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Abstract

Rationale and Objectives—Pathologic complete response (pCR) in patients with human
epidermal growth factor receptor 2 (HER2)-positive breast cancer after HER2-targeted therapy
correlates increased disease-free survival and decreased mastectomy rates. The aim of this study
was to explore tumor shrinkage patterns and initial tumor enhancement with pCR in HER2-
positive breast cancer.

Materials and Methods—This was an institutional review board-approved retrospective
analysis of 51 HER2 positive breast cancer patients with breast MRI both pre- and post-HER2-
targeted therapy. IER (initial enhancement percentage over baseline at first post-contrast imaging),
pattern of tumor shrinkage, and DCE-MRI imaging features were assessed. Wilcoxon rank,
Spearman correlation, Fisher’s exact and Mann-Whitney tests were used to correlate MRI imaging
features with pCR. IER reader agreement was evaluated by intraclass correlation. Binary logistic
regression was used to evaluate multivariate associations with pCR.

Results—56.9% (29/51) of patients had pCR at surgery. Concentric tumor shrinkage pattern was
associated with pCR (p=0.001, AUC 0.778): accuracy 80.4%, specificity 96.6% and sensitivity of
59.1%. There was no association with pCR and imaging response as defined by RECIST criteria
(p=0.169), pre-treatment IER (Reader 1 (R1) p=0.665, Reader 2 (R2) p=0.766), or lesion size
(p=0.69). IER was associated with axillary metastases (R1 p=0.016, R2 <0.001) and ki-67 (R1
r=0.52, p=0.008, R2 r=—0.44, p=0.028).
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Conclusion—The shrinkage pattern of HER2-positive tumors after targeted therapy may be
associated with pCR. There was no association between IER and pCR. Future studies evaluating
the correlation of shrinkage patterns to texture radiomics are of interest.
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Introduction

The identification and early targeted treatment of human epidermal growth factor receptor 2
(HER2)-positive breast cancer has increased disease-free survival and overall survival
benefit (1). Pre-surgical initiation of HER2-receptor targeted monoclonal antibodies
decreases tumor burden, increases pathologic complete response (pCR) and allows for
minimally invasive breast cancer resection instead of mastectomy in patients who have
documented decrease in index cancer size (2,3).

PCR is a well-established early prognostic factor for HER2-positive breast cancer therapy.
Patients who demonstrate pCR after HER2-targeted treatment have shorter post-operative
chemotherapy times, decreased local recurrence and increased survival times (4). Early
identification of candidates who are not likely to achieve pCR is therefore important as these
patients could benefit from changes to their initial neoadjuvant chemotherapy (NAC)
regimens. Similarly, early identification of patients who are likely to achieve pCR may
decrease surgical interventions; clinical trials are underway for HER2-positive and triple
negative breast cancer patients in which breast cancer resection is omitted if post-treatment
imaging-guided core biopsy detects no residual invasive cancer or ductal carcinoma in situ
(DCIS) (5). Early imaging identification of pCR is therefore of increasing clinical
importance.

Breast MRI is more accurate than ultrasound or mammography for the staging and initial
evaluation of breast cancer. While breast MRI is also more accurate than ultrasound and
mammography in determining response to chemotherapy, MRI imaging response as
measured by RECIST criteria or more recently, by change in tumor volume (6) is less
accurate than pre-treatment assessment and often underestimates residual disease (7-9).
Although tumor volume change is the most accurate metric to date, it is a time-consuming
and difficult assessment to make, particularly in patients with multifocal disease, extensive
nonmass enhancement, or both. Multiparametric estimates of disease response including
first- and second-order texture features, perfusion kinetic parameters and diffusion-weighted
imaging (10-13) can improve the estimation of pCR, but require specialized equipment and
may also incur additional scan time or post-processing time.

Recent studies have shown that initial enhancement on pre-chemotherapy images and
patterns of tumor shrinkage on post-chemotherapy imaging may correlate with pCR at time
of surgical excision (14-17). However, few studies have evaluated these factors solely in
HER2-enriched breast cancers; tumor shrinkage in particular has only been demonstrated in
luminal cancers (14) and not reproduced in a mixed population of breast cancers (17). The
purpose of our study was therefore to explore and evaluate the association of tumor
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shrinkage and initial tumor enhancement with pathologic complete response in HER2-
positive breast cancer.

