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Predicting Nodal Status Using Dynamic
Contrast-Enhanced Magnetic Resonance Imaging
in Patients With Locally Advanced Breast Cancer
Undergoing Neoadjuvant Chemotherapy
With and Without Sequential Trastuzumab
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Hypothesis: Dynamic contrast-enhanced (DCE) mag-
netic resonance imaging (MRI) is a reliable and accu-
rate method for monitoring primary tumor response in
the breast and can be used as a surrogate to predict final
axillary nodal status.

Design: Retrospective study (October 1, 2004, through
February 28, 2006) of 46 patients with clinically staged
locally advanced breast cancer.

Setting: Comprehensive cancer center.

Patients: Forty-six patients with locally advanced breast
cancer.

Interventions: Neoadjuvant chemotherapy (NAC),
DCE-MRI, mastectomy and lumpectomy, and axillary
lymph node dissection.

Main Outcome Measures: The DCE-MRI results and
pathologic response of the breast and axillary lymph
nodes.

Results: Forty-six patients underwent NAC with doxo-
rubicin hydrochloride and cyclophosphamide, fol-

lowed by paclitaxel and carboplatin, with or without
trastuzumab based on human epidermal growth factor
receptor 2 (HER2/neu) status. Twenty-one patients (46%)
had a complete pathologic response. For the HER2/neu-
positive patients, the complete pathologic response rate
was 70% (14/20). The accuracy, sensitivity, and speci-
ficity of the primary tumor response in predicting the ax-
illary nodal status were 78%, 88%, and 72%, respec-
tively. The accuracy, sensitivity, and specificity of the
DCE-MRI–measured response in the primary tumor in
predicting axillary nodal status were 74%, 62%, and 82%,
respectively. For the HER2/neu-positive patients, the ac-
curacy, sensitivity, and specificity improved to 80%, 75%,
and 82%, respectively.

Conclusions: The results of DCE-MRI of the primary
tumor can be predictive of axillary nodal status, espe-
cially in patients receiving trastuzumab who are HER2/
neu positive. The HER2/neu-positive patients with a com-
plete clinical response on DCE-MRI are highly unlikely
to benefit from an axillary lymph node dissection. For
HER2/neu-negative patients, sentinel lymph node sam-
pling is warranted.
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T HE OPTIMAL MANAGEMENT

of axillary lymph nodes
in patients with locally
advanced breast cancer
(LABC) remains a com-

plex therapeutic problem.1 Locally ad-
vanced breast cancer represents 5% to 20%
of all newly diagnosed breast cancers in
the United States, with a higher inci-
dence in medically underserved areas.2

During the past several decades, treat-
ment for LABC has evolved from radical
mastectomy to the use of neoadjuvant che-
motherapy (NAC) followed by a mastec-
tomy and an axillary node dissection.3 The

possibility of “lesser” surgery (breast con-
servation) has only recently been intro-
duced because of the increased effective-
ness of NAC regimens.

The optimal intensity and duration of
NACforLABCstill remaincontroversialbe-
causeof thedifficulty inevaluatingresponse
to therapy.2,4,5 Response to treatment has
traditionally been assessed by physical
examination,mammography, and/orultra-
sonography. Several studies6-8 have shown
significant discrepancies between the clini-
cal assessment of response to NAC and the
pathologicassessmentof response found in
posttherapy surgical specimens.
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Newer imaging modalities are being tested to im-
prove the presurgical assessment of residual disease af-
ter chemotherapy. Dynamic contrast-enhanced (DCE)
magnetic resonance imaging (MRI) was recently shown
to be accurate in determining both the tumor response
and the amount of residual disease remaining in pa-
tients who have undergone NAC for LABC.9-11

Dynamic contrast-enhanced MRI has the ability to dis-
tinguish postchemotherapeutic fibrotic changes from vas-
cularized tumor tissue based on the evaluation of tissue
morphologic features and signal intensity changes after
contrast medium administration.12,13 The contrast agent
used has both an intravascular and interstitial distribu-
tion that allows for increased signal intensity at sites of
angiogenic foci, which correlates with viability of the re-
sidual tumor.

