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The final objective of the study with microarray is the screening of the affected gene. After
selecting the candidate genes, the confirmation experiments will be conducted about that genes.
Therefore an important role of the analysis with microarray data is providing the more infor-
mation for selecting the candidate genes. Our approach provides such information about the
stability of the analysis. Since our approach is only the visualizing procedure of the p-value dis-
tribution, it can be applied not only to the class prediction study but also to the class comparison
study (Simon et al., 2003).

Our approach is also useful for feature selection. In feature selection, we recommend the
following approach. First draw some Q-Q plots with high AUC as shown in Figure 3. Then
examine the shape of these Q-Q plots. If the Q-Q plot for a gene is near to the upper left corner
of the plot and above a percentile (e.g. 99th percentile) of null reference, the gene would be
regarded as stable and significant. Finally select such a gene for subsequent analysis.

While AUC may be sensitive to the extreme low p-values as shown in Figure 3 and may not
be the most appropriate index of discrepancy from the null hypothesis, these would not cause a
severe practical problem. Because our approach is not intended to compare AUC between two
Q-Q plots, but to compare the shape of the Q-Q plot for a gene with a percentile of the null
reference. In microarray experiments, we have to examine a huge number of genes. The AUC
could be used as a rough guide in selecting the candidate genes for examination.

Our approach is very time-consuming since p-values for m sets of random numbers are
calculated in each bootstrap process. To derive the theoretical reference lines accommodating
the correlation of p-values wogld drastically reduce the computation time. This is an open

question.
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Article history: Objective: Weekly administration of paclitaxel plus carboplatin is
Accepted March 28, 2007 hypothesized to be an effective second-line treatment for advanced
Published online ahead of transitional cell cancer after failure of platinum-based regimen. In this
print on April 5, 2007 phase 2 trial, we tested this hypothesis.

Patients and methods: Patients with advanced transitional cell cancer
Keywords: who showed evidence of progressive or recurrent disease after metho-
Transitional cell cancer trexate, vinblastine, doxorubicin, and cisplatin (MVAC) therapy were
Paclitaxel eligible for this study. Weekly paclitaxel (80 mg/m? and carboplatin
Carboplatin (AUC 2) were administered on days 1, 8, 15, 22, 29, and 36; the cycle
Second-line was repeated every 7 wk until disease progression or intolerable toxicity
Platinum (maximum 18 doses).

Results: Thirty-five patients entered this study. Among the 31 patients
who were assessable, 10 had an objective response (overall response
rate: 32.3%, 95% confidence interval, 15.848.7%). The median progres-
sion-free survival (PFS) and median survival times were 3.7 and 7.9 mo,
respectively. Among the 22 patients who received prior MVAC therapy
for metastatic disease, 36% had an objective response; their median PFS
and median survival times were 4.3 and 7.9 mo, respectively; neither
survival time significantly differed from the survival time of those who
received prior MVAC as adjuvant setting. Toxicities were mild except one
toxic death due to neutropenic sepsis.

Conclusions: Weekly paclitaxel plus carboplatin was a manageable,
active second-line treatment for advanced transitional cell cancer after
failure of platinum-based therapy.
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1. Introduction

Cisplatin-based regimens such as the combination
of methotrexate, vinblastine, doxorubicin, and
cisplatin (MVAC), and the combination of gemcita-
bine and cisplatin (GC) are considered standard
treatment for advanced urothelial cancer [1,2], but
there is no standard treatment for patients who fail
such a cisplatin-based regimen. Among newer
active agents for urothelial cancer, paclitaxel
yielded a 42% response rate as first-line therapy
[3]. However, against previously treated patients, the
response rate was only 10% [4].

Because platinum is the most active agent for
urothelial cancer, salvage therapy for advanced
urothelial cancer often includes a platinum agent
as a component of combination chemotherapy regi-
mens, such as paclitaxel, methotrexate, and cisplatin
[S] or gemcitabine, ifosfamide, and cisplatin [6].
These regimens are active not only against plati-
num-sensitive disease but platinum-resistant dis-
ease. Although these combinations yielded a higher
response rate, the toxicities they induced were
severe, especially in previously treated patients.

Carboplatin is a less nephrotoxic and less emeto-
genic platinum compound in which a cyclobutane-
dicarboxylate moiety has been substituted for the
two chloride ligands of cisplatin, and it is more
suitable for use in renal-impaired or heavily treated
patients. Against urothelial cancer, carboplatin has
shown modest activity (14% response rate) [7], but
whether carboplatin is inferior to cisplatin is
unclear, especially when combined with paclitaxel
[8,9]. The combination of paclitaxel and carboplatin
is a widely used and effective regimen for ovarian
cancer and non-small-cell lung cancer. In a phase 3
randomized controlled trial of first-line therapy for
advanced urothelial cancer, the patients who
received paclitaxel plus carboplatin had a median
survival of 13.8 mo, which was similar to the 15.4 mo
obtained with MVAC [9]. Although these results
must be interpreted with caution because the study
failed to reach its accrual goal, the combination of
paclitaxel and carboplatin might have significant
activity against urothelial cancer with less toxicity.

Carboplatin has been found to have a synergistic
effect with paclitaxel on ovarian cancer in vitro [10].
This combination may have activity even in patients
previously treated with platinum [10]. Furthermore,
weekly administration of paclitaxel versus admin-
istration every 3 wk has been reported to have
superior activity against metastatic breast cancer,
with sustained cumulative exposure and dose-
dense drug delivery [11]. Weekly paclitaxel plus
carboplatin has been reported to have significant

activity against recurrent ovarian cancer [12],
advanced non-small-cell lung cancer [13], and
advanced breast cancer [14].

Since weekly administration of 135 mg/m? of
paclitaxel plus the area under the curve (AUC) 2 of
carboplatin already has been reported to be intol-
erable for predominantly chemotherapy-naive
patients with advanced urothelial cancer [15],
weekly administration of 80 mg/m? of paclitaxel
was considered to be more fit for previously treated
patients.

On the basis of these data, we designed a phase 2
study of weekly paclitaxel plus carboplatin in
patients with advanced urothelial cancer, after
failure of a platinum-based regimen.

2. Patients and methods
2.1.  Eligibility and exclusion criteria

Patients had to be 18 yr of age or older and have histologically
proven transitional cell cancer (bladder, renal pelvis, ureter, or
urethra) that was not curable by surgery or radiation therapy.
Bidimensionally measurable disease documented within 28 d
prior to registration was required. Patients had to have
progressive or recurrent disease after MVAC therapy. Patients
who had undergone prior treatment with adjuvant or neoad-
juvant MVAC therapy were also eligible. At least 3 wk had to
have elapsed since the completion of preceding chemotherapy
or radiotherapy. Patients who had been treated with any
taxanes were ineligible. Although an Eastern Cooperative
Oncology Group-Performance Status (ECOG-PS) of 0 to 3 had
been an eligibility requirement in the early stage of this trial,
after the toxic death of one patient with a PS score of 3, we did
not accrue patients with this PS score. Adequate organ function
with a normal electrocardiogram, absolute granulocyte count
of at least 1500/mm?, platelet count of at least 100,000/mm?,
serum total bilirubin of no more than 1.5mg/d]l, serum
transaminase activity of no more than 100 level IU/], and
creatinine level of no more than 2.0 mg/dl were required.
Patients with known central nervous systermn metastasis, active
infection, or inadequately controlled diabetes were excluded.
The protocol was approved by the institutional review
board of the National Cancer Center Hospital, and all patients
provided written informed consent before treatment.

