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To assess how the molecular biomarker status of a breast
cancer, including human epidermal growth factor recep-
tor 2 (HER2), hormone receptors, and the proliferation
marker Ki-67 status, affects the diagnosis at 3.0-T mag-
netic resonance (MR) imaging.

This study was approved by the institutional review board
and was HIPAA compliant. Fifty patients (age range, 28-
82 years; mean age, 49 years) receiving neoadjuvant che-
motherapy were monitored with 3.0-T MR imaging. The
longest dimension of the residual cancer was measured
at MR imaging and correlated with pathologic findings.
Patients were further divided into subgroups on the basis
of HER2, hormone receptor, and Ki-67 status. Pathologic
complete response (pCR) was defined as when there were
no residual invasive cancer cells. The Pearson correlation
was used to correlate MR imaging-determined and patho-
logic tumor size, and the unpaired ¢ test was used to com-
pare MR imaging—pathologic size discrepancies.

Of the 50 women, 14 achieved pCR. There were seven
false-negative diagnoses at MR imaging. The overall sen-
sitivity, specificity, and accuracy for diagnosing invasive
residual disease at MR imaging were 81%, 93%, and
84%, respectively. The mean MR imaging—pathologic size
discrepancy was 0.5 cm = 0.9 (standard deviation) for
HER2-positive cancer and 2.3 em = 3.5 for HER2-negative
cancer (P =.009). In the HER2-negative group, the size
discrepancy was smaller for hormone receptor-negative
than for hormone receptor—positive cancers (1.0 cm =
1.1 vs 3.0 cm £ 4.0, P = .04). The size discrepancy was
smaller in patients with 40% or greater Ki-67 expression
(0.8 em = 1.1) than in patients with 10% or less Ki-67
expression (3.9 cm * 5.1, P = .06).

The diagnostic accuracy of breast MR imaging is better
in more aggressive than in less aggressive cancers. When
MR imaging is used for surgical planning, caution should
be taken with HER2-negative hormone receptor—positive
cancers.

©RSNA, 2011

Supplemental material: http://radiology.rsna.org/lookup
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eoadjuvant chemotherapy (NAC)

is the standard-of-care treatment

for locally advanced inoperable
breast cancer, but it is increasingly being
used for patients with operable cancer
(1,2). It has been established that when
patients can achieve pathologic complete
response (pCR) or have a minimal re-
sidual tumor burden after NAC, they will
have a favorable prognosis (3-5). With
the availability of more effective chemo-
therapy regimens and targeted therapies,
the current goal of NAC is to achieve
pCR. For patients undergoing NAC, im-
aging assessment of response may aid

Advances in Knowledge

B More aggressive breast cancer
tumors, such as human epider-
mal growth factor receptor 2
(HER2)-positive cancer (patho-
logic complete response [pCR]
rate, 53% [nine of 17]) and triple-
negative cancer (pCR, 33%
[three of nine]), have a better
response to neoadjuvant chemo-
therapy (NAC) than HER2-negative
and hormone receptor-positive
cancer (pCR, 8% [two of 24]).

® HERZ2-negative cancers are more
likely to show residual disease as
small foci or scattered cells after
NAC (six [18%] of 33) than
HER2-positive cancers (one [6%]
of 17), leading to an underesti-
mation of residual disease extent
at MR imaging.

B The tumor size discrepancy mea-
sured at MR imaging compared
with the pathologic size was cor-
related with Ki-67 proliferation,
and there was a trend of smaller
discrepancy in tumors with
greater Ki-67 expression (mean
size, 0.8 cm = 1.1 for tumors
with Ki-67 expression = 40% vs
3.9 cm = 5.1 for tumors with
Ki-67 expression = 10%; P = .06).

B Four lesions had MR imaging—
pathologic size discrepancy
greater than 5 cm (namely, 6.6,
7.0, 13.5, and 14.0 cm), and all
four lesions showed nonmasslike
enhancement.

in the selection of drug regimens, and in-
formation about the residual tumor may
help in surgical planning.

Of all breast imaging modalities,
magnetic resonance (MR) imaging is con-
sidered to be the best tool for evaluat-
ing the extent of residual tumor after
NAC. The performance of MR imaging
has been shown to be better than that
of clinical examination, mammography,
and ultrasonography (6-12). Results of
evaluation of NAC response at 1.5 T
have been reported before (13,14) and
showed a high false-negative diagnosis
rate when the residual tumor manifested
as a scattered pattern with multiple
small foci of invasive cancer cells distrib-
uted in a large area. On the basis of
this finding, one question that arises is
whether improving spatial resolution can
enhance diagnostic accuracy for these
scattered residual diseases.

