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Abstract
AIMS—This study aimed to evaluate the influence of hormonal receptor and Ki-67 proliferation
marker in predicting MRI accuracy of measuring residual tumor size in HER2 negative breast
cancer receiving neoadjuvant chemotherapy (NAC).

METHODS—Fifty-four women were studied. Patients received AC and/or taxane-based
regimens. The accuracy of MR determined clinical complete response (CCR) was compared to
pathological complete response (pCR). The size of detectable residual tumor on MRI was
correlated with pathology-diagnosed tumor size using Pearson’s correlation.

RESULTS—MRI correctly diagnosed 16 of the 17 pCR patients. There were 8 false negative
diagnoses, 7 hormonal receptor (HR) positive and one HR negative. The overall sensitivity,
specificity, and accuracy of MRI were 78%, 94%, and 83%, respectively. The positive predictive
value was 97% and the negative predictive value was 67%. For MRI-pathology tumor size
correlation, HR negative cancers showed a higher correlation (R=0.79) than HR positive cancers
(R= 0.58). A worse MRI-pathology size discrepancy was found in HR positive cancer than in HR
negative cancer (1.6±2.8 cm vs. 0.56±0.9 cm, p=0.05). Tumors with a low Ki-67 proliferation
(<40%) showed a larger size discrepancy than those with a high Ki-67 proliferation (≥40%)
(1.2±2.0 cm vs. 0.4±0.8 cm p=0.05).

CONCLUSIONS—The results showed that the diagnostic performance of MRI for breast cancer
undergoing NAC is associated with molecular biomarker profile. Among HER2 negative tumors,
the accuracy of MRI was worse in HR positive than negative cancers, and also worse in low
proliferative than high proliferative tumors. These findings may help in surgical planning.
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INTRODUCTION
Breast cancer is heterogeneous, and each individual patient responds differently to
neoadjuvant chemotherapy (NAC). NAC is traditionally used to down-stage inoperable
cancers or to facilitate better outcomes in breast-conservation surgery.1-3 However, how to
perform a successful breast-conservation surgery after NAC is challenging. It is difficult to
determine how much tissue should be removed, especially in patients who responded well to
the treatment. NAC-treated breast cancers having a pathologically complete remission
(pCR) are associated with an overall higher survival benefit.5-8 The favorable prognosis
resulting from pCR is consistent among all different histological types of breast cancer,
although this relationship strength is varied, and is molecular subtype specific.8 The pCR
rates are known to vary among different subtypes. For example, hormonal receptor (HR)
negative tumors tend to respond better to chemotherapy than do hormonal receptor positive
cancers, and HER2 positive tumors treated with the targeted therapy trastuzumab are more
likely to achieve pCR than HER2 negative tumors treated with NAC that does not include
trastuzumab.

Many studies have investigated the role of breast magnetic resonance imaging (MRI) as a
diagnostic tool for evaluating the extent of residual disease after NAC.9-11 Despite superior
accuracy when compared with other modalities, MRI can over- or under- estimate residual
tumor extent. This inaccurate assessment may be influenced by tumor response (some
tumors shrink concentrically down to a single focus of residual tumor cells, while others
break apart into scattered tumor cells in patchy patterns4), chemotherapeutic agent, or NAC-
induced reactive changes within the tumor.12 The accuracy of MRI in patients who undergo
NAC is also affected by the molecular characteristics of cancer.13, 14

The traditional prognostic makers for breast cancer, such as tumor size, stage, lymph node
status, hormonal receptors, and HER2 receptor, have been well studied. A newer
classification method to separate luminal and basal types based on molecular
characterization through high-throughput gene expression profiling is being investigated.
Luminal-A, luminal-B, and basal types have different responses to chemotherapy and
different clinical outcomes. In particular, one subtype, triple negative (HER2 negative,
estrogen receptor negative, and progesterone receptor negative) cancers, do not receive
targeted therapy or hormonal therapy to control the disease, and usually have a poor
prognosis. The highly proliferative nature of this tumor, however, makes it highly
susceptible to NAC, allowing for optimal chemotherapeutic treatments to possibly change
the prognosis.5,8,15-17 For example, in neoadjuvant setting, higher pCR rates following
chemotherapy lead to improved outcome. The other two major molecular subtypes of breast
cancer, HER2 positive cancers, and HER2 negative but hormonal receptor positive
cancers 18,19 have a better prognosis than triple negative tumors.

