
Abstract. Background: To improve breast cancer treatment,
the evaluation of predictive factors is in the focus of clinical
research. Significant discrepancies between the clinical
assessment of response to neoadjuvant chemotherapy (NACT)
and the pathological assessment of response from post-therapy
surgical specimens have been demonstrated. We focused on
comparing the value of various diagnostic methods used in
medical routine. Patients and Methods: A clinical evaluation
of the primary tumour and regional lymph nodes before and
after NACT was performed in 139 patients by physical
examination, sonography and mammography. Results:
Mammography and physical examination correlated best with
pathological findings in the measurement of the tumour,
whereas sonography was the most accurate predictor of the
status for axillary lymph nodes. Conclusion: Mammography
and physical examination are the best non-invasive predictors
of the real size of the primary breast cancer, whereas
sonography correlates better with the proven status of axillary
lymph nodes.

Many variables have been shown to correlate with the

prognosis of patients with breast carcinoma, among the

most useful being the presence and number of axillary

lymph node metastases, tumour size and histological grade

(Adjuvant Therapy for Breast Cancer. 2003 St. Gallen

consensus statement), in particular after primary surgery.

Much less is known about these factors after neoadjuvant

chemotherapy (NACT) followed by surgery. The National

Surgical Adjuvant Breast and Bowel Project (NSABP) B-18

trial showed that NACT resulted in high rates of breast

tumour response, axillary nodal downstaging and increased

rates of breast preservation (1). A complete pathological

response (pCR) conferred a survival advantage in patients

with operable breast cancer after NACT (2, 3).

Of great interest are biological predictive factors of

chemotherapy response. In the literature, histological or

nuclear grade shows the strongest correlation with response

(4, 5). Well-differentiated tumours seldom, if ever, achieve

a pCR, whereas nearly all of the pCR occur in patients with

poorly-differentiated tumours. In addition to high nuclear

grade, high tumour proliferative rate assessed by

immunohistochemical evaluation of proliferation-related

proteins such as Ki67 has been reported to correlate with

pCR (5, 6). Some reports have also found that patients with

ER-negative tumours respond more often to NACT than

patients with ER-positive tumours (4, 5, 7-10).

Besides the question of biological and pathological

predictive factors, the optimal intensity and duration of

NACT for breast cancer remain controversial due to the

difficulty of evaluating response to therapy (11, 12).

Significant discrepancies between the clinical and the

pathological assessment of response from post-therapy

surgical specimens have been shown (13). Nearly 50% of the

patients with a clinical complete response (CR) of the

primary tumour were found to have macroscopic residual

disease at surgery, whereas 20% of the patients with a

clinical partial response (PR) had no macroscopic tumour

at surgery (13-16). Because treatment decisions are often

based on the assessment of the maximal response prior to

the treatment, such difficulties complicate patients’

management.

Accurate staging is of utmost importance to determine

the extent of disease before and after NACT and thus
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ascertain changes in tumour dimensions. Pathological

staging of surgical specimens and lymph node dissection

provides the most accurate information about currently

accepted prognostic indicators. Two of these indicators,

tumour size and axillary lymph node status, are used as a

guide to select optimal adjuvant treatments in breast cancer

patients following NACT and local therapy (17, 18). Clinical

assessment of the primary breast tumour and regional

lymph node status has been achieved by physical

examination, sonography and mammography. Some reports

have suggested that physical examination and

mammography are complementary in the assessment of

primary tumour response (13, 14, 19, 20), whereas other

reports have concluded that sonography correlates best with

pathological findings (21, 22). Fewer data are available on

the clinical assessment of lymph node metastases (14, 23).

Therefore, the preoperative evaluation of their response to

NACT remains imprecise. This limits information about the

differential impact of NACT on tumour and nodal status.

