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Abstract

Purpose—To determine if tumor necrosis by pretreatment breast MRI and its quantitative
imaging characteristics are associated with response to NAST in TNBC.

Methods—This retrospective study included 85 TNBC patients (mean age 51.8 + 13 years) with
MRI before NAST and definitive surgery during 2010-2018. Each MRI included T2-weighted,
diffusion-weighted (DWI), and dynamic contrast-enhanced (DCE) imaging. For each index
carcinoma, total tumor volume including necrosis (TTV), excluding necrosis (TV), and the
necrosis-only volume (NV) were segmented on early-phase DCE subtractions and DWI images.
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NV and %NV were calculated. Percent enhancement on early and late phases of DCE and
apparent diffusion coefficient were extracted from TTV, TV, and NV. Association between
necrosis with pathological complete response (pCR) was assessed using odds ratio (OR).
Multivariable analysis was used to evaluate the prognostic value of necrosis with T stage and
nodal status at staging. Mann-Whitney Utests and area under the curve (AUC) were used to
assess performance of imaging metrics for discriminating pCR vs non-pCR.

Results—Of 39 patients (46%) with necrosis, 17 had pCR and 22 did not. Necrosis was not
associated with pCR (OR, 0.995; 95% confidence interval [CI] 0.4-2.3) and was not an
independent prognostic factor when combined with T stage and nodal status at staging (P = 0.46).
None of the imaging metrics differed significantly between pCR and non-pCR in patients with
necrosis (AUC < 0.6 and P> 0.40).

Conclusion—No significant association was found between necrosis by pretreatment MRI or the
quantitative imaging characteristics of tumor necrosis and response to NAST in TNBC.

Keywords

Triple-negative breast cancer; Multiparametric MRI; Necrosis; Diffusion-weighted MRI;
Neoadjuvant therapy

Introduction

Triple-negative breast cancer (TNBC) accounts for approximately 20% of all breast cancers
and is a subtype of breast cancer that lacks estrogen receptor, progesterone receptor, and
HER?2 expression [1]. Compared with other breast cancer subtypes, TNBC is more
aggressive and is associated with a higher rate of relapse and a lower rate of overall survival
[2, 3]. Patients with TNBC usually undergo neoadjuvant systemic therapy (NAST) for
downstaging of disease to facilitate less invasive surgery. The extent of downstaging is used
as a surrogate prognostic marker. Despite recent advances in breast cancer diagnosis and
treatment, patients with TNBC tend to have a poor prognosis, with highly divergent response
to treatment. Excellent response to NAST is seen in about half of the TNBC patients
undergoing the treatment but weak or absent in the others [1, 2, 4].

Although still controversial, tumor necrosis detected at the histopathological evaluation has
been proposed as a marker of poor prognosis in a variety of solid-organ malignancies [5]. A
few studies have showed an association between tumor necrosis and poor treatment response
and lower overall survival in colorectal and non-small cell lung cancer [6, 7]. However, such
an association was not seen in renal cell carcinoma [8]. In breast cancer studies that included
all hormonal subtypes, conflicting findings have been reported. One study showed that the
presence of tumor necrosis correlated with tumor grade [9]. Two studies showed that the
presence of tumor necrosis was associated with aggressiveness and unfavorable long-term
outcomes [10, 11], while two other studies showed that the presence of tumor necrosis was
associated with improved response to chemotherapy [12, 13]. Two additional studies showed
no direct association between tumor necrosis and prognosis [14, 15].

Compared to other breast cancer subtypes, TNBC is more likely to display necrosis with a
reported incidence ranging from 35 to 56% [16, 17]. The propensity for necrosis in TNBC
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may be due to the tumor’s aggressiveness (most TNBCs are of high grade) and increased
mitotic activity (with high expression of proliferation marker Ki-67), characteristics that
result in tumors outgrowing their blood supplies [18-21]. Tumor necrosis in TNBC has been
evaluated on MR imaging in prior studies [2, 17, 22], as MRI can provide a comprehensive
evaluation of the tumor and the accompanying necrosis on the basis of their often vastly
different diffusion, perfusion and T2 relaxation characteristics. However, few studies have
evaluated tumor necrosis in TNBC as an independent prognostic factor and predictor of
response to NAST [2, 22]. In prior MRI-based studies of the association between tumor
necrosis and tumor response to NAST, necrosis was assessed qualitatively based on a single
slice of T2-weighted imaging [2, 22].