It has been suggested that breast tumors that have HER2 overexpression may be less
sensitive to taxane therapy than are HER2 negative tumors.20 However, targeted therapy
using trastuzumab has been shown to greatly improve patient outcome.8,19,21 HER2
negative and hormonal receptor positive cancer (i.e. the luminal type) has no targeted
therapy, but since some forms of hormonal therapy can be offered, the patient can still
achieve a favorable prognosis. Two subtypes of luminal cancer, luminal-A and luminal-B,
show different Ki-67 expression, with luminal-A more likely to have negative or low Ki-67
and luminal-B with high Ki-67.5,6 Typically luminal-A cancer is less aggressive and the
disease can be controlled very well by hormonal therapy alone.2 Improved knowledge about
the detection accuracy of residual disease after NAC by imaging may help the planning of
an optimal surgery to achieve a tumor free margin. This is important to decrease re-excision
rate and minimize local recurrence. The basal, Luminal-A, luminal-B types are associated
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with tumors with different molecular biomarkers including HER2, hormonal receptor and
Ki-67, and these biomarkers may have different influence on the accuracy of post-NAC size
measurement made by MRI.

Previous studies 13, 22 have shown that the diagnostic accuracy of MRI was better in HER2
positive than in HER2 negative cancer. More specifically, a higher false negative rate and a
larger size discrepancy between imaging and pathology are more frequently found in HER2
negative than in HER2 positive cancer. Factors affecting the inaccurate evaluation of HER2
negative cancer are still not well known, but the evidence in the literature suggest that the
hormonal receptor and Ki-67 may play an import role. In this study, we measured the tumor
size after NAC with MRI in HER2 negative cancer, and compared the imaging findings with
final pathology between hormonal receptor positive and hormonal receptor negative
subgroups, as well as between high and low Ki-67 subgroups, to understand their influence
on the diagnostic accuracy of MRI.

MATERIALS AND METHODS
Subjects

Between May 2002 and February 2010, 77 female patients with biopsy proven HER2
negative breast cancer undergoing NAC were evaluated with MRI. Several MRI studies
before, during, and after the NAC were usually acquired. Since the purpose of this study was
to correlate the MR imaging findings with final pathology, only patients who had a final
MRI scan after completing NAC infusion and before surgery were included for analysis.
Based on these criteria, 23 patients were excluded: 18 did not have a final scan following
NAC, and 5 did not have surgery. The remaining 54 patients (age range 31-82, mean age 51)
were analyzed. The pre-treatment tumor size ranged from 0.5 cm to 11.8 cm (mean±STD
4.6cm±2.8cm). The histological types included invasive ductal carcinoma (N=44), invasive
lobular carcinoma (N=7), and mixed ductal carcinoma with lobular features (N=3). The
morphological types included N=43 mass lesions and N=11 non-mass like enhancement
lesions.

Immunohistochemical (IHC) and Fluorescent in Situ Hybridization (FISH) Analysis
Biomarker status was determined by immunohistochemical (IHC) and/or FISH analysis
from biopsied tissue prior to NAC treatment. The HER2 was measured either by IHC
analysis and or by FISH. On IHC analysis, a score of 3+ was considered positive, and scores
of 0 to 1+ negative. Patients with a score of 2+ were further examined using FISH for HER2
gene amplification. By FISH analysis, HER2 was considered positive when the HER2 to
chromosome 17 centromere ratio was above 2.0. Tumors were classified as estrogen
receptor or progesterone receptor positive if immunoperoxidase staining of tumor cell nuclei
10% or greater. Of these 54 patients, 36 had positive estrogen receptor expression (≥10%
staining) and 32 had positive progesterone receptor expression (≥10% staining). If either
estrogen or progesterone receptor was positive, the tumor was considered HR positive, and
there was a total of 38 HR positive cases and 16 HR negative cases. Ki-67 staining was
evaluated as percent of nuclei showing a positive reaction. Only 44 patients had Ki-67
staining. By using 40% or greater as the cut-off value for high Ki-67 expression, there were
20 patients in the high Ki-67 group and 24 patients in the low Ki-67 group.