There is increasing clinical use of
3.0-T MR imaging systems. The higher
field strength provides a higher signal-
to-noise ratio and spatial resolution (15),
and these may help improve diagnostic
accuracy for small lesions compared
with 1.5 T (16). However, the higher field
strength also comes with greater field
inhomogeneity, stronger susceptibility
effects, longer T1 relaxation times, larger
chemical shift, and higher radiofrequency
deposition (17,18), which may cause
lower signal in some parts of the image
and show less contrast enhancement,
which in turn may lead to false-negative
diagnoses (19-21). With all these con-
cerns, clinical breast MR imaging is

Implication for Patient Care

B The higher spatial resolution at
3.0-T MR imaging compared
with that at 1.5 T did not
improve the detection of residual
disease manifesting as small
tumor foci or scattered cell clus-
ters; when post-NAC diagnostic
results of MR imaging are used
for surgical planning, caution
should be taken with HER2-
negative hormone receptor-
positive cancers and lesions man-
ifesting as areas of nonmasslike
enhancement.

recommended to be performed at 1.5 T.
The purpose of our study was to inves-
tigate the performance of 3.0-T MR
imaging for assessing NAC response in
patients with breast cancer and to assess
how the molecular biomarker status of
the breast cancer, including human epi-
dermal growth factor receptor 2 (HER2),
hormone receptor, and the prolifera-
tion marker Ki-67 status, affects the
MR diagnosis.

Materials and Methods

Patients

This study was approved by the institu-
tional review board of the University of
California at Irvine and complied with the
Health Insurance Portability and Account-
ability Act. Between November 2006 and
October 2010, 70 patients with biopsy-
proven breast cancer gave written in-
formed consent to participate in the NAC
treatment study and undergo MR im-
aging for response monitoring. We in-
cluded patients who underwent the last
MR imaging study after completing NAC
treatment and who underwent defini-
tive surgery after MR imaging. Twenty
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patients were excluded from the anal-
ysis for the following reasons: 12 pa-
tients did not undergo the last MR im-
aging examination after completing
NAC, seven did not undergo surgery, and
one did not have complete information
regarding the pathologic evaluation of
the extent of the residual disease. Of
the remaining 50 patients (age range,
28-82 years; mean age, 49 years), the
histologic tumor types were as follows:
44 invasive ductal carcinomas, five in-
vasive lobular carcinomas, and one in-
vasive ductal carcinoma with squamous
differentiation (Table). Thirty-five pa-
tients had mass lesions, and 15 had
lesions that manifested as areas of non-
masslike enhancement. The pretreatment
tumor size ranged from 1.7 to 11.8 ecm
(mean, 4.5 cm; median, 3.7 cm).

NAC Regimen and MR Imaging Monitoring
Schedule

Sixteen patients received two cycles of
doxorubicin (Adriamycin) with cyclo-
phosphamide (Cytoxan) given biweekly,
followed by 12 weeks of a taxane-based
regimen, and 34 patients received only
the taxane-based regimen. The taxane-
based regimen included weekly paclitaxel
(Taxol) and carboplatin (Paraplatin), in
combination with weekly trastuzumab
(Herceptin; Genentech-Roche, South
San Francisco, Calif) for patients with
HER2-positive disease or biweekly beva-
cizumab (Avastin; Genentech-Roche) for
patients with HER2-negative disease.

All patients underwent pretreatment
baseline MR imaging, several follow-up
studies during the course of therapy, and
a final MR imaging examination after
completing the NAC protocol. After
NAC, definitive surgery was performed.
The time interval between the last MR
imaging examination and the surgery
ranged from 3 to 178 days, with a mean
of 38.5 days (Table).