The objective of our study is to determine if tumor necrosis determined by pretreatment
breast MRI and the quantitative imaging characteristics of tumor necrosis are associated
with response to NAST in patients with TNBC.

Materials and methods

Patients

This retrospective study was conducted in compliance with the Health Insurance Portability
and Accountability Act. Institutional Review Board approval was obtained and written
informed consent was waived. A single institutional research database was searched to
identify adult women (age = 18 years) with pathologically proven stage I-111 TNBC (ER,
PR, HER2 negative) who underwent pretreatment breast MRI and NAST followed by
definitive surgery during the period from April 2010 through December 2018 (Fig. 1).

MRI acquisition

All MRI studies were performed at our institution using MRI scanners that were approved
for clinical breast MRI. These included 1.5T scanners (Signa HDxt and Optima MR450w,
GE Healthcare Technologies, Waukesha, WI) and 3T scanners (Signa Discovery MR750w,
GE Healthcare Technologies, Waukesha, WI; Magnetom Skyra, Siemens Health-ineers,
Erlangen, Germany). All examinations were acquired with the patients in a prone position
using dedicated eight-channel breast coils. The MRI protocol included bilateral axial non-
contrast T1-weighted, axial fat-suppressed T2-weighted, pre-contrast axial diffusion-
weighted imaging (DW]1), axial dynamic contrast-enhanced (DCE) pre-contrast and post-
contrast fat-suppressed T1-weighted, and delayed post-contrast sagittal fat-suppressed T1-
weighted imaging.

DCE imaging was performed with the following parameters: temporal resolution, 90-120 s;
total acquisition time, 6-8 min; repetition time, 6.0 ms; echo time, 2.0 ms; flip angle, 10°;
slice thickness, 2.5 mm; and matrix, 256-480 x 256—324. Each patient received 0.1 mmol/kg
gadobutrol (Gadovist, Bayer HealthCare) intravenously at a rate of 2 cc/s with a power
injector. Serial subtraction images were generated during post-processing. Maps of percent
enhancement (PE) relative to the mask series were calculated for the early phase (PE1) at
approximately 60 s after injection and the delayed phase (PE2) at approximately 6 min after
injection.
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Typical scan parameters for DWI were as follows: echo time, 66 ms; repetition time, 7500
ms; flip angle, 90°; slice thickness, 5 mm; and matrix, 128 x 128. At least two &-values were
used, with the lowest b-value ranging from 0 to 100 s/mm? and the highest 4-value ranging
from 800 to 1000 s/mm?2. Apparent diffusion coefficient (ADC) maps were calculated from
DWI using a mono-exponential model.

MRI interpretation and segmentation

The largest lesion identified on DCE images was considered the index carcinoma and was
used in our analysis. T stage was determined on the basis of the longest tumor dimension.
Axillary lymph node status was assessed at staging by ultrasound-guided biopsy of
suspicious lymph nodes and at surgery by pathologic review of the surgical specimen and
was classified as positive or negative.

On the basis of the morphologic features on MRI, the index carcinomas were classified as
necrotic or non-necrotic. Tumors were classified as necrotic if they displayed all three of the
following features by visual assessment: a non-enhancing central or paracentral area on DCE
images, hyperintensity of this central area on axial fat-suppressed T2-weighted images, and
hyperintensity of this central area on ADC maps (Fig. 2).