Neoadjuvant Chemotherapy Protocol
Treatment protocols were chosen by oncologists who evaluated all available information
(renal function, overall health, tumor type, etc) at the time. Thirty-six patients received a
combination of doxorubicin and cyclophosphamide (AC) and taxane based regimens
(cremophor or albumin-bound paclitaxel and carboplatin), while two patients received only
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AC and sixteen patients only a taxane-based regimen. The 36 patients undergoing a
combination of both regiments, received 2 to 4 cycles of AC given every 2 weeks, followed
by weekly doses of taxane based regimens. Eleven of these 36 patients receiving this
combination also received bevacizumab with taxane. The remaining 16 patients receiving
only a taxane-based regimen, all received a weekly infusion of albumin-bound paclitaxel
and carboplatin with the addition of bevacizumab every other week.

MRI Acquisition
The patients received breast MRI scans in either a 3T (N=27) or a 1.5T (N=27) MR scanner.
The MRI acquired at 3T was performed on a Philips Achieva scanner (Philips Medical
Systems, Best, Netherlands) with a dedicated, SENSE-enabled, bilateral 4-channel breast
coil. The bilateral axial DCE-MRI was acquired using a 3D gradient-echo, fat-suppressed
sequence with FOV= 31-36cm, acquisition slice thickness= 2mm, reconstructed slice
thickness= 1mm, slice overlap= 1mm, image-matrix 480×480, TR/TE= 6.2/1.26 ms, flip-
angle= 12 degrees, NSA= 1, SENSE-factor= 2. Seven dynamic frames, including 2 pre-
enhanced and 5 post-enhanced, were acquired. The imaging temporal resolution was 1
minute and 38 seconds for each frame. The MRI acquired at 1.5T was performed on a
Philips Eclipse unit (Philips Medical Systems, Cleveland, Ohio). The body radiofrequency
coil was used for transmission, and a dedicated four-channel phased-array breast coil was
used for receiving. The bilateral DCE-MRI was acquired using a 3D spoiled gradient-
recalled echo (SPGR) radio frequency Fourier-acquired steady-state (RF-FAST) pulse
sequence. A total of 32 axial slices with 4-mm thickness were used to cover both breasts.
The imaging parameters were as follows: TR= 8.1 msec, TE= 4.0 msec, flip angle= 20°,
matrix size= 256 × 128, and FOV= 38 cm. The scan time was 42 seconds per acquisition.
The sequence was repeated 16 times for dynamic acquisitions, using four pre-contrast sets
and 12 post-contrast sets. The earlier MRI studies from 2002 to 2007 were done at 1.5T; and
at that time the protocol was designed to have a high temporal resolution. When the study
was moved from 1.5T to 3.0T in 2007, in order to meet the breast MRI guideline the
protocol was changed to improve the spatial resolution by reducing the temporal resolution.
The elapsed time between the last MRI and surgery was on average 36 days (range=1-93,
median =34).

MRI Interpretation
The tumor response after completion of NAC in the final MRI was interpreted based on
subtracting the pre-contrast images from the post-contrast images, and the maximum
intensity projections (MIPs) generated from the subtraction images. Two radiologists (J.C.
for 1.5T and S.B. for 3.0T), with 6 and 5 years of experience in interpreting breast MRI,
performed the MR residual tumor size measurement using the same measurement standard.
The longest dimension of the tumor measured in MRI was used to correlate with
pathological size. MR-pathology tumor size discrepancy was defined as the difference of
MR-determined and pathology-determined tumor size. The range referred to the lowest and
the highest MRI-pathology tumor size difference. When measuring the tumor size in MRI,
the radiologist was blinded to the pathology results. Complete clinical response (CCR) was
diagnosed when no enhancement or faint enhancement equal to the background normal
breast tissue was noted in the previous lesion site in MRI. MR determined CCR was used to
evaluate the accuracy of MRI in prediction of pCR.