To date, no large studies have addressed the imaging
of the axillary nodal status of patients who have under-
gone NAC for LABC. A few articles14,15 are available on
the use of ultrasmall superparamagnetic iron oxide agents
with MRI, with and without positron emission tomog-
raphy, in the assessment of axillary lymph node metas-
tases before therapy in patients with breast cancer. The
results of these studies are promising, but the sample sizes
are small and the results are preliminary. The aim of this
study is to evaluate the use of DCE-MRI in the measure-
ment of residual disease in the primary breast tumor as
a surrogate maker for disease status in the axilla for pa-
tients with LABC undergoing NAC.

METHODS

PATIENT SELECTION

From October 1, 2004, through February 28, 2006, a retro-
spective review of an ongoing prospective study, approved by
the University of California, Irvine, institutional review board,
identified 46 patients with LABC who underwent NAC with
or without trastuzumab. Core needle biopsy specimens were
obtained for all primary tumors before NAC. A small subset of

patients underwent fine needle aspiration of their axillary nodes
to detect the presence or absence of disease. The mean age of
the group was 50 years (range, 30-70 years). The size of the
tumor at presentation was greater than or equal to 5.0 cm in
32 patients (70%), 2.1 to 4.9 cm in 12 patients (26%), and less
than or equal to 2.0 cm in 2 patients (4%). Thirty-nine pa-
tients (85%) were found on clinical examination to have in-
volved axillary adenopathy at presentation. The remaining 7
patients (15%) had a clinically negative axilla at presentation.
The human epidermal growth factor receptor 2 (HER2/neu) sta-
tus was determined in all 46 patients. Twenty patients (44%)
had an amplification of the HER2/neu gene. Twenty-seven pa-
tients (59%) had a positive estrogen receptor status (Table 1).

Thirty-five of the 46 patients were followed up sequentially
with DCE-MRI throughout the chemotherapy regimen. Eleven
patients did not undergo the DCE-MRI imaging protocol but com-
pleted the NAC protocol. The MRI sequencing consisted of a base-
line study before induction of chemotherapy followed by 2 MRI
measurements before the change of chemotherapeutic agents and
a final MRI measurement before a partial mastectomy or mastec-
tomy with a complete axillary lymph node dissection.

MRI STUDY PROTOCOL

The MRI study was performed using a 1.5-T Phillips Eclipse
magnetic resonance scanner with a standard bilateral breast coil
(Philips Medical Systems, Cleveland, Ohio). The imaging pro-
tocol consisted of high-resolution precontrast imaging, DCE
imaging, and proton chemical-shift spectroscopic imaging. Af-
ter the intravenous line was placed, the patient was placed into
the scanner in a prone position. The breasts were gently cush-
ioned inside the coil with rubber foam to reduce motion. Next
a localizer study was performed to define the location of the
breasts, sagittal view unilateral T1-weighted precontrast im-
ages were acquired from the breast of concern, using a spin echo
pulse sequence with a repetition time of 1000 milliseconds, an
echo time of 12 milliseconds, a field of vision of 20 cm, and a
matrix size of 256�256. Thirty to 40 slices with 3- to 4-mm
thickness were prescribed to cover the entire breast and part
of the axillary region. After this, a 3-dimensional gradient echo
sequence (radiofrequency-Fourier acquired steady state [RF-
FAST]) pulse sequence with 16 frames (repetitions) was pre-
scribed for bilateral dynamic imaging. Thirty-two axial slices
with 4-mm thickness were used to cover both breasts. The
imaging acquisition parameters were a repetition time of 8.1
milliseconds, an echo time of 4.0 milliseconds, a flip angle of20°,
a matrix size of 256�128, and a field of vision of 38 cm. The
imaging time was 42 seconds per acquisition. The sequence was
repeated 16 times for dynamic acquisitions (4 precontrast and
12 postcontrast sets). The contrast agent (Omniscan, 1 mL per
10 lb of body weight) was manually injected at the beginning
of the fifth acquisition and was timed to finish in 12 seconds
to make the bolus length consistent for all patients. Immedi-
ately after the contrast, 10 mL of isotonic sodium chloride so-
lution was injected to flush in all the contrast medium.

