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Abstract

Background: The feasibility and accuracy of sentinel lymph node (SLN) biopsy examination for breast cancer patients with clinically
node-negative breast cancer after neoadjuvant chemotherapy (NAC) have been investigated under the administration of a radiocolloid
imaging agent injected intradermally over a tumor. In addition, conditions that may affect SLN biopsy detection and false-negative rates
with respect to clinical tumor response and clinical nodal status before NAC were analyzed.

Methods: Seventy-seven patients with stages II and II1 breast cancer previously treated with NAC were enrolled in the study. All patients
were clinically node negative after NAC. The patients then underwent SLN biopsy examination, which involved a combination of
intradermal injection over the tumor of radiocolloid and a subareolar injection of blue dye. This was followed by standard level I/I1 axillary
lymph node dissection.

Results: The SLN could be identified in 72 of 77 patients (identification rate, 93.5%). In 69 of 72 patients (95.8%) the SLN accurately
predicted the axillary status. Three patients had a false-negative SLN biopsy examination result, resulting in a false-negative rate of 11.1%
(3 of 27). The SLN identification rate tended to be higher, although not statistically significantly, among patients who had clinically negative
axillary lymph nodes before NAC (97.6%; 41 of 42). This is in comparison with patients who had a positive axillary lymph node before
NAC (88.6%; 31 of 35).

Conclusions: The SLN identification rate and false-negative rate were similar to those in nonneoadjuvant studies. The SLN biopsy
examination accurately predicted metastatic disease in the axilla of patients with tumor response after NAC and clinical nodal status
before NAC. This diagnostic technique, using an intradermal injection of radiocolloid, may provide treatment guidance for patients
after NAC. © 2006 Excerpta Medica Inc. All rights reserved.
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Currently, the status of the axillary lymph nodes remains
the most important prognostic indicator for breast cancer
and helps the physician in guiding adjuvant therapy.
More than 40 peer-reviewed pilot studies published be-
tween 1993 and 1999 have established the validity of
sentinel lymph node (SLN) biopsy examination technique
for clinically node-negative breast cancer [1], and the
SLN biopsy procedure has become the standard of care
for axillary staging in these patients.
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Recent studies report identification rates of more than
90%, with false-negative rates ranging from 2% to 10%
[2,3]. To ensure a high SLN identification rate and a low
false-negative rate, some relative contraindications for SLN
biopsy examination have been established: these include T3
or T4 tumors, multicentric or multifocal lesions, a large
biopsy cavity, previous axillary surgery, previous chest-wall
irradiation, and neoadjuvant chemotherapy (NAC) [4,5].

The application of SLN biopsy examination in NAC-
treated patients may, as in nonneoadjuvant chemotherapy
groups, identify patients who do not necessarily require an
axillary lymph node dissection (ALND). Several studies
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Table 1
Patient demographics

Number of patients

Age,y

Mean 51.1

Range 27-75
Clinical tumor size, cm*

Mean 4.82 -

Range 2.7-12
Tumor classification*

T2 50 (65.0%)

T3 24 (31.2%)

T4 3(3.8%)
Lymph node status*

NO 42 (54.5%)

N1 28 (36.4%)

N2 7(9.1%)
Tumor type

Invasive ductal 74 (96:1%)

Invasive lobular 3(3.9%)
Type of NAC

FEC plus paclitaxel 73 (94.9%)

Paclitaxel alone 4 (5.1%)
Clinical response of the tumor

CR 41 (53.2%)

PR 28 (36.4%)

SD 8(10.4%)
Pathologic response of the tumor

pCR 17 (22.1%)

pINV 60 (77.9%)
Pathologic nodal status

Negative 47 (61.0%)

Positive 30 (39.0%)

CR = complete response; FEC = fluorouracil/epirubicin/cyclophosph-
amide; PR = partial response; SD = stable disease; pPCR = pathologic
complete response; pINV = pathologic invasive.

* Before NAC.

have evaluated the use of SLN biopsy examination in pa-
tients with breast cancer after NAC but results are varied
and inconclusive [6-14].

Recently, several studies have shown the feasibility and
accuracy of SLN biopsy examination using peritumoral
injection of radiocolloid for patients with NAC-treated
breast cancer. However, false-negative rates varied consid-
erably among these studies [6~13]. It is possible that tumor
response to chemotherapy may alter or interrupt the lym-
phatic drainage, thus causing the lower SLN identification
rates and higher false-negative rates as opposed to nonneo-
adjuvant studies. Our hypothesis is that the lymphatic flow
within the skin lesion overlying the tumor is less damaged
by the chemotherapy than that in the parenchyma surround-
ing the tumor, except in T4 tumors. Thus, the usefulness of
SLN biopsy examination with intradermal injection of ra-
diocolloid for patients with NAC-treated breast cancer has
yet to be established.

The aim of this study was to determine the feasibility and
accuracy of the SLN biopsy procedure using intradermal
injection of radiocolloid over the tumor in clinically node-
negative NAC-treated breast cancer patients.
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Methods

Between May 2003 and January 2005, 77 patients with
T2-4N0-2 breast cancer underwent NAC with SLN biopsy
examination plus ALND performed by a single surgeon.
The pathologic diagnosis was established by core needle
biopsy examination in all patients.

Patients younger than 65 years of age received 4 cycles
of 5-fluorouracil (500 mg/mz)/epirubicin (100 mg/m?)/cy-
clophosphamide (500 mg/m?) plus 12 weekly cycles of
paclitaxel (80 mg/m?), and patients older than 65 years of
age received 12 weekly cycles of paclitaxel (80 mg/m?)
alone. After NAC, we enrolled the 77 clinically node-neg-
ative patients in this study.

Lymphatic mapping was performed using a 3-mL com-
bination of blue dye (Patent blue V; TOC Ltd, Tokyo,
Japan) and 30 to 80 MBq of technetium-99m-labeled
Phytate (Daiichi RI Laboratory, Ltd, Tokyo, Japan). The
day before surgery, the radiotracer was injected intrader-
mally into the area overlying the tumor, and blue dye was
injected into the subareolar site intraoperatively. For non-
palpable lesions, injections were performed under mammo-
graphic or ultrasonic needle localization. Sentinel lymph
nodes were identified as being stained blue, radioactive, or
both. The SLN biopsy procedure then was followed by a
standard level I/II ALND.

All sentinel nodes were evaluated histologically by sub-
mitting each node as a 3-mm to 5-mm serial section stained
with hematoxylin-eosin. Lymph nodes submitted as part of
the axillary dissection were totally submitted and evaluated
using standard hematoxylin-eosin staining.

Results

Patient characteristics, type of chemotherapy, clinical
response of the tumor, and pathologic findings are summa-
rized in Table 1. All patients underwent breast-conserving
therapy or mastectomy and were clinically node negative at
the time of surgery.

As shown in Table 2, the overall SLN identification rate
was 93.5% (72 of 77). Of the 72 patients in whom an SLN
could be identified, 24 (33.3%) had positive SLNs. Within
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Table 2
Results of sentinel node biopsy examination

Number of patients

Total number of patients 77
SLN identified 72 (93.5%)
SLN positive 24 (33.3%)
SLN was only positive lymph node 11 (45.8%)
SLN identification method
Radiocolloid and blue dye 53 (73.6%)
Radiocolloid only 11 (14.3%)
Blue dye only 8 (11.1%)
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Table 3
Comparison of lymph node status of SLNs and non-SLNs

SLN status Non-SLN status

Positive Negative
Positive 13 i
Negative 3 45

False-negative rate = 11.1%.

