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Introduction
Triple-negative breast cancer (TNBC) is defined by a 
lack of overexpression of estrogen receptor (ER), proges-
terone receptor (PR), and human epidermal growth 
factor receptor-2 (Her2). TNBC is mostly an aggressive 
subgroup,1 but this is in fact widely heterogeneous, and 
the prognosis varies according to clinical, pathological, 
and genetic factors.2 Peak recurrence occurs within the 
first 3 years, whereas late recurrence declines over the 
following 5 years,3 and patients who remain disease-free 
over 8 years are unlikely to die from breast cancer.4 Many 
efforts have been assessed to clarify risk stratification 
in patients with TNBC. Pathological complete response 
(pCR) rates after neoadjuvant chemotherapy (NAC) 
have been shown to be higher in patients with TNBC 
compared with patients with estrogen receptor-positive 
breast cancers.5,6 However, a response other than pCR 
or near-pCR increase the risk of recurrence and death 

in TNBC patients compared with non-TNBC patients.5 
Larger tumor size, lymph node metastasis, lymphatic 
invasion, and advance stage has been observed as clinico-
pathological risk factors for recurrence of TNBC.7–9 One 
of the most extensively investigated factors is androgen 
receptor (AR),10,11 but this marker is not used in routine 
practice. Recently, tumor-associated stroma have been 
recognized to influence tumor malignant behavior 
including progression, invasion and metastasis.12 Tumor–
stromal ratio (TSR) is a parameter of the amount of 
tumor-associated stroma, which has proved to be a poor 
prognostic factor of invasive breast cancer, and the most 
pronounced prognostic effect of this has been observed 
in TNBC.13–15 TSR has been reported to be an indepen-
dent variables of recurrence and death in TNBC.16

Dynamic contrast-enhanced MRI (DCE-MRI) has been 
believed to have the ability to assess tumor vascularity 
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Objective: To evaluate the associations between 
computer-aided diagnosis (CAD)-generated kinetic 
volume parameters and survival in triple-negative breast 
cancer (TNBC) patients.
Methods: 40 patients with TNBC who underwent pre-
operative MRI between March 2008 and March 2014 
were included. We analyzed CAD-generated param-
eters on dynamic contrast-enhanced MRI, visual MRI 
assessment, and histopathological data. Cox propor-
tional hazards models were used to determine associa-
tions with survival outcomes.
Results: 12 of the 40 (30.0%) patients experienced 
recurrence and 7 died of breast cancer after a median 
follow-up of 73.6 months. In multivariate analysis, 
higher percentage volume (%V) with more than 200% 
initial enhancement rate correlated with worse disease-
specific survival (hazard ratio, 1.12; 95% confidence 

interval, 1.02–1.22; p-value, 0.014) and higher %V with 
more than 100% initial enhancement rate followed 
by persistent curve type at 30% threshold correlated 
with worse disease-specific survival (hazard ratio, 1.33; 
95% confidence interval, 1.10–1.61; p-value, 0.004) and 
disease-free survival (hazard ratio, 1.27; 95% confi-
dence interval, 1.12–1.43; p-value, 0.000).
Conclusion: CAD-generated kinetic volume parameters 
may correlate with survival in TNBC patients. Further 
study would be necessary to validate our results on 
larger cohorts.
Advances in knowledge: CAD generated kinetic volume 
parameters on breast MRI can predict recurrence and 
survival outcome of patients in TNBC. Varying the 
enhancement threshold improved the predictive perfor-
mance of CAD generated kinetic volume parameter.
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and the extracellular extravascular space (EES) induced by the 
neoplasm through MRI-derived kinetic parameters. Recently, 
several studies have reported that these kinetic parameters 
correlate with breast cancer prognostic factors or survival.17–22 
Yamaguchi et al reported the correlations of TSR in invasive 
breast cancers with DCE-MRI findings. In their study, invasive 
breast cancers with high-stroma had higher percentage of kinetic 
component with a delayed persistent curve pattern.23 On the 
other hand, in assessing breast DCE-MRI, computer-aided diag-
nosis (CAD) programs have been developed to overcome the 
subjectivity inherent in visual assessment.24,25 These programs 
automatically generate kinetic curves and provide detailed infor-
mation about the cancer lesion. Previous studies have shown 
correlations between CAD-generated kinetic parameters and 
survival of patients with breast cancers.26–28 As shown in those 
studies, in CAD kinetic curve assessment, enhancement rate 
thresholds are commonly set according to the definitions of the 
American College of Radiology Breast Imaging Reporting and 
Data System (BI-RADS) MRI criteria. However, in recent CAD 
assessment studies with treatment response of breast cancer after 
NAC, thresholds were changed and optimized, and thus differed 
from those defined by the BI-RADS definitions.29–31 If we set 
the thresholds for initial and delayed phases higher than those 
defined by the BI-RADS definitions, kinetic components with 
higher blood flow and with higher stroma could be segmented 
automatically by CAD.