Quantitative image analysis of necrotic carcinomas was performed with Imagel, an image
visualization and processing software developed in-house. Imagel was used for tumor
contouring and analyses of a previously published work on esophageal cancer [23]. Among
many commonly useful utilities, Imagel offers convenient DICOM image import from the
patient PACS system, customizable model fitting of the images, graphical user interface-
based manual and semi-automatic tumor segmentation and contouring, and easy export of
the tumor ROI statistics and quantitative metrics including different radiomics features.

Two breast radiologists, both with at least 5 years of experience in breast MRI interpretation,
were blinded to the patient outcome data and performed segmentation encompassing the
tumor in all slices. Segmentations were further refined using the histogram thresholding in
Imagel to exclude voxels that were visually determined to be non-tumor by the radiologist.
These segmentations were performed separately on both early DCE subtractions and ADC
maps. All segmentations were reviewed and confirmed by both radiologists to avoid inter-
reader bias. The segmented regions were the total tumor volume including necrosis (TTV),
the tumor volume excluding necrosis (TV), and the necrosis-only volume (NV) (Fig. 3).

For DCE, TVpcg was manually defined as the fraction of the TTVpcg with visual
enhancement, which was assumed to correspond to viable tumor. The %NV pcg was
calculated from the extracted volumes as:

NVpce

%NVDCE = 100% x NVbek + TVheE

0]

PE1 and PE2 were calculated from voxel signal levels as:
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PEI = 100% x Searyphase ~ Smask phase "
Smask phase

PE2 = 100% x Sdelayedphase - Smaskphase -
Smask phase

where Sis the signal level for each respective phase. Average PE1 and PE2 values were
extracted from the tumor ROIs as determined on the early-phase DCE images for TTVpcg,
TVDCE: and NVDCE-

On DWI, viable tumor tissue was visually identified as areas of restricted diffusion that
displayed high signal intensity on high b-value images (i.e., 800 or 1000) with a
corresponding low ADC signal intensity. The mean ADC values from TTVpw;, TVpwi, and
NVpwi segmentations were calculated. The quantitative ADC analysis was performed on
subset of patients with necrotic carcinomas after exclusion of DW images with large clip
artifact or DWI performed after contrast administration which may introduced error in ADC
value assessment. However, all DW images were available for visual assessment for
presence or absence of necrosis.

Response assessment

Patients were dichotomized into pathologic complete response (pCR) and non-pCR groups
on the basis of findings from surgical histopathology. pCR was defined as absence of
residual invasive cancer with or without ductal carcinoma in situ in the breast and the
absence of carcinoma in the sampled axillary lymph nodes.

Statistical analysis

A statistical association of the imaging parameters assessed on DCE imaging and ADC
maps relative to pCR was performed using the statistics module in Matlab (version 2018b,
Mathworks, Natick, MA). An odds ratio (OR) analysis was used to determine the value of
necrosis as a predictor of response to NAST. Association of necrosis with T stage and nodal
status was assessed using chi-square test and OR, respectively. Separately, multiple logistic
regression, using R Statistical Software (Foundation for Statistical Computing, Vienna,
Austria), was used to create a model for predicting pCR with the following variables:
presence of necrosis, T stage, and pretreatment axillary lymph node status. Mann—Whitney
U'test and the area under the receiver operator characteristic curve (AUC) were used to
compare image metrics between the pCR and non-pCR groups. Finally, we performed power
analyses to assess the power of our comparisons between measurements and pCR status. ~-
values less than 0.05 were considered statistically significant. No correction was made for
multiple comparisons.
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Patient characteristics

Association

Association

A total of 85 women met the selection criteria and were included in the study (Fig. 1).
Patient and tumor characteristics of these 85 women are presented in Table 1. The mean,
median, and range of the patient age in years at diagnosis were 51.8 + 13, 51, 2678,
respectively. The median longest tumor diameter measured at DCE imaging was 3.8 cm
(range 1.3-9.8 cm).