2.2.  Treatment regimen

Creatinine clearance was estimated by using the Cockcroft-
Gault formula. Paclitaxel was administered on an outpatient
basis at a dose of 80 mg/m? by 1-h infusion followed by
carboplatin at AUC of 2 mg-min/m! by 1-h infusion. Dexa-
methasone 8 mg, ranitidine 50 mg, and chlorpheniramine
10 mg were administered prior to the paclitaxel infusion to
prevent a hypersensitivity reaction. Granisetron 3 mg was
administered prior to the carboplatin infusion. The paclitaxel
followed by carboplatin was administered on days 1, 8, 15, 22,
29, 36, and repeated three times every 7 wk until disease
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progression or intolerable toxicity. The next dose was
administered only when the absolute granulocyte count
was greater than 1000/mm?® the platelet count greater
than 75,000/mm?, serum transaminase activity of no more
than 100 level IU/], and serum creatinine level of no more than
2.0mg/d]l, and when no grade 2 or higher nonhematologic
toxicities except alopecia were observed. The protocol treat-
ment was discontinued if 2 wk elapsed without fulfilling these
criteria. Patients were assessed for a response after every six
doses during the treatment period and every 2 mo after the
completion of 18 doses.

2.3.  Response and toxicity assessment

Response was assessed according to unidimensional measure-
ments (Response Evaluation Criteria in Solid Tumors criteria),
and toxicity was assessed according to the National Cancer
Institute Common Toxicity Criteria (NCI CTC), version 2.0.
Progression-free survival (PFS) was defined as time from start of
therapy to disease progression, death or the most recent follow-
up date; overall survival was defined as time from start of the
therapy to death or the most recent follow-up date.

2.4.  Statistical analysis

The primary end point ‘of the trial was the partial plus
complete response rate associated with weekly paclitaxel plus
carboplatin in patients with bidimensionally measurable
metastatic urothelial cancer. The Simon minimax design
was used to plan this study on the assumption that the
regimen would not be of interest if the true response rate was
less than 10%, but that it would be of interest if the response
rate was 30% or more. The study had a power of 80% to detect a
30% response rate. Planned accrual was the accrual of 25
eligible patients or expiration of a 2-yr period. Survival curves
were estimated by the method of Kaplan and Meier, and
univariate time-to-event comparisons were performed with
the log-rank test. Responses according to subgroups were
compared with the use of the Fisher exact test.

3. Results
3.1. Patient characteristics

Between May 2003 and May 2005, 35 patients with
advanced transitional cell cancer were entered into
this phase 2 study. Because a response was obtained
in 32% of the first 25 patients, patient accrual was
continued until the end of the planned 2 yr. One
patient was ineligible because the patient had not
received MVAC as a prior treatment. Three patients
were excluded from the final analysis because they
received gemcitabine monotherapy before the
experimental therapy. Ultimately, 31 patients, 22
men and 9 women, were evaluable for response,
toxicity, and survival (Table 1). Their median age
was 67 yr (range: 51-80). Twenty-seven patients
(87%) had a PS score of 0 or 1, three patients had a PS

Table 1 ~ Patient characteristics (N = 31)

J5. . No. of patients %

| Age, yr

Median ' 67

Range 51-80

<70 17 55

=70 14 45

Sex

Male 22 71
: Female 9 » 29
| ECOG-PS

Oor1i 27 87

2or3 : 4 13

Primary tumor site

Bladder ' 14 45

Renal pelvis 9 29
: Ureter 7 23
. Urethra 1 3
H .
i Extent of disease
' Nodal disease only 9 29
' Visceral metastasis 22 71
! Lung 17 55
s Liver 12 39
} Bone 5 16
' Prior chemotherapy :
i MVAC 31 100
| Adjuvant therapy 9 29
i Against metastatic disease 22 71
; Platinum-free interval (PFI)

<6émo : 18 58

>6 mo 13 42

ECOG-PS = Eastern Cooperative Oncology Group-Performance
' Status; MVAC = methotrexate, vinblastine, doxorubicin, and
: cisplatin.

score of 2, and one patient had a PS score of 3. The
site of the primary lesion was the bladder in 45% of
the patients. Seventy-one percent of the patients
had visceral metastasis. Nine patients (29%) had
received prior MVAC as adjuvant or neoadjuvant
therapy, and the other 22 patients (71%) had
received it for metastatic disease. Platinum-free
interval (PFI) was defined as the interval between the
final dose of the prior MVAC therapy and the start of
weekly paclitaxel plus carboplatin therapy. The
median PFI was 4.4 mo (range: 2.5-106). In 18
patients (58%) PFI was less than 6 mo; in the other
13 patients (42%) it was 6 mo or longer. Seven
patients had a PFI of more than 1 yr; only one patient
had a PFI of more than 2 yr.

3.2. Toxicity

The median number of doses delivered was 10
(range: 2-18). Hematologic toxicities consisted of
> grade 3 granulocytopenia in 18 patients (58%)
(grade 3: 39%; grade 4: 19%) and > grade 3 anemia
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Table 2 - Toxicity analysis of evaluable 31 patients (National Cancer Institute Common Toxicity Criteria [NCI CTC], version

2.0)
Toxicity Grade
0 1 2 ' 3 4
i new

Neutropenia 7 (23) 2 (6) 4 (13) 12 (39) 6 (19)
Anemia 0 (0) 9(29) 11 (35) 6 (19) 5 (16)
Thrombocytopenia 17 (S5) 9(29)° 5 (16) _ - —

| Febrile neutropenia 28 (90) - - - 2(6) 1(3)

| Nausea/vomiting 17 (55) 11 (35) 2(6) : 1(3) : —
Neuropathy 9 (29) 19 (61) 3 (10) — —
Alopecia 7 (23) 7 (23) 17 (55) — -
Fatigue 17 (55) 10 (32) 4(13) . - : —
Diarrhea 26 (84) 4 (13) 1(3) . — .-

in 11 patients (35%); and no patients developed
> grade 3 thrombocytopenia (Table 2). Three
patients (10%) experienced > grade 3 febrile neu-
tropenia, and the third patient enrolled whose PS
score was 3 died of neutropenic sepsis within 1 mo
of the final dose of chemotherapy. Subsequently
we did not accrue patients with a PS score of 3.

The most common nonhematologic toxicities
were alopecia (grade 1: 23%; grade 2: 55%), neuro-
toxicity (grade 1: 61%; grade 2: 10%), nausea and
vomiting (grade 1: 35%,; grade 2: 6%; grade 3: 3%), and
diarrhea (grade 1: 13%; grade 2: 3%).