TUMOR SIZE AND THERAPY
RESPONSE EVALUATION

Two-dimensional tumor size was measured for evaluating therapy
response. Measurement of the longest diameter and the longest
perpendicular diameter of the tumor was performed based on
maximum intensity projection of the subtraction images. The pre-
contrast images acquired at the third frame in the DCE-MRI se-
quence were subtracted from the postcontrast images acquired
at the sixth frame (approximately 1 minute after injection) to ob-
tain subtraction images for each of the 32 slices, and the maxi-

Table 1. Characteristics of 46 Patients With
Locally Advanced Breast Cancer Who Underwent
Neoadjuvant Chemotherapy

Characteristic No. (%) of Patients

Age, y
�50 21 (46)
�50 25 (54)

Size of tumor, cm
�5.0 32 (70)
2.1-4.9 12 (26)
�2.0 2 (4)

Clinical node status (prechemotherapy)
Positive 39 (85)
Negative 7 (15)

HER2/neu status
Positive 20 (44)
Negative 26 (56)

Estrogen receptor status
Positive 27 (59)
Negative 19 (41)
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mum intensity projection from these subtraction images was gen-
erated. One operator (M.-Y.S.) performed the size measurement
for all patients. The pretreatment and posttreatment tumor sizes
were measured during the same sitting to minimize any intrapa-
tient variation in tumor definition. The product of the bidimen-
sional diameters (product of the longest diameter and the long-
est perpendicular diameter) was then calculated, and the tumor
size change was measured as the percentage change with respect
to that in the baseline MRI. For those patients with multiple dif-
ferentiable lesions, the largest lesion was used as the index le-
sion. The processing of subtraction, maximum intensity projec-
tion, and size measurements was performed using ImageJ software
(National Institutes of Health, Bethesda, Md; http://rsb.info.nih
.gov/ij/, 1.30v). The response to NAC was classified based on the
Response Evaluation Criteria in Solid Tumors Groups crite-
ria.16,17 The primary lesion was measured with the longest diam-
eter to be recorded. A complete response was defined as the dis-
appearance of the primary lesion and all other secondary lesions.
A partial response was at least a 30% decrease in the sum of the
longest diameter of the primary and secondary lesions. Progres-
sive disease was classified as at least a 20% increase in the total
diameters of the lesions (Figure).

CHEMOTHERAPY REGIMEN

All patients received a chemotherapy regimen that consisted of
60 mg of doxorubicin hydrochloride intravenously per square
meter of body surface area and 600 mg of cyclophosphamide
intravenously per square meter every 14 days for 2 to 4 cycles, de-
pending on clinical response. In addition, 500 µg of granulocyte-
macrophage colony-stimulating factor was injected subcutane-
ously, beginning more than 72 hours after the treatments for 7 to
10 days. This treatment was followed sequentially with 80 mg of
paclitaxel intravenously per square meter, as well as carboplatin
equal to the area under the curve of 2, for 1 hour once a week for
3 weeks followed by 1 week off, for 9 to 12 doses. The HER2/neu-
positive patients received trastuzumab intravenously in a load-
ing dose of 4 mg/kg of body weight on day 1 of the first cycle, fol-
lowed by a dose of 2 mg/kg once a week for 12 to 16 doses.

HER2/neu TESTING

Before beginning NAC, all the patients had histologically proven
breast cancer. The biopsy specimens were tested for HER2/
neu based on the American Society of Clinical Oncology/
College of American Pathologists guidelines.18 The HER2/neu
status was determined by immunohistochemical assay and/or
fluorescence in situ hybridization. Positive HER2/neu status was
determined by an immunohistochemical assay result of 3� and
a fluorescence in situ hybridization ratio of 2 or more.

RESULTS

All 46 patients underwent NAC with 2 to 4 cycles of doxo-
rubicin and cyclophosphamide followed sequentially by
paclitaxel, with or without trastuzumab, based on
HER2/neu status. This treatment was followed by either
lumpectomy or mastectomy with axillary nodal dissec-
tion, depending on residual disease and patient prefer-
ence. In addition, 20 patients (43%) underwent sentinel
lymph node biopsy (SLNB) via isosulfan blue and radio-
isotope mapping after NAC. The sentinel node identifi-
cation rate was 100%.

