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Abstract 

Purpose: Triple negative breast cancer (TNBC) is a distinct subtype of breast cancer with unique pathologic, 
molecular and clinical behavior. It occurs more frequently in young blacks and has been reported to have a shorter 
disease-free interval. We undertook this study to analyze the demographic characteristics, failure patterns, and survival 
outcomes in this disease.

Methods: A total of 448 non-Hispanic black and white women were identified over a 15 year period from 1996 to 
2011. Demographic and clinical information including age, race, menopausal status, stage, tumor characteristics, and 
treatments were collected. Fisher’s exact test and multivariable Cox regression were used to compare failure patterns 
and survival outcomes between races.

Results: 49 % (n = 223) were black. 59 % patients were between 41 and 60 years, with 18 % ≤40 years. 57 % were 
premenopausal and 89 % had grade 3 tumors. Stage II (47 %) was most frequent stage at diagnosis followed by stage 
III (28 %). 32 % had lymphovascular invasion. Adjusting for age, stage, and grade, there was no difference in survival 
outcomes (OS, DFS, LFFS, and DFFS) between the two races. 62 (14 %) patients failed locally either in ipsilateral breast 
or chest wall, and 19 (4 %) failed in the regional lymphatics. Lung (18 %) was the most frequent distant failure site with 
<12 % each failing in brain, liver and bones.

Conclusion: Failure patterns and survival outcomes did not differ by race in this large collection of TNBC cases. 
Lung was the predominate site of distant failure followed by brain, bone, and liver. Few patients failed in the regional 
lymphatics.

© 2016 The Author(s). This article is distributed under the terms of the Creative Commons Attribution 4.0 International License 
(http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium, 
provided you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons license, 
and indicate if changes were made.

Background
Breast cancer is the most common malignancy among 
women in developed countries.

Triple-negative breast cancer (TBNC) is a distinct sub-
type of breast cancer with unique pathological, molecular 
and clinical behavior. Phenotypically, these tumors are 
negative for estrogen-receptor (ER), progesterone-recep-
tor (PR) and human epidermal growth factor receptor 2 

(HER2). TNBC often is used synonymously with basal 
subtype breast cancer, which is one of 5 subtypes based 
on gene expression obtained from microarray data. How-
ever, there exists 20–30 % discordance between these two 
entities (Anders and Carey 2009). TNBC accounts for 
approximately 12–17 % of all breast cancers (Anders and 
Carey 2009; Foulkes et  al. 2010), corresponding to over 
172,000 patients among an estimated 1 million cases of 
breast cancer diagnosed annually worldwide (Anders 
and Carey 2009). Owing to lack of receptor expres-
sion, TNBCs are not candidates for targeted biological 
therapies.
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TNBCs are reported to have an aggressive clinical 
course, worse prognosis, and a shorter disease-free inter-
val and overall survival compared with receptor posi-
tive breast cancers (Anders and Carey 2009; Rhee et  al. 
2008; Tian et  al. 2008; Nishimura and Arima 2008). 
Although these tumors tend to recur earlier than lumi-
nal breast cancers in the first 5  years following diagno-
sis, this aggressiveness appears to diminish beyond this 
timeframe (Dent et al. 2007). The visceral organs and soft 
tissue are common sites of recurrence, with lower rates of 
bone involvement (Liedtke et al. 2008).

Pre-menopausal black women have a higher incidence 
of TNBC than white women, which suggests possible dif-
ferences on a molecular level (Carey et  al. 2006; Bauer 
et al. 2007a; Morris et al. 2007). However, the exact causal 
mechanism is not fully understood. While several studies 
have focused on disparate outcomes for TNBC among 
black women, findings have been inconsistent (National 
Cancer Institute 1990; Bradley et al. 2002; Ayanian et al. 
1993; McWhorter and Mayer 1987; Furberg et  al. 2001; 
Ihemelandu et al. 2007).

We undertook this study to compare failure patterns 
and survival outcomes between non-Hispanic white and 
black women diagnosed with TNBC.

