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Background: Triple-negative breast cancers generally occur in young women with remark-
able potential to be aggressive. It will be of great help to detect this subtype of tumor early. To
retrospectively evaluate the performance of histogram analysis of apparent diffusion coefficient
(ADC) maps in distinguishing triple-negative breast cancer (TNBC) from other subtypes of
breast cancer (non-TNBC), when combined with magnetic resonance imaging (MRI) features.
Materials and methods: From February 2014 to December 2018, 192 patients were
included in this study taking preoperative standard MRI (s-MRI) and DWI. Seventy-six of
them were pathologically confirmed with TNBC and rest 116 with other subtypes. First, their
clinical-pathological features and morphological characteristics on MRI were assessed,
including tumor size, foci quantity, tumor shape, margin, internal enhancement, and time-
signal intensity curve types, in addition to the signal intensity on T2-weighted images.
Second, whole-lesion apparent diffusion coefficient (ADC) histogram analysis was executed.
Finally, both univariate and multivariate regression analyses were applied to identify the
most useful variables in separating TNBCs from non-TNBCs, and then their effects were
evaluated following receiver operating characteristic curve analysis.

Result: Multivariate regression analysis indicated that circumscribed margin, rim enhance-
ment, and ADCy, were important predictors for TNBC. Increased area under curve (AUC)
and improved specificity can be obtained when combined s-MRI and DWI (circumscribed
margin+rim enhancement+ADCoo>1.47x10"> mm?/s) is taken as the criterion, other than s-
MRI (circumscribed margin+rim enhancement) alone (s-MRI+DWI vs s-MRI; AUC, 0.833
vs 0.797; specificity, 98.3% vs 89.7%; sensitivity, 68.4% vs 69.7%).

Conclusion: Circumscribed margin and rim enhancement on s-MRI and ADCy, are three
important elements in detecting TNBC, while ADC histogram analysis can provide addi-
tional value in this detection.

Keywords: triple-negative breast cancer, magnetic resonance imaging, morphological
features, diffusion-weighted imaging, histogram analysis

Introduction

Triple-negative breast cancer (TNBC) is characterized with lack of estrogen recep-
tor (ER), progesterone receptor (PR), and human epidermal growth factor receptor
2 (HER2)." It constitutes 12—17% breast cancer population and has been identified
as an important subtype, due to its prevalence in young women and higher
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possibility of metastases.> It is known that biopsy is
adopted to find out the molecular subtype of breast cancer
before treatment. However, imaging diagnosis is also
recommended in following cases: 1) A biopsy is impossi-
ble; 2) Needle biopsy may miss tissue from breast cancer
when the sample or cells are taken from wrong area; 3)
Even if the sample is selected from correct area, the
pathologist misinterprets the tissue or cell as benign,
which actually indicates a cancer; and 4) Target biopsy is
selected for multifocal lesions. Therefore, non-invasive
prediction of TNBCs using magnetic resonance imaging
(MRI) is favorable to select the therapies.

Diffusion-weighted imaging (DWI) indicates the main
Brownian movement of protons in bulk water molecules.>
Apparent diffusion coefficient (ADC) values are measured
from the mean diffusivity along three orthogonal directions,
and this diffusivity is affected by tissue cellularity, fluid
viscosity, blood flow, and membrane permeability.
Microstructural characteristics were correlated with ADC
value, such as water diffusion and blood circulations in
capillary microstructure.* ® Several studies indicated that
the combination of DWI and dynamic MRI has the potential
to improve their diagnostic performance.”” However, these
studies only measured one or several slices of the lesion,
which may provide deficient information concerning radi-
ologic heterogeneity of the tumor and observer bias. Instead,
in this study, a whole-lesion ADC histogram analysis was
applied, which could better reflect the tissue heterogeneity,
reduce interrater variability, and increase the diagnostic
specificity.'®'? It has been proved in our previous study
that ADC histogram analysis can add value to standard
MRI in predicting breast malignancy."® To our knowledge,
there have been no reports addressing such value in increas-
ing the diagnostic specificity of TNBC.

We performed this study to integrate ADC histogram
analysis into the standard MRI findings for discriminating
TNBC from other subtypes of breast cancer.

