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Summary

Purpose. To investigate whether magnetic resonance imaging (MRI) is superior to clinical palpation in the
assessment of response of breast cancer to primary chemotherapy (PC).

Patients and methods. Seventy-three patients with T2–4, N0, M0 breast cancer were treated with 3–4 cycles
of single agent epirubicin before definitive surgery. MRI was performed at baseline condition and at the end of
chemotherapy.

Results. According to the WHO criteria, 20 (27.4%) patients attained a complete response (CR) by clinical pal-
pation and 41 (56.2%) a partial response. The corresponding response rate by MRI was 11 (15.1%) and 34 (46.6%),
respectively. Residual tumor assessed by MRI better correlated with pathologic measurements (Spearman r: 0.72)
than residual tumor assessed by clinical palpation (Spearman r: 0.58). Post-chemotherapy histology evaluation
revealed pathologic CR in three cases, only one of them was considered as complete responder by MRI. Residual
disease consisted in in situ carcinoma in four cases, one of them was complete responder at MRI, the remaining
three showed residual abnormal contrast enhancement indistinguishable from that of invasive tumors.

Conclusions. As compared to pathology specimens, MRI is able to represent the extent of cancer more accu-
rately than clinical palpation. It constitutes a promising technique in assessing the BC response to PC. The current
limit of MRI is the scarce specificity in predicting the nature of residual disease.

Introduction

Primary chemotherapy (PC) is now adopted by an
increasing number of clinicians as a part of the multi-
disciplinary approach of either operable or locally
advanced breast cancers. Historically this treatment
modality was undertaken with the aim of shrinking the
tumors and permitting the conservation of the breast
[1, 2]. Today, PC is viewed as a means of testing the
activity of a therapeutic approach in determining the
disease outcome, since it allows a perfect quantifiable
evaluation of the chemosensitivity or chemoresistance

of any treated case [2–8]. When compared to ad-
juvant chemotherapy, results are available quickly, and
valuable information can be gathered from proof-of-
concept studies involving a relatively small number of
patients [6].

Trials of PC have indicated that patients whose
primary tumor respond to treatment have a bet-
ter survival than those who do not respond [1–8].
This finding suggests that it may be possible to use
breast tumor response as an indicator of the response
of micrometastases to the therapy. Since response
could be a potential surrogate parameter of treatment
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efficacy, the accurate assessment of tumor shrinkage is
crucial.

Clinical palpation is a widely recognized technique
for tumor size monitoring during PC [1, 2]. This
technique, however, needs experienced clinicians and
appears to be inadequate in the assessment of com-
plete response (CR). Measurement of the tumor size
is unreliable when the tumor is irregular or diffuse be-
cause margins cannot be delineated precisely and the
same problem arises if the tumor edge becomes soft
as it regresses. Thickening of the overlying skin or
subcutaneous tissue may add to this problem. Residual
fibrosis can be misinterpreted as an incomplete re-
sponse while necrosis can actually cause enlargement
at the time when the active tumor is shrinking [9].

Imaging techniques may potentially give more ob-
jective findings than clinical examination as they could
detect changes either in size or density of the tumor
mass [10]. Moreover, in case of the patient inclusion
in a clinical trial, the imaging results may be evaluable
by extramural reviewers.

Mammography and echography have greatly im-
proved the preoperative staging of breast cancer, both
techniques have been found to be superior over clin-
ical palpation in finding tumors at an early clinical
stage and this has been contributed to reduce the
mortality [11].

In our recently published experience involving 145
consecutive cases, however, both mammography and
echography were found to be less sensitive than clin-
ical palpation in assessing the changes in breast tumor
size after chemotherapy [12]. Tumor dimensions eval-
uated clinically at the end of chemotherapy showed
a better relationship with the tumor size assessed by
the pathologist than the measurements performed by
both imaging techniques. The greater reliability of re-
sponse assessed clinically was further supported by the
finding that response evaluated by clinical palpation
significantly correlated with the disease free survival
status, while response assessed by either mammog-
raphy or echography failed to show any relationship
with the disease free survival [12].

