
phase II clinical trial.

Patients and methods

Eligibility. Patients with advanced or recurrent gastric cancer
were eligible for this study. This study started after obtaining
approval from the institutional review board. Disease
characteristics incinded the following criteria: i) histologically
or cytologically proved gastric cancer, ii) measurable or
evaluable lesions, iii) no prior chemotherapy (history of
postoperative adjuvant chemotherapy was allowed), and iv)
adjuvant therapy (including chemotherapy and immunotherapy)
must be finished at least four weeks before the combination
therapy starts. Patient characteristics included the following
criteria: i} age of 220 and <75 years, ii) an Eastern Cooperative
Oncology Group performance status of <2, iii} adequate
hematopoietic function (4000/mm3*< white blood cell
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Table TI. Hematological toxicity.

NCI-CTC grade
| 2 3 4

% grade 23

Level 1 (n=5)

Leukopenia 1 1 1 I 40
Neutropenia 2 1 60
Anemia 3 1 20
Thrombocytopenia 1 0
Level 0 (n=3)
Leukopenia 1 0
Neutropenia 1 0
Anemia 1 0
Thrombocytopenia 0
Level -1 (n=6)
Leukopenia 1 1 3 50
Neutropenia 1 2 1 50
Anemia 4 it
Thrombocytopenia 0

NCI-CTC grade. Naticnal Cancer Tnstitute-Common Toxicity Criteria
grade.

<12000/mm?, neutrocyte, =2000/ mm?, platelet =10x10%mm?,
hemoglobin 29.0 g/dl), iv) adequate hepatic function [total
bilirubin =1.5 mg/d], transaminase <2 times institutional
normal upper limit (if caused by liver metastases, transaminase
22 times may be allowed based on the doctor's judgement)],
v} serum creatinine < institutional normal upper limit, blood
urea nitrogen =25 mg/dl, vi} adequate cardiac function, vii)
neither brain metastases nor history of brain metastases, and
viii) before treatment, written informed consent must be
obtained irom the patients. As complimentary data about
renal function, creatinine clearance was calculated based on a
formula described elsewhere (19).

From March 2001 to June 2003, 17 patients were enrolled
in this study. Three patients were excluded because 1 of
them showed marked disease progression before initiation of
the treatment and 2 of them took half of the indicated dose of
S-1 during the treatment. Thus, a total of 14 patients were
evaluated,

Dose and drug administration. $-1 was administered orally
in the moming and evening on days 1-14 according to the
body surface area (BSA); BSA <125 m?; 80 mg/day, 1.25<
BSA <1.50 m* 100 mg/day, 1.50 m’< BSA; 120 mg/day).
DOC was diluted in normal saline and was administered with
an infusion pump for 1 h on days ! and 15. As a premedication,
8 mg of dexamethasone was administered intravenously,
0.5 h before; and 4 mg orally, 12, 24, 36 and 48 h after the
start of DOC administration. One course was 28 days, and
was repeated as often as possible. Treatment continued uniess
disease progressed, unacceptable toxicity occurred or the
patient refused further treatment. The dose of DOC started at
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Table III. Non-hematological toxicity

NCI-CTC grade
1 2 3 4

% grade =3

Level 1 (n=53)

Anorexia 1 1 20
Diarrhea 1 20
General fatigue i 0
Skin eruption i 0
Level 0 (n=3)
Anorexia | 0
Nausea, vomiting 1 0
Stomatitis 1 0
General fatigue 1 0
Alopecia 1 0
Level -1 (n=06)
Anorexia 2 1 16.7
Diarrhea 1 1 1 167
Stomatitis 1 0
General fatigue 2 1 0
Alopecia 4 -
Headache 2 0
Abdominal pain 1 0

NCI-CTC grade, National Cancer Institute-Common Toxicity Criteria
grade.

40 mg/m? (Level 1). Doses of 35 mg/m? (Level 0) and 30 mg/
m? (Level -1} were also evaluated because the dose limiting
toxicity (DLT) was at Level 1.