Pathological Determination of Residual Disease Extent
Surgical specimens were fixed with 10% neutral-buffered formalin and stained with H&E
for evaluation. For tumors that were clearly visible, usually 2 cm or larger, only gross
measurements were made. Small residual tumors that were not clearly visible were
measured microscopically across slides of known thickness. If no invasive tumor was found
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within all examined slides from the region of the tumor, a final diagnosis of pathological
complete response (pCR) was given. The largest dimension provided by the pathologist was
used in the comparative study. Patients with no residual tumor were given a size of 0.

Statistical Analysis
The statistical analysis was performed by using the GraphPad Software (La Jolla, California,
USA). A Pearson correlation was used for comparing MRI-determined residual tumor size
and pathological size. An unpaired t-test with Welch’s correction was used to evaluate the
presence of significance between high and low proliferation of Ki-67 tumors as well as
between HR positive and HR negative tumors. An F-test compares 2 populations’ variances.
In this study we used F-test to compare the range (or variances) of tumor size discrepancy
between groups. P<0.05 was considered significant.

RESULTS
Tumor Subtypes and Biomarker Status

The HR status, histological types, and morphological types of mass and non-mass lesions,
are listed in Table 1. Among the 54 analyzed patients, 38 (38/54, 70%) had HR positive
tumors, while 16 (16/54, 30%) were HR negative. HR positive tumors included 29 mass
(76%) and 9 non-mass lesions (24%); HR negative tumors had 14 mass (87.5%) and only 2
non-mass lesions (12.5%). For histological types, all 8 tumors with lobular features were in
the HR positive group. Of the 44 patients with available Ki-67 information, 37 patients
presented as mass lesion and 7 presented as non-mass like enhancement lesions. Six of the 7
non-mass lesions had lower Ki-67 expression and only one showed high Ki-67 expression
(6/24, 25% vs. 1/20, 5%).

Diagnostic Performance of MRI
Table 1 also shows the comparison of pCR rate, surgical treatment, performance of MR
diagnosis, and size discrepancy between MRI and pathology for both HR positive and HR
negative cancers. Overall, 17 of the 54 patients (31%) were diagnosed as pCR, that is,
without any remaining invasive cancer cells in the pathological examination. In this cohort,
50% (8/16) of HR negative patients achieved pCR, which was much higher than 24% (9/38)
in HR positive patients. The difference was, however, not statistically significant (p=0.10).
MRI correctly diagnosed 16 of the 17 pCR patients (true negative) as clinical complete
response, showing no suspicious enhanced lesions (Figure 1). MRI had one false positive
diagnosis, for which MRI showed lesion enhancement but pathological examination only
showed ductal carcinoma in situ and hyperplasia. For the 44 patients with available Ki-67
information, 2 of the 24 (2/24, 8%) patients with low Ki-67 showed pCR, while 12 of the 20
patients (12/20, 60%) with high Ki-67 showed pCR. The difference of treatment response
was statistically significant (p=0.0003) between these two groups.

Pathological results showed residual invasive cancer in 37 patients (37/54, 69%). MRI
detected enhanced lesions in 29 of these 37 patients (true positive). Among the remaining 8
patients with pathological-proven residual cancer, MRI found no suspicious enhancements
(that is, false negative). Five of these 8 false negative patients were performed at 1.5T MR
and three were performed at 3.0T MR. Seven of the 8 false negative diagnosis belonged to
HR positive group, and only one patient was HR negative. Table 2 summarizes the MR
tumor morphologies and final pathological findings of these eight patients falsely diagnosed
as complete response by MRI.