We focused on comparing the value of standard

diagnostic methods, with regard to decision-making

monitoring of therapy. The aims of our study were, first, to

correlate physical examination, sonography and

mammography measurements of tumours and regional

lymph nodes after NACT with pathological findings.

Secondly, we evaluated the effect of NACT on the clinical

TNM stage and the difference in response of the primary

tumours and lymph node metastases by comparing baseline

and post-chemotherapy measurements for each of the three

clinical assessment modalities.

Patients and Methods

Study design. From January 1999 to December 2003, 1578 patients with

primary breast cancer were treated in the Department of Ob/Gyn of

the University Hospital of Erlangen, Germany. According to the local

protocol, 198 patients received NACT after histological confirmation

by punch biopsy. One hundred and thirty-nine could be evaluated with

complete measurements in a prospective analysis. The patients received

NACT according to different protocols, e.g. Epirubicin (90 mg/m2) and

Cyclophosphamide (600 mg/m2), q21d, 4 cycles or Epirubicin 

(90 mg/m2) and Paclitaxel (175 mg/m2), q21d, 4 cycles.

Methods. A clinical evaluation of the primary tumour and regional

lymph nodes before and after NACT was performed by physical

examination, sonography and mammography. All non-invasive tests

considered for this analysis were performed at the Department of

Ob/Gyn and the Department of Gynaecological Radiology of the

University Hospital of Erlangen, Germany.

All images were obtained on dedicated mammography units,

Siemens Mammomat 3000 N, resolution 14 lp/mm, screen-film

combination AD Mammo Fine with ADM (Fuji), daylight printer

FPM 2100 (Fuji). Areas of microcalcifications on mammograms

were considered non-measurable tumour (14). The sonographic

examinations were performed on a unit with high resolution

transducers (Siemens Elegra Sonoline, 7.5 - 13 MHz). For tumour

response assessment, sonographic measurement was performed on

the hypoechoic core of the tumour (15). The patients underwent

breast surgery and axillary dissection, according to the standard

protocol, after completion of NACT. All surgical procedures were

performed at the Department of Ob/Gyn of the University

Hospital of Erlangen, Germany.

The histological type of the surgical specimen was defined

according to the World Health Organization (WHO) classification.

In immunohistochemistry (IHC), a tumour was considered steroid

hormone receptor-positive (HR) with a staining >10% ER- and/or

PR-positive cells. Her2/neu status was considered positive with a 

3-fold positive result in IHC and with a 2-fold positive result in

IHC, if confirmed in FISH analysis. Histological grading was
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Table π. Patient characteristics before neoadjuvant chemotherapy,
diagnosed and treated in the period 1999-2003: (N=139).

ªedian (range) age in years of patients: 51 (26-79)

ªedian (range) tumour Physical 3.4 cm (0 – 8.0 cm )

size according to: examination:

Sonography: 3.1 cm (1 – 7.0 cm )

Mammography: 3.2 cm (1 – 8.0 cm)

Histological parameters:

N (%) N (%)

HR-positive 83 (60) Mib1 <20% 69 (49)

HR-negative 56 (40) Mib1 ≥20% 70 (51)

Her2/neu-positive 35 (25) Invasive ductal 95 (69)

Her2/neu-negative 104 (75) Invasive lobular 30 (21)

other histological types 14 (10)

SBR grade I 8 (5)

II 94 (68)

III 37 (27)

Table ππ. Clinical disease stage before neoadjuvant chemotherapy
(N=139).

Tumour status (T): 

Physical examination Sonography Mammography

No. (%) No. (%) No. (%)

cT0 0 (0) 0 (0) 0 (0)

cT1 15 (11) 15 (11) 17 (12)

cT2 93 (67) 101 (73) 103 (74)

cT3 10 (7) 8 (5) 5 (4)

cT4 21 (15) 15 (11) 14 (10)

Regional lymph node (N): 

Physical examination Sonography

No. (%) No. (%)

cN0 57 (41) 66 (48)

cN+ 82 (59) 73 (52)



defined according to the modified Scarff, Bloom and Richardson

(SBR) system (24). IHC, using the anti-Ki67 antibody Mib-1, was

performed as an alternative to mitotic counts on the surgical

specimens. Ki67 staining equal to or more than 20% was considered

as high (5, 24-26). Information on the disease stage and other pre-

treatment patient characteristics are summarized in Tables I and II.