DLT, MTD and dose escalation schedule. Toxicity was
evaluated according to the National Cancer Institute (NCI)
common toxicity criteria, The DLT was defined as: i) grade 4
leukopenia or neutropenia lasting longer than three days despite
the use of granulocyte-colony stimulating factor (G-CSF), ii)
grade 3 neutropenia with a fever of >38°C lasting longer than
three days despite the use of G-CSF, iii) grade 4 thrombocyto-
penia or grade 3 thrombocytopenia with bleeding tendency,
and iv) grade 3-4 non-hematological toxicity except nausea,
vomiting or alopecia.

In an initial study, three patients at one dose level were
evaluated: i) the dose was defined as MTD when all patients
developed DLT; 1i) when one or two of three patients developed
DLT, threc other patients were enrolled; iii) when more than
three of six patients developed DLT, the dose was defined as
MTD; iv) when fewer than two of six patients developed DLT,
the dose was increased to the next step.

Pharmacokinetic study design. Pharmacokinetic study was
conducted for three patients on the first day of treatment at
dose level 1 (5-1 at the fixed dose described above, and DOC
40 mg/m?}. S-1 and DOC administration started simult-
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aneously, and heparinized blood samples to test for 5-FU,
FT, CDHP and oxo were taken from the patients before and
1,2, 4 and 8 h after administration. Heparinized bload
samples to test for DOC were taken before and 0.5, 1, 1.5, 2,
3,4, 3 and 8 h after administration. Immediately, the bicod
samples were cooled in ice and then centrifuged at 3000
round per minute for 15 min, and the separated serums were
stored at -80°C until assay. The plasma levels of FT, 5-FU,
CDHP, oxo and DOC concentration were measured as
described elsewhere (20,21). WinNonlin ver.3.0 (Phasight
Co.) software was used to calculate the pharmacokinetic
parameters such as maximum plasma concentration (Cmax),
time to maximum plasma concentration (Tmax), area under
the plasroa concentration-versus-time curve from time zero to
infinity (AUC 0-w), and plasma elimination half-life (T 1/2).
Independently from this phase I study, three patients with
advanced or recurrent gastric cancer were treated with
docetaxe] monotherapy biweekly (40 mg/m?). After informed
consent was obtained, blood samples were taken at the same
times as used in the phase I study. The plasma docetaxel
concentration was measured by using the same method.

Results

Patients characteristics, roxicity and DLT. Table I lists patient
characteristics, The performance status was 0 in 10 patients, and
the median age was 58 years old. Twenty four courses were
conducted, with a mean of 1.7 courses for each patient (range
-4 courses). The creatinine clearance was >50 ml/min except
for patient 1 in the pharmacokinetic study. Tables II and III
list hematological and non-hematological toxicity profiles.

This study started with a cohort of three patients at DOC
dose 40 mg/m* (Level I), Leukopenia and neutropenia were
found as DLT, and Level 1 (40 mg/m®) as MTD. In detail, one
patient developed grade 4 neutropenia and another patient
coutld not receive day 15 DOC administration due to prolonged
grade 3 leukopenia and neutropenia; the third patient developed
no adverse reactions. Two additional patients were enrolled in
Level 1; one of these patients also could not receive day 15
DOC administration because of grade 3 neutropenia.

In the second step, we evaluated the DOC dose at 30 mg/
m? (Level -1) as the safety of the registered patients was the
highest priority. Among the first three patients in this cohort,
one patient completed two courses of treatment, one patient
developed grade 4 leukopenia and neutropenia and the third
patient discontinued treatment because this patient developed
grade 3 anorexia and grade 3 diarrhea, As the latter two
patients were considered to show DLT, an additional three
patients were enrolled in this cohort. Two of these patients
developed grade 3 leukopenia and neutropenia, and the third
patient developed grade 2 diarrhea, abdominal pain and grade 1
headache: no DLT appeared during the treatment. Thus, 30 mg/
mi’ (Level -1) was not considered as DLT.