11 of these patients (45.8%), the SLN was the only positive
node. SLNs were identified by both radiocolloid and blue
dye in 53 patients (73.6%), by radiocolloid alone in 11
patients (14.3%), and by blue dye alone in 8 patients
(11.1%).

The pathologic status of the SLNs and non SLNs is
shown in Table 3.

The SLNs accurately predicted the axillary status in 69
of 72 patients (95.8%). Three patients had a false-negative
SLN biopsy examination result, resulting in a false-negative
rate of 11.1% (3 of 27). Forty-five patients had pathologi-
cally negative SLNs and non-SLNs.

The pathologic status of the SLNs and non-SLNs were
analyzed according to tumor classifications before NAC,
clinical lymph node status before NAC, and response of the
tumor after NAC, respectively.

In T2 tumors before NAC, the SLN identification rate
was 94% (47 of 50), and 2 patients had a false-negative SLN
biopsy examination result, resulting in a false-negative rate
of 14.3%. In T3 and T4 tumors, results were 92.6% (25 of
27) and 7.7% (2 of 27), respectively (Table 4). For the
results of SLN biopsy examination, there was no significant
difference between T2 and T3/T4 tumors before NAC.

In the patients with clinically negative lymph nodes (NO)
before NAC, the SLN identification rate was 97.6% (41 of
42), and 1 patient had a false-negative SLN biopsy exami-
nation result, resulting in a false-negative rate of 10%. In the
patients with clinically positive lymph nodes (N1/N2), the
results were 88.6% (31 of 35) and 11.2% (4 of 35), respec-
tively (Table 5). The SLN identification rate tended to be
higher, although not statistically significantly, among pa-
tients who had clinically negative lymph nodes before NAC
compared with patients who had positive axillary lymph
nodes before NAC.

Table 4
Comparison of lymph node status of SLNs and non-SLNs among tumor
classifications before NAC

Table 5 .
Comparison of lymph node status of SLNs and non-SLNs among nodal
status before NAC

SLN status Non-SLN status
NO (n = 42) NI/N2 (n = 35)
Positive Negative Positive Negative
Positive 3 6 10 5
Negative I 31 2 14
Total number of SLNs
identified 41 (97.6%) 31 (88.6%)

False-negative rate 10% 11.2%

For patients with complete tumor response after NAC,
the SLN identification rate was 92.0% (37 of 41), with 1
patient having a false-negative SLN biopsy examination result,
resulting in a false-negative rate of 12.5%. For patients with a
partial tumor response and stable disease, the results were
97.2% (35 of 36) and 10.5% (1 of 36), respectively (Table 6).
The SLN identification rate tended to be lower, although not
statistically significantly, among patients with complete tumor
response after NAC, compared with partial tumor response and
patients with stable disease after NAC.

There was no significant difference in the false-negative
rate according to tumor classifications before NAC, clinical
lymph node status before NAC, and response of the tumor
after NAC.

Comments

ALND is the surgical standard for treatment of the axilla
in breast cancer patients. The rationales for ALND are exact
staging and prognosis, regional control of the axilla, and the
possibility of improved survival. The extent of axillary
lymph node involvement is one of the most important in-
dependent prognostic factors for recurrence and survival.
The SLN biopsy procedure is an accurate minimally inva-
sive method for axillary staging in early breast cancers. In
many clinics the SLN biopsy examination is replacing stan-
dard ALND because of minimal morbidity. However, with
the increasing size of tumors, lymphatic mapping becomes

Table 6
Comparison of lymph node status of SLNs and non-SLNs among
clinical response after NAC

SLN status Non-SLN status SLN status Non-SLN status
T2 (n = 50) T3/T4 (n = 27) CR (n = 41) PR/SD (n = 36)
Positive Negative  Positive Negative Positive Negative Positive Negative
Positive 6 6 7 5 Positive 3 4 10 7
Negative 2 33 1 12 Negative 1 29 2 16
Total number of SLNs Total number of SLNs
identified 47 (94%) 25 (92.6%) identified 37 (90.2%) 35(97.2%)
False-negative rate 14.3% 7.7% False-negative rate 12.5% 10.5%
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Table 7
Studies of SLN biopsy procedures after NAC

Number of Stage Tumor size, Number (%) of successful False

patients cm SLN biopsy procedures negative (%)
Breslin et al [6], 2000 51 ITor I 50 43 (84.3) 3(12)
Miller et al [7], 2002 35 T1-3NO 35 30 (86.0) 0(0)
Stearns et al {8], 2000 34 T3-4, any N 5.0 29 (85.0) 3(14)
Haid et al [9], 2001 33 TI1-3, any N 33 29 (88.0) 0 (0)
Julian et al [11], 2002 31 Torll NS 29 (93.5) 0(0)
Tafra et al [12], 2001 29 Any T, NO NS : 27 (93.0) 0(0)
Nason et al [13], 2000 15 T2-4, NO NS 13 (87.0) 3(33)
Shimazu et al [14], 2004 47 Il or N1 4.5 44 (93.6) 4(12)
Current study 77 T2-4, any N 4.8 72 (93.5) 3(1D

NS = not specified.

less accurate [15,16]. NAC can reduce tumor size and sig-
nificantly increase the ability to perform breast-conserving
therapy [17,18]. After NAC, axillary downstaging is affected
similarly. NAC with anthracycline/cyclophosphamide-con-
taining regimens has been shown to neutralize involved axil-
lary nodes in about 30% of patients [17]. The addition of
taxanes to anthracycline/cyclophosphamide-containing reg-
imens has increased the conversion rate to around 40%
[19,20]. With the increasing number of patients receiving
NAC, the question arises of whether the SLN biopsy exam-
ination is an option for these patients. We summarized the
studies concerning SLN biopsy examination after NAC in
Table 7, but they are inconclusive [6—14]. Breslin et al [6]
reported a study of 51 patients who underwent an SLN
biopsy examination after NAC and concluded that an SLN
biopsy examination is accurate after NAC. They had an
identification rate of 84.3% and a false-negative rate of
12.0%. Nason et al [13] reported on a smaller number of
patients who received NAC. Their identification rate was
87.0% and their false-negative rate was 33.3%, concluding
that the SLN biopsy examination resulted in an unaccept-
ably high false-positive rate. We have to understand that in
most of these small series, even 1 or 2 patients with a
false-negative SLN node can sway the conclusions in a
different direction. We report a study of 77 patients who
received NAC, and had an identification rate of 93.5% and
a false-negative rate of 11.1%. We conclude in our study
that an SLN biopsy examination after NAC is accurate even
for large tumors and positive axillary nodal status before
NAC without inflammatory breast cancer.

It has been speculated that among patients who have
their axillary lymph node status downstaged by NAC, tu-
mors also typically respond to NAC and shrink, so that
damage to and alteration of the lymphatic flow from tumor
tissues to the axillary basin are more likely to occur. This
may cause an increase in the false-negative rate for SLN
biopsy examination and a decreasing identification rate for
SLN biopsy examination. Our hypothesis is that the lym-
phatic flow around the skin lesion is rich and less influenced
by the effect of chemotherapy and tumor size than that in
the parenchyma around the tumor. Our results were not

significantly influenced by tumor size, tumor response, or
nodal status before NAC.

