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Introduction
Triple-negative breast cancer (TNBC) is a unique classification of 
breast malignancy characterized by its lack of expression of the estro-
gen receptor (ER), progesterone receptor (PR), or human epidermal 
growth factor (HER2) receptors. This phenotype accounts for approx-
imately 15% of all invasive breast cancers and carries a particularly 
poor prognosis due to its biologically aggressive nature and com-
pounded by the lack of targeted therapy available for use. 
 There are several features of the triple-negative phenotype that 
have shifted our understanding TNBC as a unique entity within 
the breast cancer classification. Several epidemiological factors 
such as age, ethnicity, and body mass index (BMI) have been 
hypothesized to affect survival outcome in a TNBC population.1-8 
Studies have demonstrated that the TNBC phenotype is a unique 
entity among breast cancer types showing higher rates of disease 
in younger women and women of African or Hispanic ancestry as 
well as women with higher BMI. 
 Two clinicopathologic variables which have been investigated 
among a greater breast population, however deserve more inves-
tigation specifically within the triple negative (TN) histology are 
lymphovascular invasion (LVI) and the use of preoperative MRI. 
LVI is an important component in the complex process of tumor 
metastasis but its prognostic value for various breast cancer types 
remains debatable.9-13 Current literature also suggests that imag-
ing features of TNBC differ significantly from other breast cancer 

Abstract

The objective of this study was to define a set of clinico-
pathologic features and survival outcomes associated 
with a triple-negative breast cancer (TNBC) population.
 We performed a retrospective analysis using the 
UTSW TNBC registry. The clinical and pathological data 
of 216 stage I to III patients with TNBC who were treated 
from 1998 to 2013 were collected. Univariate analysis 
(UVA) and multivariable (MVA) logistic regression 
models were constructed to identify prognostic factors 
associated with disease-free survival (DFS), overall 
survival (OS), and locoregional progression-free survival 
(LPFS) outcomes for a TNBC population.
 The median follow-up was 22.9 months. The OS and 
DFS were 83.3% and 77.3% at 60 months follow-up, re-
spectively. On UVA, African American (AA) race (P = .04), 
clinical stage (P = .026), the presence of LVI (P < .001) 
were significant for worse OS. Clinical stage (P = .01), 
presence of LVI (P = .001), and lack of preoperative MRI 
(P = .01) were significantly for worse DFS. Presence of 
lymphovascular invasion LVI (P <.001) and lumpectomy 
(P = .047) were significant for worse LPFS. AA women 
had significantly lower OS compared with Caucasian 
American (CA) women over a 5-year period, 23.4% 
versus 64.8%, respectively (HR, 2.192; 95% CI 1.058, 
4.543, P = .04). AA women also had a significantly longer 
time delay from diagnosis to treatment compared with 
CA women (61 versus 43 days respectively, P = .005). 
On MVA analysis, LVI (HR,  3.137; 95% CI 1.371-7.174; P 
= .003) predicted for worse OS, DFS (HR,  3.069; 95% CI 
1.539-6.123; P <.001), and LPFS (HR, 3.924; 95% CI 2.032-
7.579; P < .001). Advanced clinical stage (Stage 3) pre-
dicted for worse OS (HR, 4.425; 95% CI 1.404-13.950; P = 
0.01) and DFS (HR, 5.432; 95% CI 1.735-17.014; P ≤.001). 
Preoperative MRI significantly improved DFS (HR, 0.311; 
95% CI, 0.129-0.753; P = .01). Mastectomy was non-sig-
nificantly associated with better LPFS (HR, 2.139; 95% CI 
0.890-5.139). Radiation treatment significantly decreased 

Abstract continued

Advanced clinical stage, presence of LVI, use of preop-
erative MRI, radiation therapy, and delay from diagnosis 
to treatment emerged as prognostic factors among this 
TNBC population. AA women had a significantly longer 
time delay from diagnosis to treatment and a signifi-
cantly lower OS compared with CA women. Future stud-
ies should explore the important role of these factors in 
the management and decision making for women with 
TNBC. Additionally, potential barriers and discrepancies 
in patient access to treatment deserve further explora-
tion. 