The purpose of this study was to evaluate associations between 
CAD-generated kinetic volume parameters and survival in 
TNBC patients, and to identify more optimal DCE-MRI 
biomarkers for risk stratification of TNBC.

Methods and materials
Study population
Our institutional review board approved this study, and the 
requirement for informed consent was waived. From our hospital 
(Nagoya University Hospital) database, we identified 49 patients 
with a pathologic diagnosis of TNBC who had undergone 
surgery with pretreatment DCE-MRI at our institution between 
March 2008 and March 2014. Seven patients who underwent 
MRI using different DCE protocols were excluded. Two patients 
who had incomplete CAD-generated images for analysis were 
also excluded. As a result, a final total of 40 patients (all female) 
with TNBC who underwent pretreatment DCE-MRI in a same 
protocol were included as our study population.

MR imaging
All patients were scanned in a prone position using a 3 T MRI 
scanner (MAGNETOM Trio; Siemens Medical Solutions, 
Erlangen, Germany) with a dedicated 4-channel phased-array 
bilateral breast coil. Before administration of contrast media, axial 
bilateral images were acquired using a fat-suppressed T2 weighted 
fast spin echo sequence. Dynamic axial bilateral breast images of 
fat-suppressed T1 weighted three-dimensional fast gradient-echo 
images (VIEWS) were sequentially acquired before and 75, 185 
and 295 s after administration of the contrast medium. Gadopen-
tetate dimeglumine (Magnevist; Bayer Schering, Osaka, Japan) 
was administered intravenously at a dose of 0.1 mmol/kg body 

weight and a flow rate of 2 ml s−1, followed by a 20 ml saline flush. 
Parameters of the VIEWS sequence were as follows: repetition 
time, 4.2 ms; echo time, 1.6 ms; flip angle, 15°; field of view, 340 
× 340 mm; matrix, 512 × 410; thickness, 0.9 mm; one acquisi-
tion; and acquisition time, 110 s. SPAIR for fat suppression and a 
GRAPPA acceleration factor of 2 for parallel imaging were also 
applied.

MRI analysis
All dynamic axial bilateral breast MRI were transferred to a dedi-
cated CAD system (syngo BreVis; Siemens Medical Solutions) 
and retrospectively processed. This CAD system automatically 
calculated kinetic enhancement curve for each voxels, and 
created a color map semi-quantitatively according to the setting 
thresholds of initial enhancement (i.e.IE) rate and delayed kinetic 
curve type (Figure 1). IE rate was defined as (SI1st – SIpre) / SIpre 
* 100, where SI1st is the signal intensity of the identified voxel in 
the first post-contrast series (obtained at 75 s after contrast injec-
tion), and SIpre is the signal intensity of the pre-contrast measure-
ment. Delayed kinetic curve types were classified into three 
types: persistent; plateau; and washout. A persistent curve type 
indicated an increase in voxel signal intensity greater than the 
threshold at the third post-contrast series (obtained at 295 s after 
contrast injection) compared to the first post-contrast series. A 
washout curve type indicated a decrease in voxel signal intensity 
greater than the threshold at the third post-contrast series from 
the first post-contrast series. A plateau curve type indicated an 
increase or decrease in voxel signal intensity below the threshold. 
Except determining the values of thresholds, these steps were 
automatically performed by the CAD system. A sphere volume 
of interest (VOI) was placed manually to enclose the whole 
lesion. When necessary, non-cancerous region of enhancement 
intruding on the VOI, such as extremely strong background 
parenchymal enhancement or vessels were eliminated using a 
manually drawn irregular VOI. Setting the VOI, total enhanced 
volume (TEV (cm3)), which was defined in this study to be the 
volume of all voxels exceeding an IE rate of 50%, was calculated 
and recorded. Simultaneously, each percentage volume (%V; the 
percentage of a volume meeting the threshold for IE rate and 
delayed curve type) relative to TEV were calculated. Thresholds 
for IE rate and curve type were modifiable, and were set at 100 
and 10% according to BI-RADS criteria. We also investigated 
setting the IE threshold at 200% and the delayed curve type 
threshold at 30%. As the variables of kinetic volume analysis in 
initial phase, we selected %V of more than 100% (>100%) and 
200% (>200%) IE rate. As the variables of kinetic volume anal-
ysis through the initial and delayed phase, %V meeting thresh-
olds for combinations of >100% or >200% IE rate and subsequent 
curve type (persistent, plateau, and washout) were recorded. 
Ultimately, investigated CAD kinetic volume parameters in this 
study were as follows.