Materials and methods

Patients

The present investigation was approved by the ethics
committee of the First Affiliated Hospital of Nanjing
Medical University (Nanjing, China). Informed consent
was not obtained since this was a retrospective study and
the study protocol conformed to the ethical guidelines of
the Declaration of Helsinki. From February 2014 to
December 2018, 432 patients without any intervention

before MRI were enrolled in the study. Among them,
240 were excluded at image analyses due to non-mass
enhancement (n=98), small tumor size (<1 cm) (n=63),
insufficient clinical-pathological information (n=19), poor
image quality or image artifact (n=35), and post-proces-
sing failure (n=25). And the rest 192 patients composed of
the population for analysis, including 76 TNBC and 116
non-TNBC.

MR image acquisition

MRI was obtained through a bilateral 8-channel phased-array
breast coil with the patient in the prone position on the same 3.0
T MRI scanner (MAGNETOM Trio, Siemens, Germany).
Standard MRI and DWI
such sequences: 1) a DWI sequence with b-values, 50 and
800 s/mmz; repetition time/echo time (TR/TE), 5400/86 ms;
field-of-view (FOV), 360%180 mm; matrix size, 192x82; and
slice thickness, 4 mm. Five readout segments were acquired for

were acquired following

readout-segmented EPI (echo-planar imaging). ADC maps
were drawn automatically from the DWI by MRI software;
2) the dynamic series, including a three-dimensional transverse
fast low angle shot T1-weighted sequence with fat suppression;
TR/TE, 4.23/1.57 ms; FOV, 340x340 mm; matrix size,
448x%296; slice thickness, 0.9 mm. Gadopentetate dimeglu-
mine (Magnevist; Bayer Healthcare, Berlin, Germany) was
injected intravenously as a bolus (0.1 mmol/kg body weight)
by a power injector at 3.0 ml/s, followed by a 20 ml saline flush
after pre-contrast acquisitions. The enhanced images were
acquired in five post-contrast acquisitions without gap centered
at 20 s within total 5 mins and 41 s; 3) the sagittal T2-weighted
imaging (T2WI) sequence with fat suppression, TR/TE, 3000/
72 ms; FOV, 340%340 mm; matrix size, 269%x384; and slice
thickness, 4.0 mm.

Clinical-pathological data

Histopathological results were acquired by surgery or core
needle biopsy on all female patients (mean, 49.13+11.91
years; range, 25-92 years) in our institution within 1
month after MRI examination. Histological diagnoses
were made by a single experienced pathologist (CW)
with more than 10 years’ work in breast histologic evalua-
tion. Lymph node status was examined on the basis of
hematoxylin and eosin-stained sections. Histological
grades of tubular structure, pleomorphism, and mitotic
count were evaluated with modified Bloom and
Richardson as the criteria, and they are ranked a: Grade
I, score 3-5; Grade II, score 6—7, Grade III, scores 8-9.

For the immunohistochemical analysis, tissue sections

submit your manuscript

8240

Dove

Cancer Management and Research 2019:1 |


http://www.dovepress.com
http://www.dovepress.com

Dove

Liu et al

with fixed formalin and embedded paraffin were stained
with appropriate antibodies. ER or PR was considered as
positive when the stained nuclei take up more than 1% of
the cancer cells on an entire stained slide. Furthermore,
membranous staining was scored from 0 to 3+ in the case
that HER2 expression is concerned. Score 3+ meant posi-
tive and score 0 or 1+ is considered as negative. Tumors
scored 2+ were sent for fluorescence in situ hybridization
(FISH) test to determine the gene amplification, and HER2
expression was labeled as positive if the signal ratio of
HER2 gene to chromosome 17 was greater than 2.
Accordingly, breast cancers were categorized into TNBC
(ER and PR absent, HER2 negative) and non-TNBC (ER-
and/or PR-positive or HER2 overexpressed or amplified)
groups with reference to molecular marker expression.'
The detailed clinical-pathological features of these two
groups are illustrated in Table 1.