AJHO. 2017;13(1):11-21



· BREAST CANCER   ·

12 WWW.AJHO.COM   

types,14 which may ultimately affect surgical intervention. 
 Understanding these variables in the larger context of manage-
ment options may offer an opportunity to tailor a multimodality 
treatment course particularly for a disease which has no known 

specific therapeutic targets. In this study, we investigated the high-
risk group of breast cancer with the triple-negative phenotype and 
sought to identify a potential panel of prognostic factors unique 
to this aggressive tumor type.

Variables  Recurrence 
(N=50) n (%)

No Recurrence 
(N=166) n (%) All P

Age (years)    .684

   <35 4 (8.0) 12 (7.2) 16  

  35-40 6 (12.0) 12 (7.2)  18  

  40-50 13 (26.0) 40 (24.1) 53  

  >50 27 (54.0) 102 (61.4) 129  

Raceb    .563

   AA 22 (44.0) 62 (37.3) 84

   CA 20 (40.0) 63 (38.0) 83

   Hispanic 7 (14.0) 32 (10.3) 39

   Asian 1 (2.0) 9 (5.4) 10

Mean BMIb 29.846 29.893 29.867 .971

History of Tobacco Use 16 (33.3) 61 (37.0) 77 .644

History of Alcohol Use 10 (20.9) 55 (33.1) 65 .103

Primary Tumor Sizeb .510

≤1 mm - 5 mm 1 (2.1) 5 (3.0) 6

>6 mm - 10 mm 3 (6.4) 16 (9.6) 19

>11 mm - 20 mm 8 (17.0) 36 (21.7) 44

>21 mm - 50 mm 18 (38.3) 70 (42.2) 88

>51 mm 17 (36.2) 39 (23.5) 56

Tumor Histolgical Gradeb .131

   I 0 (0.0) 5 (3.0) 5

   II 4 (8.5) 29 (17.7) 33 <.001

   III 43 (91.5) 130 (79.3) 173

LN positive 23 (46.0) 56 (33.7) 79 .114

LVI positive 22 (52.4) 34 (23.6) 56 0.00

Dense Breast Tissue 13 (31.7) 50 (31.4) 63 .974

Ki-67b .294

≤15% 0 (0.0) 8 (5.2) 8

16-35% 4 (11.8) 25 (16.2) 29

MRI Before Staging .004

Clinical Stagingb .267

   I 12 (24.0) 55 (33.1) 67

   II 24 (48.0) 80 (48.2) 104

TABLE 1.  Patient and Tumor Characteristics 
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Methods
Study Population
We collected information through the University of Texas Southwest-
ern tumor database on all consecutive patients diagnosed and treated 
with TNBC between March 1998 and September 2013. Patients with 
stage I to III invasive TNBC were eligible for inclusion. 
    Data on the patient’s age, race, social and medical history, type of 
surgery, chemotherapy, radiation therapy, clinical and pathological 
evaluation, staging, and tumor markers were available for all patients. 
A panel of ER, PR, and HER2 was used as a means of classifying breast 
cancer into the triple-negative molecular subtype. TNBC was defined 
as estrogen or progesterone immunohistochemical (IHC) staining <1% 
nuclei in 10 high-power fields and HER2 negativity was confirmed 
by (IHC) staining and fluorescence in situ hybridization (FISH) in 
cases that were equivocal. Lymphovascular invasion was assessed using 
hematoxylin and eosin (H&E) stain on full biopsy and pathology sec-
tions. Blood and lymphatic vessel invasion were not distinguished, and 
lymphovascular invasion was defined as positive if present on either 
biopsy or pathology. 

 Disease-free recurrence was calculated from last day of treatment to 
confirmation of recurrent disease in the ipsilateral breast, regional, or 
distant site. Recurrence in the ipsilateral treated breast and/or chest 
wall or ipsilateral nodal basin was considered locoregional recurrence 
(LR). Locoregional progression free survival (LPFS) was defined as 
those patients who either had locoregional recurrence or died. Any 
recurrence at a distant site was considered distant metastasis (DM). For 
patients who remained alive and recurrence-free, data were censored 
at the date of last follow-up. Overall survival (OS) was measured as the 
time from last day of treatment to death or last follow-up.