Methods
Patients for this study were collected from two large, ter-
tiary referral centers in the southeastern region of the 
United States. Women with triple negative breast cancer 
(TNBC), defined as negative estrogen, progesterone and 
HER2 receptor status (<1  % of tumor cells demonstrat-
ing positive nuclear staining on immunohistochemis-
try), were identified from the institution tumor registry 
after obtaining the Institutional Review Board approval. 
Between 1996 and 2011, a total of 448 non-Hispanic 
women were identified and are included in this analy-
sis. The medical records of each patient were reviewed 
to extract information. We collected information on 
both demographic and tumor characteristics including 
age, race, menopausal status, insurance type, pathol-
ogy, grade, stage and lymphovascular invasion (LVI). All 
patients were staged based on AJCC—6th edition after 
reviewing both clinical and radiographical information. 
Other pertinent information collected were type of treat-
ments received including surgery, chemotherapy and 
radiation therapy. Surgery included partial mastectomy, 
mastectomy or none. Chemotherapy was categorized by 
neoadjuvant and adjuvant chemotherapy or none. Radia-
tion was categorized as yes or no.

We collected detail information on tumor failure type 
including local, regional and distal. If patients failed in the 
same breast or chest wall, it was referred as local. If the 
recurrence were in ipsilateral axilla, internal mammary 

or supraclavicular region, it was scored as regional. All 
other sites were called distant failure. We also collected 
information on site of distant failure including lungs, 
bones, central nervous system (CNS), liver, non-regional 
lymph nodes and others.

Statistical analysis
Fisher’s exact test was used to compare frequencies for 
categorical variables. The Kaplan–Meier product-limit 
method was used to determine overall (OS), disease-free 
(DFS), local failure-free (LFFS), and distant failure-free 
(DFFS) survival probabilities, with p-values for group 
comparisons based on the log-rank statistic. Adjusted 
hazard ratios (aHR) and 95  % confidence intervals (CI), 
were computed using a Cox regression model. Multivari-
able models were adjusted for age, stage, and grade. Based 
on the test statistic of Grambsch and Therneau, the par-
allel (proportional) hazards assumption was not violated 
in our models. An iterative expectation–maximization 
procedure was used to account for missing values (impu-
tation efficiency >99 %). Rounding was performed using 
the method of Holly and Whittemore. Statistical signif-
icance was defined as p ≤  0.05. SAS, version 9.4 (Cary, 
NC) was used for all analyses.

Results
Patient and tumor characteristics
Patients were roughly equally distributed between races, 
with 49  % black (n  =  218) and 51  % white (n  =  230) 
(Table 1). More than half (59 %) of patients were between 
the ages of 41 and 60. Another 18 % were ≤40 years old, 
and 23 % were ≥61 years old. There was a significant dif-
ference in age distribution between black and white par-
ticipants (p = 0.0006), with a greater proportion of white 
patients being ≥61 years old.

Of the 448 patients, the largest percentage (47  %, 
n  =  212) presented with Stage II disease followed by 
stage III disease with 28 % (n = 125). Only 5 % (n = 24) 
had Stage IV disease at presentation. There was a sig-
nificant difference in stage of disease between black and 
white patients (p =  0.026), with a greater proportion of 
white patients having Stage IV disease.

The majority of patients (89 %, n = 397) had Grade 3 
disease, as expected for TNBC. There was no signifi-
cant difference in distribution of disease grade between 
black and white patients. One hundred forty three (143) 
patients (32 %) had lymphovascular invasion.

Treatment
Almost all patients (93  %) received chemotherapy, with 
46  % receiving neoadjuvant chemotherapy and 46  % 
receiving adjuvant chemotherapy (Table  2). Although 
slightly more black than white patients received 
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neoadjuvant chemotherapy (48 vs 45 %), the percentage 
patients with a complete response to neoadjuvant chem-
otherapy was nearly equal between races.

Similarly, 92  % of patients underwent surgery, with 
45  % opting for breast-conserving surgery (BCS) and 
47  % opting for mastectomy. There was a significant 
difference in type of surgery between black and white 

patients, with a greater proportion of black patients hav-
ing BCS (p = 0.0010).

Most patients (73  %, n  =  329) underwent radiation 
therapy. There was a significant difference in utilization of 
radiation between black and white patients (p = 0.0105), 
with a greater proportion of black patients receiving radi-
ation (p = 0.0073).