Materials and Methods

Subjects

Treatment

This study was Institutional Review Board approved and Health Insurance Portability and
Accountability Act compliant. As this was a retrospective review of data, requirements for
informed consent were waived.

All patients who underwent both initial and post-treatment, pre-surgical breast MRI at our
institution between January 1 2010 and January 1, 2018 with HER2-positive breast cancer
were evaluated for inclusion in our study. 107 consecutive patients with HER2-positive
breast cancer were identified; 56 were excluded because they did not receive HER2-targeted
therapy prior to surgery. The final cohort included 51 women (mean age 50.9, range 25.4—
87.7) with HER2-positive invasive cancer.

All patients underwent HER2-targeted treatment after initial diagnosis by fine needle
aspiration or ultrasound-guided core biopsy. Patients were offered trastuzumab, pertuzumab,
or a combination of the two. Patients who were estrogen-receptor positive were also offered
taxane-based therapy. Patients completed an average of 12 weeks therapy (minimum 6
weeks, maximum 24 weeks) before follow-up MRI.

Pathologic Assessment

All cancers were biopsy-proven and pathologically assessed at our intuition by one of three
dedicated breast pathologists. Pathologic verification included tumor type (ductal, lobular or
otherwise) and tumor grade (by Nottingham histologic score). Estrogen receptor (ER) and
progesterone (PR) status was considered positive if 1% or more of the tumor cells showed
nuclear staining at immunohistochemistry analysis as per American Society of Clinical
Oncology/College of American Pathologists criteria. HER2 status was considered positive if
the immunohistochemistry result was 3+ (positive) or 2+ (borderline) and confirmed by
fluorescence in situ hybridization testing. Ki-67 was recorded as a scale measurement from
1-100% and considered high if greater than 14% per St. Gallen criteria. (18) Axillary nodal
metastasis was defined as positive if image-guided biopsy was positive for malignancy prior
to therapy initiation.

There is currently no clear consensus on the definition of pCR after neoadjuvant therapy. At
our institution we define pCR as ypTO0/ypTis by TNM staging, which considers ductal
carcinoma in situ at surgery (ypTis) as consistent with pCR, and any micro-invasive
(ypT21mi) or larger cancer in the surgical bed as not consistent with pCR. Final pathology at
time of surgery was noted from retrospective chart review.
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MRI Acquisition

All women underwent bilateral breast DCE-MRI on a 3.0T magnet (TimTrio, Siemens
Medical Solutions, Erlangen, Germany) in the prone position using a dedicated surface
breast coil (7-Channel Breast Biopsy Array; InVivo Research, Gainesville, FL). The
diagnostic protocol at our institution consisted of sagittal T;-weighted gradient echo, sagittal
To-weighted, sagittal T1-weighted gradient echo fat-suppressed volume-interpolated breath-
hold exam (VIBE) pre- and three postcontrast acquisitions beginning 70 seconds
postinjection of Gd-DTPA (Magnevist, Bayer Healthcare, Leverkusen, Germany) at 0.1
mM/kg body weight at 2 mL/s via an intravenous catheter followed by saline flush. Each
VIBE acquisition time was 100 seconds, with a total DCE-MRI imaging time of 35 minutes.
T41-weighted imaging parameters included: repetition time / echo time (TR/TE) =4.74/1.79
msec, flip angle 10°, slice thickness 1.0 mm, matrix 384 x 384, field of view (FOV) 320 mm.
Subtraction images were automatically generated at the workstation by subtraction of the
precontrast images from the first post-contrast images on a pixel-by-pixel basis.

Data Analysis

Initial Enhancement Ratio—First post-contrast images acquired at 70 seconds
postinjection were used for lesion analysis. A commercially available software (DynaCAD,
InVivo) was used to measure the initial enhancement ratio (IER; % signal increase over
baseline at first postcontrast acquisition). IER was evaluated by two independent readers
blinded to treatment response (XX and Y'Y 3 years’ experience each) by analyzing signal
intensity changes in representative voxels on first postcontrast subtraction images. Readers
used a semi-automatic segmentation technique to select a whole lesion region of interest
(ROI) on a reader-selected slice of interest, excluding regions of necrosis and manually
editing the generated ROI if necessary. The software then automatically selects the voxel
with the highest percentage increase in signal intensity within that ROI. This value was
recorded as the IER, as previously described.(15)

Concentric shrinkage—The definition of concentric shrinkage was determined
according to Fukada et al who defined concentric shrinkage as a “simple concentric
shrinkage” or “concentric shrinkage to small foci” and all else as “non-concentric.”(14)
Similar to Fukada et al the decision was made to collapse these categories into concentric
and non-concentric shrinkage due to the need for sufficient sample size (Figure 1).