3.3. Response

Two of the 31 patients had a complete response, and
8 had a partial response. The overall response
rate was 32.3% (95% confidence interval [95%CI],
15.8-48.7%) (Table 3). Among the patients whose PFI
was less than 6 mo, 28% (5 of 18) had an objective
response, and 38% (5 of 13) of the patients with a PFI
of at least 6 mo had an objective response. The
difference in the responses between subgroups
according to PFI was statistically insignificant.
Among the 9 patients who received prior MVAC as
adjuvant or neoadjuvant therapy, 2 patients (22%)
had an objective response. Among the 22 patients
who received prior MVAC for metastatic disease, 8
patients (36%) had an objective response. The
difference in the responses between subgroups
according to the setting of the MVAC was statisti-
cally insignificant. Among the 22 patients who
received prior MVAC for metastatic diseases,
response rates with regard to response to prior
MVAC were also analyzed (Table 4). Although
responses were predominantly seen in patients
who had responded to prior MVAC, one patient
with resistance to prior MVAC responded to weekly
paclitaxel plus carboplatin.

3.4. Survival

Median follow-up time was 7.8 mo. The median PFS
and median survival rates were 3.7 and 7.9 mo,
respectively (Fig. 1). Among the patients whose PFI
was less than 6 mo, the median PFS and median
survival times were 3.7 and 7.8 mo, respectively;
neither survival time significantly differed from the
survival times of those with PFI of at least 6 mo
(median PFS: 3.3 mo; median survival: 12.4 mo).
Among the patients who received prior MVAC
therapy for metastatic disease, the median PFS
and median survival times were 4.3 and 7.9 mo,
respectively; neither survival time significantly
differed from the survival times of those who
received prior MVAC as adjuvant setting {median
PFS: 1.6 mo; median survival: 12.4 mo).

Table 3 - Response analysis of evaluable 31 patients

No. of Response rate |
patients
{ Overall response 10 32.3%
' (95%Cl, 15.8%—48.7%)
i Complete response -2 6%
’ Partial response 8 26%
z .
| Response in PFI < 6 mo (5/18) 28% j NS
| Response in PFI > 6 mo, (5/13) 38%
i
? Response in prior MVAC (2/9) 22%
- as adjuvant therapy ] NS
' Response in prior MVAC (8/22) 36%
! against metastatic disease .
!
! Stable disease ' 12 39%
f Progressive disease 7 23%
| Not evaluable 4 13%

95%CI = 95% confidence interval; PFI = platinum-free interval; NS =
not significant; MVAC = methotrexate, vinblastine, doxorubicin, and
cisplatin.
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Table 4 - Response rates according to the response to
prior MVAC against metastatic diseases

No. of patients

Response n (%)

Response to PR 11 5 (45%)
; prior MVAC SD 3 1(33%)
; PD 5 0 (0%)
; NE 3 2 (67%)
t
l Total 22 8 (36%)

. MVAC = methotrexate, vinblastine, doxorubicin, and cisplatin.; PR =
partial remission; SD =stable disease; PD = progressive disease;
NE = not evaluable.

4, Discussion

Patients who had received MVAC therapy as prior
treatment only in adjuvant or neoadjuvant settings
and patients whose disease had progressed after
MVAC therapy for metastatic disease were eligible
for this phase 2 study. According to Kattan et al’s
report [16], when a salvage regimen included
platinum, time to progression after prior plati-
num-based therapy, or the PFI, appeared to be
important as a basis for interpreting the therapeutic
efficacy of salvage treatment as well as whether the
prior platinum-based therapy was for metastasis or
adjuvant therapy. In this study, we defined PFl as the
interval between the final MVAC therapy and the
start of weekly paclitaxel plus carboplatin therapy.

Among newer active agents for urothelial cancer,
gemcitabine had a 22.5% of response rate as a
second-line treatment [17]. The median PFS and
median survival times were 3.8 and 5.0 mo,
respectively (Table 4). However, since gemcitabine
has already become integrated into first-line che-
motherapy [1,2], an effective second-line treatment
that dose not contain gemcitabine is needed.

A

Proportion of progression free survival

0 2 4 6 8 10 12 14 16 18 20 22

months after registration

Paclitaxel alone yielded a 42% response rate
against urothelial cancer in a first-line setting [3]
but only a 10% response rate in previously treated
patients [4]. Adding ifosfamide to paclitaxel had
little effect, and the response rate among 13 patients
who had received prior chemotherapy was only 15%
[18]. Other promising new active agents are peme-
trexed [19] and vinflunine [20] (Table 4), and a
randomized phase 3 trial comparing vinflunine with
best supportive care after progression following
platinum-based chemotherapy is currently under
way in Europe.

We found that the weekly paclitaxel plus carbo-
platin regimen in this study yielded a 32.3%
response rate (95%CI, 15.8-48.7%); thus, this sec-
ond-line treatment appeared to be effective against
platinum-pretreated advanced urothelial cancer."
This regimen was effective not only in patients
with a PFI longer than 6 mo butin patients with a PFI
of less than 6 mo, which indicates platinum-
resistant disease. Even 28% (5 of 18) of these
platinum-resistant patients had an objective
response, and their median PFS and median survival
times were 3.7 and 7.8 mo, respectively. In addition,
36% (8 of 22) of the patients who received prior
MVAC therapy for metastatic disease had an
objective response, and their median PFS and
median survival times were 4.3 and 7.9 mo,
respectively. Responders to weekly paclitaxel plus
carboplatin include one patient who did not respond
to prior MVAC therapy. These results in patients
with platinum-resistant disease appear to be better
than the results for weekly paclitaxel described
above, which yielded a 10% response rate, and
median PFS and median survival times of 2.2 and
7.2 mo, respectively [4]. We think that weekly
paclitaxel and carboplatin may exert synergistic
activity against advanced urothelial cancer that has

Proportion of overall survival

0 2 4 6 8 10 12 14 16 I8 20 22 24 26.28 30 32 34
months after registration

Fig. 1 - Kaplan-Meier curve of progression-free survival and overall survival.
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Table 5 - Comparison of recent trials of second-line treatment of advanced urothelial carcinoma except gemcitabine
combination regimen

Author, year Treatment No.of Response Median Median
[reference] ' patients - rate progression-free  survival

- survival (mo) . {mo)

[ Single agent :
I Witte, 1997 [22] Ifosfamide 56 20% 22 51
i McCaffrey, 1997 {23] Docetaxel 30 13% NR 9.0
. Lorusso, 1998 [17] Gemcitabine 31 23% 338 5.0
I vaughn, 2002 [4] Paclitaxel (weekly) 31 10% 22 . 72
{ Sweeney, 2006 [19] Pemetrexed 47 28% 29 ©79.6
| Culine, 2006 {20} Vinflunine 53 18% 3.0 6.6