•TEV(cm3)

•	 %V >100% IE rate
•	 %V >200% IE rate
•	 %V >100% IE rate - < -10% washout (decrease in signal 

intensity of more than 10%)
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•	 %V >100% IE rate - ±10% plateau (signal intensity that 
remained within ± 10%)

•	 %V >100% IE rate - > 10% persistent (increase in signal 
intensity of more than 10%)

•	 %V >100% IE rate - < -30% washout (decrease in signal 
intensity of more than 30%)

•	 %V >100% IE rate - ±30% plateau (signal intensity that 
remained within ± 30%)

•	 %V >100% IE rate - >30% persistent (increase in signal 
intensity of more than 30%)

•	 %V >200% IE rate - < -10% washout
•	 %V >200% IE rate - ±10% plateau
•	 %V >200% IE rate - >10% persistent
•	 %V >200% IE rate - < -30% washout
•	 %V >200% IE rate - ±30% plateau
•	 %V >200% IE rate - > 30% persistent

Visual MRI assessment was performed by reviewing mass 
shape (irregular or round/oval), mass margin (not circum-
scribed or circumscribed), and internal enhancement (hetero-
geneous or rim enhancement). In addition, the presence of 
intratumoral signal hyperintensity and the presence of peri-
tumoral edema on T2 weighted images were also determined.  
One dedicated breast radiologist (HS, with 25 years of experience 
of breast imaging) performed, first, CAD analysis, and visual 
assessments separately after more than a month. The diagnosis of 
TNBC was known, but the reader was blinded regarding survival, 

presence of metastasis, and other clinical/histopathological data. 

Data collection
We collected patient’s age, race, clinical tumor size, surgery type, 
receipt of radiation and/ or chemotherapy, time and site of recur-
rence, time of breast cancer death, and last follow-up from the 
patient’s medical record. We defined clinical tumor size as the 
largest diameter measured by MRI. The pathologic tumor size, 
histologic type, nuclear grade, presence of lymphovascular inva-
sion, surgical margin status, axillary lymph node status, and 
the expression status of ER, PR, and HER2 were obtained from 
pathology reports for surgical or core biopsy samples obtained 
prior to initiating NAC. For the expression statuses of ER, PR, 
the presence at least 1% positive tumor nuclei in a sample was 
used to define ER and PR positivity.32 The intensity of immuno-
histochemical staining for HER2 was initially scored as 0, 1+, 2+, 
or 3+, with tumors scoring 0 or 1+ classified as HER2-negative. 
Gene amplification using fluorescence in situ hybridization was 
performed in tumors with a score of 2+ to determine HER2 
status.33 TNBC was defined as a tumor showing negative results 
for ER, PR, and HER2.

Surveillance and follow-up
For the surveillance of locoregional or contralateral breast recur-
rence, we examined patients annually with mammography and 