Patterns of failure
Lung (18 %) was the most common site of distant failure 
followed by brain (12  %), liver (11  %) and bone (11  %) 
(Fig. 1). Approximately 14 % of patients developed local 
breast or chest wall failure and 3 % of women developed 
contralateral breast cancer. In addition, we also observed 
failure involving non-regional lymphatics to be high 
at 13  %. Only 4  % of patients had skin and soft tissue 
involvement outside the breast and chest wall. Regional 
lymph node failure was 4 %. There was no significant dif-
ference in sites of overall failure pattern between black 
and white patients.

Patterns of survival
Follow-up time ranged from 0.14 to 14  years, with the 
average patient being followed for 3.8  years. Small but 
continuous occurrences of failure were observed both 
locally and distally (Fig. 2). Even though there were sig-
nificant differences seen in age, stage and local treatment 
distribution between the two groups, survival end points 
between the two races were similar. For example, the 
5-year OS, DFS, LFFS, and DFFS was 68, 60, 63 and 63 % 
for blacks and 65, 63, 64, and 64  % for whites, respec-
tively. Adjusting for age, stage, and grade, hazard ratio 
CIs for each survival outcome included unity (Figs. 3a, b 
and 4a, b). The additional adjustment for year period of 
diagnosis (≤2000, 2001–2005, ≥2006) or insurance type 
did not substantively change our findings.

Table 1 Patient and  tumor characteristics comparison 
between black and white women

† Fisher’s exact test
a Non-Hispanic

Characteristic % (n) Black  % (n) White  % (n) p value†

Racea 100 (448)

 Black 49 (218)

 White 51 (230)

Age (years)

 ≤40 18 (79) 17 (36) 19 (43) 0.0004

 41–60 59 (264) 67 (147) 51 (117)

 ≥61 23 (105) 16 (35) 30 (70)

Stage

 I 19 (87) 16 (35) 23 (52) 0.026

 II 47 (212) 53 (116) 42 (96)

 III 28 (125) 28 (60) 28 (66)

 IV 5 (24) 3 (7) 7 (17)

Grade (differentiation)

 1 (Well) 1 (6) 1 (2) 2 (4) 0.79

 2 (Moderately) 10 (45) 10 (21) 10 (24)

 3 (Poorly) 89 (397) 89 (195) 88 (202)

Table 2 Treatment characteristics comparison between black 
and white women

† Fisher’s exact test
a Lumpectomy

Characteristic % (n) Black  % (n) White  % (n) p value†

Chemotherapy

 Neoadjuvant 46 (208) 48 (105) 45 (103) 0.055

  Complete response 29 (61) 30 (31) 29 (30)

  Partial response 71 (147) 70 (74) 71 (73)

 Adjuvant 46 (208) 48 (104) 45 (104)

 No chemotherapy 7 (32) 4 (9) 10 (23)

Surgery

 Breast-conserving 
surgerya

45 (203) 53 (116) 38 (87) 0.0010

 Mastectomy 47 (211) 38 (83) 56 (128)

 No surgery 8 (34) 9 (19) 7 (15)

Breast radiation

 Radiation 73 (329) 79 (173) 68 (156) 0.0073

 No radiation 27 (119) 21 (45) 32 (74)

Fig. 1 Site failure by race
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Discussion
TNBC accounts for only 10–17  % of all breast cancers, 
yet is responsible for a relatively large proportion of 
breast cancer deaths owing to its inherent aggressive 
biology (Dent et  al. 2007; Podo et  al. 2010). Another 
aggressive subtype is HER2 positive breast cancer. This 
type used to have shorter disease-free survival rates until 
the wide spread availability of HER2 directed therapy uti-
lizing trastazumab with significant improvement in sur-
vival in the modern era. Triple negative subtype on the 
other hand lacks any specific target and currently is sub-
ject to vigorous investigations to improve its outcome. 
TNBC also is a biologically extremely heterogeneous 
group of breast cancer, with a high likelihood of recur-
rence during the first 2–3 years after diagnosis (Foulkes 
et  al. 2010). Dent et  al. (2007) found that patients with 
TNBC subtype had more likelihood of distant recur-
rence and death from breast cancer within 5  years of 
diagnosis. They also noted that distant recurrence and 
breast cancer mortality was seen in the first 5–7  years 
with peak time at 3 years but not after that time period. 
Liedtke et al. (2008) also reported similar findings. They 
evaluated response to neoadjuvant chemotherapy among 
more than 1000 patients from 1985 to 2004 and reported 
3 year progression-free survival and OS rates for TNBC 
were poorer compared with other subtypes. They also 
reported that death rates were higher only in the first 
3 years of diagnosis reaching a plateau after that period. 
In our study we noted a similar significant drop in OS 
and DFS in the first 5  years. In addition, we also noted 
a small but persistent increase in death and recurrence 
occurring beyond 5 years. This is in contrast with the two 
previously reported series.