Statistical Analysis
Categorical variables were summarized as frequencies and percentag-
es while continuous variables were reported as means and standard 
deviations. Kaplan-Meier survival curves for OS, DFS, and LPFS of 
patients for all prognostic factors were estimated and compared using 
log-rank tests. OS, DFS, and LPFS were censored after 5 years. All 
analyses were 2-sided and significance was set at a P value of .05. To 
assess if each prognostic factor was independently associated to OS, 

Variables
 Recurrence 

(N=50) 
n (%)

No Recurrence 
(N=166) 

n (%)
All P

   III  14 (28.0)  31 (18.7)  45  

Residual DCIS after yPCR 7 (46.7) 20 (27.4) 27 .141

Chemotherapyb     

Neoadjuvant 21 (42.0) 78 (47.3) 99  

Adjuvant 17 (34.0) 58 (35.2) 75  

Both 2 (4.0) 2 (1.2)  4  

No Surgery 1 (2.0) 0 (0.0) 1

No Chemo 9 (18.0) 27 (16.4) 36

Surgery    

Mastectomy 8 (16.0) 50 (30.1) 58

BCS 41 (82.0) 115 (69.3) 156  

No Surgery 1 (2.0) 1 (0.6) 2  

Radiation Therapy    .098

After mastectomy 1 (12.5) 20 (40.0) 21  

After BCS 31 (77.5) 105 (91.3) 136  

No Surgery 1 (100.0) 1 (100.0) 2  

TABLE 1.  Patient and Tumor Characteristics (continued)

BCS indicates breast-conserving surgery; BMI, body mass index; and LN, lymph node
a In database, data on p53 and BRCA genetic testing were not analyzed because such information was not available for more than  
30% of patients

bSome patients had missing values; 1 patient with unknown chemotherapy status



· BREAST CANCER   ·

14 WWW.AJHO.COM   

Variables
OS 

Hazard Ratio  
(95% CI)

P
DFS 

Hazard Ratio  
(95% CI)

P
LPFS 

Hazard Ratio  
(95% CI)

P

Race  .33  .55 .373

   CA Reference 
group  Reference 

group  Reference 
group

   AA 2.192  
(1.058-4.543) .04  1.288  

(0.684-2.426) .43 1.677  
(0.880-3.196) .116

   Hispanic 1.076 
(0.346-3.348) .9 1.022 

(0.430-2.430) .96 0.923 
(0.338-2.525) .876

   Asian 0.978 
(0.000-0.000) .98 0.328 

(0.044-2.459) .28 0.000 
(0.000-0.000) .975

Age >35 years  
(vs ≤35 years)

4.073 
(0.55-29.884)  .17 0.921 

(0.330-2.566) .88 1.074 
(0.332-3.474) .905

Age >40 years  
(vs ≤40 years)

1.599 
(0.565-4.524) .38 0.621 

(0.309-1.246) .180 1.007 
(0.424-2.387) .988

Age >50 years  
(vs ≤50 years)

1.300 
(0.667-2.533) .44 0.789 

(0.449-1.386) .41 1.064 
(0.582-1.946) .84

BMI Obese 
(vs not obese)

0.766 
(0.396-1.481) .43 1.062 

(0.590-1.912) .84 0.927 
(0.506-1.696) .805

Alcohol

   Any history 0.763 
(0.368-1.581) .47 0.591 

(0.294-1.189) .140 0.730 
(0.369-1.446) .367

   Current history 0.785 
(0.379-1.627) .52 0.610 

(0.303-1.226) .17 0.757 
(0.382-1.500) .426

Tobacco

   Any history 1.013 
(0.527-1.947) .97 0.728 

(0.394-1.346) .31 0.748 
(0.394-1.418) .373

   Current history 0.452  
(0.137-1.484) .190 0.718 

(0.282-1.829) .49 0.296 
(0.071-1.230) .094

Clinical Stage  .026  .01 .143

   Stage I Reference 
Group

   Stage II 1.258 
(0.587-2.696) .556 1.678 

(0.821-3.428) .16 1.180 
(0.590-2.359) .64

   Stage III 3.005 
(1.278-7.062) .012 3.633 

(1.631-8.094) .00 2.165 
(0.965-4.861) .061

LVI 3.731 
(1.823-7.634) .000 3.224 

(1.744-5.962) .00 4.053 
(2.100-7.824) <.001

MRI before surgery 0.528 
(0.238-1.170) .12 0.351 

(0.155-0.794) .01 1.481 
(0.741-2.957) .263

Ki67 >35 (vs ≤35)