Figure 1. Pretreatment MR images overlaid with CAD color maps based on varying thresholds of IE and delayed kinetic curve 
types. (a, b, (c). A 48-year-old female with triple negative breast cancer who was found to have no recurrence after a follow-up 
2573 days. (d, e, f), A 48-year-old female with triple negative breast cancer who was found to have distant recurrence after a 
follow-up 41 days and died after 111 days. (a, d) Axial contrast-enhanced MR image overlaid with CAD color map based on IE 
threshold at 200%. Areas in red indicate fast enhancement with >200% IE rate. (b, e) Axial contrast-enhanced MR image overlaid 
with CAD color map based on IE threshold at 100% and curve type (persistent, plateau, and washout) at 30% threshold. Light blue 
areas indicate with >100% IE rate followed by persistent curve type with >30% signal increase. Setting the VOI, TEV (the volume 
of all voxels exceeding an IE rate of 50%) (cm3), percentage volume (%V; the percentage of a volume meeting the threshold for 
IE and delayed curve type) were calculated automatically. (c, f) Results of %V. In the diagrams, the ordinate shows IE rate and its 
threshold. The abscissa shows delayed kinetic curve types and the thresholds. Percentage indicates %V which is proportion meet-
ing the thresholds to TEV %V with >100% IE rate followed by persistent curve type at 30% threshold was 0.6% in (c), and 22.7% in 
(f). CAD, computer-aided diagnosis; IE, initial enhancement; TEV, total enhanced volume; VOI, volume ofinterest.
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ultrasonography. Chest radiography, chest and abdomen CT, or 
whole-body fluorine 18-fludeoxyglucose positron emissionto-
mography was performed for surveillance of distant metastasis. 
Recurrence was defined as locoregional (limited to the ipsilat-
eral breast or chest wall and/or to the axillary, infraclavicular, 
or supraclavicular, or internal mammary lymph nodes), contra-
lateral breast, or distant (metastasis to other parts of the body), 
according to the first pathologically detected recurrence site in 
each patient.

Statistical analysis
The primary outcomes were disease-free survival (DFS) and 
disease-specific survival (DSS). DFS was defined as the time 
from the date of surgery to the date of first recurrence of 
breast cancer. In the absence of events, DFS was calculated 
as the interval between the date of surgery and the last clin-
ical follow-up. DSS was defined as the time from surgery 
to death from breast cancer, or to the date of last follow-up. 
 Patient characteristics were compared between patients 
with and patients without recurrence, and between patients 
with and patients without death from breast cancer, by using 
a χ2 test or Fisher exact test. For continuous variables, the 
Shapiro–Wilk test and Levene F test were performed for 
normality and equal variance. If the data were normally 
distributed and had equal variance, the Student’s t-test was 
used. Otherwise, the Mann–Whitney U test was performed.  
Cox proportional hazards modeling was used to analyze DFS 
and DSS with CAD-generated kinetic volume parameters (TEV, 
and %V), visual MRI assessment, and clinicopathological data 
(clinical tumor size, cancer type (invasive ductal carcinoma, IDC 
or others), lymphovascular invasion, nuclear grade (3 vs 1 or 2), 
and LN metastasis). When univariate analysis identified a factor 
showing a value of p < .05, that factor was selected as a candidate 
for addition to the multivariate Cox proportional hazards model. 
Because of expected multicollinearity, we selected variables with 
showing the lower p-value among significant kinetic volume 
parameters at univariate analysis, and inserted into the multivar-
iate model separately a variable of % V > IE rate and a variable of 
% V > IE with delayed curve type.

On the basis of receiver operating characteristic (ROC) curve 
analysis, optimal cut-off values for kinetic volume parameters 
were determined by checking the point closest to the (0,1). Using 
the cut-off values, we dichotomized into two groups and gener-
ated Kaplan–Meier survival curves. Differences between survival 
curves were examined using the log-rank test.

Statistical analyses were conducted using SPSS Statistics v. 23.0 
software (IBM, Chicago, IL).

Results
Patients characteristics and outcomes
Clinical and pathological characteristics among 40 patients are 
shown in Table 1. The mean age of the patients was 56.1 years 
(range: 32–77 years) and all were East Asians. Genetic testing for 
BRCA mutation was not performed in all 40 patients. The mean 
of clinical tumor size measured at MR imaging was 2.615 cm 
(range: 0.9–10.0 cm). Of 35 (87.5%) patients who underwent 

adjuvant chemotherapy, six patients received NAC before 
surgery and one patient achieved pathologic complete response. 
Among all 40 patients, partial mastectomy was performed in 
20 patients (50.0%) and total mastectomy was performed in 
20 patients (50.0%). In all 20 patients who underwent partial 
mastectomy, surgical margin status was negative of cancer cells. 
18 patients (45.0%) underwent adjuvant intra- or postoperative 
radiotherapy.

Median follow-up for all patients was 73.6 months (range, 
3.7–105.9 months). Disease recurred in 12 patients (30.0%), at a 
median of 32.5 months follow-up (range, 1.4–61.5 months). Two 
patients experienced locoregional recurrence, six had distant 
recurrence, two had both locoregional and distant recurrence, 
and two had contralateral breast cancer. Of the 12 patients who 
experienced recurrence, 7 patients died of breast cancer at a 
median of 50.3 months of follow-up (range, 3.7–64.3 months).