Interpretation of MRI findings

MR images were verified retrospectively by a senior radi-
ologist (YNJ) with more than 10 years’ experience in
breast MR imaging, relying on the Breast Imaging
Reporting and Data System (BI-RADS) alone," blind to
the pathological findings. To comply with the time-signal
intensity curve (TIC) patterns, all dynamic contrast

Table | Clinical-pathological information of study population

enhancement MRI (DCE-MRI) data were processed after-
ward with the mean-curve software on syngoMMWP
VE40B workstation. A circular region of interest (ROI)
was selected in the most enhanced region of a slice from
the largest tumor area, with its diameter of 5-10 mm?
avoiding any necrotic, cystic or hemorrhagic areas. The
TICpattern was generated from the selected ROI and cate-
gorized into three types, type I (persistent), type II (pla-
teau) and type III (washout). Furthermore, when visually
evaluated on T2WIs, the intramural signal intensity of the
tumors can be low, equal or high compared with its sur-
rounding breast tissues. For all the masses, the tumor size,
foci quantity, tumor shape, mass margin, and the internal
enhancement were also evaluated on the DCE-MRI
Tumor size was calculated based on the maximum dia-
meter of the tumor. For patients with more than one lesion,
only the largest one was included in our study. And their
detailed MRI features are shown in Table 2.

For quantitative assessment of the DWI, all images
were converted into digital imaging format for transfer-
ence and medicine format for communication. Then, both
data were further processed offline with in-house software
(FireVoxel; CAI’R, New York University, NY). After that,
ADC maps were drawn on a mono-exponential fitting
model. All ROIs were drawn on the most encompassed

Characteristics TNBC (n=76) Non-TNBC (n=116) P-value
Age (years)* 51.05%£12.92 47.86+11.08 0.079
Axillary lymph node + 34 (44.74) 62 (53.45) 0.151
- 42 (55.26) 54 (46.55)
Histologic tumor grade Grade | 0 (0) 20 (17.24) <0.001
Grade Il 24 (31.58) 64 (55.17)
Grade llI 52 (68.42) 32 (27.59)
Ki-67 index* 58.62+20.99 26.23%21.02 <0.001
Histologic tumor type Invasive ductal carcinoma 55 (72.34) 82 (70.69) -
Invasive lobular carcinoma 6 (7.89) 10 (8.62)
Ductal carcinomas in situ 3 (3.95) 8 (6.90)
Papillary carcinoma 1(1.32) 5 (4.31)
Ductal adenocarcinoma 1 (1.32) 2 (1.72)
Malignant phyllodes 1 (1.32) 3 (2.59)
Medullary carcinoma 1(1.32) 1 (0.86)
Metaplastic carcinoma 4 (5.26) 1 (0.86)
Mucinous carcinoma 1(1.32) 2 (1.72)
Pagets disease 2 (2.63) 1 (0.86)
Sarcomatoid cancer 1(1.32) 1 (0.86)
Notes: Unless otherwise indicated, data are numbers of patients, with percentages in parentheses. *Data presented as meanzstandard deviation.
Abbreviations: TNBC, triple-negative breast cancer; non-TNBC, other subtypes of breast cancer.
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Table 2 Magnetic resonance imaging features stratified by TNBC and non-TNBC

Parameters TNBC (n=76) Non-TNBC (n=116) P-value

Tumor size (cm)* 2.64+0.94 2.25%1.17 0.011

Foci quantity Unifocal lesion 44 (57.89) 86 (74.14) 0.014
Multifocal lesion 32 (42.11) 30 (25.86)

Shape Regular 39 (51.32) 30 (25.86) <0.001
Irregular 37 (48.68) 86 (74.14)

Margin circumscribed 57 (75.00) 22 (18.97) <0.001
Not circumscribed 19 (25.00) 94 (81.03)

Internal enhancement Homogeneous 0 (0) 18 (15.52) <0.001
Heterogeneous 8 (10.53) 54 (46.55)
Rim 68 (89.47) 44 (37.93)

Intratumoral Sl on T2WI Low or equal 30 (39.47) 61 (52.59) 0.079
High 46 (60.53) 55 (47.41)

