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Locally advanced breast cancer is defined by a lesion greater 
than 5 cm with involved lymph nodes, a tumor that involves 
the vicinity (skin or chest wall), or a tumor of any size in the 
breast but with the presence of a conglomerate of lymph nodes. 
The current treatment of LABC is a complex and difficult issue, 
combining chemotherapy, hormonal/immunotherapy, surgery, and 
radiation therapy. This therapeutic approach to LABC converts 
many patients with initially unresectable disease to surgical 
candidates, and has been extended to an earlier breast cancer 

* Drs. Sperber and Yaal-Hahoshen contributed equally to this work.

LABC = locally advanced breast cancer

population in which the tumor/breast ratio precluded a priori 
breast-conserving surgery or involvement of axillary lymph nodes 
only. The goals of a preoperative chemotherapeutic approach 
are to monitor tumor response in vivo and improve the rates of 
breast-conserving surgery. Induction of a complete pathologic 
response with the new drugs should be one of the primary goals 
of neoadjuvant therapy, affording longer disease-free and overall 
survival. The dramatic evolution of breast cancer treatment over 
the past two decades, which has brought about a transition from 
radical local therapy (radical mastectomy or modified radical 
mastectomy) to breast conservation, has not generally adversely 
affected overall survival and local recurrence [1,2]. Breast-con--
servation surgery involves complete excision of the tumor with 
cancer-free surgical margins and axillary lymph node dissection 
followed by radiation therapy to the breast. The field of radiation 
therapy is extended to include regional lymph nodes if there is 
lymph node involvement. The goal of breast-conservation surgery 
is to achieve effective local regional control of the tumor as well 
as good cosmetic results, without deleteriously affecting overall 
survival [3]. 

Of all women diagnosed with breast cancer, 20% have LABC. 
This subset of patients must be treated with chemotherapy 
upfront [4,5]. The decision regarding the need for neoadjuvant 
chemotherapy is mostly based on clinical examination and imag--
ing modalities, including mammography and ultrasonography. 
Pretreatment assessment of tumor size is commonly estimated 
by palpation. The accuracy of clinical assessment is influenced 
by the experience of the examiner, which is often controversial, 
and is not useful for clinically occult tumors. The accuracy of 
imaging techniques in predicting the size of breast tumors is 
contradictory. Mammography is the first modality of choice in 
breast evaluation, providing information complementary to the 
physical examination, and is essential in the accurate assessment 
of treatment [6]. Ultrasound is considered as complementary to 
mammography. It has become superior in the assessment of 
breast cancer size and for monitoring response to neoadjuvant 
chemotherapy [7,8]. Physical examination was shown to correlate 
best with pathologic findings in estimating the size of the primary 
tumor following neoadjuvant chemotherapy treatment, and was 
considered the best predictor of tumor size [9]. 

The purpose of this retrospective study was to compare the 
ability of physical examination, mammography and ultrasound 
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to assess the response to neoadjuvant chemotherapy, compared 
to the surgical pathology findings, in patients with LABC and 
in patients with a tumor/breast ratio that does not permit 
breast-conserving surgery.

Patients and Methods
Forty consecutive patients were clinically diagnosed with breast 
cancer (loco-regional disease) and examined by mammography 
and ultrasound in our medical center between September 1999 
and January 2003. Their median age was 48 years (range 24–73). 
They were diagnosed by physical examination as having stage 
TX-T4, N0-N2 (according to the Staging Classification of the 
American Joint Committee on Cancer, 1997, fifth edition).

The patients were divided into two groups for the purpose of 
this study: the predominant clinical presentation of the patients 
in group A was palpable axillary lymph nodes with occult non-
palpable or T1 tumors, while the patients in group B were clini--
cally diagnosed as having T2, T3, or T4 tumors with or without 
palpable axillary lymphadenopathy 

Mammography was performed with dedicated mammography 
equipment (Seno DMR+ unit, GE Medical Systems, France) using 
standard craniocaudal and mediolateral oblique projections and 
complemented with 90° lateral and magnification views when 
necessary. Lesion dimensions were determined from the standard 
views. Breast ultrasonography was performed with a 7.5–10 MHz 
linear array transducer (128 x p/10 Acuson, Mountain View, CA, 
USA) and a 5–12 MHz linear array transducer (HDI 5000 ATL, 
Bothell, WA, USA). The largest lateral and anteroposterior diam--
eters in the axial and coronal planes of the scan were used for 
establishing tumor size. 

All the study patients had core biopsy histologically proven 
breast cancer. Clinically or sonographically suspicious axillary 
lymph nodes were further evaluated by fine-needle aspiration or 
core biopsy. 