On the basis of this experience, we concluded
that physical examination still remains the method
of choice in evaluating preoperatively the disease re-
sponse to PC. The diagnostic accuracy of clinical
palpation is not improved by echography and mam-
mography [12].

It is generally accepted that contrast magnetic res-
onance imaging (MRI) is an emerging technology
that may revolutionize our management of women

with breast cancer [13–15]. This technique is very
sensitive, being able to detect tumors as small as a
few millimeters in size [13–15]. The rationale behind
the use of MRI also lies in its ability to detect vas-
cularity [15, 16]. Neoplastic tissue uptakes contrast
medium earlier and more intensively than normal tis-
sue. The possibility of detecting this enhancement and
plotting intensity–time curves that are characteristic
of the neoplastic tissue permits MRI to potentially
distinguish between benign and malignant breast le-
sions and between neoplastic tissue and fibrotic tissue.
The aim of this study was to evaluate the diagnostic
advantages of MRI versus clinical palpation in the as-
sessment of tumor response after PC in human breast
cancer.

Patients and methods

Between January 1998 and August 2001, 73 patients
with an operable breast tumor or locally advanced
disease (T2–4, N0–1, M0) accepted to perform MRI
before and after PC in addition to routine diagnostic
procedures. Pre-treatment patient demography is out-
lined in Table 1. None of the patients had objective
skin inflammation or edema.

On first presentation an incision biopsy was per-
formed on each patient. Initial staging comprised
clinical examination, bilateral mammography, echo-
graphy, chest x-ray, liver echography or CT scan, bone
scintigraphy. Mammography, echography and MRI
were performed before incisional biopsy, whereas the
other diagnostic procedures were done afterwards.

Treatment

Chemotherapy was started within 1 or 2 days of diag-
nosis. All patients were treated with single agent epi-
rubicin (120 mg/m2 divided in two doses administered
on days 1, 2 every 21). Three or four chemotherapy
cycles were administered.

The size of primary tumor was carefully mea-
sured every cycle by palpation by the same clinician
using a caliper. In order to avoid interference due
to post-biopsy edema, tumor shrinkage was evalu-
ated from the second course onwards. The tumor
size measurements with MRI, at baseline and before
surgery, were independently reviewed by two experi-
enced radiologists specialized in breast imaging. Any
discrepant readings were resolved by consensus. The
post-treatment MR images were assessed for the pres-
ence of any abnormality that might indicate potential
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Table 1. Patient characteristics

Number of patients 73

Median age (range) 56 (26–71)

Primary tumor status (%)

T2 62 (85.0)

T3 9 (12.3)

T4 2 (2.7)

N0 45 (61.6)

N1 28 (38.4)

TNM stage (%)

IIa 41 (56.2)

IIb 21 (28.8)

IIIa 8 (10.9)

IIIb 3 (4.1)

Histology

Ductal 52 (71.2%)

Lobular 14 (19.2%)

Mixed 5 (6.8%)

Medullary 1 (1.4%)

Mucinous 1 (1.4%)

Number of breast neoplasms

1 60 (82.2%)

2 12 (16.4%)

3 1 (1.4%)

Additional nodes detected by MRI only 2∗ (2.8%)

Number of chemotherapy cycles administered

3 54 (74.0%)

4 19 (26.0%)

∗ One additional node was fibroadenoma at FNA cytology.

residual cancer without the knowledge of the eventual
pathologic results or clinical findings.

Pre- and post-chemotherapy MRI examinations
were performed with a 0.5 T Philips Gyroscan NST
MR unit (Philips Medical Systems, 5680 DA Best,
The Netherlands), with the patient prone, using a bi-
lateral multi-channel coil with the breast positioned
in the wells. The sequences used were T1 weighted
3D-FFEs, optimized to last less than 90 s and to
cover the entire mammary gland and partially the
axillary cavity with contiguous scans of 2.7–3 mm.
More precisely, the following parameters were used:
TR = minimum possible (23 ms); TE = 13.8 ms (in
phase for 0.5 T unit); FA = 40◦; partition = 40 (or
up to 48); thickness of a single section 2.7–3 mm;
FOV = 340; RFOV = 45–50%; matrix = 60%; direc-
tion of the heart beat artifact = foot-to-head; acquisi-
tion time = foot to head. Images acquired according