In conclusion, the results of our study suggest that an
SLN biopsy procedure after NAC using intradermal injec-
tion of radiocolloid is feasible and can predict axillary
lymph node status with high accuracy for patients with
clinically negative lymph node status after NAC. This pro-
cedure could make patients who have had their axillary
lymph node status downstaged from positive to negative
and patients with large tumors appropriate candidates for an
SLN biopsy examination.

Further studies involving a larger number of patients will
be required to establish fully the feasibility and accuracy of
the SLN biopsy procedure for patients with breast cancer
who have been treated with NAC.
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Case Report

A Case of Mucinous Carcinoma of the Breast that Demonstrated a
Good Pathological Response to Neoadjuvant Chemotherapy Despite

a Poor Clinical Response

Jurlrei Yamaguchi, Sadako Akashi-Tanaka, Takashi Fukutomi, Takayuki Kinosita, Eriko lwamoto,
an

Miyuki Takasugi

Breast Surgery Division, National Cancer Center Hospital, Japan.

A 30-year-old woman presented with a right breast tumor. Mucinous carcinoma was diagnosed by
core needle biopsy (T2: 5 cm N1 M0). Despite receiving a neoadjuvant anthracycline and taxane regimen,
the patient demonstrated no clinical response (NC). Based on the patient’s strong preference, we per-
formed breast-conserving surgery. On histological examination, we observed widespread mucus and a
few viable malignant cells, a Grade 2 therapeutic response. Neither optimal management procedures nor
guidelines for chemotherapy for primary mucinous carcinoma of the breast have been established. It is a
reasonable assumption, however, that discordance between the clinical response and therapeutic
response to neoadjuvant chemotherapy may occur in cases of mucinous carcinoma.

Breast Cancer 13:100-103, 2006.
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Neoadjuvant chemotherapy results in signifi-
cant regression of primary breast carcinomas,
thus allowing breast-conserving surgery. While a
variety of imaging modalities are useful to esti-
mate the extent of residual tumor"?, chemothera-
py-induced fibrosis, tumor necrosis, and remain-
ing fibrocystic changes make it difficult to evalu-
ate the residual tumor load accurately. As far as
we know, no reports have evaluated the responses
to chemotherapy and neoadjuvant chemotherapy
of mucinous carcinoma of the breast. In this
report, we describe a case of breast mucinous car-
cinoma that demonstrated a pathological Grade 2
response, according to the histopathological resp-
onse criteria of the Japanese Breast Cancer Soci-
ety”, despite a poor clinical response to neoadju-
vant chemotherapy.

Case Report

A 30-year-old premenopausal woman was
referred to our hospital with a lump in her breast.

Reprint requests to Junpei Yamaguchi, Breast Surgery Division,
National Cancer Center Hospital, 5-1-1 Tukiji, Chuo-ku, Tokyo
104-0045, Japan.

Received January 7, 2005; accepted July 27, 2005
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Physical examination revealed a hard elastic mass
measuring 5 X 4.5 cm in diameter located in the
upper outer quadrant of her right breast. An en-
larged lymph node was also palpable in the right
axilla. Mammography (MMG) displayed a well-
circumscribed and high-density tumor shadow
with microcalcifications (Fig 1A). The tumor mea-
sured approximately 5 cm in diameter by MMG.
Ultrasonography (US) revealed an irregularly
shaped hypoechoic lesion in the right breast, mea-
suring over 5 cm in diameter (Fig 1B). The swo-
llen lymph node was 1.5 cm in diameter, which
was highly suggestive of lymph node metastasis.
Serum levels of multiple tumor markers were nor-
mal; CEA levels were 2.0 ng/ml (normal: <5.0),
CA15-3 was 6 U/ml (nl: <28), and ST439 was
<1.0 U/ml (nl: <7.0). A core needle biopsy reve-
aled mucinous carcinoma. Immunohistochemical
analysis revealed no reactivity for either Estrogen
receptor (ER) or Progesterone receptor (PgR).
We did not observe immunoreactivity for p-53 or
c-erbB-2 overexpression in this tumor.

The patient received neoadjuvant chemothera-
py consisting of four cycles of 5FU (500 mg/m’),
epirubicin (100 mg/m?), and cyclophosphamide
(500 mg/m’) every three weeks, followed by 12
cycles of paclitaxel (80 mg/m? weekly. The che-
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Fig 1. Mammography (MMG) showed a wellcircumscribed,
high-density tumor shadow with microcalcifications (A), while
ultrasonography (US) revealed an irregularly shaped hypoe-
choic lesion in the right breast, measuring over 5 cm in diame-
ter (B).

Fig 2. Additional imaging modalities (MMG (A) and US (B))
also revealed a tumor with similar size and features to that
observed prior to the chemotherapy.

motherapeutic course was completed and the toxi-
cities were tolerable. After the termination of che-
motherapy, however, the tumor size remained
unchanged. The tumor measured 4.5 X 4 cm in
diameter by palpation, and the axillary lymph
node was still palpable. The imaging examinations
(MMG and US) also revealed a tumor of the same
size with similar features as those seen prior to
chemotherapy (Fig 2). Contrast-enhanced com-
puted tomography (CE-CT) of the breast revealed
an irregularly shaped faintly enhanced tumor sha-
dow approximately 5 cm in diameter (Fig 3). Con-
sidering these features, we evaluated the clinical

Fig 3. Contrast-enhanced computed tomography (CE-CT) of
the breast revealed an irregularly shaped tumor shadow,
which faintly enhanced and measured about 5 cm in diameter.

response to chemotherapy as no change (NC).

According to the patient’'s preference, we per-
formed a wide resection of the tumor in the right
breast with a level II lymph node dissection (Bp+
Ax). The cut margin of the specimen was negative
(free margin: 2 cm). Histologically, the tumor
exhibited a pure infiltrating mucinous carcinoma,
with no infiltrating ductal carcinoma component.
The pathological tumor size was 5.0 cm in diame-
ter and histological cut margin was also negative.
Despite widespread mucus in the breast tumor,
we recognized only a few viable malignant cells.
The majority of the remaining tumor cells were
necrotic (Fig 4A, 4B). According to the histopath-
ological response criteria of the Japanese Breast
Cancer Society, the pathological assessment of the
therapeutic response was Grade 2%, We also reco-
gnized two swollen lymph nodes filled with mucus,
but devoid of malignant cells.

Postoperatively, she received radiotherapy. She
remains disease-free five months after the opera-
tion.

Discussion

Neoadjuvant chemotherapy has become stan-
dard therapy for patients with locally advanced or
large operable breast cancers. This procedure
makes breast-conserving surgery possible. In this
report, we present a case of mucinous carcinoma,
demonstrating a Grade 2 pathological response to
neoadjuvant chemotherapy, despite no clinical
response.