Regarding NAST, 76/85 (89%) of the 85 patients received standard chemotherapy consisting
of doxorubicin and cyclophosphamide followed by paclitaxel, and 9/85 (11%) patients
received a combination of doxorubicin and cyclophosphamide followed by paclitaxel and
then followed by targeted therapy. The median number of cycles received was 6 (range 4-8).
Of the 85 patients, 47/85 (55%) underwent total mastectomy, and 38/85 (45%) underwent
segmentectomy.

Thirty-seven patients 37/85 (44%) had pCR, and 48/85 (56%) did not; 39/85 (46%) patients
had necrotic tumors and 46/85 (54%) patients had non-necrotic tumors (Table 2). Of 39
patients with necrotic carcinoma, 17/39 (44%) had pCR (Fig. 4), and 22/39 (56%) did not

(Fig. 5).

of necrosis with T stage, axillary nodal status, and pCR

The frequency of tumor necrosis in the 85 patients with TNBC based on T stage, nodal
status at staging and at surgery, and pCR are provided in Table 2. The likelihood of necrosis
increased with increasing T stage (X2 (2, V= 85) = 5.321, A= 0.070). No association was
observed between the presence of necrosis and nodal status at staging (OR 1.19; 95%
confidence interval [CI] 0.5-2.8) or nodal status at surgery (OR 0.850; 95% CI 0.3-2.3).

There was no association between the presence of necrosis and pCR (OR 0.995; 95% ClI
0.4-2.3). Multiple logistic regression to predict pCR based on the presence of necrosis, T
stage, and nodal status at staging showed that necrosis was not a significant independent
prognostic factor of pCR status (P= 0.46, Table 3).

of DCE imaging metrics with pCR in necrotic TNBC subset

The mean NVpcg was 5.9 cm3 (SD + 6.8 cm3) for the pCR group and 7.7 cm3 (SD + 10.8
cm3) for the non-pCR group. The mean %NV pcg was 14% (SD + 12%) for the pCR group
and 14% (SD * 10.4%) for the non-pCR group (Fig. 6). There was no significant difference
in the NVpce (AUC = 0.58; £P=0.37) and %NV (AUC = 0.50; A= 0.90) between the two
groups.

Among the necrotic index carcinomas, there were no differences between the pCR and non-
pCR groups in PE1 and PE2 of the TTVpcg, TVpce, of NVpce (Table 4). At a significance
level of 0.05, we can have 80% power to detect an AUC of = 0.75.
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Association of DWI imaging metrics with pCR in necrotic TNBC subset

For quantitative evaluation of necrotic regions on DWI, 22/39 (56%) necrotic tumors in the
study were included. The remaining 17 necrotic tumors were excluded for quantitative
assessment of ADC value because the DWI showed severe clip-related metallic artifact or
DWI were acquired after contrast agent administration, also were available for visual
assessment for presence of necrosis. Of the 22 patients with necrotic index carcinomas and
available for quantitative evaluation of ADC, 8/22 (36%) had pCR and 14/22 (64%) did not.

There were no differences between the pCR and non-pCR groups in the mean ADC for the
TTVpwi, TVpwi or NVpw for necrotic tumors (Table 4). At a significance level of 0.05,
we can have 80% power to detect an AUC of > 0.84.

Discussion

Our study did not find significant association between the presence of tumor necrosis by
pretreatment MRI and response to NAST in patients with TNBC. In patients with necrotic
index carcinomas, the necrosis-only volume, necrosis as a percent of the TTV, and
quantitative perfusion and diffusion metrics were not significantly different between the
patients with and without a pCR.