   On biopsy 0.680 
(0.299-1.547) .36 2.030 

(0.714-5.766) .18 0.852 
(0.384-1.890)

TABLE 2.  Univariate Analysis of Variables With Respect to Survival Outcomes  
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DFS, and LPFS after controlling for other clinical characteristics, 
all prognostic factors statistically significant at P < .05 in univariate 
analyses were included in a multivariate Cox proportional hazard 
regression model (Table 2 and Table 3).  All analyses were done using 
IBM SPSS Statistics 22.0 software.

Results
Of the 311 women included in the database, 277 satisfied the 
criteria for invasive TNBC as defined in this paper. Of these, 8 
patients were both clinically stage 0 and were excluded from the 
analyses; 34 patients were both clinically and pathologically stage 
4 and were also excluded. Three patients had unstageable disease 
(lymphadenopathy with no evidence of primary site), and 16 patients 

had an unknown clinical stage. Of the remaining 216 patients, 16 
Zere	�	��	years	olG	at	the	time	of	Giagnosis	anG	2��	Zere	!��.	7he	
median age at diagnosis was 53 years. There were 84 African-Ameri-
can (AA), 83 Caucasian American (CA), 39 Hispanic, and 10 Asian 
women in the analyses sample. The median follow-up for all patients 
was 22.9 months. Differences in demographic, pathologic, and 
treatment-related characteristics between patients with and without 
recurrence are reported in Table 1. The overall and disease-free sur-
vival rates (DFS) over the 5-year study follow-up period for all patients 
were 82.8% and 77.2%, respectively.

Ethnicity Comparison:
The OS, DFS, and LPFS for women in different racial categories were 

Variables
OS 

Hazard Ratio  
(95% CI)

P
DFS 

Hazard Ratio  
(95% CI)

P
LPFS 

Hazard Ratio  
(95% CI)

P

On pathology 2.109 
(0.781-5.697) .14 2.623 

(0.997-6.905) .05 2.488 
(0.941-6.572) .066

Dense breast tissue 1.294 
(0.624-2.682) .49 1.147 

(0.593-2.218) .68 1.127 
(0.568-2.234) .732

Residual DCIS after 
yPCR

0.457 
(0.097-2.152) .32 1.725 

(0.625-4.761) .29 1.468 
(0.509-4.235) .478

After 2004 0.719  
(0.165-3.136) .66 0.573 

(0.136-2.410) .45 1.266 
(0.170-9.441) .818

After 2008 1.289 
(0.537-3.093) .570 0.884 

(0.432-1.810) .74 0.917 
(0.433-1.944) .821

Chemotherapy

   Neoadjuvant 0.879 
(0.420-1.840) .73 1.416 

(0.785-2.553) .25 0.939 
(0.495-1.781) .848

   Adjuvant 0.612 
(0.298-1.255) .180 0.643 

(0.348-1.188) .16 0.679 
(0.358-1.286) .235

Surgery

   Mastectomy 0.427 
(0.166-1.096) .08 0.494 

(0.231-1.055) .07 0.479 
(0.214-1.074) .074

   Lumpectomy 2.153 
(0.901-5.144) .09 1.915 

(0.928-3.951) .08 2.262 
(1.009-5.069) .047

Radiation therapy 0.663 
(0.338-1.301) .23 0.712 

(0.391-1.295) .27 0.832 
(0.4412-1.564) .568

Time from diagnosis 
to treatment (>30 vs. 
≤30 days)