The reported incidence of mucinous carcino-
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Fig 4. A: Despite widespread mucus in the primary breast tumor, microscopic analysis could recognize only a few viable malig-

nant cells. The majority of these tumor cells were necrotic (hematoxylin and eosin [H&E] stain, original magnification, % 40), B:

Vigble malignant cells (H&E stain, original magnification, % 200).

ma has varied from 1% to 6% of all breast malig-
nancies. Mucinous carcinoma has a better progno-
sis than infiltrating ductal carcinomas*®. Komena-
ka et al. reported that the number of involved axil-
lary lymph nodes was the only significant predic-
tor of death from disease; the size of the lesion
was not a significant prognostic factor in mucinous
carcinoma, because the mucin comprised the maj-
ority of the tumor volume®. Pure mucinous carci-
noma of the breast is suitable for breast-conserv-
ing therapy, even for large tumors of up to 5 cm in
diameter, because these tumors have a low inci-
dence of extensive intraductal spreading®. There
have not been, however, any reports detailing the
typical responses to chemotherapy or neoadjuvant
chemotherapy for mucinous carcinoma of the
breast. Mucinous carcinomas tend to be identified
early, when the tumors are small in size and neo-
adjuvant chemotherapy is often unnecessary. Acc-
ording to multiple studies, tumors with aggressive
biological markers, such as high histological grade,
overexpression of HER-2, reactivity for p-53, and
negative hormone receptor status, exhibited bet-
ter pathological responses™. In mucinous carcino-
mas, estrogen and progesterone receptor positivi-
ty have been reported in approximately 60-90% of
the tumors, while HER2/neu oncoprotein overex-
pression and p53 protein accumulation are not
normally seen. These biological features suggest
that mucinous carcinomas may not respond well
to neoadjuvant chemotherapy. Fortunately, this
estimation did not fit this case; the negative hor-
mone receptor status of this tumor may be associ-
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ated with a good response to neoadjuvant chemo-
therapy.

Categorization of the clinical response to che-
motherapy depends on an accurate measurement
of residual tumor size, but is complicated by vari-
able histopathologic changes that can occur with-
in the tumor bed. The remaining tumorous lesi-
ons may be related to chemotherapy-induced fibr-
osis, tumor necrosis, or fibrocystic changes. These
secondary processes can result in clinical and
macroscopic overestimation of the residual tumor
size®'. Rajan et al. reported that chemotherapy
in some tumors can dramatically reduce cellulari-
ty, but only minimally affects the overall tumor
size™. In this case, chemotherapy was profoundly
effective against the tumor cells themselves, but
the large amounts of extacellular mucus were not
sensitive to chemotherapy; thus, the remaining
mucus made up a significant portion of the resid-
ual tumor. This phenomenon resulted in a discor-
dance between the residual tumor size and the
effectiveness of chemotherapy. Meanwhile, we
observed five patients with pure type mucinous
carcinoma that received neoadjuvant chemothera-
py at our hospital (Table 1). The pathological ass-
essments of the therapeutic responses of these
tumors were Grade l1a (two cases), Grade 1b (two
cases) and Grade 2 (this case) according to the
percentage of necrotic malignant cells. Interest-
ingly, in the two Grade 1b cases, approximately
two-thirds of the tumor cells were necrotic, but
large amounts of mucus remained. Due to the

'small number and varied responses, we could not
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Table 1. Pure Type Mucinous Carcinoma of the Breast Receiving Neoadjuvant Chemotherapy

tumor size . tumor size (cm) .. pathological
case age (cm) regimen postchemotherapy clinical response response ER PgR
1 31 7 AT 49 PR la - -
2 39 35 AT 35 NC la ++ +
3 61 6.5 AC—PTX 35 PR 1b ++ +/—
4 53 1.3 AT—PTX 0.5 PR 1b + +/-
this case 30 5 CEF—PIX 5 NC 2 - -

AT: adriamycin + docetaxel, AC: adriamycin + cyclophosphamide, PTX: paclitaxel, CEF: cyclophosphamide + epirubicin + 5FU

recognize a general trend in the responses to
chemotherapy. These characteristic findings upon
pathological examination, however, indicated that
mucinous carcinomas may not be reduced in size
even when the tumor cells are sensitive to chemo-
therapy.

In conclusion, discordance between residual
tumor size and the effectiveness of chemotherapy
may be observed in mucinous carcinoma. More
detailed studies are required to establish the indi-
cations for chemotherapy and to evaluate thera-
peutic responses in patients with mucinous carci-
noma.
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Sentinel Lymph Node Biopsy for Breast Cancer Patients after Neoadjuvant Chemotherapy : Kinoshita
T*!, Fukutomi T*2, Seki K*?® (*“2Surgical Oncology Division, **Department of Pathology, National Cancer
Center) _

Despite the increasing use of both sentinel node biopsy and neoadjuvant chemotherapy in patients with
operable breast cancer, there is still limited information on the feasibility and accuracy of sentinel node
biopsy following neoadjuvant chemotherapy. So, the feasibility and accuracy of sentinel lymph node (SLN)
biopsy for breast cancer patients with clinically node negative after neoadjuvant chemotherapy (NAC) has
been investigated under the administration of a radiocolloid imaging agent injected intradermally over a
tumor. Also, conditions which may affect SLN biopsy detection and false-negative rates with respect to
clinical tumor response and clinical nodal status before NAC were also analyzed.

Our results show that SLN identification rate and false-negative rate after NAC are similar to those in
nonneoadjuvant studies.

Key words : Breast cancer patients, After neoadjuvant chemotherapy, Sentinel node biopsy
Jon J Breast Cancer 21(2) : 135~139, 2006

= b)) bl

W, Y F RV VSEERIC & B IKEEE OAE L WEILEEEORAIK X Y BONERARI
BHICHE/IMEDO BFRWCEATWS, Y F 2N VoSHiERIE, 19901 E D, kD BEEEIZRI
FRHOWEA Yy u—TEEREAEDE 3 R EOEMNRR LARIEESOEEHFIC LD, TORE
HI%EBZ BRIELL 5 ~10%DRBEMEDERBAFEIC X > TETWLEY, BACTBIT 569D
£10,000 A LA EDBEENRE LI BHABIT 220 F 20V Y XHERD A Y T+ ) ¥ ADRKR
X, 2EOEERSN%BULETHRENE 8 4B LHEINTVED, L FINY YHEROKR,
RESE DA ATREIC 2 o o B 1L, BB 2T I N BE L L TINRESIHEOREME S,
BFEONRL &, EHh, EBEELCNEECQOLL LV RIFTH B EEZSNSEY, BHICBI 2+
AN URTBEROHBRBEROBHNZEREBZEI NN, KB THE L OERBELIZE Y F 3
WY UNREEROREMBBRERT LEHERNEBTLTwEbDEEI OGNS,

—7, MAMLEREOHA LY HL DERATY Y VA7 —IRIC L D ABEREEESHREIC X -
T & o, WAL R PER, WHMBLL LD Vb © % FATETR 2 St RICIEYIRG 2 VIR AIREIC 3 5 B
RTEMBENTE R, ITFERFRHITAD S MMAOTER MR LEREOR R E L, FFEESEHENL T2
R, HLOEACAERERENTIE L > Twa, ZASOERIE, FEREIILD Tldk { YR,
BREY U AMEBRIC VBRI TWS, TYATH A4 7Y VRESUMEMLRERERE TR, BKEY >
HRRE 24930 % LY, S W F XY UREBMRA IV Y AV TIR0%EET 5 L ES LTV 34, 4Bt

* 1 BB AL v 7 —himE s Rl
* 2 Bt A v Y —h kBRI



136(16) ABOEKR H21%-E25 2006664 A

TIX19985 2 5 20054 % THII60FI D ASEFEL I MR L R E 2 EMH L T X -, Mgt EOFRE I
B 28R, H85% L EDOFEFINPRUUETH > 72, #I25% DEFIIFEFREHSCRE R T2, 2Thd D
FEGIDRE ) v HEBEEEII25% T, FHABOZN L IZRRBEE TCETLTWS 2 ESERX
iz, 20X ZMEMCERESER LU EFICH U CTRFAB LRt v F 2V VR EiER B E
L, BETELEAW T I LBTRENIESI LRHESHICT A L RFERCEELRRETH 3.