The overall sensitivity, specificity, and accuracy of MRI diagnosis were found to be 78%,
94%, and 83%, respectively. The positive predictive value was 97% and the negative

Kuzucan et al. Page 5

Clin Breast Cancer. Author manuscript; available in PMC 2013 April 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



predictive value was 67%. In subgroup analysis, the sensitivity, specificity, accuracy,
positive predictive value, and negative predictive value of MRI diagnosis were 76%, 100%,
82%, 100%, and 56% for HR positive, and 88%, 88%, 88%, 88%, and 88% for HR negative
cancers. It was obvious that the negative predictive value of MRI was higher in HR negative
group than in HR positive group.

Accuracy of MRI in Diagnosing Residual Tumor Size
MRI and pathological tumor size discrepancy was analyzed for each case. The overall MRI-
pathology correlation of residual tumor size for HER2 negative tumors showed Pearson
R=0.59 (p<0.0001) (Figure 2). In subgroup analysis, HR negative (triple negative) cancers
showed a higher correlation (R=0.79) than HR positive cancers (R=0.58). The average
discrepancy between MRI and pathological tumor size for the whole cohort was 1.26 cm
(median=0.3 cm, range=0-14 cm). A worse MRI-pathology tumor size discrepancy was
found in HR positive cancer (Figures 3 and 4) than in HR negative cancer (Figure 5)
(1.6±2.8 cm vs. 0.6±0.9 cm, p=0.05). The range of tumor size discrepancy was also
significantly different between the two groups (0~14 cm vs. 0~3.2 cm, p<0.0001). In the HR
positive group, four patients showed tumor size discrepancy larger than 5cm (5.8cm, 7cm,
7cm, and 14cm).

Tumors with a low Ki-67 proliferation (<40%) showed a higher size discrepancy than
cancers with a high Ki-67 proliferation (≥40%) (1.2±2.0 cm vs. 0.4±0.8 cm, p=0.05). The
range of tumor size discrepancy was also significantly different between the low and high
Ki-67 proliferation groups (0~7 cm vs. 0~3.2 cm, p=0.0002).

Overall, the diagnostic performance of MRI for predicting residual tumor size is more
accurate for triple negative cancers and cancers with high Ki-67 expression, which show a
better NAC response (Table 1 and Table 3).

Comparison of MRI diagnostic accuracy between patients receiving different NAC
regimens

Of the 38 HR positive patients, 26 sequentially received AC and taxane, 10 received only a
taxane-based regimen, and 2 received only AC. In HR negative patients, 10 sequentially
received AC and taxane, and 6 received only taxane-based regimen. Patients who received
sequential AC and taxane-based regimen (N=36) had an average discrepancy between MRI
and surgical pathology determined size of 1.1±2.5 cm. Patients who received only taxane-
based regimen (N=16) were found to have average discrepancy of 1.8±2.4 cm, and the
difference was not significant (p = 0.35). Two patients received AC only without taxane;
due to the small case number this group was not compared with the other two treatment
groups.

DISCUSSION
With the wide availability of increasingly effective chemo-regimens and targeted therapies,
NAC can induce remarkable tumor shrinkage down to minimal residual tumor burden, or
even to wipe out all invasive cancer and achieve pCR. Imaging assessment of NAC response
may provide valuable information about the residual tumor and help the planning of an
optimal surgery to achieve a tumor free margin. Compared with clinical examination,
mammography, and ultrasound, MRI is considered to be the most accurate for evaluating the
extent of residual tumor following NAC,11, 23-26, however, it may not detect small foci or
scattered cancer cells/clusters that need little vascular supply to survive.13 It is, therefore,
difficult to determine how much tissue should be removed, especially in patients who
responded well to the treatment. Of the 607 patients studied in the German Preoperative
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Adriamycin Docetaxel trial, more than 70% were treated by breast conservation but 21.1%
of these patients, who received breast conservation, required re-excision.27 It was found that
for surgical planning, tumor characteristics and response to NAC should be taken into
account.27

In our cohort of 54 patients with HER2 negative breast cancer, the diagnostic accuracy was
different in subgroups with different hormonal receptor status and the proliferating activity
measured by Ki-67. The post-NAC tumor size measured by MRI was more accurate in HR
negative (that is, triple negative) than in HR positive cancers (p=0.05); and in tumors with
high Ki-67 than low Ki-67 proliferating index (p=0.05). Triple negative cancers and high
proliferating cancers are known to respond better to chemotherapy, and the result suggests
that the diagnostic performance of MRI is more accurate when cancers show a better
response.