Tumor necrosis detected at histopathological evaluation has been investigated in multiple
studies for different types of carcinomas and has been proposed as a poor prognostic factor
in a variety of solid tumors, as it is thought to reflect chronic hypoxia and poor vascularity
[5, 7, 8, 24]. Previous studies based on the review of pathological specimens have reported
conflicting results regarding the association between tumor necrosis and overall survival in
breast cancer. One study showed that tumor necrosis correlated with tumor grade, but did not
compare necrosis directly with outcome [9]. Two studies showed that tumor necrosis was
associated with poor clinical outcomes and aggressive tumor biology, as well as decreased
relapse-free survival and increased mortality [10, 11]. In an analysis of over 1200 patients
with HER2-positive tumors, necrosis was not associated with overall survival, although
necrotic tumors represented only 9% of selected patients [25]. In another cohort of 1850
patients of different hormonal subtypes, necrosis was associated with tumor characteristics
suggesting poor outcome and was an independent adverse prognostic factor for disease-free
survival [3]. It should be noted that in the aforementioned studies, necrosis rates were
between 4.5% and 9%, which were substantially lower than those reported in other studies
with a necrosis rate of up to 40% among different hormonal subtypes [5]. Some other studies
do not demonstrate a clear correlation between tumor necrosis and prognosis in breast
cancer [14, 15].

A few studies have specifically evaluated the association between tumor necrosis seen at
histopathological evaluation and prognostic outcomes in patients with TNBC. In a study of
154 patients with TNBC that examined age, clinical stage, Ki-67 proliferation index, tumor
necrosis, lymph node status, and histological grade, tumor necrosis was found by univariate
analyses to be a significant negative prognostic factor of relapse-free survival [26]. A second
study of 149 patients with TNBC showed better disease-free survival for smaller tumor size
(<2 cm) and absence of necrosis based on univariate analysis. However, a multivariable
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analysis of the same data revealed no statistically significant association between necrosis
and disease-free survival [27]. A third study of 87 TNBCs showed that pathologic
characteristics, including necrosis, were not associated with overall prognosis [21]. In a
cohort of 841 TNBCs, tumor necrosis was associated with mortality but was not a
prognostic factor for recurrence [16].

Very few MRI-based studies have investigated whether necrosis predicts response of TNBC
to NAST. In a study of 23 patients with TNBC, Kawashima et al. [22] sought to differentiate
responders from non-responders to NAST and found that irregularly shaped mass and the
presence of clear intratumoral necrosis were significantly associated with absence of
response. However, 5 patients (21%) had necrotic index carcinomas in this study, which was
substantially lower than the number and percentage of patients with necrotic carcinomas in
our study (39 /46%), and is lower than the typical reported rate of necrosis of up to 50% in
TNBCs [16]. More importantly, the response assessment in this study was based on response
evaluation criteria in solid tumors (RECIST) rather than the pathological response at surgery,
which is a generally accepted as a potential surrogate marker for survival in TNBC [28]. In
another study of 132 patients with TNBC, Bae et al. [2] examined the association between
pretreatment breast MRI features and pCR and recurrence-free survival and found that the
absence of intratumoral T2 high signal intensity, representing necrosis, was associated with
pCR. However, this association was not statistically significant. Furthermore, only 18 of the
132 patients (13%) had a pCR, which is substantially lower than the 44% rate of pCR seen
in our study as well as the typical range of 33% to 45% among TNBC patients as reported
by others [29-32]. In comparison, our study population was more representative of the
typical TNBC population in terms of their rates of pCR and necrosis. Further, our analysis
included evaluation of quantitative imaging characteristics of necrosis in addition to the
qualitative assessment of the presence of necrosis. One plausible hypothesis explaining the
similar outcomes between necrotic and non-necrotic tumors observed in our study is that
tissue hypoxia at the necrotic core may result in increased local angiogenic growth factors,
making the tumor more aggressive but also more vulnerable to treatment due to improved
perfusion and drug delivery. However, further work is needed to investigate this hypothesis
and other possible physiological changes in necrotic and non-necrotic tumors.

To the best of our knowledge, the association between necrotic carcinoma and nodal disease
in TNBC has not been investigated. In our study, we found that necrosis was not
significantly associated with nodal disease either at staging or at surgical pathology.

