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Table 3 Table 5
Comparison of lymph node status of SLNs and non-SLNs Comparison of lymph node status of SLNs and non-SLNs among nodal
SLN status Non-SLN status status before NAC
. R SLN status Non-SLN status
Positive Negative
= 4 3

Positive 13 11 NO ) NIN2 (@ = 35)
Negative 3 45 Positive Negative Positive Negative

False-negative rate = 11.1%. Positive 3 6 10 5

Negative 1 31 2 14
. . Total number of SLNs

11 of these patients (45.8%), the SLN was the only positive identified 41 (97.6%) 31 (88.6%)
node. SLLNs were identified by both radiocolloid and blue False-negative rate 10% 11.2%

dye in 53 patients (73.6%), by radiocolioid 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

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
Iymph 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% 71.7% 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 Il or I 5.0 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 50 29 (85.0) 3(14)
Haid et al [9], 2001 33 T1-3, any N 33 29 (88.0) 0(0)
Julian et al [11], 2002 3 lorll NS 29 (93.5) 0
Tafra et al [12], 2001 29 Any T, NO NS 27 (93.0) 00
Nason et al [13], 2000 15 T2-4, NO NS 13 (87.0) 3(33)
Shimazu et al [14], 2004 47 MorINT 4.5 44 (93.6) 4(12)
Current study 77 T2-4, any N 4.8 72 (93.5) 3D

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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Background: Despite the increasing use of both sentinel lymph node (SLN) biopsy and neoadjuvant
chemotherapy (NAC) in patients with operable breast cancer, information on the feasibility and accuracy
of sentinel node biopsy following neoadjuvant chemotherapy is still quite limited. Therefore, we investi-
gated the feasibility and accuracy of sentinel lymph node biopsy for breast cancer patients after NAC.

Methods: A total of 104 patients with Stage II and III breast cancers, previously treated by NAC, were
enrolled in the study. All patients were clinically node-negative after NAC. The patients underwent SLN
biopsy, which involved a combination of an intradermal injection of radiocolloid and a subareolar injection
of blue dye over the tumor. This was followed by completion axillary lymph node dissection (ALND).

Results: SLN could be identified in 97 of 104 patients (identification rate, 93.3%). In 93 of the 97
patients (95.9%), the SLN accurately predicted the axillary status. Four patients’ SLN biopsies were false
negative, resulting in a false-negative rate of 10.0%. The SLN identification rate tended to be lower among
patients with T4 primary tumors prior to NAC (62.5%).

Conclusion: The SLN identification and false-negative rates were similar to rates in non-neoadjuvant
studies. The SLN accurately predicted metastatic disease in the axilla of patients with tumor response fol-

lowing NAC.
Breast Cancer 14:10-15, 2007.

Key words: Sentinel node biopsy, Neoadjuvant chemotherapy, Breast cancer, Intradermal injection

Introduction

Currently, the status of the axillary lymph
nodes is the most important prognostic indicator
for breast cancer and helps guide the physician in
adjuvant therapy. More than 40 peer-reviewed
pilot studies, published between 1993 and 1999,
have established the validity of the SLN biopsy
technique for clinically node-negative breast can-
cer® and SLN biopsy has become the standard of
care for axillary staging in such patients.

Recent studies report identification rates
greater than 90% and false-negative rates ranging

Reprint requests to Takayuki Kinoshita, Division of Surgical Oncolo-
gy National Cancer Center Hospital, 5-1-1, Tsukiji Chuoku, Tokyo
104-0045, Japan

E-mail: takinosh@nce.go.jp

Abbreviations:

SIN, Sentinel lymph node; NAC, Neoadjuvant chemotherapy;
ALND, Axillary lymph node dissection
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from 2 to 10%*?. To ensure a high SLN identifica-
tion rate and a low false-negative rate, some rela-
tive contraindications for SLN biopsy have been
established, including T3 or T4 tumors, multicen-
tric or multifocal lesions, a large biopsy cavity, pre-
vious axillary surgery, previous chest-wall irradia-
tion, and NAC*?.