{ Combination '
{ Logothetis, 19591 [24] Fluorouracil and interferon 30 30% NR NR
i Tu, 1995 [5] Paclitaxel, methotrexate, and cisplatin 25 - 40% NR NR
! Kattan, 1995 {25} Ifosfamide, fluorouracil, and folinic acid 15 0% " NR NR
i Otto, 1997 [26] Paclitaxel, carboplatin, and pertussis vaccine 18 22% NR NR
| sweeney, 1999 [18] Paclitaxel and ifosfamide , 26 15% NR 8.0
| - De Mulder, 2000 {27] Fluorouracil, cisplatin, and interferon 43 13% 23 4.9
! Krege, 2001 [28] Docetaxel and ifosfamide 20 25% - NR NR
! Di Lorenzo, 2004 [29) Fluorouracil, folinic acid, and oxaliplatin 16 19% NR 4.0
. Vaishampayan, 2005 [21] Paclitaxel and carboplatin 44 16% .- 40 6.0
Shinohara, 2006 [30] Paclitaxel, ifosfamide, and nedaplatin ‘32 75% " 80 22
Current series Paclitaxel and carboplatin (weekly) 31 32% 37 7.9

* NR = not reported.

failed platinum-containing regimens. Our results
are comparable to those obtained with triweekly
paclitaxel plus carboplatin in patients previously
treated with platinum, which provided a 16%
response rate, and median PFS and median survival
times of 4 and 6 mo, respectively {21]. Furthermore,
our results appear not to be inferior to the results of
other second-line treatments that did not contain
gemcitabine as a component of combination ther-
apy (Table 5) [22-29]. Recently, Shinohara et al [30]
reported a distinguished result for the paclitaxel,
ifosfamide, and nedaplatin combination as a sec-
ond-line treatment, which provided a 75% response
rate, and median PFS and median overall survival
times of 8 and 22 mo, respectively {30]. These data
strengthen our rationale of a combination including
paclitaxel and a platimum compound after failure of
platinum-based chemotherapy.

Of the 31 patients, 19% experienced grade 4
granulocytopenia, 10% experienced febrile neutro-
penia, and 1 patient with a poor PS score died of
neutropenic sepsis. With the exception of the
neutropenic sepsis in the one case of toxic death,
the toxicities of weekly paclitaxel plus carboplatin
were all manageable. No patient experienced grade
>3 thrombocytopenia, probably because of the
platelet-sparing effect of paclitaxel and carboplatin
[31]. In our study, no patient experienced > grade 3
neurotoxicity, and only 10% experienced grade 2
neurotoxicity. Johannsen etal [32] recently reported
> grade 3 neurotoxicity in 6% of patients who

received first-line weekly paclitaxel (100 mg/m?
plus carboplatin (AUC 2) for advanced transitional
cell carcinoma. In their study, the median number
of 12 doses was administered compared with the
median number of 10 doses in our study. The less
frequent neurotoxicity in our study may be due
to the relatively low dose of paclitaxel and the
relatively low number of administrations each
patient received.

5. Conclusions

Weekly paclitaxel plus carboplatin was a manage-
able and active second-line treatment for advanced
transitional cell cancer after failure of a platinum-
based regimen. Paclitaxel plus carboplatin was also
effective against platinum-resistant disease, and
paclitaxel and carboplatin may act synergistically.
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Carboplatin against Advanced Transitional Cell
Cancer after Failure of a Platinum-Based
Regimen

Hans von der Maase

Department of Oncology, Copenhagen University
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hans.von.der.maase@rh.regionh.dk,
hans@vondermaase.dk

For many years, the standard first-line che-
motherapy in metastatic transitional carcinoma of
the urothelium has been the four-drug combina-
tion of methotrexate, vinblastine, doxorubicin, and
cisplatin (MVAC), now replaced in most centers
with gemcitabine and cisplatin (GC) with a similar
efficacy but with less toxicity [1]. However, no
standard has yet been established for second-line
treatment. Presently, most interesting single drugs
for second-line chemotherapy are gemcitabine,
pemetrexed, and vinflunine. In a pooled analysis of
seven studies with gemcitabine alone, an overall
response rate of 25% and a complete response rate
of 9% were achieved [2]. Because the efficacy seems
to be independent of whether patients have
received prior cisplatin-containing chemotherapy
or not, gemcitabine is of potential use as second-
line treatment after cisplatin-based chemotherapy
not including the drugitself. In the phase 2 study of
pemetrexed as second-line chemotherapy by
Sweeney et al, an overall response rate of 28%
was achieved [3]. This study was, however, not a
clean second-line study for metastatic disease
because patients with a relapse within 12 mo of
adjuvant chemotherapy were also included. Pre-
sently, we are awaiting results from the random-
ized phase 3 study of vinflunine versus best
supportive care encompassing a total of 370
patients.

Inthe phase 2 study by Kouno et al [4], second-line
weekly paclitaxel and carboplatin resulted in an
overall response rate of 32%. Nine of 31 evaluable
patients were included after MVAC as adjuvant

treatment. However, the response rate in the
remaining patients receiving second-line treatment
for metastatic disease was similar to the overall
response rate. These results are interesting because
paclitaxelis generally considered to be ineffective as
second-line treatment following cisplatin-contain-
ing chemotherapy. Thus, this combination and
schedule of paclitaxel and carboplatin deserves
further evaluation.

In conclusion, well-designed studies of second-
line chemotherapy for locally advanced or meta-
static transitional carcinoma of the urothelium
should be given high priority. In that respect, it
should, however, be emphasized that patients with
a primary good response to .combination che-
motherapy, such as MVAC or GC, and a long
recurrence-free interval generally should be
offered reinduction combination chemotherapy
and not included in trials with new second-line
drugs.
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Introduction

With the recent development of aromatase inhibi-
tors, neoadjuvant endocrine therapy (NAET) has
attracted attention as a potentially effective
therapy that might allow breast conservation even
in women with large breast tumors'™. In addition,
NAET offers the possibility of testing therapeutic
efficacy in vivo, which is of great importance for
optimal adjuvant treatment. However, the short
history of NAET leaves several questions to be
answered. First, short-term surrogate markers of
subsequent risk of relapse and death from breast
cancer have not been established for NAET>.
Recently, early changes in Ki-67 have been reported
to be possible predictors of long-term outcome®S,
The short-term reduction in Ki-67 levels in NAET

(in the IMPACT trial) paralleled that observed in.

patients who received the same endocrine therapy
in the adjuvant setting (ATAC); this suggested that
the changes in Ki-67 in NAET might be predictive of
long-term outcome’. However, these data were not
obtained in direct long-term follow-up studies of
NAET. Second, classifications of pathological ther-
apeutic response, which have been mainly pro-
duced based on pathological changes following
chemotherapy or radiotherapy, have not been
validated for tumors treated by NAET. We con-
ducted a small study to clarify the significance of
the classification of pathological therapeutic re-
sponse and the Ki-67 index as prognostic factors of
long-term outcome in response to NAET,