Background parenchymal enhancement—Contralateral and peritumoral background
parenchymal enhancement (BPE) were assessed qualitatively on the first post-contrast
subtraction image by the original reader of the clinical study and reassessed by a second
reader (XX, 3 years’ experience). Differences were resolved by consensus. Peritumoral BPE
was defined as the qualitative BPE measured within 5 mm from the tumor margin, as
previously described.(19) BPE was graded on a 1-4 scale (minimal, mild, moderate, and
marked) corresponding to MRI BI-RADS criteria.

Statistical Analysis

Patients with and without pCR were compared in terms of the IER measurements from each
reader using an exact Mann-Whitney test. Associations involving nominal categorical factors
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were assessed using the chi-square or Fisher’s exact test. Bivariate associations of IER were
assessed using the Spearman rank correlation.Reader agreement for IER was assessed in
terms of the single rater intra-class correlation coefficient (ICC) for absolute agreement
based on a two-way mixed effects model and the coefficient of reproducibility from a Bland-
Altman analysis. The single rater ICC assesses the reliability of the individual measurements
provided by independent readers rather than the reliability of mean values over the readers.
Denoting the lower limit of a 95% confidence interval (CI) for the ICC as L, the ICC was
interpreted as an indication of agreement that was poor if L<0.5, moderate for 0.5<L.<0.75,
good for 0.75<L.<0.9 and excellent for L>0.9.

For sensitivity and specificity analysis of concentric shrinkage, residual invasive cancer at
surgery was considered a positive result and pCR was considered a negative result. As the
hypothesis was that presence of concentric shrinkage is associated with pCR, a true positive
was defined as the absence of concentric shrinkage with residual tumor at surgery and a true
negative was defined as the presence of concentric shrinkage with pCR at surgery.
Additional binary logistic regression analysis was performed to evaluate associations
between pCR and categorical covariates. All categorical covariates were assessed for
multicolinearity utilizing the variance inflation factor. Differences in all statistical tests were
conducted at the two-sided 5% significance level using SAS 9.4 (SAS Institute, Cary, NC).

Patient population

51 women (mean age 50.9, range 25.4-87.7) imaged between January 2011 and December
2018 had breast MRI performed at our institution and received HER2-targeted therapy.
Patients who were ER/PR-positive on initial biopsy (27/51, 52.9%) also received taxane-
based chemotherapy. Of these 51 women, 47 patients had both pre- and post-NAC breast
MRI performed prior to surgery and 4 patients received HER2-targeted therapy after a Stage
IV diagnosis (Table 1). As these four Stage IV patients had potentially resectable metastatic
disease and planned to undergo primary breast surgery at our institution if metastases
resolved during therapy (25%, 1/4), they were included in the data analysis. Of the 51
patients, 56.9% (29/51) had pCR at time of surgery.

Factors associated with pCR

Concentric shrinkage was associated with pCR (p=0.001, AUC 0.778) with accuracy of
80.4%, specificity of 96.6% and sensitivity of 59.1%. The single patient who had pCR but
did not have concentric shrinkage on post-treatment MRI was noted to have 2.4 cm of
intermediate grade DCIS at time of breast conservation surgery with no invasive component
(ypTis). Complete imaging response was also associated with pCR (p=0.048, AUC=0.627).
However, imaging response as defined by RECIST criteria was not associated with pCR
(p=0.064, AUC=0.596).

There was no association with pCR and, pre-treatment IER (Reader 1 (R1) p=0.665, Reader
2 (R2) p =0.766), lesion type (p=0.726), lesion shape (p=0.391), lesion size (p= 0.69) lesion
internal enhancement (p=0.136), size (p=0.403), mammographic presentation (p=0.187),
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positive axillary nodes (p=0.066), hormone receptor positivity (p=0.089), ki-67 (0.081), or
BPE (p=0.78, Table 1).

Binary logistic regression modeling and pCR—Given the prevalence of pCR of
56.90% (29/51) and the sample size of 51, the study was appropriately powered for a binary
logistic regression model of pCR with two covariates. No two or three covariate model
demonstrated statistical significance of any included covariate, with the exception of
concentric shrinkage. No two or three covariate model had a higher AUC or accuracy than
univariate logistic regression of concentric shrinkage.