The application of SLN biopsy in NAC patients
may identify, as in non-neoadjuvant chemotherapy
groups, patients who do not necessarily require an
ALND. Several studies have evaluated the use of
SLN biopsy in patients with breast cancer after
NAC, but the results have been varied and incon-
clusive®?,

Recently, the American Society of Clinical
Oncology panel concluded that there are insuffi-
cient data to recommend SLN biopsy for patients
receiving preoperative therapy, although SLN
biopsy after preoperative systemic chemotherapy
is technically feasible™. It is possible that the
tumor response to chemotherapy may alter or
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interrupt the lymphatic drainage, thus causing
lower SLN identification rates and higher false-
negative rates than in non-neoadjuvant studies.
We hypothesize that the lymphatic flow within the
skin lesion overlying the tumor is less damaged
by chemotherapy than that in the parenchyma
. surrounding the tumor, except in T4 tumors.
Thus, the usefulness of SLN biopsy with intrader-
mal radiocolloid injection for patients with NAC-
treated breast cancer has yet to be established.
The objective of this study was to determine
the feasibility and accuracy of SLN biopsy using
intradermal radiocolloid injection over the tumor
in clinically node-negative, NAC-treated breast
cancer patients.

Patients and Methods

Between May 2003 and October 2005, 104
patients with T2-4N0-2 breast cancer underwent
NAC with SLN biopsy plus ALND performed by a
single surgeon. The pathologic diagnosis was
established by core needle biopsy in all patients
prior to NAC.

Patients under 65 of age received four cycles of
5FU (500mg/m?®) / epirubicin (100mg/m?®) /
cyclophosphamide (500mg/m?) (FEC), plus
twelve weekly cycles of paclitaxel (80mg/m?).
Patients over 65 years of age received twelve
weekly cycles of paclitaxel (80mg/m?) alone. After
NAC, we enrolled the 104 clinically node-negative
patients into this study.

Lymphatic mapping was performed using a 3
ml combination of blue dye (Patent blue V®, TOC
Ltd., Tokyo, Japan) and 30-80 megabecquerels of
technetium-99m-labeled Phytate (Daiichi RI Labo-
ratory, Tokyo, Japan). One day prior to surgery,
the radiotracer was intradermally injected into the
area overlying the tumor, while blue dye was intra-
operatively injected into the subareolar site. For
nonpalpable lesions, injections were performed
using mammographic or ultrasonic needle local-
ization. Sentinel lymph nodes were identified as
blue stained, radioactive, or both. SLN biopsy was
then followed by a standard level I/II ALND. For
32 patients, lymphscintigraphy was also per-
formed prior to NAC, and was compared to lym-
phatic mapping after NAC.

All sentinel nodes were histologically evaluated
by creating 3-5 mm serial sections and staining
with hematoxylin and eosin (H&E). Lymph nodes
submitted as part of the axillary dissection were

Table 1. Patient demographics

Number of patients

Age (years)

Mean 50.2

Range 27-77
Clinical tumor size (cm)”

Mean 4.89

Range 2.5-12
Tumor classification”

T2 61 (58.7%)

T3 35 (33.6%)

T4 8 ( 7.7%)
Lymph node status™

NO 54 (52.0%)

N1 40 (38.5%)

N2 10 ( 9.5%)
Tumor type

Invasive ductal 102 (98.1%)

Invasive lobular 2 ( 1.9%)
Type of NAC

FEC plus paclitaxel 100 (96.2%)

paclitaxel alone 4 ( 3.8%)
Clinical response of the tumor

CR 55 (52.9%)

PR 41 (39.4%)

SD 8( 7.7%)
Pathological response of the tumor

pCR 23 (22.1%)

pINV 81 (77.9%)
Pathological nodal status

Negative 60 (57.7%)

Positive 44 (42.3%)
*Before NAC.

pCR = pathological complete response; pINV = pathological
invasive.

CR = Complete response; PR = Partial response; SD= Stable
disease

submitted in their entirety and evaluated using
standard H&E staining.

Results

The patient characteristics, type of chemother-
apy, clinical response of the tumor, and pathologi-
cal findings are summarized in Table 1. All
patients underwent breast-conserving therapy or
mastectomy and were clinically node-negative at
the time of operation.

Based on lymphscintigraphy studies before
and after NAC, the results of lymphatic mapping
were quite similar in 30/32 patients, as shown in
Fig 1. SLN were not detected in two cases with a
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1a

Fig 1. Lymphscintigraphy before and after NAC (la and 1b, respectively) revealed one sentinel
node at the axilla. The bone scintigram was performed simultaneously to detect bone
metastasis.

Table 2. Results of sentinel node biopsy

Sentinel Lymph Node Biopsy for Breast Cancer Patients after Neoadjuvant Chemotherapy !