Patients and methods

This analysis includes 45 postmenopausal women
with operable estrogen and progesterone receptor
(ER and PgR)-positive breast tumors that were
larger than 3cm as confirmed by core needle
biopsy. These women were enrolled in two-phase
Il studies on NAET at the National Cancer Center
Hospital (NCCH), Tokyo. Between February 1999
and July 2002, 31 patients were enrolled in a
neoadjuvant tamoxifen study (neo TAM), in which
they received tamoxifen for 4 months preopera-
tively. Between November 2002 and 2004, 17
patients were enrolled in a neoadjuvant anastro-
zole study (neo ANZ), in which they received
anastrozole for 5 months preoperatively. Three
patients in the neo TAM group were excluded from
this analysis because they received preoperative
chemotherapy following NAET and their tumors
could not be evaluated for pathological response to
endocrine therapy; two of these patients rejected
mastectomy when there was no reduction of their

tumors by NAET. These patients received che-
motherapy with the hope that their tumors might
shrink enough to allow breast-conserving surgery.
Unfortunately, their tumors remained widespread
in a mosaic pattern and they finally agreed to
mastectomies. The third patient showed progres-
sive disease, which led to skin invasion, and
received chemotherapy before surgery. All patients
provided written informed consent for study
participation as approved by the institutional
review board of the NCCH. Patients who responded
to NAET continued the same endocrine therapy
postoperatively for 5 years. Patients who showed
clinically progressive disease or stable disease and
pathological lymph node involvement after NAET
received adjuvant chemotherapy, if tolerable, with
a regimen containing anthracycline or classical CMF
(cyclophosphamide, methotrexate, and 5-fluorour-
acil) following surgery. All patients who underwent
breast-conserving surgery received postoperative
radiotherapy to the ipsilateral breast.

Tumor response

Primary tumors were clinically assessed every
month. Clinical complete response (cCR) was
defined as the clinical disappearance of the tumor
at the end of NAET, and clinical partial response
(cPR) was defined as a >70% decrease from
baseline of the largest diameter®. Clinical progres-
sive disease was defined as a >20% increase from
the most reduced size of the largest diameter. If
progressive disease was observed, patients imme-
diately underwent radical mastectomy.

Outcome measures

Relapse-free survival (RFS) was defined as the time
from the initiation of treatment to local, regional,
or distant treatment failure.

Histological examination

Evaluation of ER and PgR status was by immuno-
histochemical studies using antibodies 1D5 and
PgR636 (DAKO, Glostrup, Denmark), and tumors
with more than 10% strongly stained nuclei were
described as ER- or PgR-positive. Tumors obtained
by core needle biopsy judged as positive for both
receptors before treatment were eligible for this
study. HER2 status was evaluated immunohisto-
chemically using HercepTest (Dako), and 3+: strong
complete membrane staining in >10% of tumor
cells was defined as positive.
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Ki-67 was stained using the MIB-1 antibody
(DAKO) according to previously described metho-
dology'®. Ki-67 was scored as the percentage of
positively stained cells among 1000 malignant cells
in specimens obtained by either core needle biopsy
before treatment (baseline) or by surgery after
NAET. The cut-off value for Ki-67 positivity was
defined as the median value of the Ki-67 index in
this study population. The proportional change in
Ki-67 expression from baseline was calculated as
(residual Ki-67 index—pretreatment Ki-67 index) x
1/pretreatment Ki-67 index’.

Histopathological therapeutic response was clas-
sified according to the General Rules for the
Clinical and Pathological Recording of Breast
Cancer 2005''. For Grade 0, no response was
observed; Grade 1a comprised those tumors with
mild changes in cancer cells regardless of the area,
or marked changes seen in less than one-third of
cancer cells; Grade 1b comprised tumors with
marked changes seen in more than one-third but
less than two-thirds of tumor cells; Grade 2 tumors
contained marked changes in more than two-thirds

of tumor cells; and Grade 3 tumors demonstrated a
complete response, with no cancerous cells re-
maining. Mild changes include slight degenerative
changes in cancer cells not suggestive of cancer cell
death (including cancer cells with vacuolation of
the cytoplasm, eosinophilic cytoplasm, swelling of
the nucleus, etc). Marked changes include marked
degenerative changes in cancer cells suggestive of
cancer cell death (including liquefaction, necrosis,
and disappearance of cancer cells). The pathologi-
cal response group was defined as tumors with
Gradela, tb, and 2 responses. The non-response
group was defined as tumors with Grade 0 response.

Statistical analysis

The »* test was used for comparisons of tumor
characteristics and responses among groups. The
Kaplan-Meier methods were used to generate
RFS curves. The log rank test was used for
the comparison of RFS between two groups.
Differences with p<0.05 were considered to be
significant.

Table 1 Characteristics of patients and tumors treated with tamoxifen (neo TAM group) and anastrozole (neo
ANZ group).
Neo TAM group (n = 28) Neo ANZ
group
(n=17)
Age 60 (51-75) 61 (54-87)
Tumor before NAET
T2 18 11
T3 7 4 NS
T4 3 2
Clinical response
CR 1 3 ]
PR 12 10
NC 15 4 ] p=0.05
PD 0 0
Surgery
Mastectomy 17 13
BCS 11 4 NS
Pathological response
Grade 2 3 3
Grade 1b 4 2
Grade 1a 11 11 p=0.02
Grade 0 10 1
Axillary nodal status
Negative 7 6
1-3 12 7 NS
4-9 7 3
>10 2 1

NAET: neoadjuvant endocrine treatment; CR: complete response; PR: partial response; NC: no change; PD: progressive disease;

NS: not significant; BCS: breast-conserving surgery.
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Results

Tumor and patient characteristics in the neo TAM
and neo ANZ groups are shown in Table 1. The
clinical response rates (cCR+cPR) for the neo TAM
and neo ANZ groups were 46.4 and 76.5%, respec-

tively. Of the neo ANZ group, only four patients
underwent breast-conserving surgery, because
some patients with good clinical responses chose
mastectomies and refused postoperative radiother-
apy. Patients treated with neo ANZ showed a
statistically significantly higher rate of pathological

Table 2 Tumor characteristics and responses to NAET stratified by patients with events and those without

events.
Non-response group Pathological response
(n=11) group (n = 34)

Age 57 (51-73) 61 (52-87)
Tumor before-NAET

T2 9 © 20

T3 1 10

T4 4 NS
Histological grade before NAET

Grade 1 1 8

Grade 2 6 15

Grade 3 4 9 NS

Not available 0 2
HER2 status before NAET

Negative 1 34

Positive 0 1 NS
NAET

Tamoxifen 10 18

Anastrozole 1 16 NS
Clinical response

CR 0 4

PR 4 18

NC 7 12 NS

PD 0
Ki-67 index before NAET

High 6 17

Low 5 17 NS
Residual Ki-67 index '

High 7 16

Low 4 18 NS

Proportional reduction of Ki-67 index

Median(Q4-Q3)

Lymphovascular invasion
Negative
Positive

N O

Axillary nodal status
Negative
1-3
4-9
>10

Adjuvant therapy
Endocrine only
Chemotherapy added 6

N=ON

(8,4]

—0.05 (—0.67-0.37)

—0.46 (—0.85-0.83) NS

28
6 NS

1
13

20
14 NS

Q,: first quartile; Qs: third quartile.
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response (Grades 1+2) than those treated with neo
TAM (p = 0.02).