Compared with patients without breast cancer death, patients 
with breast cancer death had significantly more cases of axil-
lary lymph node metastasis (p-value, 0.011) and lymphovas-
cular invasion (p-value, 0.034). Compared with patients without 
recurrence, patients with recurrence had significantly more 
cases of axillary lymph node metastasis (p-value, 0.047). No 
significant differences were found regarding age (p-value, 0.144; 
0.220), clinical tumor size (p-value, 0.149; 0.117), nuclear grade 
(p- value, 0.592; 0.609), histologic type (p- value, 0.361; 0.523), 
surgery type (p- value, 0.500; 0.490), chemotherapy (p- value, 
0.361;, 0.523), and radiation therapy (p- value, 0.383; 0.944) 
status between the death and no death group, and between the 
recurrence and no recurrence group.

DSS analysis
Tables  2–4 shows the results of associating variables with DSS 
and DFS in univariate analysis. Higher %V with the >200% IE 
rate was associated with worse DSS [hazard ratio (HR), 1.12; 
95% confidence interval (CI), 1.03–1.21; p-value, 0.011]. In 
combination with delayed curve types, higher %V with >100% or 
>200% IE rate followed by a persistent curve type was signifi-
cantly associated with worsened DSS, irrespective of whether the 
threshold was 10% or 30%. On the other hand, higher %V with 
>100% or >200% IE rate followed by a washout curve type was 
not significantly associated with worsened DSS, irrespective of 
whether the threshold was 10% or 30%. TEV (HR, 1.04; 95% CI, 
0.98–1.09; p-value, 0.19) of lesions was not significantly associ-
ated with DSS (Table 4).

Visual MRI assessment showed no variables associated with DSS 
(Table 3). Of the histopathological data, presence of lymphovas-
cular invasion (HR, 6.45; 95% CI, 1.43–29.17; p-value, 0.015) and 
presence of LN metastasis (HR, 10.53; 95% CI, 2.00–55.44; p-
value, 0.005) were both associated with worsened DSS (Table 2).

As input variables for multivariate analysis, we selected %V at the 
>200% IE rate. Furthermore, since the p-value was the smallest, 
we selected %V at the >100% IE rate followed by persistent curve 
type at the 30% threshold (>30% persistent) (HR, 1.30; 95% CI, 
1.12–1.52; p-value, 0.001), and these were analyzed separately 
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(Tables  2, 3, 5 and 6). In multivariate analysis, higher %V at 
the >200% IE rate was independently associated with worsened 
DSS (HR, 1.12; 95% CI, 1.02–1.22; p-value, 0.014). In the other 
multivariate analysis, higher %V at the >100% IE rate followed 
by >30% persistent was another independent variable associated 
with worsened DSS (HR, 1.33; 95% CI, 1.10–1.61; p-value, 0.004).

DFS analysis
Of the CAD kinetic volume parameters in univariate anal-
yses, higher %V at the >100% or >200% IE rate followed by 
persistent curve type was significantly associated with wors-
ened DFS, irrespective of whether the threshold for persistent 
curve type was 10% or 30%. TEV of lesions (HR, 1.04; 
95% CI, 1.00–1.09; p-value, 0.052) and %V of delayed washout 
pattern were not significantly associated with DFS (Table  4). 
 Of the histopathological data, presence of lymphovascular inva-
sion (HR, 3.53; 95% CI, 1.11–11.21; p-value, 0.032) and presence 
of LN metastasis (HR, 4.04; 95% CI, 1.29–12.64; p-value, 0.016) 
were both associated with worsened DFS (Table 2).

As input variables for multivariate analysis, since the p-value was 
the smallest, we selected the %V at the >100% IE rate followed by 
>30% persistent (HR, 1.23; 95% CI, 1.11–1.36; p-value, 0.000). 
Multivariate analysis revealed higher %V at the >100% IE rate 
followed by >30% persistent as independently associated with 
worsened DFS (HR, 1.27; 95% CI, 1.12–1.43; p-value, 0.000) 
(Table 7).