Our study differs from prior studies of necrosis on MRI as a predictive marker in TNBC in
that we conducted a comprehensive quantitative analysis of tumors with and without
necrosis as well as the necrotic region itself, on both DCE images and diffusion-weighted
images, and tested association between these quantitative imaging metrics with pCR after
NAST. In our analysis, we also focused on necrosis as an independent predictor of treatment
response and investigated the behavior of the solid and necrotic components of necrotic
tumors both separately and in combination. In comparison, all the prior studies were based
mainly on binary evaluation of presence or absence of necrosis on T2-weighted images.
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Our study had several limitations. First, this is a retrospective study performed in a single
institution with a relatively small patient population. Second, the segmentation of the
different tissue volumes was performed by two breast radiologists in consensus, and we did
not evaluate inter-observer variability in segmentation. Third, while all DWI images were
available for visual assessment for presence or absence of necrosis, the quantitative ADC
analysis was performed on a subgroup of necrotic lesions due to technical limitations.
Finally, the NAST treatment protocols in our study population were heterogeneous as they
depended on clinician preference, yet this heterogeneity reflects the adaptive design that is
used in actual clinical practice for best patient outcome.

In conclusion, our study did not find significant associations between tumor necrosis by
pretreatment MRI and the quantitative image characteristics of tumor necrosis and the
response to NAST in TNBC patients. Our findings warrant further validation in larger
population-based multi-institutional studies that evaluate not only response to NAST but also
long-term outcomes.
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NAST Neoadjuvant systemic therapy
NV Necrosis volume

pCR Pathological complete response
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Excluded (n=152)
*No pretreatment MRI (n=90)
*Metastatic disease at presentation
(n=12)
*No definite surgery or no available
postoperative pathology report (n=50)

Non-necrotic tumor (n=46)
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Fig. 1.

v

| Metrics from DWI on TTV, TV and NV

‘ Mean ADC ‘

Inclusion criteria and assignment of analysis for each group. ADC apparent diffusion
coefficient, DCE dynamic contrast-enhanced imaging, DW/ diffusion-weighted imaging,
NAST neoadjuvant systemic therapy, AV necrosis-only volume, PE percent enhancement,
T2WI T2-weighted imaging, TAVBC triple-negative breast cancer, 77V total tumor volume
including necrosis, 7Vtumor volume without necrosis
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Fig. 2.

N(?crosis in a 35-year-old woman with TNBC of the left breast. a Axial fat-suppressed early-
phase dynamic contrast-enhanced image shows central non-enhancing area representing
necrosis (arrow). b Axial fat-suppressed T2-weighted image shows necrosis as central area
of high signal intensity (arrow). ¢ Axial apparent diffusion coefficient map shows shine-
through corresponding to central area of necrosis (arrow) seen on dynamic contrast-
enhanced and T2-weighted imaging
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Fig. 3.

Seggmentation technique in a 60-year-old woman with TNBC of the right breast. Axial
dynamic contrast-enhanced early-phase fat-suppressed images with whole tumor (a), tumor
without necrosis (b), and necrosis-only (c) segmentations, as well as corresponding apparent
diffusion coefficient maps (d, g, f)
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Fig. 4.

Ngcrotic index carcinoma with a pathological complete response after neoadjuvant systemic
therapy in a 46-year-old woman with TNBC of the right breast. The volume of necrotic
material was 10 cm?3, and the percent of the total tumor volume occupied by necrosis was
17%. a Axial fat-suppressed early-phase dynamic contrast-enhanced image shows central
non-enhancing area representing necrosis (arrow). b Axial fat-suppressed T2-weighted
image shows necrosis as central area of high signal intensity (arrow). ¢ Axial apparent
diffusion coefficient map shows shine-through corresponding to the central area of necrosis
(arrow)
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Fig. 5.
Necrotic index carcinoma with pathological non-complete response after neoadjuvant

systemic therapy in a 30-year-old woman with TNBC of the left breast. The volume of
necrotic material was 4 cm3, and the percent of the total tumor volume occupied by necrosis
was 17%. a Axial fat-suppressed early-phase dynamic contrast-enhanced image shows
central non-enhancing area representing necrosis (arrow). b Axial fat-suppressed T2-
weighted image shows necrosis as a central area of high signal intensity (arrow). c Axial
apparent diffusion coefficient map shows shine-through corresponding to central area of
necrosis (arrow)
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Fig. 6.