Tumor characteristics stratified by patients with
pathological response or non-response are shown in
Table 2. There were no statistically significant
differences in tumor size, histological grade, HER2
status, clinical response, lymphovascular invasion,
pathological nodal status, or addition of adjuvant
chemotherapy between these groups. Reduction of
Ki-67 was not significantly associated with either
pathological or clinical response.

The median follow-up time after NAET was 44.7
months. There were 11 locoregional and/or meta-
static events during this time. No ipsilateral breast
tumor recurrence was observed after breast-con-
serving surgery. Patients with pathological non-
response (25.5%, vs. response group 85.9%,
p = 0.002; Fig. 1), axillary node positivity (58.4%
vs. node negative 100%, p = 0.045), addition of
adjuvant chemotherapy (41.2% vs. only endocrine
therapy 77.5%, p = 0.01), and high pretreatment
Ki-67 index (41.4% vs. low Ki-67 index 87.1%,
p = 0.03; Fig. 2) were significantly associated with
poor 5-year RFS. Initial T category, histological
grade, clinical response, type of endocrine therapy,
presence of reduction in Ki-67 values, and lympho-
vascular invasion was not associated with survival.

The median follow-up time for the neo TAM group
was 65.8 months. In this group, patients with
pathological non-response (28.0%, vs. response
group 88.2%, p=0.006; Fig. 3), axillary node
positivity (59.9% vs. node-negative 100%), addition
of adjuvant chemotherapy (43.2%, vs. only endo-
crine therapy 77.8%, p = 0.03), and high residual
Ki-67 index (44.0%, vs. low Ki-67 index 100%,
p = 0.01) were significantly associated with poor
S-year RFS.

1 4 pathological response group
5y-RFS 85.9% (n=34)
'§ 0.8 d asms,
‘; anes
2 06 ot
3 a
= .
i 04 4 -,_ non-response group
= . 5y-RFS 25.5% (n=11)
ssERS anas

& g9 o (o]

0 p=0.002

0 1 2 3 4 5 6 7

Years aller neoadjuvant endocrine Lherapy

Figure 1 Relapse-free survival curves following neoadju-
vant endocrine therapy stratified into a pathological
response group (—) and a non-response group (---).
A statistically significant difference was observed be-
tween the groups (p = 0.002).

Low Ki-67 index (n=22)

=
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Years after neoadjuvant endocrine therapy
Figure 2 Relapse-free survival curves following neoad-
juvant endocrine therapy stratified into a low pretreat-
ment Ki-67 index group (—) and a high Ki-67 index group
(- - -). A statistically significant difference was observed
between the groups (p = 0.03).
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Figure 3 Relapse-free survival curves following neoad-
juvant endocrine therapy using tamoxifen stratified into
a pathological response group (—) and a non-response
group (---). A statistically significant difference was
observed between the groups (p = 0.006).

The median follow-up time for the neo ANZ group
was 30.0 months. The pathological response group
achieved statistically better 3-year RFS than the
non-response group (93.3% vs. 0%, p<0.0001).

Multivariate regression analyses using a logistic
regression model were conducted to identify
independent prognostic factors for RFS (Table 3).
These analyses indicated that pathological re-
sponse (p = 0.007) was significantly related to RFS.

Discussion

Although the sample sizes in this study are small,
the pathological response group showed signifi-
cantly more favorable outcomes than the non-
pathological response group following NAET. This
result-is supported by all of the analyses conducted
in this study and suggests that the pathological
therapeutic response may be a prognostic factor for
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Table 3  Multivariate analysis for RFS after NAET.

Hazard ratio (95%Cl) p-value
Patholbgical response Non-response/response 6.3 (1.6-23.8) ' 0.0067
Pretreatment Ki-67 Low/high ' 0.26 (0.055-1.17) 0.079
Residual Ki-67 Low/high 0.65 (0.14-2.98) 0.58

RFS: relapse-free survival; Cl: cdnﬁc!ence interval.

long-term outcome following NAET. The response
necessary for a favorable prognosis seems to differ
between neoadjuvant chemotherapy and NAET. In
the neoadjuvant cytotoxic chemotherapy setting,
where response (pCR or not) is a clinically signifi-
cant predictor of outcome'?, long-term outcome
following treatment with cytostatic agents can be
predicted based on the achievement of minimal
pathological change. Using chemotherapy, total
killing of cancer cells is necessary to improve
prognosis; therefore, physicians should pursue regi-
mens that wilt reach the highest pCR rates possible.
On the other hand, only a few patients have been
reported to achieve pCR following NAET?. This is
one reason for hesitation in using endocrine agents
in a neoadjuvant setting. However, with endocrine
therapy, minimal pathological changes may have
the same power to improve prognosis.

In this study, low Ki-67 index before NAET in all
cases and low residual Ki-67 index in the neo TAM
group were significant favorable prognostic factors.
Ki-67 has been reported to carry modest prognostic
significance and the residual (after treatment)
level of Ki-67 may be a better predictor of response
and/or absolute long-term outcome than the
proportional reduction in Ki-67 because it is more
likely to relate to the growth rate of the persistent
disease'. The results of this study are concordant
with these results. The results of the IMPACT trial
supported the hypothesis that a reduction of Ki-67
in NAET might be predictive of long-term outcome,
but this was not demonstrated in this study. As
Urruticoechea has reported that a change in Ki-67
score of at least 32-50% between two determina-
tions using core needle biopsies is required to
consider the difference statistically different for an
individual patient and attributable to treatment
effects'®, the problem with the reproducibility of
Ki-67 measurements must be overcome.

Patients who underwent additional adjuvant
chemotherapy showed a statistically significant
reduction in RFS compared with those who under-
went only endocrine therapy. Selection bias must
be considered, as most of the patients with positive
lymph nodes were treated with chemotherapy.
However, whether or not the chemotherapy was

efficacious remains controversial because hor-
mone-sensitive breast cancer is less responsive to
chemotherapy'*'®. Further investigations are re-
quired to determine the best treatment plan for
such cases.

Neoadjuvant chemotherapy has now been estab-
lished as one of the standard treatments for operable
breast cancer. On the other hand, there is less
evidence on NAET than on neoadjuvant chemather-
apy, including long-term outcome. In this situation,
NAET should be used to treat selected patients who
will obtain great benefit from endocrine therapy and
will not respond to chemotherapy and/or do not
need chemotherapy. Without a doubt, hormone
receptor status is the first eligibility criterion. Many
studies on neoadjuvant chemotherapy have con-
firmed that hormone-sensitive tumors show worse
responses to chemotherapy than hormone-resistant
tumors'*'>. However, not all hormone-sensitive
tumors respond to endocrine therapy, underscoring
the need for additional predictive tests. Gene
analysis can be used as a second eligibility criterion.
A multigene assay (Oncotype DX)™ succeeded in
predicting that approximately half of the women
with node-negative, hormone receptor-positive
breast cancer who were treated with local therapy
and tamoxifen have an excellent prognosis, with
more than 90% having 10-year relapse-free survival;
these patients are unlikely to benefit from che-
motherapy'®'”. A more favorable response and long-
term outcome without severe adverse events may be
achieved with only hormone therapy using gene
expression profiles to select patients who are good
candidates for NAET.