In the third step, three patients received S-1 and DOC
35 mg/m? (Level 0), to confinm if DOC at 30 mg/m? (Level -1)
or DOC at 35 mg/m® (Level 0) can be a recommended dose.
Although grade 2 [eukopenia, neutropenia and anemia
developed in 1 patient, grade 3 and 4 hematological toxicity
were not noted. When considering non-hematological toxicity,
only grade 1 anorexia, nausea, vomiting, stomatitis, general
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Figure 1. Plasma 5-fluorouraeil concentration after administration of
combined 3-1 and docetaxel (DOC) (S-1, 50 mg/bedy, orally; DOC, 40 my/
m?, 1 h infusion, intravenously).
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Figure 2, Plasma docetaxel (DOC) concentration after administration of
DOC alone or DOC and 5-1 combination. ($-1, 50 mg/body, orally; DOC,
40 mg/m?, 1 h infusion, intravenously). Patients 1-3 were treated with a
combination of §-1 and DOC, whereas patients A-C were treated with DOC
monathecapy.

fatigue and alopecia were noted. Thus, DOC at 35 mg/m?
(Level 0) was considered a recommended dose.

Fharmacokinetics. A pharmacokinetic study was conducted
with three patients on the first day of treatment at dose level 1
(S-1 orally at the dose stated in the Patients and methods
section, and DOC at 40 mg/m? intravenously for 1 h). Fig. |
shows 5-FU concentrations in combined therapy (patients 1-3),
Fig. 2 shows DOC concentrations in patients treated with
combined therapy (patients 1-3), as well as in patients treated
with DOC at 40 mg/m? monotherapy {patients A-C). Table TV
shows the Cmax, Tmax, AUC 0-e and T1/2. Although the
Cmax of 5-FU was from 132.6 to 244.4 ng/ml, the 5-FU
concentration was maximum at 2-4 h after administration.
One patient with impaired renal function (patient 1) showed a
prolonged 5-FU concentration plateau and a longer half-life
of 5-FU.

In terms of DOC pharmacokinetics, plasma DOC concen-
tration in the Level 1 combination therapy group was maximum
at 0.5-1 h after the start of administration (i.e., 0.5 h before or
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Table TV. Pharmacokinetic parameters after administration
of 5-1 and DOC (40 mg/m?®) combination therapy (patients
1-3) and DOC monotherapy (patients A-C).

Cmax Tmax AUC Q- T1/2
(ng/ml) (h) (ng. h/ml) (h)
5-F4
Patient 1 132.6 4 2737 13.6
Patient 2 244 4 2 1072 1.31
Patient 3 158.0 4 941 242
FT
Patient 1 32351 4 33295 5.99
Patient 2 2008.6 1 10610 391
Patient 3 1859.8 2 16658 6.88
CDHP
Patient 1 2943 4 2054 3.89
Patient 2 428.6 1 1380 2.10
Patient 3 259.4 2 1559 3.30
Oxo
Patient 1 71.7 4 506 3.59
Patient 2 112.8 1 495 2.50
Patient 3 38.3 2 771 13.6
DOC
Patient 1 1030 0.5 1055.6 1.87
Patient 2 554 1 6254 1.53
Patient 3 569 1 660.0 1.18
DoC
Patient A 544 1 490.7 1.85
Patient B 510 0.5 6553 322
Patient C 517 1 5332 2.99

Cmax, maximum plasma concentration; Tmax, time to maximum
plasma concentration; AUC (e, area under the plasma concentration-
versus-time curve from time zero to infinity; T1/2, plasma elimination
half-life.

at the end of administration), and then decreased rapidly. The
change in plasma DOC concentration in the DOC monotherapy
group showed the same pharmacokinetic profile.