In the overall group of 46 patients, the complete patho-
logic response rate was 46% (21/46), the partial pathologic

response rate was 50% (23/46), and 4% (2/46) had no re-
sponse. The HER2/neu-positive patients had a complete
pathologic response rate of 70% (14/20) vs 27% (7/26) for
theHER2/neu-negativepatients.Twenty-sixpatients(56%)
electedtohaveamastectomy,andtheremaining20received
a lumpectomy or segmental resection (Table 2).

When the primary tumor response was used as a surro-
gate marker to predict the axillary lymph node status, the
accuracy,sensitivity,andspecificitywere78%,88%,and72%,
respectively,withanegativepredictivevalue(NPV)of91%
(Table 3). Thirty-five patients were followed up with se-
rialDCE-MRIthroughoutchemotherapy.Theaccuracy,sen-
sitivity,andspecificityof theprimarytumorresponse inpre-

A

B

Figure. Magnetic resonance images from baseline to after completion of
neoadjuvant chemotherapy. A, Baseline (arrow indicates area of malignancy).
B, Clinical complete response after completion of neoadjuvant chemotherapy.

Table 2. Pathologic Response to Neoadjuvant
Chemotherapy and Surgical Resection Performed

Characteristic
No. (%) of Patients

(N=46)a

Final Pathologic Response
Complete response 21 (46)
Partial response 23 (50)
No response 2 (4)

Final Pathologic Response Based on HER2/neu Status
Complete
Response

Partial
Response

No
Response

HER2/neu positive 14 6 0
HER2/neu negative 7 17 2

Final Surgical Procedure
Lumpectomy 20 (43)
Mastectomy 26 (56)

aData are presented as number (percentage) of patients unless otherwise
indicated.
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dicting theaxillary lymphnodestatus in thisMRIsubgroup
were83%,92%,and77%,respectively,withanNPVof94%.
When stratified on the basis of HER2/neu status, the accu-
racy, sensitivity, specificity, and NPV were all 100% for the
HER2/neu-positive patients and 70%, 89%, 55%, and 86%,
respectively, for theHER2/neu-negativepatients(Table4).

When comparing the DCE-MRI–measured response
of the primary tumor with the final pathologic test re-
sults (breast specimen), the accuracy was 69%, the sen-
sitivity was 53%, the specificity was 83%, and the NPV
was 65%. When stratified for HER2/neu status, HER2/
neu-positive patients had an accuracy of 80%, a sensi-
tivity of 75%, a specificity of 82%, and an NPV of 90%,
compared with 60%, 46%, 86%, and 46%, respectively,
for the HER2/neu-negative patients (Table 5).

Finally, the DCE-MRI–measured response of the pri-
mary tumor was compared with the residual disease in the
axillarynodes.Theaccuracy, sensitivity, specificity, andNPV
were 74%, 62%, 82%, and 78%, respectively. For the HER2/

neu-positive patients, the rates were 80%, 75%, 82%, and
90%, respectively. For the HER2/neu-negative patients, the
rates were 70%, 56%, 82%, and 69%, respectively (Table6).

Table 3. Primary Tumor Response to Neoadjuvant
Chemotherapy as a Marker for Axillary Lymph Node Responsea

Breast Pathologic
Response

Axillary Lymph Node
Pathologic Response

TotalPositive Negative

Positive 15 8 23
Negative 2 21 23
Total 17 29 46

aSensitivity was 88% (95% confidence interval [CI], not available);
specificity, 72% (95% CI, 56%-89%); negative predictive value, 91%
(95% CI, not available); and accuracy, 78% (95% CI, 66%-90%).