Factors associated with IER—IER was associated with the presence of axillary
metastases (R1 p=0.016, R2 <0.001) and ki-67 (R1 r=0.52, p=0.008, R2 r=-0.44, p=0.028).

There was no association with pre-treatment IER and BPE (0.102-0.155), lesion type (0.21-
0.754), or lesion size (0.216-0.238).

IER had good reader agreement (ICC=0.87, coefficient of reproducibility 79.5).

Factors associated with BPE—BPE did not correlate with presence of axillary
metastases (0.284-0.713), ki-67 (0.839-0.948) or lesion type (0.118-0.299).

Factors associated with positive hormone receptors—Hormone-receptor negative
cancers had higher ki-67% (average 55.6%, range 0-95%) than hormone-positive cancers
(average 37.75%, range 10-70%, p=0.026). There was no correlation between hormone
receptor status and presence of axillary metastases (p=0.30), size (p=0.761), IER (p=0.083-
0.345), or BPE (p=0.195-0.439)

Discussion

This study evaluated potential predictors of pCR at mammography and MRI for HER2-
positive patients and found that only the pattern of tumor shrinkage and complete imaging
response was associated with pCR. Of note, shrinkage pattern was a more accurate and
specific predictor of HER2-targeted therapeutic response than any other variable tested,
including the presence or absence of complete imaging response on post-treatment MRI and
the quantified early contrast enhancement over baseline at pre-treatment imaging (IER).
Multiple logistic regression modeling involving additional covariates did not improve on the
accuracy offered by tumor shrinkage alone.

Concentric shrinkage is of interest as an easily measured assessment of HER2-directed
therapy, as the high specificity it offers may allow for early identification of nonresponders
who could benefit from additional therapy prior to surgical managementWhile the ACRIN
6657/1-SPY trial demonstrated that change in tumor volume over time is more sensitive than
RECIST criteria (6), this is difficult to assess and incorporate into real-time clinical reads.
While the ongoing development of machine-learning based automatic breast lesion
segmentation (20) may change this in the near future, the technology is not yet ready for
widespread clinical use. Fukada et al suggested that luminal cancer concentric shrinkage
may be related to a relatively homogenous cell population more likely to be suppressed by
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taxane-based chemotherapy (14). While these findings were not reproduced by Shin et al
(17), this follow-up study included a mix of tumor types without HER2 subset analysis.
HER2-enriched breast cancers, despite considerable variability in hormone-receptor
expression between patients, are similar to luminal A cancers in that they are likely to begin
as a relatively homogenous cell population (21,22). Retrospective pathologic studies have
demonstrated that 2.7-11% of metastatic HER2 cancers demonstrated genetic heterogeneity
and 8.7-18% demonstrated regional heterogeneity; patients with genetic heterogeneity were
less likely to respond to trastuzumab and had shorter disease-free survival (21,22).
Concentric shrinkage, therefore, may reflect a more homogenous tumor that responds better
to HER2-targeted therapy. This correlates with recent radiomics breast cancer texture
analyses that demonstrate as tumor heterogeneity increases, recurrence-free survival
decreases (11,13).

We did not confirm any association with IER and pCR in this study. Our results do not
match those of Kim et al, who recently found a strong correlation between an early
enhancement ratio on pre-treatment MRI and pCR (16). Our differing results may be a result
of our stricter inclusion criteria of patients who received pre-operative HER2-targeted
therapy, which by definition included high-grade and later-stage cancers compared to Kim et
al. Previous studies of IER have also correlated with tumor grade, presence of axillary
metastases, invasive cancer and ki-67, all markers of tumor aggressiveness (15). The results
of our study confirming the association of IER with ki-67 and axillary metastases but not
pCR suggest that while IER does correlate to more aggressive and later stage disease, the
differing values of IER within later stage cancers does not offer prognostic information
about pCR. Other imaging attributes should be explored as a marker for pCR in this
population.

