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ABSTRACT

Background. This study aimed to determine the rela-
tionship between mammographic calcifications and
magnetic resonance imaging (MRI) tumoral enhancement
before and after neoadjuvant chemotherapy (NAC) and to

assess the impact of these findings on surgical
management.
Methods. This Institutional Review Board-approved,

Health Insurance Portability and Accountability Act
(HIPAA)-compliant retrospective study involved breast
cancer patients who underwent NAC between 2009 and
2015. The study cohort comprised 90 patients with pre- and
posttreatment MRI and mammograms demonstrating cal-
cifications within the tumor bed either at presentation or
after treatment. The data gathered included pre- and post-
NAC imaging findings and post-NAC histopathology,
particularly findings associated with calcifications. Com-
parisons were made using Fisher’s exact test, with p values
lower than 0.05 considered significant.

Results. Complete resolution of MRI enhancement
occurred for 44% of the patients, and a pathologic com-
plete response (pCR) was achieved for 32% of the patients.
No statistically significant correlation between changes in
mammographic calcifications and MRI enhancement was
found (p = 0.12). Resolution of enhancement was strongly
correlated with pCR (p < 0.0001). The majority of the
patients with pCR demonstrated complete resolution of
enhancement (79%, 23/29). No statistically significant
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relationship was found between changes in calcifications
and rates of pCR (p = 0.06). A pCR was achieved most
frequently for patients with resolution of enhancement and
new, increasing, or unchanged calcifications (p < 0.0001).
Conclusions. Although calcifications seen on post-NAC
mammography may be associated with benign disease, loss
of MRI enhancement does not predict the absence of
residual tumor with sufficient accuracy to leave calcifica-
tions in place. Complete excision of tumor bed
calcifications remains standard practice and a substantial
limitation to NAC use for downstaging patients to be eli-
gible for breast conservation treatment.

Neoadjuvant chemotherapy (NAC) is a valuable treat-
ment option for patients with breast cancer.'™ NAC can be
used to downstage tumor size, allowing breast conservation
treatment (BCT) for patients who would otherwise require
mastectomy, and to convert unresectable to resectable dis-
ease. In addition, NAC has been shown to decrease the
need for axillary dissection.’

Pre- and post-NAC imaging is used to evaluate the
patient’s response to NAC and to guide the surgical
approach. This generally includes mammography, ultra-
sound, and breast magnetic resonance imaging (MRI).

Mammography and breast ultrasound, the most com-
monly used imaging methods for evaluating tumor size
before and after NAC, have variable accuracy.6 Several
studies have demonstrated that contrast-enhanced MRI is
the most accurate breast imaging technique for evaluating
the extent of residual disease after NAC.®® De Los Santos
et al.” evaluated the ability of MRI to predict pathologic
complete response (pCR) in invasive breast cancer patients
receiving NAC and reported an overall accuracy of 74%.
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However, pCR is not necessary for BCT, and Jochelson
et al. demonstrated that 88% of patients determined to be
candidates for BCT based on post-NAC MRI were able to
be have their breasts conserved.®

After NAC, new mammographic calcifications may
develop as tumor cells die, or previously seen calcifications
may decrease or increase without clear correlation with
enhancement seen on MRI. The extent of residual calcifi-
cations is an unreliable indicator of response to NAC
because not all calcifications represent viable tumor.'%™'?
Current treatment guidelines require complete excision of
indeterminate or suspicious calcifications,'® sometimes
necessitating a larger lumpectomy or a mastectomy for
complete removal in a patient who otherwise has respon-
ded to NAC. This study aimed to determine the
relationship between mammographic calcifications and
MRI tumoral enhancement before and after NAC and to
assess the impact of these findings on surgical treatment.

MATERIALS AND METHODS
Study Population

This was an Institutional Review Board-approved,
Health Insurance Portability and Accountability Act
(HIPAA)-compliant study involving breast cancer patients
who underwent NAC at Memorial Sloan Kettering Cancer
Center between April 2009 and October 2015. Patients
from 2009 to 2012 were identified retrospectively, whereas
those treated from 2012 onward were included in a
prospectively maintained database. Patients with both pre-
and post-NAC MRI as well as mammograms demonstrat-
ing calcifications within the tumor bed either at
presentation or after treatment comprised the study cohort.
Patients with inflammatory breast cancer, those undergoing
axillary surgery only, and those with imaging unavailable
for review were excluded from the study.