MR Imaging

All MR imaging examinations were per-
formed by using a dedicated sensitivity-
encoding—enabled bilateral four-channel
breast coil with a 3.0-T system (Achieva;
Philips Medical Systems, Best, the
Netherlands). Dynamic contrast material—
enhanced MR imaging was performed

by using a three-dimensional gradient-
echo fat-suppressed sequence in an axial
view to cover both breasts. The pa-
rameters were as follows: field of view,
31-36 cm; section thickness, 1 mm;
image matrix, 480 X 480; repetition
time msec/echo time msec, 6.2/1.26; flip
angle, 12°; number of signals acquired,
one; and sensitivity-encoding factor, two.
For dynamic imaging, two precontrast
and five postcontrast frames were ac-
quired. The temporal resolution was
1 minute 38 seconds for each frame. The
contrast agent (gadodiamide [Omniscan;
GE Healthcare, Princeton, NJ]|, 0.1 mmol
per kilogram of body weight) was man-
ually injected at the beginning of the
third acquisition, and the injection was
timed to finish in 12 seconds to make
the bolus length consistent for all pa-
tients. Immediately after contrast medium
administration, 10 mL of saline was in-
jected to flush the contrast medium.

MR Image Interpretation

Tumor response was evaluated at the
final MR imaging examination after the
completion of NAC. Subtraction images
were generated by subtracting the pre-
contrast images from the postcontrast
images, and maximum intensity projec-
tions were generated for reference. The
subtraction images were also color coded
to allow comparison of the degree of
enhancement between tissues within the
previous tumor bed and the surrounding
normal tissues. When the enhancement
was too low to be visible on maximum
intensity projections, the correspond-
ing color-enhanced subtraction images
were used to determine the existence
of residual tumor and the tumor size
(Figs 1 and 2; Figs E1 and E2 |online]).
One radiologist (S. B., with 6 years of
experience in interpreting breast MR
images) performed the size measure-
ment without knowledge of the patho-
logic results. The longest dimensions of
the residual disease measured at MR
imaging and at pathologic examina-
tion were correlated. Complete clinical
response was diagnosed when no en-
hancement or faint enhancement in the
previous lesion site equal to that of the
background normal breast tissue was
noted.

Pathologic Examination

Surgical specimens were fixed in 10%
neutral-buffered formalin and were
processed for histologic examination.
A pathologist (P.M.C., with 20 years of
experience) measured the residual tumor
size at pathologic examination. In eval-
uating the residual lesion at pathologic
examination, if no gross tumor was
found, the original location of the tumor
in the breast was identified, and slides
from the block containing the tumor, as
well from as adjacent blocks, were ex-
amined. For tumors that were smaller
than 2 cm or not grossly visible, tumor
size was determined on the basis of the
microscopic measurement on the slides.
For tumors that were 2 cm or larger
and clearly visualized in the gross speci-
mens, only gross measurement of the
residual tumor size was made. Residual
disease after NAC was categorized as
(a) showing no residual cancer cells;
(b) showing no residual invasive cancer
but showing ductal carcinoma in situ,
and (c¢) showing residual invasive can-
cer. pCR was defined as when there was
no invasive cancer, thus including cat-
egories 1 and 2 (22).

Determination of Biomarker Expression
Biomarker status was determined by
pathologists at our institution (including
P.M.C.). The status of estrogen receptor
and progesterone receptor was consid-
ered negative if immunoperoxidase stain-
ing of tumor cell nuclei in the biopsy spec-
imen was less than 5%. Ki-67 staining
was evaluated as percentage of nuclei
showing a positive reaction. HER2 ex-
pression was evaluated by using fluo-
rescence in situ hybridization. A tumor
was designated as positive for gene am-
plification if the gene-to-chromosome
ratio was greater than 2.0.

Statistical Analysis

Pearson correlation was used for com-
paring MR imaging-determined residual
tumor size and pathologic size in the
whole group. For each patient, the size
discrepancy measured between MR im-
aging and pathologic examination was
calculated. To eliminate the impact of
outliers, the four patients with tumor size
discrepancies greater than 5 cm were
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excluded, and another Pearson cor-
relation comparing MR imaging versus
pathologic size was performed. The un-
paired t test with the Welch correction
was used to compare the size discrepancy
between patients with HER2-positive
and those with HER2-negative disease,
between patients with HER2-negative
hormone receptor—positive disease and
those with HERZ2-negative hormone
receptor—-negative disease, and between
patients receiving doxorubicin with cy-
clophosphamide and taxane and those
receiving taxane alone. The F-test was
used to compare variance between the

above groups. P < .05 was considered
to indicate a significant difference. Sta-
tistical analysis was performed by using
software (GraphPad Prism, version 5.0;
GraphPad Software, La Jolla, Calif).