to a coronal plane were privileged to avoid flow arti-
facts originating from the heart and large blood vessels
and to reduce times using a rectangular matrix. The
same sequence was repeated before and, with no in-
terval between repeats, five times 10 s after bolus
injection of 0.1 mmol/kg of Gd-DTPA. Following ac-
quisition, all the studies were processed by means
of the following: (1) image subtraction: by subtract-
ing the basal sequence of the other five, we tried to
highlight even minimum enhancements, expected in
vascularized areas such as those in neoplastic tissue;
(2) the plotting of intensity/time curves, which show
changes in enhancement intensity with time by means
of a curve plotted on a system of Cartesian axes, with
time on the X-axis and intensity on the Y -axis (the
computer generates this graph after the positioning of
a carefully selected Region of Interest in the same
study area in each of the sequences obtained); (3)
multi-planar reconstruction (MPR) of the anatomy of
the breast; more precisely, the glandular body is re-
constructed axially and longitudinally to allow a more
accurate assessment of the site and size and a differen-
tial diagnosis with vascular structures. The persistence
of neoplastic tissue by MRI was ascertained by check-
ing the variation of the intensity–time curves following
chemotherapy and the reduction in the enhancement
peak.

All the diagnostic and treatment procedures
were performed at the Azienda Ospedaliera Istituti
Ospitalieri of Cremona, Italy. Response evaluated by
either clinical palpation or MRI was assessed by the
measurement of the changes in the product of the two
largest diameters recorded at baseline and at the end of
chemotherapy before surgery. According to the WHO
criteria [17], tumor progression (PD) was defined as
increase by at least 25%, stable disease (SD) as tu-
mor size increase less than 25% or reduction less
than or equal to 50%, partial response (PR) as tumor
shrinkage greater than 50%, and CR as the complete
disappearance of all clinical signs of disease. CR at
MRI was defined as complete resolution of both tumor
mass and enhancement. These criteria were decided
prior to the study start. Surgery was planned after full
clinical reassessment. Quadrantectomy or modified
radical mastectomy was performed when indicated in
association with full axillary dissection. All patients
subjected to quadrantectomy underwent irradiation of
the residual breast (60 Gys delivered in 6 weeks). The
institutional review board approved this prospective
study and signed informed consent was obtained from
each patient.
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Statistical analysis

Correlations between the tumor diameters as measured
using clinical palpation and MRI techniques and com-
parison to the pathologic finding were made using
Spearman’s test for non-parametric data. All tests were
two sided. P value < 0.05 was considered as signifi-
cant. Statistica for windows software was employed
for statistical computations.

Results

At baseline conditions, the majority of patients had
only one malignant breast node. Multiple tumors were
detected in 13 patients. In 11 cases additional nodules
were detected by all the three techniques, while in
two patients additional nodules were assessed by MRI
only. All these nodules underwent fine needle aspira-
tion. In the two cases in whom further nodules were
detected by MRI and not by echography and mammo-
graphy, cytology revealed breast cancer in one case
and fibroadenoma in the remaining one (Table 1).

Tumor size evaluated by clinical examination
showed a significant correlation with the size assessed
by MRI either before treatment (Spearman r = 0.61,
p < 0.001) or afterwards (Spearman r = 0.54, p =
0.001). The summary of response obtained by either
MRI and clinical palpation is listed in Table 2. Disease
response to treatment was more frequently observed
with clinical palpation than MRI. At the end of treat-
ment the primary tumor was not identifiable at clinical
palpation in 20 patients and at MRI in 11. The con-
cordance of the two methods was obtained in seven
cases, whereas residual disease was detected by MRI
in 13 cases judged as complete responders clinically
and the opposite was found in four patients.