Variables

Standard clinical and pathologic data were gathered,
including pre-NAC imaging findings and core biopsy
results as well as post-NAC imaging findings and final
post-NAC  histopathology results (final post-NAC
histopathology results included pathologic findings
specifically associated with calcifications). Pre- and post-
operative pathology reports were reviewed in the electronic
medical record. These reports routinely include a descrip-
tion of calcifications and their association with malignant
or benign (and what type of benign) pathology. Hormone
receptor positivity was defined as 1% or more cells staining
for estrogen receptor (ER) or progesterone receptor (PR).

Human epidermal growth factor 2 (HER2) positivity was
defined as 3+ staining by immunohistochemistry or fluo-
rescence in situ hybridization (FISH) amplification with a
value higher than 2.

Imaging

Standard mammography included two views per breast,
with additional magnification views performed at the dis-
cretion of the interpreting radiologist. A single-breast
radiologist re-reviewed all pre- and post-NAC imaging.
The extent of calcifications was measured in centimeters in
two dimensions. To assess the change in extent of calcifi-
cations after NAC, the greatest extent of calcifications seen
on a post-NAC mammogram was compared with that seen
on the pre-NAC mammogram. Mammographic interpreta-
tion was reported using the American College of Radiology
BI-RADS mammography lexicon.'*

Breast MRI was performed with the patient prone in a
dedicated surface breast coil on a 1.5- or 3.0-T com-
mercially available system (General Electric Medical
Systems, Milwaukee, WI, USA). The standard imaging
protocol until 2013 included a localizing sequence fol-
lowed by sagittal fat-suppressed T2-weighted, sagittal
non-fat-suppressed T1-weighted, and bilateral sagittal
fat-suppressed T1- weighted sequences performed before
and three times after intravenous administration of a
bolus of 0.1 mmol/L of gadopentetate dimeglumine
(Magnevist; Bayer, Wayne, NJ, USA) per kilogram of
body weight. The section thickness was 0.3 cm with no
gap and a minimum matrix of 256 x 256. Unenhanced
images were subtracted from the contrast-enhanced
images on a pixel-by-pixel basis, producing three sub-
tracted postcontrast subtraction sequences. Maximum-
intensity projection images were created using the first
post-contrast sequence and the first post-contrast-sub-
tracted data. After 2013, imaging was performed in the
axial plane with sagittal reformatting. The section
thickness was reduced to 0.1 cm. On MRI, residual-en-
hancing tumor size after NAC was measured in the
longest dimension.

Complete response seen on MRI was defined as the
absence of any residual mass or non-mass enhancement.
Similarly, complete response seen on mammogram was
defined as the absence of residual mass, calcifications, or
both.

The outcomes of interest were the extent of change on
imaging after NAC, the correlation between changes seen
on mammogram and MRI, and the correlation between
imaging findings and the presence of residual tumor asso-
ciated with calcifications. The rate of mastectomy due to
residual calcifications also was ascertained.
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Statistical Analysis

Comparisons were made using Fisher’s exact test. All
statistical analyses were performed using SAS 9.2 (SAS
Institute, Cary, NC, USA), and p values lower than 0.05
were considered significant.

RESULTS

From April 2009 to October 2015, 448 patients under-
went NAC at our institution. Of these 448 women, 90 had
calcifications identified on pre-and/or post-NAC mam-
mography as well as on pre- and post-NAC breast MRI,
with all imaging available for review. These 90 women
comprised the study population.

The patient characteristics are summarized in Table 1.
The median patient age was 49 years. The median tumor
size was 4 cm, and the majority of the tumors were clinical
stage 2 or higher (98%), with ductal histology (98%).

TABLE 1 Patient characteristics

Characteristic All patients (n = 90)
n (%)
Median age: years (range) 49 (25-81)
Median clinical tumor size: cm (range) 4.0 (2-10)
Tumor palpable at presentation 88 (98)
Preoperative core biopsy findings
Invasive + no DCIS 42 (47)
Invasive + DCIS present 48 (53)
Receptor subtype
ER+ HER2-— 18 (20)
HER2+ 49 (54)
TNBC 23 (26)
Clinical stage
1A 22
2A 27 (30)
2B 39 (43)
3A 22 (24)
Histology
Ductal 88 (98)
Lobular 2(2)
LVI 23 (26)
Breast tumor response
PCR (no residual invasive or DCIS) 29 (32)
Residual DCIS only 7 (8)
Residual invasive only 11 (12)
Residual invasive + DCIS 43 (48)

Median size of residual invasive if present: 1.6 (rare cells, 6.5)

cm (range)

DCIS ductal carcinoma in situ; ER estrogen receptor; HER2 human
epidermal growth factor 2; TNBC triple negative breast cancer; LVI
lymphovascular invasion; pCR pathologic complete response

Whereas HER2+ tumors comprised 49 (54%) of the 90
cases, 23 (26%) were ER—/HER2— and 28 (20%) were
ER+/HER2—. Pathologic complete response in the breast,
defined as the absence of any residual invasive or in situ
carcinoma in the breast, was achieved for 29 (32%) of the
90 patients.