1. MAMERBEROE L FRNLY L /\BERICE T IRER

MH{EERERD X Y F ANV UAFERICEL TRWERTSERIETVARESATHEY, &
NE TCOHREPIZ VTS BE—HR TORBPIOERTH D KBRBEZERFARITbh Tukw, BHEA
BIERICH T2 F AN VoSHIER ELE T 5 &, MEibEEEROERORIES X, OBBED
KERZEFBNRICE S, QBB VI HEBOFET S, FLREELLEANIVSEL&EEN S,
OWRLEREDBEE — Y V¥ E — U U HIORNCEER S 2 5HEESH 5, OMBbyE#EEidE
BB THo ey FANY UREE ) vV F AN UYAECERBREOMRES D 3 0 b ? ONFEHLE
BEBRDONDEBEEBIVHS LR > THuRY, REBBIT NS, ZhsOERSMRILEEED &
YFEINY) NHEROZLUYERIET 55 A CRIER k> T &,

1) #BATORSK

ﬁﬁﬁﬁﬂ;#ﬁiﬁ@@k YFAINY UREEROINETCHREINTELE—BROREL2RIC T LD
7259, FEFIEUIISHID S51B L WM b D BBPITO®E L B> T3, BEBFRIZFHT3.3cm» 5
5.5cmT, T1»6T4 ETHREL, /2, )V U HEELIEDSNIEFALSDLBERIEEEINT
w3, ZhSDEYFANY YRFOREERIZS4% D 5BUEET, BHABORE L ) 2P EVEE
TH5, BEERE, 0%»533%LiEo0& 2R3, Ihos THROBEEE DL LLEELT
DEIEEIZ88.7% T, BEHRIZ5.3%TH 3. 12771, BEERICEL CTiNasond D156 TD33% &
WOERE EDEBIERRIZLIZ 0% LI MERPBRITITI0%~15%EE & 5 BRESERNIC D Y2
DTV EHERIT 5,

MAEERERDO Y F ANV UNHIERD N E CHRESNTERLSHROBBELR2CI LD
7214~ Mamounas % ¥ National Surgical Adjuvant Breast and Bowel Project randomized trial
(NSABP B-27) DAC4 %1 7 vizdocetaxel 2 N 2 7o MFHI{LEBERIZ £ > F 20 Y VSHiAERDSH
HAONTABBIDREERE L T3, BFERBEHR b2y FAINY VHIERFRI, %
L5355 ThHE82hE L TORERII8Y%, BEERIIIBEVIBERTHS. ZOMD 3 DDEHHER
25 D b FERHI0WH[H, BEEMEERII0%FIE L BB T 220 F 20 U FHERDRK
BLREDRWERSBEI LTS,

Ele, INSOERPOLY B Z LT, MATEERERCEYFAINY UEHERETOIEIIZ, @&

Rl WIMLEMEB L FRLY A \BER-EBRORK—

Breslin et al.,2000° 51 II or III 5.0 43(84.3) 3(12)
Miller et al.,20027 35 T1-3NO 3.5 30(86.0) 0(0)
Stearns et al.,2000% 34 T3-4, any N 5.0 29(85.0) 3(14)
Haid et al., 20019 33 T1-3, any N 3.3 29(88.0) 0(0)
Julian et al.,2002'® 31 I orII NS 29(93.5) 0(0)
Tafra et al.,2001'V 29 Any T, NO NS 27(93.0) 0(0)
Nason et al.,2000'? 15 T2-4, NO NS 13(87.0) 3(33)
Shimazu et al., 2004 47 II or IM 4.5 44(93.6) 4(12)
Kinoshita et al., 2005 8  T2-4, any N 4.9 81(92.0) 3(9)




AHEOEKR $21% -8 25 2006664 A 137(17)

BEEBELFAINY vy

R

£48— S HRBOBM—

0

7

N
3

e

Blue dye

(NSABP B-27) Radiocolloid 89 5
Combination 88 9
All techniques 85 11
Krag et al'® 443  Radiocolloid 93 11
Tafra et al'® 529  Combination 87 13
McMaster et al*? 806  Blue dye or 86 12
Radiocolloid
Combination 90 6
All Techniques 88 7
R BEER

] ﬁ]ﬂ%(ﬂ) B 50.2 (27-77)

FYEHEE (cm)* 4.91 (2.7-12)
To5*

T2 54 (61%)

T3 28 (32%)

T4 6 (7%)
NoE*

NoO 46 (52%)

N1 34 (39%)

N2 8 (9%)
AAHRE

BEEAER 86 (98%)

Bt/ EEE 2 (2%)
WAL PR %

FEC plus paclitaxel 85 (97%)

paclitaxel alone 3(3%)
-423: 01 B 31

CR 45 (51%)

PR 35 (40%)

NC 8 (9%)
REHGSNEEIR

pCR 34 (39%)

pINV 54 (61%)
U4y -] =+

fatE 38 (43%)

Bt 50 (57%)

(=227 5: 11

pCR=pathological complete response ; pINV =pathological invasive
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Dofequidar Fumarate (MS-209) in Combination With
Cyclophosphamide, Doxorubicin, and Fluorouracil for

Patients With Advanced or Recurrent Breast Cancer

Toshiaki Saeki, Tadashi Nomizu, Masakazu Toi, Yoshinori Ito, Shinzaburo Noguchi, Tadashi Kobayashi,
Taro Asaga, Hironobu Minami, Naohito Yamamoto, Kenjiro Aogi, Tadashi Ikeda, Yasuo Ohashi, Wakao Sato,
and Takashi Tsuruo

Purpose
To evaluate the efficacy and tolerability of dofequidar plus cyclophosphamide, doxorubicin, and

fluorouracil {CAF) therapy in comparison with CAF alone, in patients with advanced or
recurrent breast cancer. Dofequidar is a novel, orally active quinoline derivative that reverses
multidrug resistance.

Patients and Methods
In this randomized, double-blind, placebo-controlled trial, patients were treated with six cycles of

CAF therapy: 28 days/cycle, with doxorubicin {25 mg/m?) and fluorouracil {500 mg/m?) adminis-
tered on days 1 and 8 and cyclophosphamide {100 mg orally {PO]) administered on day 1 through
14. Patients received dofequidar (900 mg PO} 30 minutes before each dose of doxorubicin.
Primary end point was overall response rate (ORR; partial or complete response). In total, 221
patients were assessable.

Results
ORR was 42.6% for CAF compared with 53.1% for dofequidar + CAF, a 24.6% relative

improvement and 10.5% absolute increase (P = .077). There was a trend for prolonged
progression-free survival (PFS; median 241 days for CAF v 366 days for dofequidar + CAF;
P = .145). In retrospectively defined subgroups, significant improvement in PFS in favor of
dofequidar was observed in patients who were premenopausal, had no prior therapy, and were
stage |V at diagnosis with an intact primary tumor. Except for neutropenia and leukopenia, there
was no statistically significant excess of grade 3/4 adverse events compared with CAF. Treatment
with dofequidar did not affect the plasma concentration of doxorubicin.