Table 4. Primary Tumor Response to Neoadjuvant
Chemotherapy as a Marker for Axillary Lymph Node Response
Based on HER2/neu Status Breast Pathologic Response

Breast Pathologic
Response

Axillary Lymph Node
Pathologic Response

TotalPositive Negative

Total No. of patientsa

Positive 12 5 17
Negative 1 17 18
Total 13 22 35

HER2/neu-positive patientsb

Positive 4 0 4
Negative 0 11 11
Total 4 11 15

HER2/neu-negative patientsc

Positive 8 5 13
Negative 1 6 7
Total 9 11 20

aSensitivity, 92% (95% confidence interval [CI], not available); specificity,
77% (95% CI, 60%-95%); negative predictive value, 94% (95% CI, not
available); and accuracy, 83% (95% CI, 70%-95%).

bSensitivity, 100%; specificity, 100%; negative predictive value, 100%;
and accuracy, 100%.

cSensitivity, 89% (95% CI, not available); specificity, 55% (95% CI,
25%-84%); negative predictive value, 86% (95% CI, not available); and
accuracy, 70% (95% CI, 50%-90%).

Table 5. DCE-MRI Evaluation of Primary Tumor Response
to Neoadjuvant Chemotherapy Based on HER2/neu Status

DCE-MRI

Tumor Pathologic
Response

TotalPositive Negative

Total No. of patientsa

Positive 9 3 12
Negative 8 15 23
Total 17 18 35

HER2/neu-positive patientsb

Positive 3 2 5
Negative 1 9 10
Total 4 11 15

HER2/neu-negative patientsc

Positive 6 1 7
Negative 7 6 13
Total 13 7 20

Abbreviations: DCE, dynamic contrast-enhanced; MRI, magnetic
resonance imaging.

aSensitivity, 53% (95% confidence interval [CI], 29%-77%); specificity,
83% (95% CI, not available); negative predictive value, 65% (95% CI,
38%-92%); and accuracy, 69% (95% CI, 53%-84%).

bSensitivity, 75% (95% CI, not available); specificity, 82% (95% CI, not
available); negative predictive value, 90% (95% CI, not available); and
accuracy, 80% (95% CI, 60%-100%).

cSensitivity, 46% (95% CI, 19%-73%); specificity, 86% (95% CI, not
available); negative predictive value, 46% (95% CI, 9%-83%); and accuracy,
60% (95% CI, 39%-81%).

Table 6. DCE-MRI Evaluation of Axillary Nodal Response
to Neoadjuvant Chemotherapy Based on HER2/neu Status

DCE-MRI

Axillary Lymph Node
Pathologic Response

TotalPositive Negative

Total No. of patientsa

Positive 8 4 12
Negative 5 18 23
Total 13 22 35

HER2/neu-positive patientsb

Positive 3 2 5
Negative 1 9 10
Total 4 11 15

HER2/neu-negative patientsc

Positive 5 2 7
Negative 4 9 13
Total 9 11 20

Abbreviations: DCE, dynamic contrast-enhanced; MRI, magnetic
resonance imaging.

aSensitivity, 62% (95% confidence interval [CI], 35%-88%); specificity,
82% (95% CI, 66%-98%); negative predictive value, 78% (95% CI, not
available); and accuracy, 74% (95% CI, 60%-89%).

bSensitivity, 75% (95% CI, not available); specificity, 82% (95% CI, not
available); negative predictive value, 90% (95% CI, not available); and
accuracy, 80% (95% CI, 60%-100%).

cSensitivity, 56% (95% CI, 23%-88%); specificity, 82% (95% CI, not
available); negative predictive value, 69% (95% CI, not available); and
accuracy, 70% (95% CI, 50%-90%).
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COMMENT

The increasing use of NAC in LABC, coupled with the
improved efficacy of newer regimens,19 raises questions
concerning the efficacy of routine axillary lymph node
dissections performed in this group of patients. Cur-
rently, controversy exists about the utility of SLNB and
the timing of the procedure (either before or after NAC).20

To date, several small, single-institution studies21-24 and
1 large, multi-institution collaborative study25 on deter-
mining the optimal timing of the SLNB have been pub-
lished. Questions have been raised about the effect of che-
motherapy on lymphatic drainage patterns in the breast
and whether chemotherapy has a similar effect on nodal
disease as on the primary tumor. Interestingly, several
studies have shown that NAC will downstage axillary
nodal status in 20% to 30% of patients. The use of SLNB
would be ideal in this setting to identify individuals who
will not benefit from an axillary lymph node dissection
after therapy. Although the published results on the tim-
ing of the SLNB are conflicting, all agree that SLNB will
likely replace routine axillary lymph node dissection in
the future management of LABC treated with NAC.