Biomarker Status

Of the 50 patients, 17 had HER2-positive
disease and 33 had HERZ2-negative dis-
ease. Of the 33 patients with HER2-
negative disease, 24 had hormone
receptor—positive cancer and nine had

triple-negative cancer (ie, cancer with
negative estrogen receptor, progester-
one receptor, and HER2 status [Table]).

Diagnostic Accuracy of MR Imaging for
Predicting pCR

Fourteen of the 50 patients achieved
pCR after NAC, and 36 patients had
residual tumor at pathologic examina-
tion. Of the 14 patients who achieved
pCR, nine had HER2-positive cancer
(nine [53%] of 17), three had triple-
negative cancer (three [33%]| of nine),
and two had HER2-negative and hor-
mone receptor—positive cancer (two [8%]

Clinical and Pathologic Information in 50 Study Patients

HER2 Amplification Status Hormone Size at MR Imaging Pathologic ~ Time from Last MR Imaging

and Patient No./Age (y) Cancer Type* Receptor Status  after NAC (cm) MR Imaging Diagnosis ~ Enhancement  Size (cm) Examination to Surgery (d)

Negative (n = 33)
1/67 IDC Positive 5.6 True-positive Masslike 5 37
2/48 IDC Positive 1.4 True-positive Masslike 0.7 30
3/63 IDC Negative 5.8 True-positive Masslike 4.5 59
4/69 IDC Positive 0 True-negative Masslike 0 21
5/50 IDC Positive 0 False-negative Masslike 2.1 31
6/53 IDC Negative 1.5 True-positive Nonmasslike 0.5 32
7/50 IDC Positive 4 True-positive Masslike 4.5 24
8/53 IDC Positive 55 True-positive Nonmasslike 7 16
9/48 ILC Positive 1.7 True-positive Nonmasslike 2 22
10/37 ILC Positive 45 True-positive Nonmasslike 6 43
11/48 IDC Positive 0 True-negative Masslike 0 56
12/31 IDC Positive 3 True-positive Nonmasslike 10 37
13/56 IDC Positive 0.9 True-positive Masslike 1.8 35
14/64 IDC Negative 1.1 True-positive Masslike 1.4 22
15/82 ILC Positive 0 False-negative Nonmasslike 14 44
16/48 IDC Positive 3 True-positive Masslike 7 58
17/48 IDC Positive 1.8 True-positive Masslike 4 43
18/43 IDC Positive 63 True-positive Masslike 6.5 92
19/64 IDC Positive 1.4 True-positive Masslike 2 54
20/40 IDC Negative 0 False-negative Nonmasslike 1.5 3
21/62 IDC Negative 0 False-negative Masslike 1.7 57
22/54 IDC Positive 1.8 True-positive Masslike 1.3 45
23/38 IDC Negative 3.8 True-positive Nonmasslike 0.6 29
24/41 IDC Positive 7.6 True-positive Nonmasslike 1 33
25/53 IDC Negative 0 True-negative Masslike 0 13
26/45 IDC Negative 0 True-negative Masslike 0 15
27/31 IDC Positive 1 True-positive Nonmasslike 5 28
28/59 IDC Positive 25 True-positive Masslike 25 178
29/49 ILC Positive 2.3 True-positive Masslike 5 40
30/32 IDC Positive 0 False-negative Nonmasslike 14 34
31/37 IDC Positive 1.2 True-positive Masslike 1.7 35
32/43 ILC Positive 0 False-negative Nonmasslike 1.5 36
33/37 IDC Negative 0 True-negative Nonmasslike 0 36

(continued)
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Clinical and Pathologic Information in 50 Study Patients

HER2 Amplification Status Hormone Size at MR Imaging Pathologic ~ Time from Last MR Imaging

and Patient No./Age (y) Cancer Type* Receptor Status  after NAC (cm) MR Imaging Diagnosis ~ Enhancement  Size (cm) Examination to Surgery (d)

Positive (n=17)
34/28 IDC Positive 1.8 True-positive Masslike 1.2 23
35/33 IDC with Negative 3.6 True-positive Masslike 35 28

squamous
differentiation

36/56 IDC Negative 3.7 True-positive Masslike 5 30
37/60 IDC Negative 0 True-negative Nonmasslike 0 37
38/37 IDC Negative 0 True-negative Nonmasslike 0 23
39/38 IDC Negative 0 True-negative Masslike 0 79
40/53 IDC Negative 0.7 False-positive Masslike 0 23
41/50 IDC Negative 0 True-negative Masslike 0 36
42/54 IDC Positive 52 True-positive Masslike 1.8 33
43/53 IDC Positive 3 True-positive Masslike 2 24
44/51 IDC Positive 0 True-negative Masslike 0 17
45/63 IDC Negative 0 True-negative Masslike 0 15
46/63 IDC Positive 0 True-negative Masslike 0 94
47/49 IDC Negative 0 True-negative Masslike 0 28
48/38 IDC Positive 15 True-positive Masslike 1 13
49/36 IDC Positive 1.9 True-positive Masslike 1 35
50/55 IDC Positive 0 False-negative Masslike 0.6 46