Discussion

In Japan, gastric cancer still remains most frequent malignancy.
Despite of the advance in early detection of this disease and
surgical improvement, the survival of patients with recurrent
and advanced gastric cancer is unsatisfactory. The Japan Gastric
Cancer Association issued the first edition of gastric cancer
treatment guidelines in March 2001 to provide a common basis
of understanding of the extent of disease and selection of
proper treatment {22). This guideline did not mention particular
regimen of chemotherapy for advanced and recurrent gastric
cancer, but it stated that 5-FU and cisplatin may be important
drugs. Thus, the standard regimen has not been established.
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S-1 is synthesized in Japan and has been z key drug in the
treatment of advanced and recurtent gastric cancer in Japan
because of a high response rate (7,8,13). In this study, we
investigated the safety and pharmacockinetic profiles of a
combination therapy of S-1 and biweekly DOC. As a mono-
therapy, the DLT of DOC is leukopenia and neutropenia
(15,16). Although, in patients in Europe and in the United
“States, the DLT of S-1 is diarrhea (23), the DL.T of -1 in
Japanese patients is mainly haematological and stomatitis and
diarrhea is mild (6-8). As expected, in the 5-1 and biweekly
. DOC regimen, the DLT was leukopenia and neutropenia in
this study. Although the toxicity profile of both drugs is
similar in Japanese patients, we thought it rational to examine
this combination for the following reasons: i} the mechanism
of antitumor activity of S-1 and DOC is completely different,
ii) DOC is beneficial for gastric cancer patients who have
been previously treated and for patients as a first-line therapy
(15,16}, and iii) the resistance of 5-FU is overcome by DOC
in vitro (24). Our previous in vivo therapeutic experiment
that used gastric cancer xenografts showed that S-1 (day 1-14
administration) and DOC (day 1 or day 8 intravenous
administration) were synergistic (25), although schedule
dependency between paclitaxel and 5-fluorouracil in vitro
has been reported (26). Thus, we scheduled days 1-14 of
administration with S-1 with days 1 and 15 of administration
with DOC.

The combination therapy of DOC and continuous 5-FU
has showed no pharmacokinetic interaction between the two
drugs (27,28). As the pharmacokinetics of S-1 is similar to
that of continuous 5-FU intravenous infusion (29), S-1 may
not interact with DOC unless the 5-FU concentration remains
the same as expected. One study showed that pharmaco-
kinetic parameters of 5-FU in Japanese patients were Cmax,
128.5 ng/ml; Tmax, 3.5 h; AUC 0-14, 724 ng h/ml; and T1/2,
1.9 h (29). In our study, the AUC of 5-FU in patients 2 and 3
were similar to these data. Patient 1, which developed grade
4 leukopenia and newtropenia, showed a larger AUC 0-% of
5-FU and CDHP. The calcunlated creatinine clearance was
33.9 ml/min. The different pharmacokinetic profile may be
partly explained by impaired renal function. CDHP, excreted
in the kidney, inhibits DPD, the catabolic enzyme of 5-FU,
and results in a prolonged and higher 5-FU concentration in
the plasma. Impaired renal function is directly connected to
an elevated level of COHP, which results in a prolonged
plasma 5-FU plateau level. The results of a postmarketing
survey of S-1 in Japan support this hypothesis (30). This
survey monitored the toxicity profile and estimated creatinine
clearance and showed that patients with a lower creatinine
clearance frequently expericnce severe adverse reactions, In
terms of DOC, hepatic metabolism and biliary excretion is
the major pathway of DOC elimination {31). Our data showed
that the plasma concentration of DOC is maximum just after
drug administration, and the same pharmacokinetic profiles
were confirmed with or without combination with S-1.

In conclusion, patients should be strictly screened for
impaired renal function based on creatinine clearance.
Although careful blood count monitoring should be used, a
combination therapy of S-1 and biweekly DOC is worth
investigating. The recommended dose for this combination is
35 mg/m¥*day DOC on days 1 and 15.

8563

References

1.

A% ]

10,

13,

Takechi T, Nakano K, Uchida J, Mita A, Toko K, Takeda S,
Unemi N and Shirasaka T: Antitumor activity and low intestinal
toxicity of S-1, a new formulation of tegafur, in experimental
wmor models in rats. Cancer Chemother Pharmacol 39: 205-211,
1997.