Extent of Change Seen on Imaging After NAC

The median extent of calcifications on the pre-NAC
mammograms was 3.1 cm (range 0.0-11.0 cm), whereas
the median extent of calcifications on the post-NAC
mammograms was 3.5 cm (range 0.0-10.0 cm). Six
patients who did not have any calcifications at presentation
(original extent, 0) experienced the development of calci-
fications after NAC. Among the 84 patients presenting with
calcifications, the calcifications resolved completely for 3
patients (4%), decreased for 15 patients (18%), remained
stable for 42 patients (50%), and increased for 24 patients
(29%) (Table 2).

As shown on MRI, tumoral enhancement resolved
completely after NAC for 40 (44%) of the 90 patients and
decreased for 50 of the patients (56%). No patients expe-
rienced increased enhancement or new areas of
enhancement in the index breast after NAC.

Correlation Between Changes on Mammogram
and MRI

No statistically significant correlation was seen between
the changes in calcifications on mammogram and the
changes in enhancement on MRI (p = 0.12). However, loss
of MRI enhancement was strongly correlated with pCR
(p < 0.0001), with the majority of the patients with pCR
demonstrating complete resolution of enhancement on
MRI (23/29, 79%). In contrast, no statistically significant
relationship was observed between changes in calcifica-
tions and rates of pCR (p = 0.06), with the rate of pCR
ranging from 24 to 38% among the patients with decreased,
increased, or stable calcifications. The relationship between
the two imaging methods and the rate of pCR is shown in
Table 2.

All three patients with calcifications at presentation who
had complete resolution of calcifications after NAC also
had complete resolution of MRI enhancement and showed
a pCR on the final pathology. Among six patients with no
calcifications at presentation who experienced new calci-
fications after NAC, three (50%) had a pCR. Only one
(33%) of these three patients also showed complete reso-
lution of enhancement by MRI. The relationship between
decreasing or resolved and increasing or stable calcifica-
tions, decreasing or resolved MRI enhancement, and pCR
is shown in Table 3. A statistically significant relationship
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TABLE 2 Correlation between changes in calcification on mammogram, changes in enhancement on magnetic resonance imaging (MRI), and

rates of pathologic complete response (pCR)

Change in calcifications on mammography Change in MRI enhancement PCR n (%)
Resolved n (%) Decreased n (%)

Resolved (n = 3) 3 (100) 0 (0) 3 (100)

Decreased (n = 15) 5 (33) 10 (67) 4 27)*

No change (n = 42) 16 (38) 26 (62) 10 (24)°

Increased (n = 24) 14 (58) 10 (42) 9 (38)°

New (n = 6) 2 (33) 4 (67) 3 (50)¢

% 1 of 4 had resolved MRI enhancement; 3 of 4 had decreased MRI enhancement
® 9 of 10 had resolved MRI enhancement; 1 of 10 had decreased MRI enhancement

€ 9 of 9 had resolved MRI enhancement

4 1 of 3 had resolved MRI enhancement; 2 of 3 had decreased MRI enhancement

TABLE 3 Table of calcifications (decrease/resolve vs new/increase/unchanged) and magnetic resonance imaging (MRI) enhancement (decrease

vs resolved) by pathologic complete response (pCR)

Group No of patients (n = 90) n (%) Breast pCR

No (n = 61) n (%) Yes (n =29) n (%)
Decreased/resolved 10 (11.11) 7 (7.78) 3 (3.33)
Decreased
Decreased/resolved 8 (8.89) 4 (4.44) 4 (4.44)
Resolved
New/increased/unchanged 40 (44.44) 37 (41.11) 3(3.33)
Decreased
New/increased/unchanged 32 (35.56) 13 (14.44) 19 21.11)
Resolved
Total 90 (100.00) 61 (67.78) 29 (32.22)

p < 0.0001, Fisher’s exact test

is noted (p < 0.0001), with pCR the most frequent for
patients with resolution of MRI enhancement and new,
increasing, or unchanged calcifications.