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

Number of patients before NAC
Total no. of patients 104 T2 (n=59) T3/T4 (n=38)
SLN identified 97 (93.4%)
SLN positive 36 (34.6%) Non- SLN status
SLN was only positive lymph node 16 (44.4%) SLN status Positive  Negative Positive  Negative
SLN identification method
Radiocolloid and blue dye 91 (87.5%) Positive 7 7 13 9
Blue dye only 13 (12.5%) Negative 2 43 2 14
SLN identified, SLN identified,
59/61 (97%) 38/43 (88%)

Table 3. Comparison of lymph node status of SLNs
and non-SLNs (n=97)

Non-SLN status
SLN status Positive Negative
Positive 20 16
Negative 4 57

False-negative rate, 10%; overall accuracy, 96%;
negative predictive value, 93%; positive predictive value, 100%

T4d primary tumor.

As seen in Table 2, the overall SLN identifica-
tion rate was 93.4% (97 of 104). Of the 97 patients
in whom an SLN could be identified, 36 (34.6%)
had positive SLNs. In 16 of these patients (44.4%),
the SLN was the only positive node. SLNs were
identified by both radiocolloid and blue dye in 91
patients (87.5%) and by blue dye alone in 13
patients (12.5%).

The pathological status of the SLNs and non-
SLNs is outlined in Table 3.

The SLNs accurately predicted axillary status
in 93/97 patients (95.9%). Four patients had false-

12

False-negative rate, False-negative rate, 8%

13%

negative SLN biopsies, a false-negative rate of
10.0% (4/40). Fifty-seven patients had pathologi-
cally negative SLN or non-SLN.

The pathological status of the SLNs and non-
SLNs was analyzed according to tumor classifica-
tions before NAC, clinical lymph node status
before NAC, and the response of the tumor after
NAC.

In T2 tumors before NAC, the SLN identifica-
tion rate was 97% (59 of 61), and 2 patients had
false-negative SLN biopsies, or a false-negative
rate of 13%. In T3 and T4 tumors, the results were
88.4% (38 of 43) and 8%, respectively (Table 4).
The SLN identification rate tended to be higher in
patients with a T2 primary tumor before NAC
than in those with T3/T4 primary tumor before
NAC, but the difference was not statistically sig-
nificant.

In the SLN biopsy results, there was no signifi-
cant difference between nodal status prior to
NAC.
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Table 5. Comparison of lymph node status of SLNs and
non- SLNs among nodal status before NAC

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

NO (n=52) N1/N2 (n=45)

Non- SLN status

SLN status Positive Negative Positive  Negative

Positive 4 8 16 8

Negative 2 38 2 19
SLN identified, SLN identified,

52/54 (96%)
False-negative rate,
14%

45/50 (90%)
False-negative rate, 7%

CR (n=50) PR/SD (n=47)

Non- SLN status

SLN status Positive Negative Positive  Negative

Positive 6 5 14 11

Negative 2 37 -2 20
SLN identified, SLN identified,

50/55 (91%)
False-negative rate,
15%

47/49 (96%)
False-negative rate, 7%

Table 7. Success rate of sentinel node identification according to tumor characteristics

No. of Attempted Success Rate (%) P
Tumor classification
T2 61 97 % N.S.
T3 35 924 %
T4 8 63 %
Clinical nodal status
Negative 54 96 % N.S.
Positive 50 90 %
Clinical tumor response
CR 55 91% N.S.
PR/SD 49 96 %
Pathological tumor response
pCR 23 91% N.S.
pINV 81 HU%

In the patients with clinically negative lymph
nodes (NO) before NAC, the SLN identification
rate was 96.3% (52 of 54), and two patients had a
false-negative SLN biopsy, a false-negative rate of
14%. In the patients with clinically positive lymph
nodes (N1/N2), the results were 90% (45 of 50)
and 7%, respectively (Table 5). In the SLN biopsy
results, there was no significant difference
between nodal status prior to NAC.

For patients with complete tumor response
(CR) after NAC, the SLN identification rate was
91.0% (50/55) and two patients had false-negative
SLN biopsies, resulting in a false-negative rate of
15%. For patients with partial tumor response
(PR) and stable disease (SD), the results were
96.0% (47/49) and 7%, respectively (T able 6). The
SLN identification rate tended to be lower,
although the difference was not statistically signif
icant, after NAC in patients with CR after NAC as
compared to those with PR and SD.

There was no significant difference in the false-

negative rate according to the tumor classification
before NAC, the clinical lymph node status before
NAC, or the tumor responses after NAC.

There was also no significant difference in the
success rate of SLN identification according to
tumor classifications before NAC, the clinical
lymph node status before NAC, the clinical
response of the tumor after NAC, or the pathologi-
cal response of the tumor after NAC, although the
success rate tended to be lower in patients with a
T4 primary tumor (Table 7).