Until this question of the timing of SLNB is resolved,
other imaging modalities are being evaluated to assess
disease status in the axilla after NAC. The imaging mo-
dalities most commonly used to assess the axilla in-
clude computed tomography and ultrasonography. This
assessment is based mainly on measurements of nodal
dimensions, such as maximum transverse diameter26,27

or ratios of maximum longitudinal to maximum trans-
verse diameter.28 Morphologic criteria, such as shape, ab-
sence of fatty hilus, and thickening of the lobular cor-
tex, are also used to better discriminate between malignant
and benign nodes. All of these criteria remain contro-
versial, and their accuracy varies widely. To date, no large
trials have demonstrated any imaging technique that can
accurately assess the nodal disease in the preoperative
patient after NAC. The most promising new technique
is the use of ultrasmall superparamagnetic iron oxide
agents with MRI, with and without positron emission to-
mography, in the assessment of axillary lymph node me-
tastases before therapy in patients with breast cancer.14,15

Dynamic contrast-enhanced MRI was shown to be ac-
curate in measuring the presence or absence of residual
disease in the breasts of patients who had undergone NAC
before surgery. This increased ability to discriminate be-
tween postchemotherapy fibrosis vs tumor vasculariza-
tion is based on the use of the contrast agents that have
both an intravascular and interstitial distribution.12,13 This
approach allows for increased signal intensity at sites of
angiogenic foci, which studies have shown correlates with
the viability of the residual tumor.

In our study, a pathologic complete response was ob-
tained in 46% (21/46) of the patients receiving NAC.
When stratified on the basis of HER2/neu status, a 70%
complete response (14/20) was noted in the HER2/neu-
positive group compared with 27% (7/26) for the HER2/
neu-negative group. The pathologic analysis of the breast
and axillary content demonstrated that the residual dis-
ease status of the primary tumor was predictive of dis-

ease status in the axilla (accuracy, 78%; sensitivity, 88%;
specificity, 72%; and NPV, 91%). This correlation was
exceptionally strong in HER2/neu-positive patients in
whom the accuracy, sensitivity, specificity, and NPV were
all 100%.

The accuracy of DCE-MRI in determining residual dis-
ease in the breast specimens of the 35 patients evaluated
by DCE-MRI was 69%. There were 8 false-negative MRI
readings. The residual disease in the breast specimens
ranged in size from a 1.2-cm mass to a 1.5-mm focus of
invasive cells (median, 2 mm). Seven of the 8 residual
disease specimens were in the HER2/neu-negative group.
There was only 1 false-negative MRI reading in the HER2/
neu-positive group, in which there was a 2.5-mm focus
of residual disease. The accuracy of the HER2/neu-
positive group was 80%, with a sensitivity of 75%, a speci-
ficity of 82%, and an NPV of 90%. These rates were much
higher than the overall group and the HER2/neu-
negative group.

The DCE-MRI assessment of the primary tumor was
then correlated with the disease status of the axillary
nodes. As a surrogate marker for axillary disease status,
the accuracy, specificity, specificity, and NPV of the DCE-
MRI results in predicting axillary status were 74%, 62%,
82%, and 78%, respectively. Five false-negative read-
ings were found in the overall group, with 1 false-
negative reading in the HER2/neu-positive group. The
residual disease in the HER2/neu-positive group was in
1 node and was 4 mm in size surrounded by postche-
motherapy changes. This positive node was 1 of 11 from
an axillary lymph node dissection. A sentinel lymph node
biopsy was not performed in this patient.

In conclusion, the increasing efficacy of NAC for treat-
ing LABC mandates an individualized surgical ap-
proach based on response to therapy. The results of DCE-
MRI of the breast were accurate in predicting the nodal
status of the axilla after NAC. This correlation is espe-
cially strong in HER2/neu-positive patients receiving
trastuzumab. The HER2/neu-positive patients with a com-
plete clinical response on DCE-MRI after NAC are highly
unlikely to benefit from an axillary lymph node dissec-
tion. For HER2/neu-negative patients, sentinel lymph
node sampling is warranted for evaluation of the axil-
lary nodal status after NAC.
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DISCUSSION

John T. Vetto, MD, Portland, Oregon: There is an old saying,
“If you want to get 6 opinions on how to treat breast cancer,
ask 3 specialists.” This saying has become all the more true in
the era of the moving target of NAC for breast cancer. As the
authors correctly point out, recent years have seen a plethora
of papers presenting conflicting evidence and conclusions on
every aspect of this treatment.