Correlation Between Imaging Findings
and the Presence of Residual Tumor Associated
with Calcifications

Calcifications after NAC were associated with ductal
carcinoma in situ (DCIS) or invasive ductal carcinoma
(IDC) seen on the final pathology for 34 (37.8%) of the 90
patients and were benign in 56 (62.2%) of the patients.
Table 4 compares characteristics between the patients with
malignant calcifications and those with benign calcifica-
tions. The two groups were demographically similar, but
the patients with benign calcifications after treatment were
significantly more likely to have HER2+4 tumors (64 vs
38%; p = 0.0002).

Among the 34 patients with malignant calcifications,
MRI suggested a complete response for 6 patients (18%)
and a partial response for 28 patients (82%). Meanwhile, a

post-NAC mammogram showed decreased calcifications in
4 (11.8%) of the 34 patients, no change in calcifications in
19 of the patients (55.9%), and increased/new calcifications
in 11 of the patients (32.4%). None of the patients with
malignant calcifications demonstrated complete resolution
of calcifications on the post-NAC mammogram. Of the six
patients with malignant calcifications and complete reso-
lution of MRI enhancement, three (50%) showed no
change in calcifications on the post-NAC mammogram
(Fig. 1), two (33%) showed increased or new calcifica-
tions, and one (17%) showed decreased calcifications.
Among the 56 patients with benign calcifications, only 3
(5%) showed complete resolution of calcifications on the
post-NAC mammogram, whereas 34 (61%) showed com-
pletely resolved enhancement on the post-NAC MRI.

Rate of Mastectomy Due to Residual Calcifications

Of the 90 patients in the study, 70 (78%) were candi-
dates for BCT after NAC. Of these 70 patients, 57 (81%)
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TABLE 4 Characteristics stratified by post-NAC calcification pathology

Characteristic

Calcifications associated with DCIS/IDC (n = 34) n (%)

Calcifications benign (n = 56) n (%)

Median age: years (range) 50 (27-81)
Median clinical tumor size: cm (range) 4.0 (2.0-10.0)
Tumor palpable at presentation 34 (100)
Receptor subtype
ER+ HER2— 14 (41)
HER2+ 13 (38)
TNBC 7(21)
Clinical stage
1A 13
2A 7(21)
2B 17 (50)
3A 9 (26)
Change in calcifications on MMG
Resolved 0O
Decreased 4 (12)
No change 19 (56)
Increased/new 11 (32)
Change in enhancement on MRI
Resolved 6 (18)
Decreased 28 (82)
Breast tumor response
pCR 0(0)
Residual DCIS only 309
Residual invasive only 1(3)
Residual invasive + DCIS 30 (88)

Size of residual invasive if present (cm) 2.3 (rare cells, 6.5)

47 (25-71)
4.0 (2.0-9.0)
54 (96)

6 (11)
36 (64)
14 (25)

12
20 (36)
22 (39)
13 (23)

305
11 (20)
23 (41)
19 (34)

34 (61)
22 (39)

29 (52)
4.(7
10 (18)
13 (23)
0.65 (rare cells, 3.4)

NAC neoadjuvant chemotherapy; DCIS ductal carcinoma in situ; /DC invasive ductal carcinoma; ER estrogen receptor; HER2 human epidermal
growth factor 2; TNBC triple negative breast cancer; MM G mammogram; MRI magnetic resonance imaging; pCR pathologic complete response

(no residual invasive cancer or DCIS)

had BCT and 13 (19%) had mastectomy due to the pres-
ence of a high-risk mutation or patient preference.

The remaining 20 patients (22%) were not BCT candi-
dates after NAC. Among these 20 patients, 10 (50%) had
extensive residual calcifications that precluded BCT, 3
(30%) had multifocal/multicentric disease, 1 (10%) had
discordant mammographic and MRI findings, 4 (40%) had
a cosmetically unfavorable tumor-to-breast size ratio, and 2
(20%) progressed with treatment. Of the 10 patients who
underwent mastectomy due to extensive residual calcifi-
cations, 7 (70%) had benign calcifications, and 3 (30%) had
tumor associated with calcifications.

DISCUSSION
Downstaging of large tumors to allow BCT is a major

rationale for the use of NAC in operable breast cancer. In
this setting, determination of candidacy for BCT after NAC

is dependent on the post-NAC evaluation of residual dis-
ease extent. The integration of discordant findings on MRI
and mammography remains a significant clinical problem.
Several studies have demonstrated that contrast-enhanced
MRI is the most accurate technique for evaluating the
extent of residual disease after NAC,6*9 yet indeterminate
or malignant-appearing calcifications on mammography
require surgical excision regardless of MRI findings.