This study suggests that pathological response is
a favorable prognostic factor following NAET. We
await validation of these results in large studies
such as the IMPACT trial or Letrozole P024 to
establish the surrogate markers that predict the
risk of recurrence.
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The multi-disciplinary approach, including surgery, chemotherapy, endocrine therapy and
radiation therapy, has become the standard treatment for primary breast cancer patients. The
indication of pre-operative chemotherapy has been extended to women with potentially oper-
able breast cancer based on the results of large randomized studies and has become an
attractive option that extends the chance of breast conservation. The clinical and pathological
responses to pre-operative chemotherapy correlates with long-term outcome. The anthracy-
cline-containing regimen is now considered the standard. Sequential administration of non-
cross-resistant drugs, namely taxanes, improves local tumor response but its long-term
benefit has been controversial. Prediction of response to pre-operative chemotherapy still
remains a challenge. Identification of useful predictive markers and development of molecu-

lar-targeted drugs is the key to individualized therapy in the future.

Key words: pre-operative chemotherapy — breast cancer — advantage — response — long-term

outcome — prediction

INTRODUCTION

The multi-disciplinary approach, including surgery,
chemotherapy, endocrine therapy and radiation therapy, has
become the standard treatment for primary breast cancer
patients with a high risk of recurrence. Although mortality
from breast cancer is decreasing in western countries thanks
mainly to early detection of the disease by mammography
screening and wide usage of post-operative adjuvant sys-
temic therapy (1), its incidence and mortality are steadily
increasing in the rest of the world, including Japan (2).

When it first emerged in late 1970s, the use of pre-
operative (primary) chemotherapy had been primarily
limited to women with inoperable locally advanced breast
cancer to enable optimal local therapy (3—5). Later on, large
randomized trials proved that pre-operative chemotherapy
has at least the same survival benefit as the post-operative
chemotherapy (6), and its indication has been extended to
women with potentially operable breast cancer.

However, with long-term survivors increasing by systemic
therapy in early breast cancer, the ‘survivorship’ or import-
ance of quality of life after primary therapy has recently

For reprints and all correspondence: Yasuhiro Fujiwara, Division of Breast
and Medical Oncology, National Cancer Center Hospital, 5-1-1 Tsukiji,
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come into the limelight. Whether an attempt at breast conser-
vation can be made at the time of definitive surgery is one
of the important issues discussed among patients and phys-
icians. Pre-operative chemotherapy is an attractive option for
those who have large tumors but a strong interest in breast
conserving surgery.

In this review, we describe available evidence and discuss
current controversies and future prospects of pre-operative
chemotherapy, taking account of its two major clinical roles;
eradication of micrometastatis and increased chance of breast

. conservation.

RATIONALE OF PRE-OPERATIVE
CHEMOTHERAPY

Biologic rationale for pre-operative adjuvant chemotherapy
was derived from the pre-clinical studies in animal models.
It had been known that growth kinetics of metastatic tumors
change after surgical removal of the primary lesion (7). The
greatest effect of chemotherapy was observed when it was
administered prior to operation (8, 9). These observations led
to a hypothesis that early systemic chemotherapy prior to
surgery might further reduce the risk of metastasis.

The landmark trial in a clinical setting was the National
Surgical Adjuvant Breast and Bowel Project (NSABP)

(€ 2007 Foundation for Promotion of Cancer Research



2 Pre-operative chemotherapy for women with operable breast cancer

B-18 trial, which showed pre-operative chemotherapy for
operable breast cancer by doxorubicin 60 mg/m? and cyclo-
phosphamide 600 mg/m2 (AC) was at least as effective as
post-operative adjuvant chemotherapy with the same
regimen in terms of disease-free and overall survival (10).
The results were consistent over a longer follow-up period
(6) and the result of another large randomized trial con-
ducted in Europe was also confirmatory (11). A recent
meta-analysis of pre-operative and post-operative chemother-
apy (partly including T4 disease) indicated that pre-operative
chemotherapy was equivalent to post-operative therapy in
terms of survival and disease progression (12).

Thus the available clinical data has not demonstrated a
convincing difference in long-term outcome as hypothesized
in pre-clinical studies. However, a higher proportion of
women were able to undergo breast conservation surgery. In
addition, because the extent of clinical and pathological
responses to pre-operative chemotherapy correlates with sur-
vival (10), improved tumor response in this setting is
expected to improve the overall outcome.

ADVANTAGE OF PRE-OPERATIVE
CHEMOTHERAPY

The advantage of pre-operative therapy is that one can sub-
jectively evaluate the response to systemic therapy in vivo.
Both clinical and pathological responses have been associ-
ated with prolonged disease-free and overall survival (6, 8)
and they are used as the primary endpoint in clinical trials.
Unlike post-operative adjuvant chemotherapy, one can avoid
or minimize the unnecessary toxicities from cytotoxic agents
by changing treatment strategy when the tumor is not
responding to a certain regimen.

Pre-operative chemotherapy is an attractive option for
women who wish to reduce the extent of local surgery.
Clinical trials provide evidences that 28—89% of women can
undergo breast conserving surgery when they might not be
otherwise qualified (12). '

Because breasts are located on the body surface, one can
easily obtain the tumor cells or tissue by either fine needle
aspiration or core needle biopsy with minimal invasions. As
one can also evaluate the response to systemic therapy in a
subjective manner and because patients are usually chemo-
therapy naive, a pre-operative setting can be an ideal in vivo
laboratory for biomarker studies using tumor specimens.

DISADVANTAGE OF PRE-OPERATIVE
CHEMOTHERAPY

The overall response rate of pre-operative chemotherapy is
75% on average (range 49—100%), whereas fewer than 5%
of the patients with operable breast cancer progress during
pre-operative chemotherapy and some more do not even
show major responses (13). For such patients with pro-
gression, the delay of local treatment may be of disadvantage

at least in terms of local control. Pre-operative chemotherapy
is also associated with significantly increased risk of
loco-regional disease recurrence (12).

Another potential disadvantage of pre-operative che-
motherapy is the loss of initial histological information such
as tumor size, nodal status and biologic markers. According
to the current guidelines, application of post-operative che-
motherapy is to be decided by weighing the baseline risk,
endocrine responsiveness and estimated risk reduction and
harm of the treatment (14). Risk of recurrence is estimated
based on the clinical and pathological information obtained
from surgical specimens. In a pre-operative setting the infor-
mation on tumor size and nodal status will inevitably be
imprecise and intra-tumor heterogeneity of histologic type,
histologic grade and biomarker expression cannot be taken
into account. Tt may potentially put patients into danger of
over- or under-treatment. Currently, core-needle biopsy is
mandatory prior to pre-operative chemotherapy to obtain as
much pre-treatment histopathological information as
possible.