Conclusion
Dofequidar + CAF was well tolerated and is suggested to have efficacy in patients who had not

received prior therapy.

J Clin Oncol 25:411-417. © 2007 by American Society of Clinical Oncology

anthracyclines, epipodophyllotoxins, topote-
can, dactinomycin, and mitomycin."®’ These
represent some of the most commonly used chemo-

Despite the advances in chemotherapeutic interven-

tion, many cancers are either inherently resistant or
develop resistance to chemotherapy.’? Conse-
quently, multidrug resistance (MDR) remains a ma-
jor obstacle to the successful treatment of cancer.'>*
One mechanism by which MDR operates is via the
increased cellular efflux of cytotoxic compounds
due to increased expression of membrane transport
proteins such as P-glycoprotein {P-gp) and MDR-
associated protein (MRP)."*> MDR affects many
structurally and functionally unrelated agents in-
cluding cytotoxic drugs that are hydrophobic,
natural products, such as taxanes, vinca alkaloids,

therapeutic agents.

In tumors with low levels of P-gp expression at
baseline or diagnosis, P-gp expression increases after
exposure to chemotherapy agents, thus leading to
the development of MDR. In breast cancer patients
who had received prior chemotherapy, P-gp expres-
sion has been shown to increase from 11% in un-
treated patients to 30% after chemotherapy.?
Furthermore, compared with P-gp-negative tu-
mors, a significant increase in resistance to paclitaxel
and doxorubicin was reported in P-gp positive
breast cancer tissue, irrespective of prior therapy.

am
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The degree of P-gp expression also strongly correlated with the degree
of drug resistance observed.®

Chemotherapy remains the treatment of choice for women with
hormone receptor-negative and hormone-refractory breast cancer
disease.”"! However, many tumors that are initially responsive to
chemotherapy frequently relapse and develop resistance to the broad
spectrum of cytotoxic drugs currently employed.®'*'> Consequently,
MDR remains a major reason for treatment failure in patients with
metastatic breast cancer and highlights the urgent need for MDR
modifiers in breast cancer chemotherapy.

Since the discovery of verapamil as an MDR-reversing agent,'*
many compounds have been investigated as MDR inhibitors.'*'¢
Dofequidar fumnarate (Fig 1), is a novel, orally active, quinoline-
derived inhibitor of MDR." In preclinical studies, dofequidar re-
versed MDR in P-gp— and MRP-1-expressing cancer cells in vitro (1
to 3 pmol/L), as well as enhancing the antitumor effects of doxorubi-
cin in MDR tumor-bearing mice.'”"'® A phase I trial in healthy vol-
unteers showed dofequidar to be well tolerated (10to 1,200 mg) with
no dose-limiting toxicities and an effective plasma concentration was
maintained for 8 hours at 900 mg (data on file, Schering AG, Berlin,
Germany). In a phase II combination trial in patients with recurrent
breast cancer, dofequidar potentiated the antitumor effects of CAF
{cyclophosphamide, doxorubicin, and fluorouracil) therapy; patients
who had not responded to treatment with three cycles of CAF re-
sponded to subsequent treatment with dofequidar plus CAF. The
numbers of patients with an objective response were two of seven at
600 mg and two of six at 900 mg dofequidar, though dose escalation was
stopped at 1,200 mg due to increased hematologic toxicity (data on file,
Schering AG). On the basis of this result, this phase III study was con-
ducted to compare the efficacy and safety of dofequidar plus CAF with
placebo plus CAF in patients with advanced or recurrent breast cancer.

Study Design

This was a randomized, multicenter, double-blind, placebo-controlled
trial conducted at 46 centers across Japan, comparing the efficacy and safety of
dofequidar plus CAF with placebo plus CAF. Female patients (age 20 to 70
years) with advanced (stage IV at diagnosis with an intact primary tumor) or
recurrent breast cancer were enrolled onto the study. Other inclusion criteria
included a histologically defined, measurable or assessable primary lesion; two
or fewer regimens of prior chemotherapy in both neo/adjuvant and metastatic
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Fig 1. Structure of dofequidar (MS-209).
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settings, (excluding prior endocrine or single-agent fluorouracil therapy); 180
mg/m? anthracyclines (doxorubicin equivalent) or less previously; a perfor-
mance status of 0 to 2; and adequate bone marrow, renal, hepatic and cardiac
functions. Patients who progressed or had a recurrence in less than 6 months
with anthracycline-containing chemotherapy; and those who had a history of
major cardiac disease, uncontrolled hypertension, symptomatic brain metas-
tasis, or simultaneous malignancy were excluded. The trial was approved by
the institutional review board and was conducted in accordance with the
Declaration of Helsinki (1996). All patients provided written informed con-
sent before study entry.

Dosing and Dose Modification for Toxicity

Patients were treated with six cycles of CAF therapy with dofequidar or
placebo, and each treatment cycle lasted for 28 days; drugs were administered
as follows: days 1 and 8, doxorubicin (25 mg/m?) and fluorouracil
(500 mg/m?), each infused over 15 minutes; days 1 through 14, cyclophosph-
amide (100 mg orally [PO}); dofequidar (900 mg/d; 3 X 300 mg tablets) or
placebo administered 30 minutes before each doxorubicin dose to ensure
adequate blood concentration of dofequidar. The doses of doxorubicin and
fluorouracil were reduced to 20 mg/m2 and 400 mg/mz, respectively, if any of
the following criteria were met: grade 3 nonhematologic toxicity (except nau-
sea and vomiting); grade 3 or worse neutropenia (< 1,000/mm?) maintained
for at least 5 days with an episode of fever of 38.5°C or higher; grade 3 or worse
thrombocytopenia (< 50,000/mm?); and grade 4 neutropenia (< 500/mm>).
The next cycle was postponed for 3 weeks unless the patient had a WBC count
of at least 4,000/mm>, or a neutrophil count of at least 2,000/ 'mm? and a
platelet count of at least 100,000/mm?>, Patients were followed up for 3 months
after completion or discontinuation of treatment.

Treatment Assignment

Patients were randomly assigned to their treatment by the Trial Register
Center. Treatment assignment was securely stored and coded until completion
of the study. Investigators were also blinded to the assigned treatment. Patients
were stratified by the number of prior chemotherapy regimens, including
adjuvant chemotherapy, by a history of prior use of anthracyclines, and by the
presence of liver metastases.

Efficacy

The primary study end point was the overall response rate (ORR) in the
full analysis set (FAS; all patients who received treatment at least once and met
all inclusion/exclusion criteria). Efficacy assessment by lesion and ORR assess-
ment were made at each treatment cycle (every 4 weeks) and at treatment
completion. Objective responses were assessed through blinded reading of
radiographs by an independent expert panel. The secondary study end points
included complete response rate (CR), time to treatment failure (TTF), time to
progression (TTP), and progression-free survival (PFS).

Subgroup analyses were conducted to assess PFS within specific patient
subpopulations, including premenopausal women, patients who had no prior
therapy, and patients who had advanced primary breast cancer.