In this study, we demonstrated that the combined
assessment of loss of MRI enhancement and changes in
calcifications does not predict the presence of pCR with
sufficient accuracy to be clinically useful. Although only
38% of calcifications were associated with malignancy
after NAC, neither clinical characteristics, changes in the
extent of calcifications, nor the combination of changes in
calcifications and loss of MRI enhancement identified a
patient subset whose calcifications could be safely left in
place. Loss of MRI enhancement was the most reliable
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FIG.1 A 52-year-old woman
presented with a palpable mass
in the left upper outer quadrant.
Core biopsy demonstrated
infiltrating ductal carcinoma
(IDC) and ductal carcinoma

in situ (DCIS). a Left
mediolateral oblique (MLO)
view demonstrating diffuse
focal asymmetry with
associated calcification
spanning 7 cm. b Magnetic
resonance imaging (MRI)
demonstrating multiple
enhancing masses in two

areas including a 2.6-cm mass
at 12 o’clock.

¢ Postchemotherapy
magnification MLO view
demonstrating a decrease in
focal asymmetry with persistent
calcifications spanning 7 cm.
d Postchemotherapy MRI
demonstrating complete
resolution of enhancement.
Patient underwent mastectomy
with complete resolution of
infiltrating carcinoma but with
multiple foci of DCIS in the
tumor bed

predictor of pCR, but in 17 cases with resolution of
enhancement, viable tumor persisted.

The utility of mammography after NAC in addition to
MRI has been questioned. In a study previously published
by our institution, MRI alone correctly predicted the ability
to perform BCT after NAC for 88% of the patients,
whereas the combination of MRI and mammography after
NAC correctly predicted the ability to perform BCT for
92% of the patients® based on using the extent of residual
calcifications seen on the posttreatment mammogram to
localize disease extent more accurately. The current study
emphasizes the importance of identifying the calcifications
in planning the appropriate extent of surgical resection.

Meanwhile, others have examined the significance of
mammographically detected -calcifications after NAC.
Weiss et al.'! found that the extent of calcifications on seen
mammography correlated poorly with tumor size on the
final pathology after NAC. Adrada et al.'” reported that of
106 women, 43 (41%) had calcifications associated with
benign pathology after NAC. Similar to our findings, Kim

1'12

et al. = demonstrated that the correlation between residual
mammographic calcifications and residual tumor extent
was lower than the correlation between MRI findings and
residual tumor in all tumor subtypes after NAC. This is not
particularly surprising because residual calcifications after
NAC may represent necrotic material in the tumor bed area
from successfully treated cancer, fat necrosis, or the
sequelae of hematoma after biopsy in addition to viable
tumor."”

Although clinicians widely agree that residual calcifi-
cations after NAC often are not associated with residual
cancer, no consensus exists as to how these calcifications
should be handled, in part because residual cancer is pre-
sent in a significant number of cases and in part because
following these residual calcifications may prove prob-
lematic as they may show an increase in number on
subsequent imaging.

In our study of 90 patients, tumoral enhancement seen
on MRI resolved after neoadjuvant chemotherapy for 40
patients (44%) and decreased for 50 patients (56%), yet
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only 29 patients (32%) achieved pCR (defined as no
residual invasive disease or DCIS). Correlation between
resolution of enhancement and pCR was 74%. However,
even for the patients with a decrease in calcifications as
well as resolution of enhancement, the potential for resid-
ual malignancy was high enough that surgery with
complete removal of all calcifications in the region of the
tumor bed still was required. The need to excise all calci-
fications resulted in mastectomy for 50% of the patients
thought to have medical contraindications to BCT after
NAC.

This study had several limitations. It was in part a ret-
rospective, single-institution study with a relatively small
sample size. However, from 2014 onward, the patients
were followed in a prospectively maintained database.
Hormone receptor-negative patients were overrepresented
compared with prior studies, likely due to more frequent
selection of these patients for neoadjuvant treatment given
a better expected response.

CONCLUSION

Although it is clear that many of the tumor bed calci-
fications seen on post-NAC mammography are associated
with benign disease, loss of MRI enhancement does not
predict the absence of residual tumor with sufficient
accuracy to allow calcifications to be left in place. Com-
plete excision of all indeterminate or malignant-appearing
calcifications remains standard practice and a substantial
limitation to the use of NAC for downstaging of patients to
BCT.
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