TIC pattern Type | 10 (13.16) 5 (4.31) 0.025
Type |l 36 (47.37) 74 (63.79)
Type Il 30 (39.47) 37 (31.90)

Notes: Unless otherwise indicated, data are numbers of patients, with percentages in parentheses. *Data presented as meanxstandard deviation.
Abbreviations: S|, signal intensity; T2WI, T2-weighted imaging; TIC, time-signal intensity curve; TNBC, triple-negative breast cancer; non-TNBC, other subtypes of breast cancer.

lesion area regardless of all necrotic, cystic, or hemorrha-
gic parts. To minimize the influence of partial volume
effect, all ROIs were selected a bit smaller than the real
lesion, and whole-lesion ADC histograms providing sta-
tistical information were generated based on entire lesion
volume. Then, the measurements of various parameters
about ROIs in every lesion foci slice were totaled to get
the voxel-by-voxel values for histogram analysis. The
histogram parameters for each ROI were analyzed with
commercial software (SPSS V. 19.0, Chicago, IL, USA).
Whereupon, these ADC histograms were drawn with dif-
fusivity on its x-axis and its bin size of 110> mm?/s, and
the percentage of lesion volume (frequency in each bin/
total number of voxels analyzed) on its y-axis. From ADC
histogram analysis, we got the following parameters
including ADC can, ADCiiin, ADCrpax, ADCqp, ADCs,
ADCjs, ADCedian, ADCgo0, ADC79, ADCys, ADCyy,
skewness, and kurtosis. On each percentile, a certain num-
ber of observations were calculated. On this histogram,
skewness means the asymmetry of the pixel distribution

and kurtosis tells its peakedness.

Statistical analysis

All the parameter values collected were statistically ana-
lyzed with software packages (SPSS V. 19.0, Chicago, IL,
USA; and MedCalc V. 12.7, Mariakerke, Belgium). For

each parameter, their numeric data were averaged over all
patients to get mean+SD, and then K-S test was conducted
on them for normally distributed analysis. First, univariate
analysis was performed on every qualitative and quantita-
tive variable to estimate their ability for TNBC prediction.
Furthermore, the frequency distribution of each qualitative
MRI parameter as well as their clinical-pathological fea-
tures was compared by chi-square test. If the sample size
of any subgroup was too small, then Fisher exact test was
applied instead. While the quantitative parameters of the
two groups were compared following the unpaired #-test.
Based on these comparisons, multivariate regression ana-
lysis was adopted to look for the most significant vari-
ables. After that, ROC curve analyses were used to work
out the value of these risk variables and compare their
efficiency in predicting TNBC. Finally, sensitivity and
specificity were calculated with a threshold criterion with
maximum Youden index (Youden index=sensitivity+spe-
cificity—1). For this analysis, statistically significance para-
meter P is supposed as P<0.05.

Results

From Table 1, which shows the clinical-pathological data,
we noticed among 192 breast cancers, 76 (39.58%) were
TNBC and 116 (60.42%) were non-TNBC. There was no
age-related bias between these two groups (p=0.079), and
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no remarkable difference in axillary lymph node status of
the two groups (p=0.151), either. However, females suffer-
ing from TNBC were more likely to have histologically
grade III tumors (68.42% in TNBC vs 27.59% in non-
TNBC, p<0.001). And higher Ki-67 index was noticeably
associated with TNBC (p<0.001).

From Table 2, which shows the univariate analyses of
the MRI parameters between these two groups, we con-
cluded larger tumor size, regular shape (51.32% in TNBC
vs 25.86% in non-TNBC), circumscribed mass margin
(75.00% in TNBC vs 18.97% in non-TNBC), and rim
enhancement (89.47% in TNBC vs 37.93% in non-
TNBC) were
(p<0.05). Foci quantity was significantly different between

significantly associated with TNBC

these two groups with the unifocal lesion accounting for
57.89% in TNBC and 74.14% in non-TNBC (p<0.05).
And percentage of persistent enhancement pattern was
13.16% for TNBC and 4.31% for non-TNBC, while the
TIC pattern was also significantly different in the two
groups (p<0.05). However, no big difference was found
in signal intensity on T2WI (P>0.05), even 60.53% of the
TNBCs have high values.