1.056 
(0.558-2.000) .87 1.676 

(0.956-2.937) .07 0.933 
(0.510-1.706) .821

AA indicates African American; BCM, breast conserving surgery; BMI, body mass index; CA, Caucasian American; CI, 
confidence interval; DCIS, ductal carcinoma in situ; DFS, disease-free survival;  LPFS, locongenional progression-free 
surviva;, LVI, lymphovascular invasion; OS, overall survival; yPCR, pathologic complete response rate

TABLE 2.  Univariate Analysis of Variables With Respect to Survival Outcomes (continued)
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examined using Kaplan-Meier survival curves and were compared 
using log-rank test. There was no statistically significant difference in 
OS (log-rank chi-square = 6.046, d.f = 3, P = .109), DFS (log-rank chi-
square = 2.514, d.f.=3, P = .473) or LPFS (log-rank chi-square = 6.273, 
d.f = 3, P = .099) among the racial groups. Five-year OS rates for AA, 
CA, Hispanic, and Asian were 23.4, 64.8, 79.3, 100.0%, respectively, 
5-year DFS rates 0.0, 58.6, 69.1, and 88.9%, and 5-year LPFS rates 
were 21.8, 59.8, 74.0, and 100.0%. In a direct comparison between 
AA versus CA women, AA women had significantly lower OS 
[23.4% vs. 64.8%, hazard ratio = 2.192, 95% confidence interval (CI) 
= 1.058-4.543, P = .04] rate over 5 years compared with CA women. 

Furthermore, AA women had a significantly longer time delay from 
diagnosis to treatment when compared with CA women (61 versus 
43 days, respectively, P = .005). 

Age Group Comparison
Women younger than 35 years were not significantly different 
from women older than 35 years in terms of OS (log-rank chi-
square = 2.238, d.f. = 1, P = .135), DFS (log-rank chi-square = 
0.025, d.f. = 1, P = .875), or LPFS (log-rank chi-square = 0.014, 
d.f. = 1, P = .906). 5-year OS for age <35 was 90.9% and 30.3% 
for	!��,	�-year	D)6	Zas	��.��	anG	��.��	respectively,	anG	�-year	

Variables
OS 

Hazard Ratio  
(95% CI)

P
DFS 

Hazard Ratio  
(95% CI)

P
LPFS 

Hazard Ratio  
(95% CI)

P

Race (AA vs CA) 1.558 
(0.687-3.534) .289     

LVI 3.137 
(1.371-7.174) .007 3.069 

(1.539-6.123) .00 3.924 
(2.032-7.579) .00

Clinical Stage  .04  .01   

   Stage II (vs I) 2.482 
(0.843-7.308) .099 2.811 

(0.949-8.330) .06

   Stage III (vs I) 4.425 
(1.404-13.950) .011 5.432 

(1.735-17.014) .00

MRI before surgery 0.311 
(0.129-0.753) .01

Mastectomy 2.139 
(0.890-5.139) .09

AA indicates African American; CA indicates Caucasian American; CI, confidence interval; DFS indicates disease-free 
survival; lymphovascular invasion; OS, overall survival; PFS, progression-free survival.

TABLE 3.  Multivariate Analysis of Variables With Respect to Survival Outcomes

FIGURE 1A-1B.  Lympovascular Invasion: Overall Survival and Disease-Free Survival
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Figure 2. Pre-operative MRI and disease-free survival 
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LPFS was 67.3% and 51.2%, respectively. 

BMI Comparison
2besity	�B0,	!	���	Zas	not	founG	to	significantly	influence	26	
(log-rank chi-square = 0.631, d.f. = 1, P = .427), DFS (log-rank 

chi-square = 0.040, d.f. = 1, P = .842), or LPFS 
(log-rank chi-square = 0.061, d.f = 1, P = .805) 
over the 5-year follow-up period.  

Tobacco and Alcohol Use Comparison
Any history of tobacco use was not found to 
significantly influence OS (P = .969), DFS 
(P = .310), or LPFS (P = .371). Current tobacco 
use was also not found to significantly influ-
ence OS (P = .179), DFS (P = .486), or LPFS 
(P = .075). Neither any history of alcohol con-
sumption nor current alcohol consumption 
was found to significantly influence OS (P = 
.465 and P = .514 for any history and current 
use, respectively), DFS (P = .136, P = .161), or 
LPFS (P = .365, P = .424).