The longest perpendicular dimension of the primary tumour was

recorded in centimeters. The primary breast tumour measurements

were obtained by physical examination, sonography and

mammography performed before the first and after the last cycle of

NACT. The largest dimension documented was considered for the

analysis. During the therapy period, a reduction in tumour size of

≥25% was considered a clinical regression. Stable disease was defined

as no measurable change in the longest perpendicular dimension,

while progression was defined as an increase in tumour size of ≥25%.

If more than one tumour was present in the same breast, only the size

of the largest tumour mass was considered for the review.

The lymph node metastasis measurements were obtained by

physical examination (positive = enlarged or well palpable) and

sonography performed before the first and after the last cycle of

NACT. Here, the lymph node status was documented as negative

or positive according to the TNM system.

Sonography and mammography were obtained from the review

of sonograms and mammograms by two persons, double review

being the standard procedure for evaluation, and consensus

measurement was documented. Pathological measurements were

obtained from the surgical pathology report. Measurements were

obtained at the time of the initial interpretation by the breast

pathologist. If more than one tumour was present in the same

breast, only the largest evaluation of the tumour was considered.

Statistical analysis. Pearson Chi-square statistics, rank correlations

(Kendall-Tau, Ù) and Phi coefficient (º) were used to study

associations between clinical and pathological assessments for the

TNM stages and Pearson correlation for tumour sizes in cm. To

evaluate the contribution of the different non-invasive measurement

methods, a hierachical linear regression analysis was performed.

Results

Response was assessed by physical examination, imaging

assessment and pathological assessment at the time of
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Table πππ. Differences in response rate according to histological parameters and age (N=139).

Regression No change Progression ¯2 and p valuesa

No. (%) No. (%) No. (%)

All patients 86 (61) 47 (34) 6 (5)

HR-positive 41 (53) 31 (40) 5 (7) ¯2(2)=9.237, p=0.010

HR-negative 42 (74) 13 (23) 2 (3)

Mib1 <20% 32 (47) 35 (50) 2 (3) ¯2(2)=12.006, p=0.002

Mib1 ≥20% 51 (73) 15 (21) 4 (6)

Her2/neu-positive 20 (55) 16 (45) 0 (0) ¯2(2)=3.259, p=0.196

Her2/neu-negative 63 (61) 33 (32) 7 (7)

SBR grade I 4 (45) 4 (45) 1 (10)

II 53 (57) 34 (37) 6 (6)

III 27 (73) 10 (27) 0 (0)

I, II, III: ¯2(4)=5.839, p=0.211 I, II: ¯2(2)=1.122, p=0.571

II,III: ¯2(2)=3.945, p=0.139 I, III: ¯2(2)=6.434, p=0.040

Invasive ductal 58 (61) 33 (35) 4 (4) ¯2(2)=0.338, p=0.825

Invasive lobular 17 (57) 11 (36) 2 (7)

Age ≤50 years 39 (59) 23 (35) 4 (6) ¯2(2)=1.181, p=0.554

Age >50 years 47 (64) 24 (33) 2 (3)

aPearson’s Chi-square test

Table IV. Correlation with pathology (tumour size in cm): clinical
measurement obtained after neoadjuvant compared with pathological
measurements.

Correlation with pathologya

Mammography r=0.628 p<0.001

Sonography r=0.541 p<0.001

Physical examination r=0.597 p<0.001

aPearson’s correlation (r)



surgery. Regression could be detected in 61% of all evaluated

patients and 62% of the registered patients received breast

conserving therapy (Table III). A pathological complete

remission was achieved in 13% of all patients.