Safety and Tolerability

Adverse events (AEs) were recorded at the end of each treatment cycle
and at the end of the study period using data from the safety population (all
patients who received treatment at least once in the study). AEs were catego-
rized according to the National Cancer Institute Common Toxicity Criteria
(NCI-CTC) Version 2. The incidence of significant decreases in left ventricular
ejection fraction (LVEF) and serious AEs were recorded. The CBC was evalu-
ated weekly. Serum chemistries and urinalysis were evaluated every 2 weeks.
The minimum hematology values and LVEF in each treatment cycle were also
recorded and analyzed in the per-protocol set (PPS; all patients who received
treatment at least once and had no protocol deviations).

Pharmacokinetics

To assess the effect of concomitant dofequidar use on the pharmacoki-
netics of doxorubicin, the plasma doxorubicin concentration on day 1 of cycle
1 was compared between treatment groups. Blood samples were taken at
baseline and at 15 minutes, 30 minutes, and 1, 2, 4, and 6 hours after the start
of doxorubicin administration. Plasma doxorubicin concentrations were de-
termined by reversed-phase high-performance liquid chromatography. Area
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under the plasma concentration-time curve (AUC) was calculated using the
linear trapezoidal rule.

Statistical Analyses

The primary end point was analyzed using the Fisher’s exact test at a
significance level of 2.5% in a one-sided test. A difference in response rates of
20% between the two treatrment groups was used as the basis for a statistically
significant difference. CR, TTF, TTP and PFS were analyzed by the log-rank
testatasignificance level of 5% in a two-sided test. The CR, TTF, TTP and PFS
were analyzed in the FAS, and the pharmacokinetic data analyzed in the PPS.

B 3
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Patient Characteristics

A total of 227 patients were recruited onto the study (Fig Al,
online only), of which 225 patients were included in the safety analysis
(n = 113 for the dofequidar group; n = 112 for the placebo group);
two patients did not receive the study treatment and were thus ex-
cluded. Four patients did not meet the inclusion/exclusion criteria;
therefore, the FAS consisted of 221 patients (n = 113 for the dofequi-
dar group; n = 108 for the placebo group). The PPS consisted of 199
patients (n = 100 for the dofequidar group; n = 99 for the placebo
group). There were 22 patients excluded from the PPS analysis due to
protocol deviations. Baseline patient characteristics were well bal-
anced between the two treatment arms (Table 1). Most patients had
predominantly recurrent disease and had received prior chemothera-
py plus endocrine therapy. Also, many patients who had advanced
primary breast cancer had received no prior therapy.

Table 1. Patient Demographics (full analysis set)
Dofequidar +
CAF Placebo + CAF
{n = 113) {n = 108}
Characteristic No. % No. %
Age, years
Mean 54.4 52.4
SD 7.69 8.97
Medical history known 65 57.5 60 55.6
Weight, kg
Mean 56.2 54.1
SD 7.52 7.73
Height, cm
Mean 154.7 154.7
SD 5.7 5.61
Body surface area, m?
Mean 1.5 1.5
SD 0.1 0.1
Disease state
Recurrent 81 na 80 74.1
Advanced 32 283 28 259
Prior therapy
Radiotherapy + chemotherapy + 32 22.1 32 296
endocrine therapy
Chemotherapy + endocrine 55 48.7 54 50.0
therapy
Radiotherapy 1 0.9 1 0.9
No prior therapy 25 221 1 194
Menopausal status
Premenopausal 24 21.2 26 241
Postmenopausal 88 77.9 79 73.1
Abbreviations: CAF, cyclophosphamide, doxorubicin, and fluorouracil; SD,
standard deviation.
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Efficacy

The ORR, rated as CR or partial response rate, was 42.6% for
CAF plus placebo versus 53.1% for dofequidar plus CAF (Table 2).
Although this represents a 24.6% relative improvement and a 10.5%
absolute increase in response rate for patients receiving dofequidar
plus CAF compared with those receiving CAF plus placebo, this re-
sponse was not statistically significant (P = .077). A higher value was
observed in the dofequidar treatment group for all secondary end
points compared with placebo, though these results were not statisti-
cally significant. Among them, Figure 2 shows a trend for prolonged
PFS (median, 241 days for CAF plus placebo v 366 days for dofequidar
plus CAF; P = .145).

Dofequidar plus CAF significantly improved PFS in several pa-
tient subgroups, including patients who were premenopausal
(P = .046; Fig 3A), patients who had not received prior therapy
(P = .0007; Fig 3B), and patients who had advanced primary breast
cancer (P = .017; Fig 3C). An extended follow-up showed that
dofequidar plus CAF also significantly improved overall survival
(P = .0034; Fig 3D) in patients who had no prior therapy.

Safety and Tolerability

A similar number of patients completed six treatment cydles in
both groups (n = 53 for the dofequidar group; n = 51 for the placebo
group). The mean number of treatment cycles was 4.5 in the dofequi-
dar group and 4.3 in the placebo group. More than half of patients in
both groups included in each cycle from cycle 2 onward had a delay in
treatment, mostly due to prolonged hematologic toxicities.

Dofequidar plus CAF was well tolerated throughout the study.
No statistically significant excess of grade 3/4 AEs, except for neutro-
penia (P = .006) and leukopenia (P = .005), was found in the dofequi-
dar group compared with placebo (Table Al, online only).
Importantly, there was no marked difference in the incidence of
neutropenia-related morbidity, such as febrile neutropenia or infec-
tion, between the two treatment groups. No significant differences in
the incidence of cardiac AEs were found between the two treatment
groups. In addition, dose intensities of chemotherapeutic agents were
similar in both treatment arms. No significant difference in the inci-
dence of serious AEs (SAEs) was observed between either group.
However, there was a trend for a higher incidence of SAEs from
leukopenia in the dofequidar group than in the placebo group
(P = .060; Fisher’s exact test); five leukopenia cases were reported for
dofequidar, whereas no such case was reported for placebo.

A total of 124 patients discontinued the study (n = 61 for the
dofequidar group; n = 63 for the placebo group). The major reasons
for discontinuation were progressive disease (n = 23 for the dofequi-
dar group; n = 28 for the placebo group), grade 4 hematologic toxicity
(n = 20 for the dofequidar group; n = 6 for the placebo group), failure
to meet treatment continuation criteria (n = 6 for the dofequidar
group; n = 8 for the placebo group), and consent withdrawal (n = 6 for
the dofequidar group; n = 12 for the placebo group). Of the 225 patients
whoreceived treatment in the study, 14 patients died during the treatment
period (n = 3), the follow-up period (n = 2), or the follow-up period after
study termination (n = 9). There were 49 other serious AEs in 32 patients
during the study and follow-up period.

Pharmacokinetics

The mean plasma concentrations of doxorubicin in the dofequidar-
and placebo-treatrnent groups at 15 minutes postadministration reached
0.997 pg/mL and 1.259 pg/mL, respectively, followed by biphasic
elimination in both treatment groups. Mean plasma concentrations in
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Table 2. Response Rates for Patients Treated With Dofequidar Plus CAF {n = 113} or Placebo Plus CAF (n = 108)

Parameter
{No. of patients) Overall
Treatment Complete Partial No Change Progressive Not Response
Group Response Response {stable disease) Disease Assessable Rate (%) 95% CI
Dofequidar 5 55 40 10 3 53.1 43.51062.5
Placebo 4 42 a1 14 7 42.6 33110525

Abbreviation: CAF, cyclophosphamide, doxorubicin, and fluorouracil.