ROC curve analysis and Kaplan–Meier survival 
analysis
ROC curve analysis of DSS revealed the optimal cut-off values 
for %V at the >200% IE rate and >100% IE rate followed by >30% 
persistent were 17.5 and 7.5%, respectively. Using these cut-off 
values, patients were divided into two groups. Results of Kaplan–
Meier survival (Figure 2) analysis indicated that TNBC patients 

with a higher %V at the >200% IE rate (≥17.5%) or higher %V at 
the >100% IE rate followed by >30% persistent (≥7.5%) on pre-
operative MRI showed significantly worse DSS (p = 0.014 and 
0.004).

In association with DFS, the optimal cut-off value for %V at 
the >100% IE rate followed by >30% persistent was 7.5%. Using 
this cut-off, patients were divided into two groups and Kaplan–
Meier survival analysis (Figure  3) indicated that patients with 
tumors with a %V ≥ 7.5% at the >100% IE rate followed by >30% 
persistent displayed significantly worse DFS (p = 0.000).

Discussion
Our data showed that higher %V at the >200% IE rate 
correlated independently with worsened DSS in patients with 
TNBC. A recent study showed that mean peak enhancement 
rate in the tumor was significantly associated with worsened 
DSS in patients with TNBC.17 Some other studies including 
patients with both non-TNBC and TNBC reported peak 
enhancement rate to be associated with poor prognosis.26,34 
Both peak enhancement and IE rate are considered to reflect 
the concentration of contrast agent on early DCE-MRI in 
both the intravascular and EES, which are dependent on 
tumor angiogenesis. Histopathologically, high correlations 
between angiogenic markers, such as microvessel density or 
vascular endothelial growth factor, and overall outcomes for 
patients with breast cancer have been explored in previous 
studies.35–37 These results could explain the relationship 
between IE or peak enhancement rate and poor prognosis 
of breast cancers. We believe our study could semi-quantify 
tumor angiogenesis through DCE-MRI using CAD systems, 
and provided evidence that a greater component with a high IE 
rate was associated with worsened DSS in patients with TNBC 
(Figure 1(a),(d)). Volume measurements based on DCE-MRI 
with setting thresholds for kinetic curve parameters (kinetic 

Table 2. Clinical and pathological factors associated with DSS and DFS at univariate analysis

DSS status DFS status
Variable HR (95% CI) p- value HR (95% CI) p- value

Clinical tumor size 1.09 (0.78–1.52) 0.606 1.15 (0.91–1.45) 0.246

Axillar LN metastasis  

 �  No   1 1

 �  Yes   10.53 (2.00–55.44) 0.005 4.04 (1.29–12.64) 0.016

Nuclear grade  

 �  1 or 2 1 1

 �  3 1.21(0.23–6.21) 0.824 0.92 (0.28–3.05) 0.887

Lymphovascular invasion  

 � Absent 1 1

 � Present   6.45 (1.43–29.18) 0.015 3.53 (1.11–11.21) 0.032

Histologic type  

 �  IDC 1 1

 � others 24.02(0.00–1532932.27) 0.573 1.66 (0.21–12.86) 0.630

CI, confidence interval; DFS, disease-free survival; DSS, disease-specific survival; HR, hazard ratio; IDC, invasive ductal cancer;LN, lymph node.
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volume measurement) have also been used as predictors of 
tumor response to NAC of breast cancers.30,31 For kinetic 
volume measurement, optimization of the threshold is crucial 
and varies according to the aims of the evaluation. For the eval-
uation of tumor response to NAC for breast cancers, a >70% IE 
rate has frequently been used.30 According to the kinetic 
assessment on BI-RADS MRI for predicting of malignancy, the 
threshold IE rate is defined as 100% between fast and medium 
enhancement. We speculated that higher blood flow would 
affect survival for patients with TNBC, and therefore added 
a fixed threshold of 200% IE rate in addition to the default 
of 100%. Mean peak enhancement may be influenced by the 
degree of intratumoral heterogeneity due to various hypovas-
cular components such as necrosis. Maximum peak enhance-
ment value, which has also been used in some studies,26,34 may 
reflect the highest perfusion area in the tumor, but cannot 
evaluate the entire tumor. In comparison, kinetic volume 
measurements using CAD systems can automatically extract 
the functional volume of the tumor and evaluate characteris-
tics of the entire tumor three-dimensionally, but further study 
is needed to clarify the optimal threshold.