A significantly better response rate was detected for HR-

negative tumours (p=0.010), tumours with a higher

proliferation rate (Mib1 ≥20%, p=0.002) and for poorly-

differentiated tumours (SBR grade III, p=0.040) (Table

III). No significant change in response rate could be shown

either for age or for other histological parameters like

Her2/neu status or histological type.

Measurements done after NACT by each of the three non-

invasive methods were correlated separately with the

pathological measurements. Mammography showed the best

correlation with pathological size for the primary tumour

(r=0.628, p<0.001); physical examination (r=0.597, p<0.001)

was superior to sonography (r=0.541, p<0.001) (Table IV).

Furthermore, we examined the correlation of all three

non-invasive measurement methods (Table V). Since all

three measurement methods show a correlation with

pathology in a similar order, this data is in harmony with the

data given above, demonstrating a high correlation between

the methods. The high correlations also pose the question

of the unique diagnostic contribution of the individual

measurement methods to determine tumour size. This

question was addressed using a hierachical linear regression

model. Routine clinical practice dictates that physical

examination is performed first and this order was retained

in the model (Table VI). This variable by itself accounts for

35.6% of the observed variance in tumour size. Adding

mammography to the model in a second step significantly

improves the prediction, explaining a further 7.5% of

variance. In contrast, adding sonography to the model has

only a small and non-significant impact on the predictive

accuracy of the regression model. Consequently, the

improved predictive power of the complete model (i.e.,
adding both mammography and sonography) is mainly due

to the unique contribution of mammography.

When tumour size is categorized in the TNM system, the

above detected differences in measuring the tumour size are

confirmed. Concerning the tumour status, mammography

shows the best correlation to the pathological tumour status

(Table VII). Fifty-two % of the 139 patients evaluated by

mammography had no change in tumour status (TNM

classification) after NACT, whereas 47% had a decrease of

one or more stages. Twelve % had a two-stage or more

decrease in tumour status; 1% had a one-stage increase

(Table VIII). For the lymph node status, sonography (Phi-

coefficient: 0.412, p<0.001) showed the best correlation to

the pathological status. It was superior to physical

examination (Phi-coefficient: 0.214, p=0.022) (Table VII).

Eighty-three % of the 139 patients evaluated by sonography

and 71% evaluated by physical examination had no change

in lymph node status after NACT, whereas 17% and 28%,

respectively, had a decrease of one stage (Table VIII).

The effects of NACT on the primary breast tumour and

regional lymph node compartments could be evaluated in 73

patients, who had clinically evident primary breast tumours

and enlarged lymph nodes on sonography at the time of

diagnosis of breast cancer. Twenty-five % of these patients

had concordant clinical downstaging of both the primary

tumour and regional lymph node metastases. Thirty-five %

had no appreciable decrease in either compartment; in 30%,

the tumour decreased while the nodal metastases did not; in

another 10%, the opposite occurred.

Discussion

Of great interest are biological predictive factors of

chemotherapy response. In the literature, high nuclear grade,

high tumour proliferative rate and ER-negative tumours

show the strongest correlation with good response (4-10, 25).

In our study, we showed similar results to the published data,

demonstrating a significantly higher response rate in ER-

negative tumours and tumours with a high proliferation rate

and for poorly-differentiated tumours.

Based on this, the assessment of the primary tumour,

physical examination measurements and mammography

showed the highest correlation and the highest predictive

value for the pathological findings in our study. We, therefore,
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Table V. Pearson’s correlation of the three evaluated non-invasive
measurement methods.