*IDC = invasive ductal carcinoma, ILC = invasive lobular carcinoma.

of 24). MR imaging depicted residual
tumors in 30 patients and helped diag-
nose clinical complete response in 20 pa-
tients. When we correlated MR imag-
ing and pathologic findings, MR imaging
findings were used to accurately diag-
nose pCR in 13 patients (true-negative
[Fig 1]). One false-positive diagnosis
was noted. In this case, pathologic ex-
amination showed only ductal carcinoma
in situ without invasive cancer cells; the
patient thus was categorized as show-
ing pCR. There were seven false-negative
diagnoses with no visible tumor at MR
imaging but with residual invasive can-
cer at pathologic examination; all of these
cases showed scattered small cancer foci
at pathologic examination. Of these seven
cases, six (18%) of 33 were HER2-
negative and one (6%) of 17 was
HER2-positive; three were mass lesions
and four showed nonmasslike enhance-
ment. MR imaging enabled 29 true-
positive diagnoses, with residual tumor
detected at both MR imaging and patho-
logic examination. Overall, the MR imag-
ing diagnostic rates for post-NAC inva-
sive residual disease were as follows:

accuracy, 84%; sensitivity, 81%; speci-
ficity, 93%; positive prediction rate, 97%;
and negative prediction rate, 65%. MR
imaging accuracy was higher for HER2-
positive cancer than for HER2-negative
cancer (88% vs 82%).

Correlation of Residual Tumor Size at

MR Imaging versus That at Pathologic
Examination

Overall, tumor size determined at MR
imaging and that determined at surgi-
cal pathologic examination had a weak
correlation (Pearson r = 0.30, P = .03).
There were four cases with a tumor size
discrepancy larger than 5 em (6.6, 7.0,
13.5, and 14.0 cm), and all were HER2-
negative nonmasslike lesions (Fig 2).
When these four cases were excluded,
the size correlation increased remark-
ably (r=0.76, P < .001). When we con-
sidered only the HER2-positive tumors
(n = 17), the MR imaging and patho-
logic tumor size were highly correlated
(r = 0.82 and P < .0001). The mean
size discrepancy in HER2-positive tu-
mors was 0.5 cm = 0.9 (standard devi-
ation), which was significantly smaller

than the mean discrepancy of 2.3 =
3.5 cm in HER2-negative tumors (t = 2.8,
t-critical = 2.0, P = .009). In patients
with HER2-negative disease, the MR
imaging and pathologic size discrep-
ancy was compared between hormone
receptor—positive (n = 24) and hor-
mone receptor-negative (triple-negative
cancer, n = 9) tumors. The mean size
discrepancy was 1.0 em = 1.1 in hor-
mone receptor—-negative tumor (Fig E1
[online]), which was significantly smaller
than the 3.0 cm = 4.0 in hormone
receptor—positive tumors (Fig E2 [on-
line|) (P =.04).

The tumor size discrepancy mea-
sured at MR imaging and pathologic ex-
amination was correlated with the Ki-67
value. The four cases showing greater
than 5 cm discrepancy fell within the
low Ki-67 range, one with 0%, two with
10%, and another with 20% staining.
The average size discrepancy in the
group of 12 cases with Ki-67 staining of
10% or less was 3.9 cm * 5.1, which
was greater than the 0.8 ecm = 1.1 in
the group of 10 cases with Ki-67 stain-
ing of 40% or greater (P = .006).
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Figure 1

- x\

-

Figure 1:

Axial (a—c) maximal intensity projection and (d—f) original subtraction MR images in 37-year-old woman with HER2-positive hormone receptor—negative

cancer in left breast. (a, d) Baseline images obtained before NAC show approximately 8-cm lesion with diffuse, nonmasslike enhancement. On (b, €) images obtained
during NAC, the tumor is reduced to a small area of faint enhancement, and on (c, f) images obtained after NAC, the tumor is barely visible. Clinical complete
response was diagnosed on the basis of MR imaging findings. Final pathologic examination showed pCR.