Clustering of necrosis volume or NVpcg (@) and necrosis-only volume as a percent of total
tumor volume or %NV pcg (b), by dynamic contrast-enhanced MRI associated with
response to neoadjuvant systemic therapy. There is no difference between TNBC patients
with and without pathologic complete response (pCR)
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Table 3

Logistic regression results for association analysis of pCR with presence of necrosis, T stage, and pretreatment
nodal stage

Parameter B Standard error  zstatistic  P-value  Exp(B) (adjusted oddsratio)

Necrosis 0.36 0.49 0.74 0.46 1.44

Tstage (2) - 0.64 0.65 -0.98 0.33 053

Tstage (3) -1.88 0.77 -2.45 0.014 0.15

Nodal stage - 0.63 047 -1.34 0.18 053

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 July 21.



Page 22

Abdelhafez et al.

s150499U Buipnjoxe

3WINJOA Jown} A/ ‘SIS0J98u Buipnjoul swinjoA Jowny [e10}4// ‘aseyd pade|ap Je Juswiadueyus Juadiad 774 ‘aseyd Alres Je Juswadueyus Juadiad 774 ‘S1S0198U JO Juadiad AN 9 ‘SIS0II8U JO BWINJOA AN
‘asuodsal a19]dwod [eaibojoyred &Hd ‘Buibew paybiam-uoiSnyIp /M@ ‘paduryua-1SBAU0 JIWRUAP TG ‘8AInd sonsiialoeleyd Buijelado JaAI9a1 8y} Japun vale Dy ‘1UaI01809 uoisnyip Jualedde Hgy

Pa1ROIPUI BSIMIBUIO SSB|UN LUOIRIASD PIEpUE)S F URaW aJe ejleq

L8 €50 €0FLT GoFT  (S/;ww ¢ 0T) ™MIAN OQV
L6 150 9T0FETT €20780T  (S/Ww¢01) ™MIAL OQV
€8’ €50 2T0F 02T 9e'0792T  (S/WwW ¢ 0T) "MIALL DAV

(wv9) zewt=u  (%9€) 22/g =U (cz=u)1ma
29 G0 L6 F GE'EET 19F/€'90T 390AN z3d
18 250 G6 F GV'v9 G ¥ L£'8G 390AN 13d
L €50 LSF9202 8T F.°022 AAL zad
L6 150 9S¥8¥8T V0L FLTEIC FAAL 13d
€8’ 2s0 TG ¥ 1L°€8T 2T F20T 0711 23d
L6 150 85 ¥ LEVIT 92 ¥ 2'68T 3AALL T3d
66 050 vOT F 4T TFYT AN
L€ 650 80TF L. 89F 65 (gwo) F0AAN

(%99) 6€12e =t (%¥Y) 6E/LT =U (6e =) 300

aneA-d  ONV yod-uoN yod LB

SeLIoU12.JeD 2110498U JO suoleluawBas AJUo-SIS01au pue ‘SIS0J28U INOYIIAM JOWN] ‘10WN) 8|JOYM WOJ) SO1IBW [ANG PUe 3D0d

¥ alqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Breast Cancer Res Treat. Author manuscript; available in PMC 2021 July 21.



	Abstract
	Introduction
	Materials and methods
	Patients
	MRI acquisition
	MRI interpretation and segmentation
	Response assessment
	Statistical analysis

	Results
	Patient characteristics
	Association of necrosis with T stage, axillary nodal status, and pCR
	Association of DCE imaging metrics with pCR in necrotic TNBC subset
	Association of DWI imaging metrics with pCR in necrotic TNBC subset

	Discussion
	References
	Fig. 1
	Fig. 2
	Fig. 3
	Fig. 4
	Fig. 5
	Fig. 6
	Table 1
	Table 2
	Table 3
	Table 4