The moderate overall correlation (Pearson R=0.59, p<0.0001) between tumor size
determined by MRI and surgical pathology for HER2 negative tumors was consistent with
previous studies.9,13,22 For HER2 positive cancer, which is very sensitive to the targeted
therapy trastuzumab and chemotherapy, and generally highly proliferative, the treatment is
more likely to eliminate the scattered residual cancer cells, leading to a higher negative
predictive value of MRI.28 For HER2 negative cancer, there is no effective targeted
regimen, and the residual disease is likely to present as scattered cells and difficult to
diagnose by MRI.

Several studies have demonstrated a high accuracy of MRI for diagnosis of triple negative
carcinoma.14, 22, 29 This high accuracy is probably, in part, due to its morphological
characteristics. It is known that for non-mass lesions or lobular cancer, the residual disease
is likely to present as the scattered pattern and is difficult to diagnose.13,28 Triple negative
cancers are more likely to present as mass lesions, and have a lower prevalence of lobular
features; these characteristics allow a higher diagnostic accuracy by MRI.22, 29-31 In our
study, HR positive tumors were found more likely to be non-mass compared to triple
negative tumors (9/38=24% vs. 2/16= 13%), and more likely to contain lobular features
(8/38= 21% vs. 0/16= 0%). In Loo’s study on HER2 negative cancers, 38 of the 103 HR
positive (37%) were non-mass like lesions, and this percentage was much lower in HR
negative tumors (5 of 47, 11%). Similarly, they also showed that HR positive cancers were
more likely to contain lobular carcinomas (18/103, 17.5%) than did the HR negative tumors
(0%).22

Tumors with high Ki-67 proliferation achieved a higher pCR rate and had a smaller MRI-
pathology size discrepancy when compared to tumors with low Ki-67 proliferation. As a cell
proliferation marker, Ki-67 is associated with a higher expression of vascular endothelial
growth factor (VEGF) in tumor cells,32 and the increased vascular supply and permeability
may lead to a better delivery of chemo-regimens into the tumor tissue resulting in a better
tumor response. Studies had shown that breast tumors with a low pre-treatment Ki-67
proliferation (< 15%) are less sensitive to chemotherapy.33 Therefore, the results of Ki-67
were in-line with that of hormonal receptor. A tumor with a high Ki-67 indicates it has a
faster proliferation, thus a more aggressive tumor. An aggressive tumor is more likely to
show a good response to chemotherapy, and that may lead to a more accurate diagnosis on
MRI.

Literature regarding the cutoff value for defining high vs. low Ki-67 proliferation varied
from study to study, ranging from 10% to 40%.34-39 In the analysis we have considered
different values from 10% to 40% as the cut-off, and finally chose to separate the groups
based on ≥40% (N=20) and <40% (N=24). Compared to using other numbers, choosing the
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40% as the cutoff value showed the highest difference between the two groups with the p
value reaching the significance level of p=0.05. Currently it is still not known how this cut-
off value of 40% can be used for surgical planning following NAC. Further prospective
studies are definitely needed to clarify its clinical role.

In this study, eight patients, four with mass lesions and four with non-mass like
enhancement lesions, were falsely diagnosed by MRI as complete response. Following
NAC, a breast cancer may be reduced to multiple tiny tumor foci distributed in an extensive
fibrotic area,40-42 which may not be detected by MRI.13,28 This explains the high
discrepancy in the tumor size measured by MRI and pathological examination. Chen et al
have shown that size measured on MRI is highly accurate for mass lesions that shrink down
to nodules; but is less accurate for non-mass lesions that reduce to scattered cells and
clusters.13 In our current study, four patients had large size discrepancies greater than 5 cm
between MRI and pathology. Three of the four patients presented with non-mass lesions.
The limitation of MRI in detecting the minimal residual disease may affect surgical
management. Residual tumor with minimal invasive cellularity may be associated with an
increased risk of positive surgical margins.43 Since a positive margin is associated with an
increased risk of local recurrence, breast-conserving surgery in these patients might be
inadvisable.44