The 40 patients received 75 mg/m2 epirubicin and 175 mg/m2 
taxol on day 1 every 21 days for 5 courses or more when indi--
cated, in a maximum of seven courses. All patients were evalu--
ated at presentation before treatment onset, and after the third 
and fifth course: in cases in which more than five courses were 
given the patients were evaluated after the last chemotherapeutic 
cycle. In this paper, we analyzed the first and last examination. 
The same oncology team performed the clinical evaluations and 
the same radiologists performed the mammographic evaluation, 
tumor size measurements and interpretation of the ultrasound 
examination. Evaluation of response to treatment was performed 
3–4 weeks after the last cycle and the results were correlated 
with those of surgical pathology. 

Metallic markers were implanted under ultrasound guidance, 
mostly before treatment in the case of earlier disease. Patients 
with relatively large tumors and/or inflammatory skin changes 
were marked during the period of chemotherapy treatment. 

Statistics
Agreement between the different diagnostic methods was evalu--
ated using Cohen’s Kappa and Kendall’s coefficient of concor--

dance. This was done first between each two methods, and then 
over all methods simultaneously. Significance was set at a P 
level of < 0.05.

Results
The most common presentation in our study involved 29 patients 
(72%) in group B (T2, T3, or T4 tumors with or without palpable 
axillary lymphadenopathy).

Clinical evaluation of the disease at presentation was cor--
related with mammography and ultrasound: the imaging findings 
correlated well with the physical examination of the breast in 
62.2% of the cases. Ultrasound detected the primary tumor in 
the breast in two patients with occult disease. The imaging find--
ings were compatible with multifocal or multicentric disease in 
three patients in whom physical examination revealed only focal 
disease. The physical examination over-staged the disease relative 
to the imaging findings in these patients.

In our cohort of 40 patients, 26 (65%) presented with patho--
logically proven metastatic lymph nodes by fine-needle aspiration 
or core biopsy of the axilla, all of them diagnosed by ultraso--
nography. The physical examination of the axilla before starting 
chemotherapy was well correlated with ultrasound in 81.8% of 
the cases. Mammography correlated with the ultrasonographic 
examination of the axilla in only 76.3% of the cases [Table 1].

The ultrasound examination correlated better than mammog--
raphy with the pathologic measurements of the excised primary 
breast tumor after chemotherapy: 57.9% for ultrasound and 52.8% 
for mammography [Table 1]. Physical examination at the time of 
preoperative staging evaluation correlated with pathologic find--
ings in only 65% of patients: it overestimated the tumor in three 
and underestimated the tumor in nine. The agreement between 
the three methods of examination was statistically significant 
[Table 2]. 

The sensitivity of the mammography in diagnosing the tumor 
in the breast was 88.9% with a specificity of 80%, but the sensi--

Table 1. Agreement between clinical/imaging examinations to pathologic 
findings 

Examination 1 Examination 2

Agreement % Kappa Agreement % Kappa

Tumor stage

Physical examination & mammography

Physical examination & ultrasound

Mammography & ultrasound 

Mammography & pathology

Ultrasound & pathology

Physical examination & pathology

76%

75%

78%

0.60

0.68

47.2%

60.5%

62.2%

52.8%

57.9%

47.4%

0.47

0.41

Lymph node stage

Physical examination & mammography

Physical examination & ultrasound

Mammography & ultrasound 

Mammography & pathology

Ultrasound & pathology

Physical examination & pathology

52.5%

58.9%

66.7%

0.36

0.43

0.55

81.6%

81.8%

76.3%

53.8%

65.8%

64.1%

0.3

0.21

0.42

Kappa is not applicable when the groups are not equal 
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tivity was only 14.3% with a specificity of 100% in the diagnosis 
of axillary lymph nodes [Table 3]. The other two methods of 
examination were quite similar: the sensitivity of the ultrasound 
was 80% with a specificity of 93.3%, and for clinical examination 
of the tumor in the breast it was 75% and 93.8%, respectively. 
For the evaluation of axillary lymph node status following treat--
ment, the sensitivity was only 45% and the specificity 94.4% for 
ultrasound, and 38.1% and 100%, respectively, for the physical 
examination [Table 3]. All Kappa and Kendall coefficients were 
significant, P < 0.0001.

The agreement between the three methods of examination 
and the pathology findings was smaller for group B than group 
A (65% vs. 78%, respectively).