Breast Density Comparison
Breast density was not found to significantly in-
fluence OS (log-rank chi-square = .481, d.f. = 1, 
P = .488), DFS (log-rank chi-square = .166, d.f. 
= 1, P = .683), or LPFS (log-rank chi-square = 
.117, d.f = 1, P = .732) over the 5-year follow-up 
period.  

Lymphovascular Invasion Comparison
The presence of LVI stands as a significant 
predictor for OS (log-rank chi-square = 14.936, 
d.f. = 1, P < .001), DFS (log-rank chi-square = 
15.566, d.f. = 1, P < .001), and LPFS (log-rank 
chi-square = 20.393, d.f. = 1, P < .001)

Preoperative MRI Comparison
A total 72 women (33%) underwent preoper-
ative MRI. Patients who underwent a preoper-
ative MRI were found to have improved DFS 
(log-rank chi-square = 6.907, d.f. = 1, P = .009) 
but not OS (log-rank chi-square = 2.558, d.f. 
= 1, P = .110) or LPFS (log-rank chi-square = 
1.455, d.f. = 1, P = .228). Comparison of the 
preoperative MRI group and non-preoperative 
MRI group revealed that both groups were 
statistically similar regarding features such as 
race, stage, surgery type, and age. Women with 
dense breasts were more likely to receive a 
preoperative MRI. Of the 311 women included 

in the database, 277 satisfied the criteria for invasive TNBC as 
defined in this paper. Of these, 8 patients were both clinically 
stage 0 and were excluded from the analyses; 34 patients were 
both clinically and pathologically stage 4 and were also excluded. 
Three patients had unstageable disease (lymphadenopathy with no 

Variables AA 
(N=84)

CA 
(N=83)

 
P 

Age >35 80 (95.2) 77 (92.8) .502

Time from diagnosis 
to treatment > 30 
days

61 (72.6) 43 (51.8) .005

Presence of LVI 23 (30.0) 21 (31.5) .821

Clinical stage

Stage I 26 (31.0) 34 (41.0) .383

Stage II 41 (48.8) 36 (43.4)

Stage III 17 (20.2) 13 (15.7)

Preoperative MRI 31 (36.9) 25 (30.1) .353

Ki67 > 35 63 (82.9) 57 (78.1) .458

Dense breast tissue 23 (28.4) 21 (28.8) .959

Chemotherapy .139

   Neoadjuvant 39 (59.1) 32 (46.4)

   Adjuvant 27 (41.0) 37 (53.6)

Type of Surgery .695

Mastectomy 23 (27.7) 25 (30.5)

Lumpectomy 60 (78.3) 57 (69.50)

AA indicates African American; CA, Caucasian American

TABLE 4.  TNBC Characteristics in Respect to Race

FIGURE 2.  Preoperative MRI and Disease-Free Survival
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evidence of primary site) and 16 patients had an unknown clinical 
stage. Of the remaining 216 patients, 16 were younger than 35 
years old at the time of diagnosis and 200 were older than 35 
years. The median age at diagnosis was 53 years. There were 84 
AA, 83 CA, 39 Hispanic, and 10 Asian women in the analyses 
sample. The median follow-up for all patients was 22.9 months. 
Differences in demographic, pathologic, and treatment-related 
characteristics between patients with and without recurrence are 
reported in Table 1. The overall and disease free survival rates 
over the 5-year study follow-up period for all patients were 82.8% 
and 77.2%, respectively.