On DWI, TNBC showed rather higher values than non-
TNBCs when the following parameters are considered,
ADCeans ADCrhin, ADCpax, ADCpy, ADCs,y, ADCss,
ADCedgians  ADCgo, ADC,5, ADC;s, and ADCy,.
However, no difference in skewness and kurtosis is

Table 3 Histogram parameters generated from ADC maps of
the two groups

Parameters | TNBC Non-TNBC P-value
(n=76) (n=116)

ADC, can 1.24+0.26 1.07+0.15 <0.001
ADC.in 0.7940.14 0.66+0.22 <0.001
ADC . 1.8740.29 1.5940.25 <0.001
ADC,, 0.9940.20 0.8610.14 <0.001
ADCy 1.05+0.22 0.92+0.13 <0.001
ADC;; 1.08+0.23 0.95+0.14 <0.001
ADC, cgian 1.22+0.28 1.05+0.14 <0.001
ADCq 1.28+0.29 1.10£0.17 <0.001
ADC, 1.34£0.31 1.15£0.19 <0.001
ADCs 1.37+0.31 1.18+0.20 <0.001
ADCy 1.54+0.33 1.314£0.23 <0.001
Skewness 0.56+0.69 0.6110.63 0.633
Kurtosis 3.84+2.58 3.93+1.27 0.775

Notes: Except P-value, data are presented as mean+SD. The unit for ADC value is
%1072 mm?s.

Abbreviations: ADC, apparent diffusion coefficient; ADCn, nth percentile value of
cumulative ADC histogram; TNBC, triple-negative breast cancer; non-TNBC, other
subtypes of breast cancer.

insignificant. In Table 3, the values of histogram para-
meters are compared between the two groups. Through
ROC curve analysis, we noticed that ADCoyy=1.47x10"3
mm?*/s would be an optimal threshold value for differen-
tiating TNBC from non-TNBC when it is used as the index
only. Upon this index, a higher AUC could be achieved
than ADC,can, and their difference was quite remarkable
(AUC, 0.768 vs 0.692; P=0.04). To avoid the possible
collinearity, only this quantitative parameter ADCg,
which demonstrated the maximum AUC, was included in
the multivariate regression analysis, together with tumor
size, foci quantity, tumor shape, mass margin, internal
enhancement, and TIC types. Multivariate regression ana-
lysis results revealed that circumscribed margin, rim
enhancement, and ADCy, have important relation with
TNBC. Detailed multivariate regression analysis results
are shown in Table 4 and its representative cases are
shown in Figure 1.

According to this result of multivariate regression analysis,
we established two diagnostic models (s-MRI: circumscribed
margin and rim enhancement; s-MRI+DWI: circumscribed
margin, rim enhancement, and ADCo>1.47x1073 mmz/s).
And we noticed s-MRI+DWI together help to achieve higher
AUC and better specificity than s-MRI alone (s-MRI+DWI vs
s-MRI; AUC, 0.833 vs 0.797; specificity, 98.3% vs 89.7%;
sensitivity, 68.4% vs 69.7%). And the difference of AUC was
statistically significant (P=0.013). The detailed diagnostic per-
formances are summarized in Table 5.

Discussion

Our study demonstrated that circumscribed margin, rim
enhancement, and ADCy, were significant predictors for
TNBC. ADC histogram analysis can provide added value
in clinical diagnosis, especially in specificity.

In our study, TNBCs presented higher histologic grade,
and Ki-67 expression was in conformity with previous
reports.'®'® Even a higher rate of lymph node positivity
was considered to be associated with TNBC,16’17’19 its
difference in TNBCs and non-TNBCs was not significant.
All features reflecting the higher proliferation rate and
more aggressive behavior of TNBC.