Limitations of our study include its small sample size and its single center nature. At our
institution many patients are referred from outside institutions subsequent to cancer
diagnosis and as such, many of our pre-NAC MRIs are from outside institutions and not
available for kinetic analysis. However, this was intended as an exploratory analysis of
predictors of pCR; broader evaluation of concentric shrinkage patterns and its correlation
with multiparametric imaging features, particularly radiomics, is of interest for further
studies. An additional critique is that we chose to include four Stage IV patients in our
analysis. These four patients presented with potentially resectable metastases at initial
diagnosis. As the clinical decision was made to pursue primary breast surgery if they
responded to HER2-targeted chemotherapy, we chose to include them in our study on an
intent-to-treat basis and, indeed, the one patient with sufficient response did have pCR at
mastectomy and has not had disease recurrence at the most recent follow-up.

In conclusion, the shrinkage pattern of HER2-positive tumors after neoadjuvant therapy may
be associated with pCR, while initial tumor enhancement is not. Concentric shrinkage
demonstrates high specificity for HER2-positive breast cancer pCR and is easily evaluated at
the time of clinical read-out. Future studies evaluating the correlation of this finding to
texture radiomics are of interest.
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imaging
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Figure 1.
A, B. 61-year-old woman with Stage I11A hormone receptor positive HER2-positive breast

cancer. Non-concentric shrinkage was noted at post-treatment MRI after six cycles taxane-
based chemotherapy and trastuzumab. There was no pCR at breast conservation therapy.
C and D. 48-year-old woman with hormone positive HER2-positive Stage Il cancer.
Concentric shrinkage was noted at post-treatment MRI after five cycles taxane-based
chemotherapy and trastuzumab. PCR was noted at breast conservation therapy.
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Table 1:

Tumor and MRI imaging characteristics (n=51 patients). There was no significant difference between these
characteristics in patients with or without pathologic complete response (all p>0.05). NME = nonmass
enhancement.

Features N=51
Mean tumor size 4.32 cm (range 1.2-11.0 cm)
Pathology
Invasive ductal carcinoma 51/51 (100%)
Grade

I 0/51 (0%)

Il 1/51 (2.0%)
1l 50/51 (98.0%)
Stage
1A 0/51 (0%)
B 0/51 (0%)
1A 2/51 (3.9%)
1B 12/51 (23.5%)
A 16/51 (31.3%)
1B 10/51 (19.6%)
nc 7/51 (13.7%)
v 4/51 (7.8%)
MRI characteristics
Type
Mass 43/51 (84.3%)
NME 8/51 (15.7%)
Wash-out curve
I 1/51 (2.0%)
1] 1/51 (2.0%)
1l 49/51 (96.0%)
Imaging response at post-treatment MRI
None 6/51 (11.8%)
Partial * 33/51 (64.7%)
Complete 12/51 (23.5%)

*
Partial imaging response was defined as any response as per RECIST 2.0 criteria that was not described as “complete imaging response” by the
interpreting breast radiologist.
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Table 2:

MRI imaging features and their association with pathologic complete response (pCR) (n=51). BPE =
background parenchymal enhancement, IER = initial enhancement ratio, NME = nonmass enhancement.

Pathologic complete response (pCR)

Yes No P-value
Concentric shrinkage 0.000
Yes 28137 (75.7%) 9/37 (24.3%)
No 1/14 (7.1%) 13/14 (92.9%)
Imaging response 0.073
Yes 28/45 (62.2%) 17/45 (37.8%)
No 1/6 (16.7%) 5/6 (83.3%)
Lesion type 0.726
Mass 24/43 (55.8%) 19/43 (44.2%)
NME 3/8 (37.5%) 5/8 (62.5%)
Lesion shape (masses only®) 0.403
Oval/round 7/11 (63.6%) 4/11 (36.4%)
Irregular 17/32 (53.1%) 15/32 (46.9%)
BPE 0.780
Minimal to mild 16/29 (55.2%) (13/29) 44.8%
Moderate to marked 13/22 (59.1%) 9/22 (40.9%)
Positive axillary nodes 0.066
Yes 18/37 (48.6%) 19/37 (51.4%)
No 11/14 (78.6%) 3/14 (21.4%)
Size (average, range) 4.45cm (1.3-11.0cm)  3.93(1.2-8.3cm) 0.315
ki-67% (average, range) 54.7% (20-95%) 40.94% (0-90%) 0.121
IER
Reader 1 271.83% (145-375%)  279.12% (133-405%) 0.665
Reader 2 284.22% (102-416%)  271.0% (113-379%) 0.766

HA
defined by RECIST 2.0 criteria

+
Insufficient numbers for NME subgroup analysis
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