Physical Sonography Mammography

examination

Physical examination 1 0.774* 0.747*

Sonography 0.774* 1 0.888*

Mammography 0.747* 0.888* 1

*p<0.001

Table VI. Summary of the effects of adding variables to the hierachical
regression model.

change of R2 p value

Step 1: Physical examination: 0.356 p<0.001

Step 2: adding Mammography only: 0.075 p<0.001

Sonography only: 0.016 p=0.115

Mammography+Sonography: 0.088 p<0.001



conclude that physical examination by experienced examiners

and mammography interpreted by experienced radiologists

remain the best non-invasive methods of assessing the size of

the primary tumour in women with breast cancer. This result

is interesting, given the fact that physical examination

appeared superior to sonography and the latter did not add

significantly to the predictive accuracy in determining tumour

size. The result is, in part, compatible with the published data.

The superiority of physical examination compared to

mammography and sonography has been observed before

(14). However, other investigators have published differing

conclusions, such as the highest correlation for sonography

(21, 22). Physical examination and mammography are both

useful in the serial evaluation of breast cancers (19).

Furthermore, it could be shown that the detectability of

changes was not related to the type of treatment. Therefore,

in this study we evaluated our patients independently of the

chemotherapy regimen used (19). Even though we could

determine a slightly better correlation for mammography and

physical examination with the pathological tumour size, like

other groups (35), the correlation between the three

measurement methods was very high. Furthermore, none of

the three measurement methods used in hospital routine

could demonstrate a pCR in a reliable manner. 

Determination of morphological tumour characteristics

with regards to imaging methods was not in the focus of this

investigation. However, phenomena like microcalcification,
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Table VII. Tumour stage (T) and regional lymph node status (N) after neoadjuvant chemotherapy as assessed clinically and pathologically (N=139).

Tumour stage (T): Physical Sonography Mammography Pathology

examination

N (%) N (%) N (%) N (%)

cT0 8 (5) 8 (5) 9 (6) ypT0 18 (13)

cT1 70 (51) 66 (48) 59 (43) ypT1 57 (41)

cT2 48 (36) 57 (42) 65 (47) ypT2 45 (33)

cT3 4 (2) 5 (3) 3 (2) ypT3 10 (7)

cT4 9 (6) 3 (2) 3 (2) ypT4 9 (6)

Ù=0.420a Ù=0.367a Ù=0.443a

p<0.001 p<0.001 p<0.001

Regional lymph Physical Sonography Pathology

node status (N): examination

N (%) N (%) N (%)

cN0 103 (74) 93 (67) ypN0 69 (49)

cN+ 36 (26) 46 (33) ypN+ 70 (51)

º=0.214b º=0.412b

¯2(1)= 5.247c, p=0.022c ¯2(1)= 20.193c, p<0.001c

aKendall-Tau-b (Ù) rank correlation
bPhi-coefficient (º)
cPearson’s Chi-square test

Table VIII. Changes in clinical TNM stages (downstaging) after
neoadjuvant chemotherapy (N=139).

Tumour status (T): Physical Sonography Mammography

examination

N (%) N (%) N (%)

Decrease of one 

or more stages: 76 (55) 74 (54) 66 (47)

Decrease 

of one stage: 63 (45) 59 (43) 49 (35)

Decrease of two 

or more stages: 13 (10) 15 (11) 17 (12)

No change: 62 (44) 61 (44) 72 (52)

Increase of one stage: 1 (1) 4 (3) 1 (1)

Lymph node status (N): Physical Sonography

examination

N (%) N (%)

Decrease of one stage: 39 (28) 24 (17)

No change: 98 (71) 115 (83)

Increase of one stage: 2 (1) 0 (0)



architectural distortion, desmoplastic reaction and mixed

density influence the diagnostic value of the examined imaging

methods. In the published data, the extent of their influence is

judged differently. The accuracy of physical examination could

be reduced by fibrotic and necrotic masses mimicking a

residual tumour mass. In other cases, the apparent clinical

regression is due to resolution of post-biopsy phenomena such

as hemorrhage and edema (15, 19, 27, 28). Furthermore, the

influence of ductal carinoma in situ (DCIS) and further

histological parameters remains unclear (15, 19, 27, 28).