Discussion
Accurate staging of breast cancer plays a critical role in decid--
ing upon the administration of neoadjuvant chemotherapy 
and is crucial in the surgical decision-making process [10]. It 
is essential to precisely assess the size of the tumor and to 
accurately monitor the response to treatment. Locally advanced 
breast cancer affects 20% of all women diagnosed with breast 
cancer, and these patients require neoadjuvant chemotherapy. 
There has been a trend over recent years to treat even much 
earlier disease in the same way. The main objectives of this 
approach are to treat distant metastases earlier and to reduce 
the size of inoperable tumors and improve the tumor-breast tis--
sue ratio, thereby facilitating the surgical procedure by enabling 
more breast-conserving operations [10]. Disease-free and overall 
survival rates were shown to increase when a complete response 
is achieved pathologically [11].

Preoperative tumor size is commonly estimated by palpa--
tion, a method that is influenced by the experience of the 

examiner and is not informative for clinically occult tumors, 
actually yielding an accuracy of 65–75% [12,13]. The accuracy 
of imaging techniques in predicting the size of breast tumors 
has also been found lacking [14]. Mammography is the first 
modality of choice in breast evaluation, providing information 
complementary to physical examination, and is an essential tool 
for accurate assessment of treatment efficacy. An ultrasound 
examination is considered complementary to mammography: it 
has become superior to it in the assessment of lesion size and 
for monitoring response to neoadjuvant chemotherapy. Physical 
examination and ultrasound correlated best with pathologic find--
ings in assessing the size of the primary tumor after neoadjuvant 
chemotherapy, and the combination of the two methods was 
considered the best presurgical predictor of tumor size in the 
breast. 

Our findings showed that the following correlations should 
be borne in mind before assigning a patient to neoadjuvant 
treatment:
•   Physical examination of the primary tumor in the breast 

and axilla correlated with imaging findings in approximately 
80% of our patients.

•   Axillary staging was underestimated by physical examination 
in 20% of our patients.

•   Physical examination and ultrasonography of the primary 
breast tumor correlated better than mammography with the 
pathologic findings, but the assessment of disease response 
to chemotherapy by physical examination and ultrasound 
was inaccurate in 40% of our cases.

•   The tumor size was not correctly estimated before opera--
tion in approximately one-third of our cases by all three 
methods. The tumor image in these cases had been con--
sidered a single large mass but was found at pathology to 
be multi-focal disease. This may be due to the effect of 
chemotherapy. 

•   The tumor size was overestimated by mammography and 
ultrasound (6 cases, 15%, and 3 cases, 7.5%, respectively). 
We believe that the fibrosis due to chemotherapy could be 
the cause for these findings. 

•   The combined ultrasonographic and physical examination 
was the best method for evaluating the presence of lymph 
node involvement, before and after treatment, but it was 
still highly inaccurate in the assessment of disease exten--
sion.

•   Agreement between the methods and the pathologic findings 
after chemotherapy is less in more advanced local disease. 
This is because the tumor is sometimes only partially de--
stroyed and impossible to detect by the usual methods of 
diagnosis due to the effect of the chemotherapy. 

•   In conclusion, the retrospectively retrieved data on 40 women 
with loco-regional advanced breast cancer or tumor/breast 
ratio inadequate for breast conserving surgery who received 
preoperative neoadjuvant chemotherapy showed that none 
of the three modalities for detection and assessment (size 
and stage) of malignancy is satisfactory. Clinical examination 
and ultrasound were diagnostic for one-half of the patients. 

Table 2. Agreement between three methods of examination

Examination I Examination II

Kendal Kappa Kendal Kappa

Tumor stage 0.8 0.57 0.53 0.38

Lymph node stage 0.667 0.34 0.60 0.27

Kappa, but not Kendal, takes into account the possibility of incidental agreement. 

Therefore, Kappa values can be expected to be relatively smaller.

Table 3. Sensitivity and specificity of the 
clinical/imaging examinations

Sensitivity Specificity 

Tumor stage

Mammography 88.9% 80%

Ultrasound 80% 93.3%

Physical examination 75% 93.8%

Lymph node stage

Mammography 14.3% 100%

Ultrasound 45% 94.4%

Physical examination 38.1% 100%
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A combination of all three raises the level of size and 
staging accuracy before treatment to approximately 55% for 
the primary tumor and 81% for axilla involvement: before 
surgery the results were about 60% in both sites.

Other techniques for evaluating patients after 
neoadjuvant chemotherapy
Magnetic resonance imaging 
MRI has shown better correlation rates, and although negative or 
benign MRI findings cannot replace a recommendation for biopsy 
based on traditional methods, MRI does seem to be important in 
the assessment of disease extent in patients recently diagnosed 
as having breast cancer. This application was pioneered by Harms 
et al. [15] and confirmed by multiple reports over the past 15 
years [16], all demonstrating that MRI can identify otherwise 
occult multi-centric and multi-focal disease in women with breast 
cancer. Harms et al. [15] compared results from in vivo MR images 
with serially sectioned pathologic analyses in 30 mastectomy 
specimens, and reported that MRI detected additional disease in 
37% of the specimens. Several subsequent reports [17] confirmed 
that MRI changed the management in 23% of patients scheduled 
for breast-conserving therapy. In the largest multi-center study 
thus far, the International Breast MRI Consortium reported on 
426 women with a current cancer diagnosis: MRI identified ad--
ditional disease at least 2 cm from the index malignant lesion 
in 18% of patients [18]. Other studies supported these findings 
but cautioned that the false negative rate of MRI increases after 
chemotherapy and that MRI cannot exclude microscopic disease 
[19,20]. 