Post-chemotherapy histology evaluation revealed
pathologic CR in three cases. Two of these cases were
judged as complete responders by clinical palpation,
one was considered as complete responder by MRI
(Table 3). Residual disease consisted in in situ car-
cinoma without invasive disease in four cases, two of

Table 2. Response rate to PC assessed clinically and at MRI

Response Clinical examination (%) MRI (%)

CR 20 (27.4) 11 (15.1)

PR 41 (56.2) 34 (46.6)

SD 12 (16.4) 28 (38.3)

Table 3. Clinical and MRI measurement in patients attaining patho-
logical CR or residual in situ carcinoma at post-chemotherapy
histology

Maximum diameter (mm)

Pathological Clinical MRI examination

examination examination

No residual disease

Case 1 20 7

Case 2 0 8

Case 3 0 7

Carcinoma in situ

Case 5 10 12

Case 6 10 0

Case 7 0 10

Case 8 0 8

them were complete responders at clinical examina-
tion, one of them was complete responder at MRI. As
outlined in Table 3, the maximum diameter of residual
disease measured by MRI varied between 7 and 8 mm
in pathological complete responders and between 8
and 12 mm in patients with in situ carcinoma.

All patients underwent definitive surgery (mastec-
tomy or quadrantectomy) after PC. In the patient
subset with multiple residual disease, conservative sur-
gery was performed if the nodes were locates within
the same quadrant, whereas mastectomy was pre-
ferred in case of tumor location in different quadrant.
Residual tumor assessed by the two techniques was
correlated with the pathological measurements. In
each patient, the longest diameter of the neoplastic
residue assessed by clinical palpation or MRI was
compared with the longest diameter of the infiltrating
and in situ tumor observed in the gross specimen. Tu-
mor dimension evaluated with MRI correlated better
than clinical palpation with tumor diameter assessed
by the pathologist (Figure 1). Post-chemotherapy re-
sidual tumor was also assessed by mammography and
echography in 52 patients. Tumor size evaluated by
the two techniques did not correlated with tumor size
assessed either by pathology (Spearman r = 0.19 and
0.18, respectively) or MRI (Spearman r = 0.27 and
0.28, respectively).

Residual tumor size not identified by clinical pal-
pation was less than 1 cm in 10 cases, between 1 and
2 cm in the remaining 10. The corresponding diame-
ters not evaluated by MRI were found in six and five
patients, respectively.
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Figure 1. Relationship between residual tumor assessed at pathological examination and residual disease measured by clinical palpation (a)
and MRI (b).

Discussion

In the majority of published trials, the response to PC
in breast cancer patients has been assessed by physical
examination [1, 2, 4, 7]. Although clinical response
has been repeatedly found to correlate with patient
outcome [2, 4], this technique is not to be considered
as the gold standard. MRI, because of its ability to de-
lineate anatomic detail of breast tumors, is a promising
tool in this respect. Published series involving small
numbers of patients [18–23] have shown that MRI is

more accurate than either echography and mammog-
raphy or clinical palpation in evaluating the disease
response to PC.

In our 73 breast cancer patients, uniformly treated
with single agent epirubicin, CR was less frequently
observed with MRI than with clinical examination,
these data are in line to those previously published.
On the whole, tumor size assessed by palpation signif-
icantly correlated with tumor size evaluated by MRI
either at baseline conditions or at post-chemotherapy
assessment. However, tumor diameters measured by
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MRI after treatment better correlated than diameters
obtained by clinical palpation with the diameters of
surgically removed neoplasms. These data are consis-
tent with a superiority of MRI over clinical palpation
in the assessment of disease response to treatment.
This is an interesting finding since in our experience
echography and mammography have been found to be
consistently less reliable than clinical examination in
this clinical setting [12].

The majority of patients with clinical CR had resid-
ual MRI abnormalities, but also some patients with no
residual enhancement at MRI had clinically detected
tumors. Since none of the patients with pathological
CR had CR by both MRI and clinical palpation, the
combination of both techniques did not provide more
stringent criterion of response.

It would be reasonable to determine if compar-
ison of serial MRI exams could predict which patients
would be likely to have good outcome, unfortunately
the short follow-up of our cases enables us to correlate
disease MRI response with disease free survival and
overall survival.