Other Prognostic Factors
Advanced clinical stage was associated with significantly worsened 
outcomes in OS (P = .026) and DFS (P = .005) but not LPFS (P 
 	.����.	7he	proliferation	marNer	.i��	!���	as	GetermineG	on	
pathology was associated with worse outcomes in OS (HR, 2.11; 
95% CI, 0.78-5.70; P = .141), DFS (HR, 2.623; 95 % CI, 0.997-
6.905; P = .051), and LPFS (HR, 2.488; 95% CI, 0.941-6.572; P 
= .066) over the 5-year follow-up period. A total of 157 women 
(73%) received radiation therapy either after lumpectomy or 
after mastectomy. Radiation treatment significantly decreased the 
rate of recurrence in our TNBC population (P <.001). Radiation 
therapy, however, was not shown to affect OS (HR, 0.66; 95% CI: 
0.34-1.30; P =.232), DFS (HR, 0.71; 95% CI, 0.39-1.30; P = .266) 
or LPFS (HR, 0.832; CI, 0.44-1.56; P = .568). More days from 
diagnosis to first treatment trended with increased risk of death/
recurrence (DFS; HR, 1.676; 95% CI, 0.956-2.937). A total of 179 
women (83%) received either neoadjuvant or adjuvant chemo-
therapy. The presence of neoadjuvant or adjuvant chemotherapy 
was not found to significantly affect OS (P = .732 and P = .180 for 
neoadjuvant and adjuvant, respectively), DFS (P = .248, P = .159), 
or LPFS (P = .848, P = .235). The presence of residual ductal 
carcinoma in situ (DCIS) after pathologic complete response rate 
(yPCR) following neoadjuvant chemotherapy was also not found 
to significantly affect OS (P = .309), DFS (P = .286), or LPFS (P = 
.475).

Multivariate analysis
To assess if any of the above prognostic factors independently 
influenced OS, DFS, or LPFS over the 5-year follow-up period 
after controlling for other clinical and pathological characteristics, 
a multivariate Cox regression model was estimated. Race, LVI, 
preoperative MRI, clinical stage, and lumpectomy were includ-
ed. LVI was the sole negative predictor of all 3 outcomes, OS 
(P = .002), DFS (P = .001), and LPFS (P <.001), over the 5-year 
follow-up period. Advanced clinical stage significantly predicted 
for worsened outcomes in OS (P = .043) and DFS (P = .012), and 
the presence of preoperative MRI significantly predicted for better 
DFS (P = .010).