Positron emission tomography 
A meta-analysis of 13 studies, for a total of 606 subjects, found a 
sensitivity of 89% and specificity of 80% for PET in the diagnosis 
of breast cancer. The most significant flaws cited were small 
study sizes, large mean tumor sizes (2–4 cm), and the high prior 
probability of malignancy in subjects referred to PET. There is, 
indeed, insufficient literature on the sensitivity of PET to detect 
breast lesions smaller than 1.5 cm with current state-of-the-art 
PET technology. A variety of studies have assessed PET for initial 
staging of axillary lymph nodes. In general, those with a high 
sensitivity (> 90%) have had a lower specificity (66–89%) [19]. 
Those studies in which the specificity was maximized to > 90% 
had a lower sensitivity (79–90%). Smith and colleagues [21] 
stated that PET is the most accurate non-invasive method for 
assessing the axilla in breast cancer. 

A study of a small group of 203 subjects yielded a pooled 
sensitivity of 81% (range 40–93%), confirming that the detection 
of micrometastases and small tumor-infiltrated lymph nodes is 
limited by current PET resolution (the specificity of the pooled 
data was higher: 95%, range 87–100%). The available data, 
however, were too sparse to draw any firm conclusions, and 
the false negative rate (19%) was too high, which would result 

2 PET = positron emission tomography

in under-treatment of too many patients with local metastatic 
disease [22].

PET is not approved for axillary staging per se, meaning that 
axillary node sampling should remain the standard of care. 
Nevertheless, current data clearly indicate that when PET is per--
formed for overall staging of metastatic disease in patients with 
breast cancer, it can provide clinically valuable information on 
axillary nodal stage in many cases [23]. Current standard imaging 
tests, such as mammography, sonography, computed tomography 
and MRI are hampered by a prolonged lag time of weeks to 
several months before anatomic changes are measurable. In 
contrast, metabolic imaging with FDG-PET is more effective than 
anatomic imaging in monitoring early treatment response [23]. 
A rapid decrease in glucose metabolism in responders can be 
detected on PET as early as after the first cycle of chemotherapy 
[24,25]. 

Conclusion
The classical methods of diagnosis and staging of patients with 
breast cancer receiving neoadjuvant chemotherapy are inad--
equate and disappointing. It is our hope that the very intensive 
work currently being conducted worldwide will soon yield the 
long-awaited techniques to precisely assess the size of the tumor 
and accurately monitor the response to treatment for optimal 
management of patients receiving neoadjuvant chemotherapy.
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The H5N1 “bird flu” virus is highly contagious and deadly 
in poultry. To date, infection of humans seems limited to 
direct bird-to-human transmission, but mortality in humans 
is high, and the question of whether the virus may adapt 
into a pandemic human strain is pressing. Stevens and 
colleagues determined the structure of H5N1 hemagglutinin 
(HA) at 2.9 angstrom resolution and examined the receptor-

binding preference of this HA and specific mutants using a 
glycan microarray system. Mutations that convert avian H2 
and H3 HAs to human receptor specificity did not cause a 
similar specificity switch in the H5N1 HA, but did permit 
binding to a natural human alpha 2-6 glycan.

Science 2006;312:404
Eitan Israeli

Capsu le

Bird flu H5 structure defined

The complement system is important in the clearance of 
circulating pathogens; component C3 reacts with bacterial 
surfaces and promotes their binding to phagocytic cells 
that then internalize and destroy the bacteria. Some of the 
key players in clearing complement-coated pathogens are 
the Kupffer cells, a class of macrophages that reside in 
the liver. Helmy et al. have identified a receptor present 
in Kupffer cells, the complement receptor of the immuno--
globulin family (CRIg), which is required for the efficient 

binding and phagocytosis of complement-coated pathogens. 
Mice lacking CRIg were unable to clear complement-coated 
pathogens from the circulation and were more likely to suc--
cumb to infection. Thus, CRIg, which is conserved in mice 
and humans, represents a critical component of the innate 
immune system allowing the liver to act as a sentinel to 
invasion by pathogens. 
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Capsu le

Complement and pathogen clearing
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