In our patient cohort, HR positive patients were more likely to receive a lumpectomy (15/38,
39%) than HR negative patients (3/16, 19%). This may be partly due to the fact that HR
positive cancer can be controlled well by subsequent hormonal therapy, so that patients and
their doctors are more willing to choose a less aggressive surgery. From the results of the
present study and another study22, however, it was obvious that planning breast-conserving
surgery for HR positive patients should be more conservative and cautious.

We also compared measurement accuracy of MRI in patients treated with different
chemotherapy regimens, but did not find any significant association with over or
underestimation of tumor size. Literature reports regarding the impact of different NAC
regimens on the accuracy of MRI for estimating residual tumor size have been inconclusive.
Denis et al. found underestimations larger than 15 mm more likely (p=0.02) among patients
given taxane based NAC (11/28 of patients) than among those given anthracycline based
treatment (0/12).45 Kwon et al. found consistent overestimation in tumor size among
patients receiving doxorubicin and docetaxel for NAC.46 In patients receiving both
doxorubicin and docetaxel treatments for NAC, Kim et al. found more likely occurrence of
over estimation, than under estimation, of residual tumor size (13/50, 26% vs. 1/50, 2%).47

With the continuing evolution of NAC regimens for breast cancer, it would be difficult to
compare results from different studies. Overall, the association of the diagnostic accuracy of
MRI with different molecular biomarkers of breast cancer is better established than with
different chemotherapy regimens. In this study, 27 patients also received Bevacizumab.
Because Bevacizumab blocks angiogenesis, it may have impact on the accuracy of MRI in
measuring tumor size after NAC. However, in a previous study of ours we have shown that
the accuracy in patients with and without receiving Bevacizumab is comparable;28 therefore,
in this study we did not perform the sub-group analysis based on Bevacizumab.

In conclusion, the diagnostic performance of MRI in HER2 negative breast cancer was
studied, and the results in tumors with different hormonal receptor status and Ki-67
proliferation were compared. Overall, the size discrepancy between MRI and pathology was
higher in HR positive than in HR negative cancers, and higher in low proliferating cancer
(Ki-67 <40%) compared to high proliferating cancers (Ki-67 ≥40%). The results suggest that
the diagnostic performance of MRI for HER2 negative breast cancer undergoing NAC is
associated with the molecular biomarker profile of the tumor. When the diagnostic results of
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MRI are used for planning surgical procedures, the molecular biomarker status needs to be
taken into consideration.
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Clinical Practice Points