Meanwhile, our study also concluded that TNBC had a
regular shape and circumscribed margin in morphological
features, similar to those reported in previous studies.”*?' In
general, regular shape and circumscribed mass margin are
frequently considered as benign findings. In addition,
Schrading and Kuhl*? revealed that familial breast cancer
tends to have circumscribed mass margins. Therefore,
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Table 4 Multivariate logistic regression results for predicting TNBC

Parameters B coefficient Standard error Odds ratio P-value
Tumor size 0.207 0.193 1.230 0.283
Unifocal lesion 0.200 0.509 1.221 0.695
Regular shape —0.091 0.460 0913 0.843
Circumscribed margin -1.777 0.428 0.169 <0.001
Rim enhancement —1.852 0.471 0.157 <0.001
Persistent TIC 0.657 0.859 1.929 0.444
Plateau TIC —0.192 0.438 0.825 0.660
ADCyg 1.927 0.834 6.869 0.021

Abbreviations: TNBC, triple-negative breast cancer; TIC, time-signal intensity curve; ADC, apparent diffusion coefficient.
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Figure I MR images in a 54-year-old woman with left TNBC (A-E) and a 75-year-old woman with right non-TNBC (F-J). Dynamic contrast-enhanced images on the largest
slice of lesions demonstrate that TNBC (A) is shown as circumscribed margin with rim enhancement and non-TNBC (G) is shown as not circumscribed margin with
heterogeneous enhancement. Sagittal T2-weighted images show high signal intensity in TNBC (B) and low signal intensity in non-TNBC (H). Corresponding color maps (C, I)
for pixel-by-pixel ADC values of whole lesion delineated with freehand ROI are obtained by diffusion-weighted image (b=800 s/mm?). Photomicrograph of histologic specimen of
surgical resection tissue shows invasive ductal carcinoma (IDC) (D) with grade 3 cellular features (Hematoxylin-eosin stain; original magnification, % 100). Photomicrograph of
histologic specimen of biopsy tissue shows IDC (J) with grade 3 cellular features (Hematoxylin-eosin stain; original magnification, x40). The corresponding histograms show a
large portion of pixels with higher ADC values with ADCgo=1.805%10"> mm?/s of TNBC (E), and a large portion of pixels with lower ADC values with ADCgo=1.263% 1073
mm?/s of non-TNBC (F).

Abbreviations: MR, magnetic resonance; TNBC, triple-negative breast cancer; non-TNBC, other subtypes of breast cancer; ADC , apparent diffusion coefficient; ROI, region
of interest.
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Table 5 Diagnostic performance of significant parameters of MRI and the combination of MRI and DWI
Parameters AUC SE 95% CI Sensitivity Specificity P-value
s-MRI 0.797 0.030 0.733-0.851 69.7 89.7 0.013
s-MRI+DWI 0.833 0.028 0.773-0.883 68.4 98.3

Note: The combination of s-MRI and DWI is performed using the method of logistic regression.
Abbreviations: AUC, area under curve; Cl, confidence interval; DWI, diffusion-weighed imaging; SE, standard error.

specific subtypes of high-grade tumors, such as TNBCs and
familial breast cancers, are possible to manifest benign
morphologic characteristics. Nevertheless, our logistic
regression analysis failed to identify regular shape as an
independent predictor of TNBC. Reasonably, this could be
affected by the close association of this parameter with
other morphological features such as circumscribed margin
or rim enhancement, which could have limited the capabil-
ity of regression analysis to independently demonstrate the
effect of regular shape in the prediction of TNBC.

Moreover, rim enhancement was significantly correlated
with TNBC in our study, and most TNBCs on T2WI
showed high intramural signal intensity. Rim enhancement
can be illuminated by peripheral high angiogenesis and
central necrosis of the tumor.”>>> Dogan et al*® reported
that the areas of high signal intensity on T2WI which
located in the center of the tumor are correspondent to
non-enhanced areas on dynamic MRI. As a common find-
ing, it could be explained by internal tumor necrosis in
majority of TNBCs. Schmitz et al also?’ reported that
visible rim enhancement was the most accurate prognostic
biomarker for ER status. These results suggest that rim
enhancement may be the most useful MRI finding for
identifying TNBC. In our study, it is also an independent
predictor for TNBC in multivariate regression analysis.