All methods are restricted in the imaging of tumour

residuals after neoadjuvant chemotherapy, because imaging

of small microscopic foci of invasive or even non-invasive

tumour residuals is hardly possible. Of special concern are

tumour-specific microcalcifications, which can only be

shown on mammograms. They do not regress under

chemotherapy, even if the invasive tumour regresses, and

they typically hint at non-invasive tumour residuals. For

planning surgery, the pre-therapeutic tumour extent always

has to be taken into account, because of the restricted

ability to image small tumour residuals (15, 19, 27, 28).

More recent publications evaluate the relative value of

magnetic resonance (MR) or scinti-mammography. MR

mammography shows certain advantages like excellent

reproducibility or independence of the structure and density

of the breast (15, 28, 29). The aim of other studies was to

assess the value of scintimammography in the evaluation of

tumour response to NACT (30, 31). The question of whether

MR or scinti-mammography gives better results in predicting

response will be evaluated in future prospective trials.

In breast cancer patients, the number of surgically

resected axillary lymph nodes has been considered to

correlate closely with patient prognosis. Therefore, if

metastatic lymph nodes could be treated by NACT pre-

operatively, we would be able to select a more appropriate

individual regimen of post-operative chemotherapy and

expect prognostic advantages for patients with node-positive

breast cancer. For the assessment of lymph node metastases,

sonographic measurements showed the highest correlation

with and the highest predictive value for pathological

findings. Thus, we conclude that sonography is the best

single non-invasive method of assessing the extent of nodal

involvement based on nodal status. 

In the published data, NACT induces axillary lymph node

remission in approximately one-third of patients, which is

confirmed by our data (32, 18). A negative axillary status

after chemotherapy is reported not only to predict higher

survival rates in these patients, but also makes them

potentially suitable for non-surgical management of the

axilla, particularly with sentinel lymph node (SLN) biopsy

emerging as a reliable tool for determining axillary lymph

node status (13, 18). Information regarding the post-

chemotherapy axillary lymph node status, therefore, is vital

and would facilitate a decision regarding axillary lymph node

dissection at the time of initial surgery. To further improve

the imaging of pre-operative lymph node status, other trials

demonstrated that CT scan, performed to evaluate the

therapeutic effect on metastatic lymph nodes following

NACT, was the best method to detect axillary involvement.

It can help to determine an appropriate regimen of post-

operative chemotherapy and be of prognostic advantage in

patients with node-positive breast cancer (33).

In our study, in almost two-thirds of the patients primary

breast tumours and nodal metastases appeared to be equally

affected by NACT. However, although these results are in

accordance with other clinical observations, they need to be

interpreted cautiously (14). The non-invasive determination

of response to NACT is important to guide the choice of

subsequent therapy. If no substantial response to NACT is

seen, a different, non-cross-resistant chemotherapy regimen

might be used preoperatively to increase the possibility of

breast-conserving surgery.

Pathological complete remission continues to be the best

prognostic factor for metastases-free survival. However,

neither imaging method evaluated in this study is sensitive

enough to identify, with certainty, the absence of residual

malignant cells.

Many clinical trials with NACT have been performed and

different recommendations made regarding indications,

regimen, diagnosis before treatment, monitoring of efficacy,

tumour localization, surgery, pathological evaluation and

postoperative treatment (34). Here, we showed that physical

examination, mammography and sonography are all three

useful in the serial evaluation of breast cancer to determine

the optimal approaches to preoperative and operative

treatment, whereas findings on pathology are the major

determinants to select postoperative systemic therapy and

prognosis. Mammography showed the best correlation with

pathological findings in tumour measurement, whereas

sonography showed the best correlation in lymph node status.

If other imaging methods like the MRI or CT scan are to

become established in the clinical routine, further trials will

have to show their value in comparison to these data.
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