The relationship between MRI and pathological
diameters (r = 0.72) observed in the present study
was lower than that observed in two published expe-
riences involving 33 [22] and 18 [23] patients (0.90
and 0.93, respectively). The higher number of patients
considered in the present series may have increased
the tumor heterogeneity.

A non-invasive method able to quantify the amount
of viable residual disease after PC would be helpful
in planning optimal surgery or avoid unnecessary sur-
gical approach, since residual invasive carcinoma or
carcinoma in situ should be widely resected and the
residual breast irradiated, while patients with patho-
logical CR might be safely treated with radiotherapy
alone. In this study, however, MRI did not predict
pathological residual disease. MRI showed no sig-
nificant residual enhancement at post-chemotherapy
evaluation in 11 patients. Only one of them was a
pathological responder, invasive carcinoma and in situ
carcinoma were observed in nine and one patients, re-
spectively. Residual tumors not detected by MRI was
frequently represented by multiple small neoplastic
foci (scattered in a larger parenchimal area) with max-
imum diameter beneath the maximum resolving power
(2 mm) of the technique. By contrast, no viable tu-
mor cells at pathological examination was observed in
three patients, only one judged complete responder at
MRI.

MRI also failed to detect females with an ex-
cellent response to chemotherapy in their invasive
component. Among the four patients in whom in situ
carcinoma was found at post-operative evaluation, in
fact, three of them showed residual abnormal enhance-
ment at MRI indistinguishable from that of invasive
neoplasm and one showed no enhancement.

Low specificity is a very well recognized limitation
of MRI in characterizing breast lesions [26]. This tech-
nique, in fact, is able to detect lesions as small as a few
millimeters in size with an overall sensitivity reported
in the range of 95–100%, by contrast the specificity
was found to range between 37 and 97%, with false
positive enhancement occurring frequently in benign
breast lesions [26].

As mentioned in the introduction, lesions iden-
tification at MRI of the breast depends on contrast-
enhancement within the breast after intravenous
injection of contrast material. The detection of a ma-
lignant lesion within normal breast tissue is based
on the earlier and stronger enhancement of malig-
nant lesions as well as the morphologic features of
the enhancing lesions [25, 26]. It is well known
that chemotherapy may challenge the interpretation of
breast MRI, since cell death, necrosis, and reduced
vascular permeability may modify the enhancement
characteristics of residual tumors [25]. In the present
series, post-chemotherapy enhancement was often ir-
regular and only in a few cases did the intensity–time
curves show typical morphology. This altered en-
hancement was taken into account in the interpretation
of post-chemotherapy breast MRI. In line with the lit-
erature [21], we considered ‘pathologic’ those curves
which, though not showing the characteristic early
peak, reached high intensity, equal to at least 70%
of maximum intensity. These interpretation rules not-
withstanding, we could not exclude that reduced MRI
enhancement after chemotherapy administration may
have conducted to an underestimation of the resid-
ual disease. On the other hand, it should be noted
that all our patients underwent incisional biopsy at
diagnosis and the enhancement of post-surgical gran-
ulation tissue could have lead to some false positive
interpretations [25–27].

To conclude, on the basis of the results obtained
in the present study and those published in literature,
MRI appears to be a sensitive imaging technique mo-
dality for assessing the tumor shrinkage after PC in
human breast cancer. MRI is able to represent the ex-
tent of cancer more accurately than clinical palpation
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as compared to pathology specimens. It may aid in
clinical management by helping to appropriately set
patient’s expectations about potential success or about
the potential for breast conservation. Perhaps more
importantly, the addition of this tool to our arma-
mentarium could allow the physicians to provide doc-
umentation for extramural reviews in case of inclusion
of patients in prospective clinical trials. Our data also
points on the current limit of MRI. The technique is
not capable of the distinction between residual fibrosis
and viable tumor as well between carcinoma in situ
and invasive disease. The introduction of positron
emission tomography (PET) could add molecular or
functional information to MRI and could overcame
these limitations [28].
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