- Fukushima M, Shimamoto Y, Kato T, Uchida I, Yonekura R,

Ohshimo H and Shirasaka T: Antitumor activity and toxicity
of S-1, an oral combination of tegafur and two biochemical
madulators, compared with continuons infusion of 5-fluorouracil.
Anticancer Drugs 9: 817-823, 1998.

. Fukushima M, Satake H, Uchida I, Shimamoto Y, Kato T.

Takechi T, Okabe H, Fojioka A. Nakano K, Ohshimo H, Takedz S
and Shirasaka T: Preclinical antitumor efficacy of S-1: a new
oral formulation of 5-fluoruoracil on human tumor xenografts.
Int J Oncol 13: 693-698, 1998.

. Tatsumi K, Fukushima M, Shirasaka T and Fujit §: Inhibitory

effects of pyrimidine, barbitric acid and pyridine derivatives on
S-flnorouracil degradation in rat Hiver extracts. Jpn J Cancer Res
78: 748-755, 1987,

. Shirasuka T. Shimamoto Y and Fukushima M: Inhibition by

oxonic acid of gastrointestinal toxicity of 5-fluorcuracil without
loss of its antitumor activity in rats, Cancer Res 53: 4004-4009,
1993,

. Sugimachi K, Maehara Y, Horikoshi N, Shimada Y, Sakata Y,

Mitachi Y and Taguchi T; An early phase II study of oral 5-1.a
newly developed 5-fluorouracil derivative for advanced and
recurrent gastrointestinal cancers. Oncology 57: 202-210, 1999.

- Koizumi W, Kurihara M, Nakano S and Hasegawa K: Phase II

study of S-1, a novel oral derivative of 5-fluorouracil, in advanced
gastric cancer, Oncology 58: 191-197, 2000.

. Sakata Y, Ohtsu A, Horikoshi N, Sugimachi K, Mitachi Y and

Tagochi T: Late phase II study of novel oral fluoropyrimidine
anticancer drag S-1 (1 M tegafur - 0.4 M gimestat - 1 M otastat
polassium} in advanced gastric cancer patients. Eur J Cancer 34:
1715-1720, 1998.

. Wils JA, Klein HO, Wagener I}J, Blejberg H, Reis H, Korsten F,

Conroy T, Fickers M, Leyvraz S, Buyse M and Duez N for the
European Organization for Research and Treatment of Cancer,
Gastrointestinal Tract Cooperative Group: Sequential high-dose
methotrexate and fluorouracil combined with doxorubicin - a
step ahead in the treatment of advanced gastric cancer: a trial of
the EORTC Gastrointestinal Tract Cooperative Group. J Clin
Oncol 9: 827-831, 1991.

Webb A, Cunningham D, Scarffe JH, Harper P, Norman A,
Ioffe JK, Hughes M, Mansi J, Findlay M, Hill A, Oates J,
Nicolson M, Hickish T, O'Brien M, Iveson T, Watson M,
Underhill C, Wardley A and Mezhan M: Randomized trial
comparing epirubicin, cisplatin and fluorouracil versus fluoro-
uracil, doxorubicin and methotrexate in advanced esophago-
gastric cancer. J Clin Oncol 15: 261-267, 1997.

. Waters JS, Norman A, Cunningham D, Scarffe JH, Webb A,

Harper P, Joffe JK, Mackean M, Mansi J, Leahy M, Hill A,
Oates J, Rao S, Nicolson M and Hickish T: Long-term survival
after epirubicin, cisplatin and fluorouracil for gastric cancer;
results of a randomized trial. Br ¥ Cancer 80: 269-272, 1999,

. Kelsen D, Atiq OT, Saltz L., Niedzwiecki D, Ginn D, Chapman D,

Heelan R, Lightdale C, Vinciguerra V and Brennan M: FAMTX
versus etoposide. doxorubicin and cisplatin: a random assignment
trial in gastric cancer. J Clin Oncol 10: 541-548, 1992,
Takahashi I. Kakeji Y, Emi Y, Sakurai M, Yonemurz Y,
Kimura Y and Maehara Y: 8-1 in the treatment of advanced and
recuwrrent gastric caacer: current status and futere prospects.
Gastric cancer 6 (suppl 1): §28-533, 2003.