In addition to the earlier morphological analyses on the
standard MRI, molecular characterization is expected to be
beneficial for the diagnosis of TNBC as well. With refer-
ence to previous documents, lower ADC values usually
accompanied with features reflecting aggressive cancer,
such as advanced histological grade, larger tumor size or
existence of axillary lymph nodes.”®*’ In this view, TNBC
manifesting aggressive clinical features is expected to
have lower ADC values than other subtypes. However, in
our study, it was found TNBC exhibited higher mean ADC
value (P<0.001). One possible explanation for the incon-
sistency is that the intramural necrosis which showed high
signal intensity on T2WI was significantly related with
tumor aggressiveness and higher ADC value. Areas of
tumor necrosis indicated a decrease in tumor cellularity

but an increase in its diffusion, loss of signal, and higher
ADC value on DWL? In spite of the pathological verifi-
cation of tumor necrosis, it still could be assumed that
higher ADC value in TNBC is related with the tumor
necrosis.

In ADC histograms analysis, we found that quite a few
ADC parameters (ADC,,in, ADCihean, ADCrax, ADCg,
ADCy0, ADC3s, ADCpedians ADCg9, ADC7, ADCy75, and
ADCyg; all P<0.001) had a higher value than those of other
subtypes. Among them, ADCgy showed the maximum AUC
in the ROC curve analysis. For this reason, we believe that
high percentile ADC values would keep well with the necro-
sis component of the lesion tissue. Within lesions with het-
erogeneous cellularity, focal areas of necrosis components
can to a great extent be represented by ADCy instead of
ADCcan. Moreover, in lesions densely packed with necro-
sis, more pixels display high ADC values. In contrast,
ADC,,.x could be easily affected by outlier noise, artifact,
or of the mass margin around in ROI assignment. As a result,
ADCy performed best among all percentile ADC values
with the optimal threshold value 1.47x10° mm?/s in distin-
guishing TNBC from other subtypes.

By combining the standard MRI features (circum-
scribed margin, rim internal enhancement) with ADCy,
higher AUC and better specificity can be achieved than by
using the morphological features only. The standard MRI
and DWI may produce complementary information for
each other by using the ADC values as the DWI biomar-
ker. As is known, clinical cancer diagnosis still has great
limitation for its low specificity, which may lead to unne-
cessary biopsy.>! Therefore, a statistically significant dif-
ference in AUC and better specificity could promote our
confidence in TNBC prediction, which will greatly help
the communication between doctors and patients and
would facilitate clinical decision-making, enable the
development of optimal treatment plans, and improve clin-
ical outcomes.

However, there are a few limitations in our study, in
addition to the inherent limitations of retrospective design.
First, the limited quality of DWI and difficulty in manual
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selection should take responsibility for excluding small
tumors with diameter less than 1 cm and non-mass
enhancement lesions from our study. Furthermore, higher
ADC values of non-mass enhancement lesions may be
caused by the improper inclusion of parenchymal tissue.
Considering the incidence of small lesions and non-mass
enhancement lesions, this could limit the clinical applic-
ability of our results. Second, both MRI feature analysis
and histogram analysis of ADC were performed only once;
hence, the inter- and intra-reader variabilities were not
assessed. Third, our study examined TNBC and other
subtypes, not compared different subtypes based on a
detailed one-to-one comparison. Further studies to com-
pare TNBC with different subtype breast cancers in detail
and benign lesions such as fibroadenoma are needed.
Therefore, the findings of this study should be considered
only as preliminary results.

Conclusion

In conclusion, TNBC presented several distinctive mor-
phological features on standard MRI like circumscribed
margin and rim enhancement. As is known, clinical cancer
diagnosis still has great limitation for the low specificity of
standard MRI, which may lead to unnecessary biopsy.
Besides the morphological features, ADC histogram ana-
lysis has the potential to provide additional value in pre-
dicting TNBC with high specificity. The standard MRI and
DWI may produce complementary information for each
other by using the ADC values as the DWI biomarker.
Based on our preliminary results, adding ADC histogram
analysis could improve diagnostic specificity and promote
our confidence in TNBC prediction, which will greatly
help the communication between doctors and patients.
Therefore, adding ADC histogram analysis would facili-
tate clinical decision making, enable the development of
optimal treatment plans, and improve clinical outcomes.
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