In our study, higher %V at the >100% IE rate followed by >30% 
persistent was another predictor of worsened DSS and was 
also associated with DFS in patients with TNBC (Figure 1(b), 

(c), (e),(f)). While no association between delayed persistent 
curve type and survival on TNBC has been reported, one 
study found that a higher ve value was significantly associ-
ated with worsened DSS.17 The ve value is a pharmacokinetic 
parameter showing the fractional volume of EES per unit of 
tissue and has been associated with tumor cellularity and poor 
prognostic factors in breast cancers.17,18,38 Histopathologi-
cally, ve values and %V of delayed persistent curve type are 
reportedly significantly higher in breast cancers with higher 
stromal percentage.23,38 Multiple investigators have reported 
that patients with higher stromal percentage experienced a 
shorter relapse-free period and shorter overall survival, and 
these associations were particularly pronounced in patients 
with TNBC.13–15 Usually, threshold for the delayed kinetic 
curve pattern is a 10% increase or decrease in signal intensity, 
as shown in BIRADS-MRI. Considering the dependence of the 
EES on TNBC prognosis, we added a 30% increase or decrease 
in signal intensity as a threshold for the delayed curve pattern. 
A kinetic curve with the >100% IE rate followed by >30% 
persistent may reflect initial fast concentration and subsequent 
high-volume trapping of contrast agent, which may depend on 
tumor angiogenesis and a high stromal percentage. Further-
more, a recent report found that the delayed persistent curve 
type correlated with lower levels of tumor-infiltrating lympho-
cytes (TILs) in patient with TNBC.39 Multiple investigators 
have reported that high levels of TILs are significantly asso-
ciated with better survival outcomes in TNBC.40,41 Histolog-
ically, TIL levels have not been explored in our study, but our 
result may have association with the levels of TILs.

In this study, higher %V at the >100% IE rate followed by >30% 
persistent was associated with worse results for both DSS and 
DFS, whereas %V at the >200% IE rate was associated solely 
with worsened DSS. This is a very interesting result, suggesting 
that %V at the >200% IE rate offers a predictor of early recur-
rence with extremely aggressive TNBC. With further valida-
tion, more detailed risk stratification in patients with TNBC 
could be possible using DCE-MRI.

Peritumoral edema on T2 weighted images is known to be 
associated with prognostic factors of breast cancer,42–44 and 
one report found it correlated significantly with recurrence 

Table 5. Multivariate analysis including % volume of >200% IE 
rate, pathological data, and disease-specific survival

Variable HR (95% CI) p-value
CAD kinetic volume 
parameters, % volume

 � >200% IE rate 1.12 (1.02–1.22) 0.014

Pathological data

 � Lymphovascular 
invasion (+)

2.69 (0.31–23.14) 0.367

 � Axillar LN metastasis 
(+)

5.09 (0.47–55.01) 0.180

CI, confidence interval; HR, hazard ratio; IE, initial enhancement;LN, 
lymph node.

Table 6. Multivariate analysis including % volume of >100% 
IE rate followed by > 30% persistent, pathological data, and 
disease-specific survival

Variable HR (95% CI) p-value
CAD kinetic volume 
parameters, % volume

 � >100% IE rate - >30% 
persistent

1.33 (1.10–1.61) 0.004

Pathological data

 � Lymphovascular 
invasion (+)

1.45 (0.12–17.88) 0.770

 � Axillar LN metastasis 
(+)

6.00 (0.41–88.86) 0.192

CAD, computer-aided diagnosis; CI, confidence interval; HR, hazard 
ratio; IE, initial enhancement; LN, lymph node.

Table 7. Multivariate analysis of factors associated with 
disease-free survival

Variable HR (95% CI) p-value
CAD kinetic volume 
parameters, % volume

 � >100% IE rate - >30% 
persistent

1.27 (1.12–1.43) 0.000

Pathological data

 � Lymphovascular 
invasion (+)

1.92 (0.24–15.26) 0.537

 � Axillar LN metastasis 
(+)