. Valero V, Holmes FA, Walters RS, Theriault RL, Esparza L,

Fraschini G, Fonseca GA, Bellet RE, Buzdar AU and
Hortobagyi GN: Phase I1 trial of docetaxel: a2 new, highly
effective antineoplastic agent in the management of patients
with anthracycline-resistant metastatic breast cancer. J Clin
Oncol 13: 2886-2894, 1995.

. Taguchi T, Sakata Y, Kanamart R, Kurihara M, Suminaga M.

Ota J and Hirabayashi N: Late phase II clinical study of
RP56876 (Docetaxel) in patients with advanced/recurrent
gastric cancer: a Japunese cooperative study group trial (group
A). Jpn J Cancer Chemother 25; 1915-1924, 1998,

- Maj M, Sakata Y, Kanamaru R, Kurihara M, Suminaga M, Ota J,

Hirabayashi N, Taguchi T and Furue H: A late phase 11 clinical
study of RP56976 (docetaxel) in patients with advanced or
recurrent gastric cancer: 2 cooperative study group trial (group
B). Jpn J Cancer Chemother 26: 487-496, 1990,



854

7.

18.

19,

Park YH. Ryoo BY, Choi ST and Kimn HT: A phase H study of
capecitabine and docetaxel combination chemotherapy in patients
with advanced gastric cancer. Br J Cancer 90: 1329-1333,
2004,

Roth AD and Ajani I: Docetaxel-based chemotherapy in the
treatment of gastric cancer. Ann Oncol 14 (suppl 2): ird1-1i44,
2003,

Cockeroft DW and Gault MH: Prediction of clearance from
serum creatinine. Nephron 16: 31-41, 1976,

20. Matsushima E, Yoshida K, Kitamura R and Yoshida K:

22,
23,

24,

Determination of $-1 (combined drug of tegafur, S-chloro-2.4-
dihydroxypyridine and potassinm oxonate) and 5-fluorouracil
in human plasma and urine using high-performance liguid
chromatography and gas chromatography-negative ion chemica)
ionization mass spectromeltry, } Chromatogr 691: 95-100, 1997,

. Vergniol JC, Brune R, Montay G a2rd Frydman A: Determination

of taxotere in human plasma by a semi-aulomated high-per-
formance liguid chromatographic method. I Chromatogr 582:
273-278,1992,

Nakajima T: Gastric cancer treatment guidelines in Japan. Gastric
Cancer 5: 1-5, 2002.

Hoff PM, Suad ED, Ajuni JA, Lassere Y, Wenske C, Medgyesy D,
Dwivedy S, Russo M and Pazdur R: Phase I study with
pharmacokinetics of S-1 on an oral daily schedule for 28 days
in patients with solid tumors. Clin Cancer Res 9: 134-142,
2003.

Hill BT, Whelan RD, Shellard SA, McClean S and Hosking LK:
Differential tumor cell lines and certain drug resisiant sublines
in virro. Invest New Drugs 12: 169-182, 1994,

23,

26.

29,

30.

31

TFTAKAHASHI ef al: PHASE T STUDY OF COMBINED S-1 AND DOCETAXEL

Takahashi I, Emi Y, Kakeji Y, Uchida I, Fukushima M and
Maehara Y: Increased antitumor activity in combined treatment
TS-1 and docetaxel - a preclinical study using gastric cancer
xenografts. Oncology 68: 130-137, 2005.

Grem JL, Nguyen D, Monahan BP, Kao V and Geoffroy FI:
Sequence-dependent antagonism between fluorouracif and
paclitaxel in human breast cancer cells. Biochem Pharmacol 58:
477-486, 1999.