In fact, while the authors begin the paper with a statement
that NAC is now considered the standard of care for locally ad-
vanced disease, I feel that even this statement is still debat-
able. While it is the standard of care in some centers, in others
it is still being done on study. The reason for this spectrum of
care is that this treatment has not yet been definitively shown
to improve survival in all subgroups in all studies. It is clear
that NAC does 2 things that postoperative therapy cannot: it
downsizes tumors, potentially increasing the chance for suc-
cessful lumpectomy for patients interested in a breast-
preserving option, and it provides an in vivo biological test of
tumor sensitivity to the drugs chosen.

As strategies for neoadjuvant treatment have improved, we
are seeing an increasing percentage of patients who experi-
ence a pathologic complete response (CR) in the tumor and
the nodes; an amazing 50% and 91%, respectively, in this study
of patients treated with a fairly intensive carboplatin-
containing chemotherapy regimen. This leaves patients and their
medical oncologists asking us as surgeons how can we best evalu-
ate the nodal response after chemotherapy and before subse-
quent operation and whether we should even be surgically stag-
ing the axilla in patients who have experienced a clinical CR.

To answer the first question, the authors looked at MRI evalu-
ation of the primary tumor post chemotherapy, and they com-
pared the results to postoperative breast and axillary dissec-
tion pathology to determine if MRI tumor assessment could serve
as a surrogate for nodal status. Sensitivity was only 62%, but
specificity and negative predictive value were higher. I took this
to mean that MRI is best at predicting that nodes will be nega-
tive if the primary tumor is gone on subsequent imaging. This
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seemed particularly true for HER2/neu-positive patients re-
ceiving preoperative trastuzumab, a group for whom the patho-
logic CR rates were particularly high in this study (70%).

I congratulate the authors for doing such a timely study,
and a fairly “clean” one; all of their patients had axillary dis-
sections so that we have complete nodal information, and the
tumor response was recorded using RECIST [Response Evalu-
ation Criteria in Solid Tumors Groups] criteria. Furthermore,
they did try to answer the difficult question of how to surgi-
cally address the axilla after NAC. They suggest that for
HER2/neu-positive tumors, routine axillary dissection may
not be beneficial if the patient has had a clinical CR in the
tumor.

At OHSU [Oregon Health & Science University] it is our
routine to take the patients to the operating room and per-
form an SLNB at the same time that we place the port for che-
motherapy and put a clip in to mark the tumor. We feel that
performing sentinel node biopsy before chemotherapy more ac-
curately stages the disease and eliminates the controversy about
accuracy of SLNB after NAC. However, then the question arises
whether one should complete the axillary dissection after che-
motherapy if the sentinel lymph node was positive and the MRI
shows a CR. As the authors have pointed out, a limitation of
this study is the small numbers. Without comparative statis-
tics, I am not convinced from these data that we can omit a
completion dissection based on MRI assessment for patients
with clinical CR.

I was therefore glad to learn that the authors plan to ex-
pand the size and hence the power of this study. I have 4 ques-
tions for the authors:

First, I note that in this series 15% of the patients were node
negative and 30% had T1 or T2 lesions. How are you selecting
patients for NAC at your institution?

Second, how are the authors using SLNB in their practice?
Specifically, can you clarify how you plan to use these results
to guide axillary staging for HER2/neu-positive tumors? On the
basis of these data, are you currently omitting completion ax-
illary dissection for HER2/neu patients with a clinical CR?