Discussion
In our investigation, we determined advanced clinical stage, the 
presence of LVI and the use of preoperative MRI as the most 
significant predictors for outcome in a triple-negative population. 
Additionally, radiation was a significant predictor of recurrence 
in this early-stage population of TNBC women. Of note, women 
younger than 35 years of age did exhibit a non-significant 
decreased in 5-year OS compared with women older than 35; how-
ever, this difference is likely a reflection of an imbalanced patient 
population between these 2 age groups. 
 When understood within the larger context of breast cancer, 
LVI has been shown to predict for an increased risk of local 
recurrence for women receiving both breast conservation therapy 
as well as mastectomy.16-20 LVI has also been associated with 
worse breast cancer-specific survival and distant metastasis-free 
survival.21 Unique to the triple-negative population in our study 
however, almost a quarter of women exhibited the presence of 
lymphovascular invasion. This number is disproportionately great-
er than the 15% reported elsewhere in the literature for invasive 
mammary ductal carcinomas of all types. Unique to this study was 
the correlation of LVI not only to higher local recurrence rates, 
but also to overall survival outcomes. In this population, LVI 
significantly predicted for OS, DFS, and LPFS. 
 Pages et al demonstrated in their evaluation of 959 colorectal 
specimens that cells lacking lymphovascular invasion was associat-
ed with T-cell infiltration, suggesting a beneficial role of the host’s 
immune system.22 Furthermore, they illustrated that tumors with 
a high level of T-cell infiltration were significantly associated with 
longer overall survival and disease-free survival.22 More work is 
needed to investigate whether a similar relationship exists between 
LVI and T-cell infiltration; however, previous studies have shown 
tumor infiltrating lymphocytes similarly carry a good prognostic 
significance for TNBC in 2 randomized clinical trials (ECOG 
2197 and ECOG 1199)23 and has been shown to predict a patho-
logic complete response (pCR) to neoadjuvant chemotherapy.24 
The exact balance between this lymphocytic infiltration, LI, and 
the potential targeting with immune specific therapy should be a 
continued area of exploration for TNBC.   
 The prognostic role of radiation therapy in an early TNBC 
population reflects recent findings by Abdulkarim et al. These au-
thors illustrated in a recent Journal of Clinical Oncology study that 
the more conservative approach of partial mastectomy followed by 
radiation therapy resulted in improved locoregional control than 
mastectomy alone for early-stage breast cancer patients.25 In an as-
sociated commentary, Pignol et al posited an explanation for this 
finding and questioned whether radiation alters the molecular 
background of the breast tissue, as was seen with the anti-tumoral 
effect of wound fluids in the setting of intra-operative radiother-
apy for accelerated partial breast irradiation.26 It is unclear what 
role radiation may play for triple-negative women, but recent 
studies have shown that post-mastectomy radiation can reduce 
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locoregional recurrence and increase survival for T1-2 N1 ER neg-
ative women with LVI.27 Interestingly, the greatest proportion of 
women with LVI in the Abdulkarim publication was found within 
the group receiving breast conservation therapy, which included 
radiation. Our current investigation was not designed to detect 
the relationship between LVI and radiation therapy; however, this 
would be an important area of further investigation understand-
ing the prognostic significance in our study.
 Our study identifies a third important prognostic finding in this 
population, which was that of preoperative MRI. For the general 
breast population, MR mammography has been shown to be an 
important diagnostic tool for women with dense breasts,28 howev-
er, this has not generally been linked to improved outcomes.29-31 
We found in this triple-negative population that women who un-
derwent breast MRI prior to surgery had a significantly improved 
DFS. This is similar to the Bae et al findings that illustrated that 
the absence of preoperative MRI and the presence of dense breasts 
were associated with higher risk of local recurrence in a triple-neg-
ative population.32 Prior studies have shown that MRI carries the 
advantage in preoperative planning of showing full tumor extent, 
extensive intraductal component (EIC), and the multifocal or 
multicentric nature of the tumor.33,34 Furthermore, almost 20% 
of TNBCs are occult on initial mammography,35-37 lacking the 
characteristic features such as spiculated margins with associated 
calcifications.35-37 The significance of MR for this patient popula-
tion could provide more accurate and informative staging, as well 
as better target delineation in the setting of lumpectomy. Whether 
this shifts MRI to a more central component in the work up and 
surgical planning of TNBC warrants further study and consider-
ation.
 AA women in our evaluation had significantly lower OS rate 
over 5 years compared with CA women. Additionally, AA women 
had a significantly longer time delay from diagnosis to treatment 
compared with CA women (61 days vs 43 days, respectively). This 
highlights a particular disparity that needs further elucidation. In 
a 2013 JAMA review analyzing AA breast cancer patients, Silber et 
al illustrated the epidemic of delayed treatment and under-diag-
nosis among AA women. They showed that 12.6% of AA patients 
did not receive any treatment (vs 5.9% of white patients) and the 
average time from diagnosis to treatment was 29.2 days for AA 
patients (vs 22.5 days for white patients). These findings reflect 
the detrimental influence of disparity on health outcomes to 
which our study alludes and in the setting of TNBC could have 
significant implication.
 Our study was limited by the retrospective nature of the inves-
tigation. In particular, there is limitation regarding our ability to 
report the indications for the decision making for preoperative 
MRI. Our analysis did capture that women with dense breasts 
were more likely to receive preoperative MRI; however, there is a 
high likelihood that the patients treated within the earlier portion 
of this 15-year period would be less likely to receive MRI due 

to a decreased availability and general practice. There is similar 
limitation with our ability to report the indications for the ad-
ministration of chemotherapy or radiation given the retrospective 
nature of the study. In general, patients receiving partial mastec-
tomy as well as mastectomy with positive lymph nodes, would 
have received postmastectomy radiation therapy. The majority of 
patients would have received chemotherapy unless the tumor was 
very small (ie, T1a) and/or a patient exhibited a poor performance 
status.

Conclusion
 The presence of LVI stands as a significant predictor for OS 
and DFS, as well as locoregional control among a TN popula-
tion. Additionally, the presence of preoperative MRI predicted 
for improved DFS among all groups. AA women experienced a 
significantly more delayed time from diagnosis to treatment com-
pared with CA women. Future studies should explore the breast 
cancer management when faced with the unique characteristics 
of triple-negative disease, as well as the potential barriers to access 
and other discrepancies which could contribute to these findings.
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