27. Lortholary A, Maillard P, Delva R. Boisdron-Celle M, Perard D,

Vermnillet L, Besenval M and Gamelin E: Docetaxel in combination
with 5-fluorouracil in patients with metastatic breast cancer
previously treated with anthracycline-based chemotherapy: a
phase 1, dose-finding study. Eur J Cancer 36: 1773-1780, 2000.

-Ando M, Watanabe T, Sasaki Y, Ying DF, Omuro Y,

Katsumata N, Narabayashi M. Tokue Y, Fujii H. Igarashi T,
Wakita H, Ohtsu T, Jtoh K, Adachi T and Taguchi T: A phase I
trial of docetaxel and 5-day continuous infusion of 5-fluorouracil
in patients with advanced or recurrent breast cancer. Br I Cancer
77:1937-1943, 1998.

Hirata K, Horikoshi N, Aiba X, Okazaki M, Denno R, Sasaki K,
Nakano Y, Ishizuka H, Yamada Y, Uno S, Taguchi T and
Shirasaka T: Pharmacokinetic study of 8-1, a nove] oral fluoro-
uraci] antitumeor drug. Clin Cancer Res 5: 2000-2005, 1999,
Nagashima F, Ohtsz A, Yoshida § and Ito K: Japanese nation-
wide post-marketing survey of S-1 in patients with advanced
gastric cancer. Gastric Cancer 8: 6-11, 2005,

Marre F, Sanderink GJI, De Sousa G, Gaillard C, Martinet M
and Rahmani R: Hepatic biotransformation of docetaxel (laxotere)
in vitro: involvement of the CYP3A subfamily in humans,
Cancer Res 56; 1296-1302, 1996.



138 AL

a2 PN NS BB D AN OIS D S\a-eGures e EN

8-1 OERE C ERER
e - B

[t

MBI EEEEC BT 5 7 vihY ) § ¥ U RER O
BRI ER T 5 iR R SRR
— VeI ERSRE I ¥ 5 UFT Sk b S-1 e & OB —

% hooOZE Re HBE EHIAY HHMAER BHE =4 EHEEIRY
WO BT IR BAY fkADTFY B HE B BB FRT

g : BIR EE™

(Jon J Cancer Chemother 33(Suppl 1):138-143, June, 2006)

A Randomized Controlled Trial to Evaluate the Effect of Adjuvant Oral Fluoropyrimidine Derivative Therapy after
Curative Resection for Stage II/1ll Rectal Cancer—Adjuvant Chemotherapy Trial of 5-1 for Rectal Cancer (AGTS-
RC): Eiji Oki*!, Yoshihiro Kakeji*!, Rintaro Yoshida*!, Keisuke lkeda*!, Kojiro Nishida*?, Tadashi Koga*?!, Akinori
Egashira®!, Eriko Tokunaga*!, Masaru Morita*!, Hideo Baba** and Yoshihiko Maehara*' {*'Dept. of Surgery and
Science, Graduate Schoo! of Medical Sciences, Kyushu University, **Dept. of Gastroenterological Surgery,
Graduate School of Medical Sciences, Kumamoto University)
Summary

We are conducting a prospective randomized trial to evaluate the survival benefit of adjuvant chemotherapy with
S-1 {tegafur, gimeracil, oteracii potassium) and UFT (uracil~tegafur) after curative surgery for patients with Stage
11 and I rectal cancer. Patients are randomized to either administration of UFT {control} or 5-1. UFT was orally
administered for 5 days (400 mg/m?*/day) followed by two days rest for a year. S-1 was orally administered for
4 weeks (80 mg/m?*/day) followed by two weeks rest for a year. The primary endpoint is relapse-free survival
(RFS) rate, and the secondary endpoints are overall survival time (0OS8)} and freqguency or level of adverse events.
We aim to include 400 patients in each of the treatment groups and assume that the registration period will last
until 2008. Key words: UFT, S-1, Randomized trial, Rectal cancer, Adjuvant chemotherapy, Corresponding author: Eiji
Oki, Department of Surgery and Science, Graduate School of Medical Sciences, Kyushu University, 3-1-1 Maidashi,
Higashi~ku, Fukuoka 812-8582, Japan
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