NOTE. Odds ratio = 1.53 {range, 0.87-2.69); P = .077 for dofequidar v placebo.

the dofequidar and placebo groups remained similar at 1, 2, 4, and 6
hours after the start of doxorubicin administration. Thus the elimina-
tion pattern for the first 6 hours after the start of administration was
similar in both groups. The plasma concentrations of doxorubicin in
the terminal phase (4 and 6 hours postadministration) were slightly
higher in the dofequidar group compared with placebo (1.2- to 1.3-
fold). However, AUC (0 to 6 hours) values showed no statistically
significant difference between the dofequidar and placebo groups
{(mean, 0.480 ug- h/mL; standard deviation [SD], 0.324; range, 0.237-
1.692; and mean, 0.407 pg - h/mL; SD, 0.062; and range, 0.289-0.500,
respectively). Therefore, treatment with dofequidar did not affect the
plasma concentrations of doxorubicin in patients (Fig 4).

I8
3

Chemotherapy remains the preferred adjuvant treatment for patients
with hormone receptor—negative disease and for patients with more
aggressive, hormone receptor—positive tumors.''*° However, despite
the use of conventional adjuvant chemotherapy regimens, a signifi-
cant proportion of patients with breast cancer still experience disease
recurrence because of inherent or acquired drug resistance.'? In this
randomized phase III trial, the efficacy and safety of the multidrug
resistance inhibitor dofequidar plus CAF was compared with CAF
plus placebo in patients with recurrent or advanced breast cancer.
Although, there was an observed relative improvement and absolute
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Fig 2. Progression-free survival in patients treated with dofequidar plus cyclophos-
phamide, doxorubicin, and fluorouracil (CAF) and placebo plus CAF (P = .145).
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increase in response rate for patients who received dofequidar plus
CAF, these results did not reach statistical significance. This improve-
ment in response rate may have been reflected in the observation that
there was a trend for prolonged PES, which favored patients in the
dofequidar plus CAF group.

To date, only two randomized trials have examined the efficacy of
a P-gp inhibitor in combination with chemotherapy in breast cancer
patients. Wishart et al*! examined quinidine combined with epirubi-
cin in patients with advanced breast cancer, but failed to show any sig-
nificant difference in overall survival or PFS compared with placebo.
In a more recent prospective study of patients with anthracycline-
resistant metastatic breast cancer (n = 99), verapamil combined with
vindesine and fluorouracil resulted in a significantly longer overall
survival and a higher response rate compared with patients who did
not receive the P-gp inhibitor (median survival, 323 v 209 days;
P = .036, respectively; ORR, 27% v 11%; P = .04, respectively).?

In the subgroup analyses, dofequidar in combination with CAF
displayed a significantly increased PFS in patients who had not re-
ceived prior therapy, who had advanced primary breast cancer or who
were premenopausal. In addition, dofequidar also significantly im-
proved overall survival in the patient group who had no prior therapy.
Although the patient numbers in these analyses were small, the results
remain important within these clinically significant patient popula-
tions. Both preclinical and clinical data have indicated that newer-
generation MDR modulators can prevent the development of
resistance.”>** A phase 1/1] trial in patients with acute myeloid leuke-
mia showed that dosing with cyclosporine before and in combination
with daunorubicin prevented chemotherapy resistance, while also
resulting in a decrease in MDR-1 RNA expression.?* Our results may
highlight one potential treatment approach to MDR tumors that has
not yet been fully exploited in the clinical environment, specifically the
prevention of the emergence of resistance through the early use of P-gp
inhibitors."? It seems reasonable that agents such as dofequidar may be
useful in the adjuvant or even neoadjuvant setting with the goal of pre-
venting or delaying the induction of MDR associated with chemotherapy.

The potential clinical significance of P-gp and MRP expression in
breast cancer is supported by the results from a number of studies. For
example in a study of primary breast cancer patients (n = 259), MRP
expression was associated with an increased risk of treatment failure in
patients with small tumors (T1) and node-positive patients who re-
ceived adjuvant cyclophosphamide, methotrexate, and fluorouracil
(CMF) chemotherapy but not in node-negative patients.> Burger
et al'? reported that the expression of MDR1 mRNA in primary
breast tumors was inversely correlated with the efficacy of first-line
chemotherapy. Additionally, the high level of MDR1 expression was
suggested to be a significant predictor of poor prognosis in patients
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Fig 3. Subgroup analyses. (A) Progression-free survival in premenopausal patients (P = .046); (B) progression-free survival in patients who had no prior therapy
(P = .0007); (C} progression-free survival in patients who were stage IV at diagnosis with an intact primary tumor (P = .017); and (D) overall survival in patients who

had no prior therapy (P = .0034).

with advanced disease.'* Significantly increased expression of P-gp
and MRP-1 has also been reported in an immunohistochemical study
of patients treated with preoperative chemotherapy, whereas pretreat-
ment expression of MRP-1 was associated with significantly shorter
PFS in patients.”® In a more recent study, MRP-1 expression was
shown to be an independent predictor for shorter relapse-free survival
and overall survival, after adjuvant CMF treatment, in premeno-
pausal, hormone receptor—positive patients.”” However, MRP-1 ex-
pression did not affect patients’ response to adjuvant tamoxifen plus
goserelin treatment.?’ _

These findings and our results support the view of Leonard et
al,” who indicate that future patients will need to be carefully
selected for the identification and development of effective drug-
resistance modulators. Patient populations who may derive
maximal benefit from MDR inhibition, for example, the no-prior-
therapy, advanced-disease, or premenopausal patient group in- the
present study, could quite easily be overlooked or lost within a large,
heterogeneous trial population.® Furthermore, by refining future clinical
trials to incorporate specific disease and patient characteristics, a clearer
picture of drug resistance in cancer will be obtained and the most effective
MDR inhibitor/chemotherapeutic agent(s) selected.

www.jco.org

Many MDR inhibitors have required high serum concentrations
for MDR reversal, which resulted in unacceptable toxicity, thereby
limiting their clinical impact.”?*32 Although more recent agents have
shown improved tolerability profiles, this has been countered by un-
predictable pharmacokinetic interactions with other transporter mol-
ecules (eg, cytochrome P450-mediated drug metabolism and
excretion, necessitating dose reductions in chemotherapy agents and
leading to inconsistent chemotherapy dosing among patients)." Sim-
tlarly, the addition of the MDR-modulating agent valspodar (PSC
833) to chemotherapy agents did not improve treatment out-
come.**** Toxicity was increased in the valspodar-treated group com-
pared with chemotherapy agents alone, despite the reduction of
chemotherapy doses in the valspodar-containing regimen. In our study,
dofequidar was well tolerated, with no indication of the unacceptable
toxicity associated with early MDR inhibitors. Importantly, dofequidar
did not affect the plasma concentrations of doxorubicin in patients during
the study and displayed an acceptable pharmacokinetic profile.

In conclusion, this study suggests that treatment with dofequidar
resulted in possible clinical benefit for patients who had not received
prior therapy, who were premenopausal, or who were stage IV at
diagnosis with an intact primary tumor. Dofequidar was also well
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Fig 4. Plasma levels of doxorubicin in patients receiving dofequidar or placebo.
CAF, cyclophosphamide, doxorubicin, and fluorouracil.

tolerated in the clinical setting and had no impact on doxorubicin
pharmacokinetics. Further studies are merited to assess the effect of
dofequidar in specific patient populations with breast cancer.
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