Discussion

Although the use of SLN biopsy has dramati-
cally increased over the past several years, and
some experienced surgeons are performing this
procedure without completing axillary dissection,
it is unlikely that SLN biopsy will become the gen-
erally accepted standard of care in axillary staging
until results from ongoing randomized trials
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Table 8. Studies of SLN biopsy after NAC

Sentinel Lymph Node Biopsy for Breast Cancer Patients after Neoadjuvant Chemotherapy

No (%) of

No. of Tumor successful SLN  False

patients  Stage size (cm) biopsies negative (%)
Breslin et al,2000 ¢ 51 Ior IO 5.0 43 (84.3) 3(12)
Miller et al, 20027 35 T1-3NO 35 30 (86.0) 0(0)
Stearns et al..2000 ® 34 T34, any N 50 29 (85.0) 3(14)
Haid et 21,2001 ° 33 T1-3, any N 33 29 (83.0) 0(0)
Julian et al,2002 * 31 Tor: NS 29 (93.5) 0(0)
Tafra et al,2001 * 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 Ior IO 45 44 (93.6) 4(12)
Current study 104 T2-4, any N 49 97 (93.0) 4 (10)

demonstrate the equivalence of this procedure
with axillary dissection in terms of axillary recur-
rence and overall survival. At the same time, it is
unlikely that the value of sentinel node biopsy fol-
lowing NAC will be established”. The main reason
for this is that only a small proportion of operable
breast cancer patients currently receive NAC,
making a randomized trial quite difficult. Another
reason is that when the results from the ongoing
randomized trials are disclosed, if they are favor-
able towards the SLN biopsy procedure, the
majority of surgeons will extrapolate the applica-
bility of these results to patients who have
received NAC. Thus, it is quite possible that
demonstrating the feasibility and efficacy of SLN
biopsy after NAC will depend on the retrospective
data of single-institution experiences.

NAC can reduce tumor size and significantly
increase the ability to perform breast-conserving
therapy'®®. After NAC, axillary downstaging is
similarly affected. NAC with anthracycline/
cyclophosphamide-containing regimens has been
shown to neutralize the involved axillary nodes in
about 30% of patients'®. The addition of taxanes to
anthracycline/cyclophosphamide-containing regi-
mens has increased the conversion rate to around
40%*2, With the number of patients receiving
NAC increasing, the question arises as to whether
SLN biopsy is an option for these patients. We
summarize the studies regarding SLN biopsy after
NAC in Table 8, but they are inconclusive®™.
Breslin et al.® reported a study of 51 patients who
underwent SLN biopsy after NAC and concluded
that SLN biopsy following NAC is accurate. They
had an identification rate of 84.3% and a false-nega-
tive rate of 12.0%. Nason et al.” reported a smaller
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number of patients who hard received NAC, and
their identification and false-negative rates were
87.0% and 33.3%, respectively. They concluded that
SLN biopsy resulted in an unacceptably high false-
positive rate. However, in these small series, even
1 or 2 patients with false-negative SLNs can great-
ly affect the conclusions in a different direction.
We report here a study of 104 patients who
received NAC and had an identification rate of
93.4% and false-negative rate of 10.0%. We con-
clude in our study that SLN biopsy after NAC is
accurate and feasible even for large tumors and
patients with positive axillary nodal status before
NAC without inflammatory breast cancer.

It has been speculated that among patients
who have had their axillary lymph node status
downstaged by NAC, tumors 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
might then cause an increased false-negative rate
for SLN biopsy and a decreased identification rate
of SLN biopsy. However the hypothesis of the pre-
sent study is that the lymphatic flow around skin
lesions is rich and less influenced by the effects of
chemotherapy and tumor size than that in the
parenchyma surrounding the tumor. The lymph-
scintigraphy in this study results before and after
NAC demonstrated that the effect of NAC did not
at all change the lymphatic flow of the breast.

The results of our study suggest that SLN biop-
sy after NAC using intradermal injection of radio-
colloid is feasible and can accurately predict axil-
lary lymph node status for patients with clinically
negative lymph node status following NAC. This
procedure could help patients who have had their
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axillary lymph node status downstaged from posi-
tive to negative and patients with large tumors
qualify as appropriate candidates for SLN biopsy.
Further, multicenter studies, involving a larger
number of patients from a variety of clinical loca-
tions, will be required to fully establish the feasi-
bility and accuracy of SLN biopsy for patients with
breast cancer who have been treated with NAC.
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