2.97 (0.37–23.76) 0.304

CAD, computer-aided diagnosis; CI, confidence interval; HR, hazard 
ratio; IE, initial enhancement; LN, lymph node.
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of TNBC. In this study, visual MRI assessments showed no 
correlations with prognosis. One report found peritumoral 
edema on T2 weighted images correlated significantly with 
recurrence of TNBC,45 conflicting with the present results. In 

our study, visual assessment was evaluated by one radiologist 
subjectively. More observers should have been set and inter- 
and intraobserver variability should have been evaluated. 
Therefore our visual result might be caused by subjectivity 
of the observer. Especially T2 weighted image interpretation 
has been reported more subjective.45 More observers should 
have been set and inter- and intraobserver variability should 
have been evaluated. However, completely removing subjec-
tivity from the assessment appears difficult, so we believe using 
quantitative measurement is a better method for the future. 
Furthermore, we assessed the CAD-created TEV (cm3), and 
found no association with survival. Conversely, maximal 
diameter (cm) on MRI was reportedly associated with recur-
rence or DFS of TNBC17 although it was not significant in our 
analysis. In such a TNBC with abundant necrosis, inconsisten-
cies may exist between TEV and maximal diameter. Further 
study is needed to determine predictive parameter of tumor 
size.

Our study had several limitations. First, this study was retro-
spective and conducted at a single institution, and the sample 
size was small. Therefore, the statistical power of the analyses 
may be insufficient in the study. Especially, since our cohort 
consisted largely of patients with IDC and the number of other 
types was extremely small, the results might be affected by a 
certain degree of this bias. Larger studies are warranted to vali-
date our findings both with a greater number of cases including 
various types of TNBC. Second, reproducibility issues may 
have been present in association with semi-quantitative 
kinetic parameters across different DCE-MRI protocols or 
different MRI systems.46 Third, VOI placement was manually 
by a single radiologist introducing potential operator bias. 
Operator-dependent differences may increase especially in 
when surrounding an irregularly shaped tumor or when using 
an irregular shape VOI modified manually. Further, visual 

Figure 2. Kaplan–Meier survival curves for DSS according to higher % volume (%V) with >200% IE rate and higher %V with 
>100% IE rate followed by >30% persistent. (a) Curve shows that tumors with %V ≥ 17.5% at the >200% IE rate are associated with 
worsened DSS (p = 0.014). DSS, disease-specificsurvival; IE, initial enhancement. (b) Curve shows that tumors with %V ≥ 7.5% at 
the >100% IE rate followed by >30% persistent are associated with worsened DSS (p = 0.004).

Figure 3. Kaplan–Meier survival curves for DFS according to 
higher % volume (%V) at the >100% IE rate followed by >30% 
persistent. Curve shows that tumors with %V ≥ 7.5% at the 
>100% IE rate followed by >30% persistent are significantly 
associated with worsened DFS (p = 0.000). DFS, disease-
freesurvival; IE, initial enhancement.

http://birpublications.org/bjr


11 of 13 birpublications.org/bjr Br J Radiol;93:20190712

BJRKinetic Volume Analysis on DCE-MRI of TNBC

assessment was also performed by single radiologists. Finally, 
as already described, the thresholds for IE rate and delayed 
curve types such as 200 and 30% were not evidence-based. 
We used the BI-RADS criteria (100 and 10%), then casually 
added use of the higher threshold. There has been a study 
which reported IE rate of the high-TIL group in TNBC was 
lower than that of the low-TIL group in TNBC (195.0±59.093 
vs 243.54%±138.67%).14 Referring to only this value, the 200% 
threshold setting of IE rate in this study may have been roughly 
appropriate. However, it seems that the threshold needs to be 
optimized for each study under the same DCE-MRI protocols 
and systems. For the threshold of curve type in the delayed 
phase, we have found one study which evaluated association 
fludeoxyglucose-positron emissiontomography and DCE-
MRI findings in TNBC by categorizing kinetic curve patterns 
in delayed phase with threshold of 30% signal increase or 
decrease.47 However, in this study, there were no significant 
results in persistent kinetic curve with more than 30% signal 
increase, and their study did not reveal the reason for setting 

the 30% threshold. Anyways, if we performed analyses under 
varying threshold statistically, a more optimal threshold could 
likely be found.

Despite these limitations, this appears to represent the first 
study to explore CAD-generated kinetic volume measurement 
of the tumor at varying thresholds, and revealed significant 
associations with prognostic survival in patients with TNBC.

In conclusion, higher %V at >200% IE rate was independently 
correlated with worsened DSS, and higher %V at >100% IE 
rate followed by >30% persistent correlated independently 
with both worsened DSS and worsened DFS in patients with 
TNBC. These kinetic volume assessments using CAD have 
potential utility to predict survival outcomes and to help risk 
stratification of patients with TNBC, thus enabling person-
alized clinical decisions for the heterogeneous subgroups of 
this disease. Further study would be necessary to validate our 
promising results on larger cohort of patients.
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