The MR imaging diagnoses were
compared between patients receiving
adriamycin with cyclophosphamide and
taxane and patients receiving taxane
alone, and the mean tumor size discrep-
ancy was 1.6 cm = 3.5 versus 1.8 cm =
2.8 (P=.72).

NAC can induce tumor shrinkage, im-
prove operability, and increase the rate of
breast-conserving surgery (23). However,
how to perform a successful breast-

conservation surgery after NAC is chal-
lenging. It is difficult to determine how
much tissue should be removed, espe-
cially in patients who responded well
to the treatment. Of the 607 patients
studied in the German Preoperative
Adriamycin Docetaxel trial of the German
Adjuvant Breast Cancer Group (24),
more than 70% patients were treated
with breast conservation, but 21.1% of
these patients required reexcision. It was
concluded that for surgical planning, tu-
mor characteristics and response to NAC
should be taken into account. Improved

knowledge about the detection accu-
racy of residual disease after NAC at
imaging may help the planning of an
optimal surgery to achieve a tumor-free
margin (24). This is important because
cases requiring reexcision tend to have
a higher local recurrence rate (25).
There is limited data reporting the
clinical role of NAC response evaluation
with 3.0-T MR imaging. In our study, we
found seven false-negative cases (14%)
among our 50 cases. In all of these seven
cases, residual lesions appeared as scat-
tered small tumor foci. In a previous
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Figure 2

d.

Figure 2:  Axial (a—c) maximal intensity projection and (d—f) original subtraction MR images in 32-year-old woman with HER2-negative hormone receptor—positive
Ki-67 20% breast cancer in right breast. On (a, d) baseline images obtained before NAC, the tumor appears as a 9.8-cm lesion with diffuse, nonmasslike enhance-
ment. On (b, e) images obtained during NAC, the tumor is reduced to 5.6 cm, and on (c, f) images obtained after NAC, the tumor is reduced to 3 cm. Pathologic

examination showed scattered cancer nests in a 10-cm area.

study of 51 patients performed at 1.5
T (14), we used a much lower spatial
resolution (1.4 X 2.8-mm in plane and
4-mm thickness compared with 0.8 X
0.8-mm in-plane and 2-mm thickness
in this study) and found nine false-
negative cases (18%) among 51 cases.
Similarly, all of the nine false-negative
cases in the current study manifested
residual disease as scattered cancer
cells or foci smaller than 2 mm. There-
fore, the higher spatial resolution used
at 3.0 T did not substantially decrease
the percentage of false-negative cases,

and the results suggest that scattered
residual cells or foci smaller than 2 mm
are beyond the capability of MR imag-
ing to depict. Another possible reason
to explain the comparable performance
is the decreased contrast enhancement
at 3.0-T compared with that at 1.5 T
(19). The T1 relaxation time is known
to increase with field strength, and the
T1 of the breast glandular tissue is in-
creased by 17% at 3.0-T compared with
1.5 T (15). This would reduce the signal
intensity and the contrast enhancement
(26,27) and diminish the signal-to-noise

ratio gain at 3.0 T (28,29). In the pres-
ent study, we used the same contrast
medium (gadodiamide) with the same
standard clinical dose and the same injec-
tion method compared with the previous
1.5 T studies (13,14), so the results could
be directly compared.

The limitation of MR imaging in de-
picting scattered residual disease is the
major reason for the false-negative diag-
noses. Also, this limitation is the source
of high discrepancy in the tumor size
measured at MR imaging and that mea-
sured at pathologic examination. After

Radiology: \lolume 261: Number 3—December 2011 = radiology.rsna.org
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excluding four outliers with MR imaging-
pathologic size discrepancy greater than
5 cm, the correlation increased sub-
stantially (from r =0.30 to r=0.76). A
previous study (13) has shown that size
measured at MR imaging is highly accu-
rate for mass lesions that shrink down
to nodules but not as accurate for non-
mass lesions that break into scattered
cells and clusters. In our study, we also
found that the large size discrepancies
greater than 5 cm between MR imag-
ing and pathologic examination all came
from nonmass lesions. Another study
(30) also indicated that the accuracy of
MR imaging tumor size measurement
is influenced by histologic regression
induced by NAC. NAC results in spe-
cific morphologic changes in both the
cellular and the stromal components of
the tumor. The characteristic fibrous
replacement, showing multifocal small
tumor foci surrounded by abundant fi-
brosis, is an indicator of histologic re-
gression (30-32). Since MR imaging re-
lies on contrast enhancement to depict
residual disease, it may not depict small
foci or scattered cancer cells or clusters
that need little vascular supply to survive.