Improved knowledge about the detection accuracy of residual disease after NAC by
imaging may help the planning of an optimal surgery to achieve a tumor free margin.
This is important to decrease re-excision rate and minimize local recurrence. Previous
studies have shown that the diagnostic accuracy of MRI was better in HER2 positive than
in HER2 negative cancer. A higher false negative rate and a larger size discrepancy
between imaging and pathology are more frequently found in HER2 negative than in
HER2 positive cancer. Factors affecting the inaccurate evaluation of HER2 negative
cancer have not been well investigated. In this study we evaluated the influence of
hormonal receptor and the Ki-67 proliferation marker in the accuracy of MRI-measured
tumor size, by comparing to the pathological size analyzed from the post-NAC surgical
specimen. Overall, the size discrepancy between MRI and pathology was worse in HR
positive than in HR negative cancers, as also worse in low proliferating cancer (Ki-67
<40%) than in high proliferating cancers (Ki-67 ≥40%). The results suggest that the
diagnostic performance of MRI for breast cancer undergoing NAC is associated with the
molecular biomarker profile. When the diagnostic results of MRI are used for planning
surgical procedures, the molecular biomarker status needs to be taken into consideration.
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Figure 1.
A triple negative tumor with high Ki67 proliferation in the left breast. The first image is
baseline MRI prior to NAC. The second and the third images are follow-up MRI during
NAC treatment. The fourth image is the last MRI after the completeness of NAC treatment.
Following NAC, complete response was indicated by MRI, and confirmed by surgical
pathology.
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Figure 2.
Correlation between residual tumor size post NAC determined by MRI and surgical
pathology.
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Figure 3.
A hormonally positive, HER2 negative cancer with low Ki67 in the right breast. The first
image is baseline MRI prior to NAC. The second and the third images are follow-up MRI
during NAC treatment. The fourth image is the last MRI after the completeness of NAC
treatment. MRI indicates a 2.5cm residual tumor after NAC, which differs markedly from a
5.5 cm tumor found in surgical pathology.
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Figure 4.
A hormonally positive, HER2 negative infiltrating lobular cancer in the right breast. The
first image is baseline MRI prior to NAC. The second and the third images are follow-up
MRI during NAC treatment. The fourth image is the last MRI after the completeness of
NAC treatment. Following NAC, MRI showed a 0.5cm residual tumor, which differs
markedly from a 6.3 cm tumor found in surgical pathology. In pathology, scattered residual
tumor cells surrounded by chemotherapy associated changes, which include fibrosis and a
lymphocyte infiltrate, are noted.
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Figure 5.
A triple negative tumor with high Ki67 proliferation in the right breast. The first image is
baseline MRI prior to NAC. The second and the third images are follow-up MRI during
NAC treatment. The fourth image is the last MRI after the completeness of NAC treatment.
Following NAC, MRI indicated a 0.3cm residual tumor and surgical pathology found a
0.7cm tumor. Note that, compared to Figure 4, the residual tumor in pathology is more
localized.
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Table 1

Comparison between HR positive and HR negative breast cancer

HR positive HR negative P value

 pCR Rate 9/38 8/16 0.10

 Lesion Type

 Mass Lesion 29/38 14/16 0.22

Non-mass Lesion 9/38 2/16 0.22

 Histological Type

 Pure Ductal Cancer 28/38 16/16 0.06

 Mixed Ductal and Lobular Cancer 10/38 0/16 0.06

 Surgery

 Mastectomy 21/38 12/16 0.23

 Lumpectomy 15/38 3/16 0.21

 Excision 2/38 1/16 1.0

 Diagnosis

 True Negative 9/38 7/16 0.44

 True Positive 22/38 7/16 0.22

 False Negative 7/38 1/16 0.27

 False Positive 0/38 1/16 0.55

 Δ (MRI – Path) Size Range (cm) 0 ~ 14 0 ~ 3.2 <0.0001

 Δ (MRI – Path) Size Mean (cm) 1.6±2.8 0.6±0.9 0.05
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Table 2

The morphology of tumor, pathology diagnosis, and the elapsed time between MRI and surgery of patients
who were incorrectly diagnosed as complete response by MRI.

Patient Morphology Surgical pathology findings Days between MRI and surgery

#1 Mass Three small scattered foci of infiltrating ductal carcinoma 65

#2 NML Infiltrating ductal carcinoma involving the skin 43

#3 Mass Infiltrating ductal carcinoma with a micropapillary pattern 34

#4 Mass Invasive ductal carcinoma with extensive fibrosis. 4

#5 NML Multiple scattered foci of invasive ductal carcinoma 34

#6 NML Invasive ductal carcinoma presented in an area of extensive fibrosis 1

#7 Mass Multiple scattered foci of invasive ductal carcinoma 57

#8 NML Infiltrating ductal carcinoma with ductal carcinoma in situ 26

NML: Non-mass like enhancement lesion
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Table 3

Tumor response and MRI performance between low and high Ki-67 tumor

Low Ki-67 tumor (N=24) High Ki-67 tumor (N=20) P value

Tumor response 2/24 (8%) 12/20 (60%) 0.0003

Accuracy of MRI 1.2±2.0 cm 0.4±0.8 cm 0.05

Range of size discrepancy 0 - 7 cm 0 - 3.2 cm 0.0002

Tumor response was defined as pCR rate and accuracy of MRI was defined as MRI-pathology tumor size discrepancy
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