Regarding other imaging modalities of the nodes, my third
question is, Have you looked at ultrasound staging of nodes
during adjuvant therapy? In a recent study by Patel (Patel NA,
Piper G, Patel JA, Malay MB, Julian TB. Accurate axillary nodal
staging can be achieved after neoadjuvant therapy for locally
advanced breast cancer. Am Surg. 2004;70[8]:696-699), ultra-
sound was 87% sensitive for predicting tumor response and was
particularly useful if the residual tumor was 6 mm or larger.
However, I should also note that ultrasound was not found to
be accurate in a 2004 study done at Chapel Hill (Klauber-
Demore N, Kuzmiak C, Rager EL, et al. High-resolution axil-
lary ultrasound is a poor prognostic test for determining patho-
logic lymph node status in patients undergoing neoadjuvant
chemotherapy for locally advanced breast cancer. Am J Surg.
2004;188[4]:386-389).

Finally, rather than using MRI to assess the primary tumor
response as a surrogate for the nodal status, several groups have
reported on the use of ultrasmall supraparamagnetic iron oxide–
enhanced MRI to look directly at the nodes. Groups from Eu-
rope have reported accuracy rates with this technique as high
as 98%. Do the authors have any experience with this MRI
technique?

Dr Butler: Dr Vetto’s first question was how we select pa-
tients for neoadjuvant treatment. Most of these patients had stage

III, stage IIIA-IIIB, or stage IV disease. We will only include
stage II patients with positive lymph nodes (IIB). We are be-
ginning to assess neoadjuvant hormonal therapy in early-
stage disease, but only in a protocol setting.

Another question Dr Vetto asked was when could we safely
omit an axillary dissection. That really is the heart of the mat-
ter and the focus of the paper. At his institution and at many
other institutions, in treating patients with locally advanced dis-
ease, an SLNB is done to confirm the presence of locally ad-
vanced disease. Once you have done that SLNB prior to initi-
ating therapy, this effectively precludes you from performing
a repeat SLNB subsequent to the therapy. With the increasing
efficacy of these neoadjuvant regimens in achieving a CR, the
crux of the matter is how to identify those patients who need
no additional treatment to the axilla.

Another question Dr Vetto asked regarded looking at other
imaging modalities, ultrasound in particular. With ultrasound,
many reports have a very high sensitivity for detecting residual
disease, but a much lower specificity. The critical aspect is the
specificity (ie, if they say that the lymph node basin is negative
for residual disease, will that lymph node basin always be nega-
tive?). In terms of the question regarding the new enhanced MRIs,
there will be further advances in imaging techniques in the not
too distant future. The one that Dr Vetto mentioned is an ex-
ample of that, and it will further improve the results that we have
in terms of documenting the extent of the disease after chemo-
therapy but prior to surgical intervention.

I want to get back to that final question about how we use
the information on response to NAC now. Clearly, for pa-
tients who are HER2/neu positive, there is a dilemma. The di-
lemma is predicated on the efficacy of trastuzumab in conjunc-
tion with chemotherapy in eradicating disease. A 70% CR rate
in these patients with stage III or IV disease is truly a spectacu-
lar result. In these patients we have to really critically assess
what the value of an axillary dissection is, particularly if the
MRI shows no evidence of residual disease at the site of the pri-
mary breast tumor. While I agree wholeheartedly that the num-
bers are small and we need to add additional numbers, I think
we have to rethink the meaning of sentinel node results for pa-
tients completing NAC. Rather than documenting minimal dis-
ease in the node pre therapy, now we have to ask the question,
What does a negative or minimally involved sentinel node mean
post therapy? As a clear example of that, the 1 patient in the
HER2/neu-positive group with a false-negative result had a single
lymph node with a 4-mm focus of invasive disease. There was
no evidence of residual lymphatic tissue. It was just on the ba-
sis of its location, deep in the axilla, that we knew this was a
lymph node. If you had not given any therapy prior to sur-
gery, that pathologic result would be interpreted as a replaced
lymph node with extracapsular extension. That patient would
get additional chemotherapy and radiation therapy to the ax-
illa. However, in the postneoadjuvant setting that 4-mm focus
of disease had extensive fibrotic changes around it, consistent
with a postchemotherapeutic effect. The question now be-
comes not do we have disease but what is the clinical signifi-
cance of that 4-mm deposit, and how should we treat it? That
is the question that will become increasingly relevant, as the
morbidity associated with breast surgery is almost exclusively
in the realm of the axillary dissection.
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