The limitation of MR imaging in
detecting the minimal residual disease
may impact surgical management. Re-
sidual tumor with minimal cellularity
(<5% of tumor area composed of in-
vasive tumor cells) may be associated
with an increased risk of positive surgi-
cal margins. In a study of 149 patients
who underwent breast-conserving sur-
gery (33), positive margins were found
in 23% of specimens with minimal
cellularity and in 13.8% of specimens
with higher residual cellularity. Since
a positive margin is associated with
an increased risk of local recurrence,
breast-conserving surgery in these pa-
tients might be inadvisable (34). As the
combination of various chemotherapy
regimens and targeted therapies be-
come more effective, it is expected that
more tumors will respond to NAC and
manifest minimal residual cellularity.
This type of disease is challenging for
surgeons to resect residual tumors with
clean margins. Despite the higher sen-
sitivity of MR imaging compared with
other conventional imaging modalities,

mixed fibrosis and scattered cancer cells
would limit its ability in measuring the
tumor extent accurately (35). More re-
search to investigate the accuracy of
MR imaging in tumors of different phe-
notypes (eg, mass vs nonmass) and dif-
ferent biomarker statuses would help
surgeons to use the information provided
by MR imaging for guiding surgery.

Our results indicate that the diag-
nostic accuracy of MR imaging is better
in HER2-positive than in HER2-negative
cancers, with a size discrepancy of
0.5 cm = 0.9 versus 2.3 ecm * 3.5 (P =
.009). Since the targeted therapy tras-
tuzumab is available for HER2-positive
cancer, the treatment is very effective
and more likely to eliminate the scat-
tered residual cancer cells, leading to a
higher negative predictive value of MR
imaging (13). Although patients with
HER2-negative disease receive bevaci-
zumab, it is not directly targeting the
cancer cells. In our previous study of
17 patients with HER2-negative disease
who were receiving bevacizumab (13),
the pCR rate was not better than that
in another group of 20 patients with
HERZ2-negative disease who were not
receiving bevacizumab. In our study we
found that in HER2-negative patients,
the diagnostic accuracy of MR imaging
is better in hormone receptor-negative
(triple-negative) cancer than in hormone
receptor—positive cancer, with size a dis-
crepancy of 1.0 cm = 1.1 versus 3.0 cm
+ 4.0 (P = .04). These results suggest
that patients with HER2-negative hor-
mone receptor—positive disease are the
poorest candidates for MR imaging evalu-
ation. Triple-negative tumors are known
to respond well to paclitaxel and carbo-
platin and are likely to achieve a high
pCR rate (36). Similar to the compari-
son between HER2-positive and HER2-
negative tumors, triple-negative tumors
are more likely to achieve complete
response than HER2-negative hormone
receptor—positive tumors, and that makes
the diagnostic accuracy of MR imaging
better.

We also evaluated the impact of the
proliferation marker Ki-67 on the di-
agnostic performance of MR imaging.
Overall, there was a trend of smaller
MR imaging size discrepancy with the

increasing of Ki-67 values. However,
owing to the small number of cases,
the trend did not reach the significance
level. All four cases with size discrepan-
cies greater than 5 cm fell within the
low Ki-67 range (=20%).

In conclusion, breast MR imaging
performed at 3.0 T still has the same
limitation compared with 1.5 T for the
detection of small tumor foci and scat-
tered tumor cell clusters after NAC.
This limitation is more likely due to the
low contrast enhancement, because this
type of residual disease does not need a
strong vascular supply to survive, and the
detection accuracy of MR imaging may
not be improved by using a higher spa-
tial resolution in the imaging protocol.
The more aggressive tumors are known
to have a better response to chemo-
therapy, and that would minimize the
possibility of a false-negative diagnosis
made at MR imaging. HER2-negative
and hormone receptor-positive cancers
and lesions showing nonmasslike en-
hancement are more likely to show re-
sidual disease as small foci or scattered
cells after NAC, leading to underesti-
mation of residual disease extent at MR
imaging, and the diagnostic results of
MR imaging should be used with cau-
tion in surgical planning.
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