TREATMENT REGIMENS

Using clinical or pathological responses as surrogate end-
points of overall survival, optimal systemic therapies have
been investigated in pre-operative settings in patients with
early breast cancer. The general consensus reached is that an
anthracycline-containing doublet (doxorubicin or epirubicin
with cyclophosphamide) or triplet (doxorubicin or eptrubicin
with cyclophosphamide and 5-fluorouracil) should be used
as the initial chemotherapy strategy for pre-operative che-
motherapy (15, 16).

The sequential use of non-cross-resistant agents is likely
to augment the response of pre-operative chemotherapy (17,
18), among which taxanes are the most investigated drug.
Overall, results of randomized trials indicate that the incor-
poration of taxane increases the rate of pathological com-
plete response (pCR) by 6—16% compared to anthracycline/
cyclophosphamide-based regimens (19, 20). Smith et al. ran-
domized patients who achieved clinical response to the initial
four cycles of cyclophosphamide/vincristin/doxorubicin/
predonisone (CVAP) therapy to receive further four cycles of
CVAP or four cycles of docetaxel (Aberdeen trial) (21). The
sequential use of docetaxel resulted in enhanced clinical and
pathological responses even in anthracycline-sensitive
tumors. In NSABP-B27 trial, the addition of four cycles of
docetaxel after pre-operative AC increased the clinical com-
plete response rate (40% versus 63%), clinical overall
response rate (86% versus 91%) and the pCR rate (14%
versus 26%) compared with pre-operative AC therapy alone
(20). However, the addition of taxane in pre-operative or
post-operative setting after AC did not improve the long-term
outcome in this trial (22).

Treatments incorporating molecular-targeting drugs are of
interest. Trastuzumab is effective for patients with advanced



breast cancer over expressing HER2 (23). In adjuvant set-
tings, at least one year of trastuzumab given sequentially or
concomitantly with chemotherapy significantly improves
disease-free and overall survival (24, 25). Moreover a short
course (9 weeks) of trastuzumab administered concomitantly
with docetaxel or vinorelbine seems to be effective in
HER2-positive subset of patients in adjuvant settings (26).

For pre-operative settings, there are a limited number of
phase Il studies reporting the use of trastuzumab (25, 27,
28). The only randomized trial reported was by Buzdar
et al.,, who compared neoadjuvant chemotherapy for
HER2-positive, operable breast cancer with or without
administration of trastuzumab (29). This study was closed by
the recommendation of Data and Safety Monitoring Board
of the institution according to early-stopping rule, because
pCR rate, the primary endpoint, was strikingly superior in
the chemotherapy plus trastuzumab arm (given
simultaneously for 24 weeks) compared with the
chemotherapy-alone arm (65% versus 26%, p = 0.016). We
still need to confirm if this significant difference in patho-
logical response will be translated into prolonged overall sur-
vival by long-term follow-up and also the cardiac safety of
trastuzumab in combination with chemotherapy should be
assessed.

CONTROVERSIES OVER PRE-OPERATIVE
CHEMOTHERAPY

EvaruaTioN oF Resipuat TuMor FOrR OPTIMAL SURGERY

Optimal imaging modality has not been established to defi-
nitely localize the remaining tumor. Usually, serial imaging
studies are performed before and after pre-operative che-
motherapy. Magnetic resonance imaging or computerized-
tomography scanning may supplement conventional breast
imaging studies by mammography and ultrasonography
(30-33).

The use of functional imaging techniques such as
fluorine-18 fluorodexyglucose positron emission tomography
(['®*F]-FDG PET) is of interest for the evaluation of thera-
peutic response to systemic therapy in breast cancer. The
change in ['"*F]-FDG uptake reflects the alteration in cellular
glycolysis. Some relatively small studies reported that
['®F]-FDG PET after a single pulse of chemotherapy pre-
dicted pCR or minimal residual disease with a sensitivity of
85—100% and a specificity of 74—85% (34—36). FDG-PET
is promising for clinical application in future to detect non-
responding tumor to avoid unnecessary toxicities from cyto-
toxic therapy.

FeasiBILITY OF SENTINEL LympH-NoDE Biopsy (SNB) v
PATIENTS TREATED WITH PRE-OPERATIVE CHEMOTHERAPY

Axillary staging by SNB may allow omission of axillary dis-
section in sentinel-node negative patients without compro-
mising the long-term outcome (37). However the optimal
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timing and feasibility of SNB in the setting of pre-operative
chemotherapy have not been established.

Identification rate of SNB following pre-operative che-
motherapy are reported to be 84—93% and 78—93%, in
single-institution series and multi-center studies (38),
respectively. High false-negative rates up to 25—33% have
been reported for several small single institution studies (39,
40), but in multi-institutional studies using radiocolloid with
or without blue dye, false-negative rates range between 5
and 13% (38), which are similar to those observed when it
was carried out before systemic chemotherapy.

There still remain concerns about the use of SNB follow-
ing chemotherapy in patients with clinically positive axilla
(41), SNB after chemotherapy possesses a potential to maxi-
mize the benefit of axillary downstaging by pre-operative
systemic treatment, in other words, avoidance of compli-
cations related to axillary dissection and decision-making of
adding further chemotherapy.

ALTERATION OF B1oLoGICAL MARKERS

The changes in the expression of hormone receptors and
HER?2 protein during pre-operative chemotherapy may influ-
ence the clinical decision of adjuvant hormonal and trastuzu-
mab therapy. In studies using immunohistochemistry, the
administration of pre-operative chemotherapy did not alter
the expression patterns of HER2 and hormone receptors
(42—-45).

However, a study was conducted to compare gene
expression profile of pre-treatment biopsy specimens with
those in tumors remaining after doxorubicin-containing pre-
operative chemotherapy using DNA array. There were differ-
ences in the gene expression profile in tumors that showed a
response, but not in tumors that did not respond to therapy
(46). Biological and clinical implications of the change of
gene expression profile in responding tumors need further
clucidation.

DEerFmITION OF PATHOLOGICAL RESPONSE

Primary systemic treatment is increasingly recognized as the
best model for the quick development of new treatment strat-
egies in early breast cancer. pCR after pre-operative che-
motherapy has been chosen as the primary endpoint of
clinical trials, because it is validated as the surrogate marker
of improved outcome (47, 48). However, diverse definitions
of pathological response are used by different investigators
(10, 47, 49-53). Some of these grading systems allow
inclusion of residual ductal caricinoma in situ (DCIS)
without invasive component in the definition of pCR.
However, there is no confirmatory data to justify the concept
that there is no difference in prognosis between patients with
no invasive or in situ disease and those with residual DCIS.
Jones et al. investigated whether the prognosis for patients
with residual DCIS is the same as that for patients with no
residual tumor cells, but could not demonstrate significant