There are conflicting reports about local or loco-
regional recurrence rates (LRR) in TNBC following 
either breast conserving therapy (BCT) or mastectomy. 

While some reports showed very low incidence of LRR 
in TNBC of 3–8 % (Freedman et al. 2009; Nguyen et al. 
2008; Solin et  al. 2009), other series have shown this to 
be in the range of 10–20  % (Dent et  al. 2007; Abdulka-
rim et al. 2011; Haffty et al. 2006; Voduc et al. 2010). In 
addition, while several of these reports (Dent et al. 2007; 
Freedman et al. 2009; Haffty et al. 2006) did not find any 
difference in LRR between the different subgroups, oth-
ers have noted increased rates of both local and regional 
recurrence to be significantly higher in TNBC and HER2 
subgroups compared with hormone receptor positive 
(HR) subtypes (Nguyen et  al. 2008; Voduc et  al. 2010; 
Gabos et al. 2010; Wang et al. 2011). Finally, the systemic 
meta-analysis have suggested a higher rate of local–
regional recurrence among TNBC subgroups compared 
with hormone receptor positive breast cancer either fol-
lowing BCT or mastectomy (Lowery et  al. 2012). Our 
series has a similar 13 % rate of local only recurrence. In 
addition, we also found a low rate of regional nodal fail-
ure of 4 %. While our report did not include other sub-
types and therefore cannot be compared among different 
subgroups, it nonetheless suggests a similar local failure 
rate compared with other reports. Report by Abdulkarim 
et al. (2011) and Gabos et al. (2010) suggested that TNBC 
had inferior local–regional recurrence following mastec-
tomy with/without radiation, but this was not confirmed 
by others.Thus, there is inadequate information to sug-
gest either BCT or mastectomy is a preferable mode of 
local treatment. Based on the current information, the 
decision regarding local–regional treatment should con-
sider disease stage, individual patient’s desire and type of 
systemic therapy and response.

The metastatic behavior of TNBC also is quite distinct 
compared with other subtypes. TNBC tends to metasta-
size more frequently to viscera compared with hormone 
receptor positive cancers. TNBC has been reported to 
have lung metastasis as the most frequent site compared 
with other sites (Anders and Carey 2009; Foulkes et  al. 
2010; Yagata et  al. 2011; Kennecke et  al. 2010). It also 
involves brain/CNS at a relative higher rate and lower rate 
of bone involvement (Anders and Carey 2009; Foulkes 
et al. 2010; Yagata et al. 2011; Kennecke et al. 2010) com-
pared with hormone receptor (HR) positive subtypes. 
Kennecke et al. (2010) reported cumulative incidence of 
lung metastasis for basal subtype to be 18.5  % followed 
by 16.6 % of bone, 10.9 % brain, 9.3 % liver and 17.2 % dis-
tant nodal failure. Similarly, our report showed the lungs 
to be the most distant failure site. In addition, we also 
noted higher incidence of non-regional nodal recurrence. 
Furthermore, brain, liver and bone involvement were 
common and in the similar range in our cohort. We did 
not see a higher rate of brain/CNS metastasis compared 

Fig. 2 The 2-, 5-, and 8-year overall (OS), disease-free (DFS), local 
failure-free (LFFS), and distant failure-free (DFFS) survival probabilities
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with bone involvement as documented in other studies. 
Since, most of the studies reported relative incidence dif-
ference; it is difficult to conclude whether this truly is the 
case. However, our rate of bone metastasis is similar to 
the report by Kennecke et al. (2010).

Significant racial disparity is well-known to exist for 
TNBC incidence. In particularly, black women have a 
higher likelihood of developing breast cancer with a 
triple negative phenotype and tend to be younger at 
diagnosis (Bowen et al. 2008; Huo et al. 2009). Socioeco-
nomics, cultural factors, and lack of adequate screening 
are believe to be important explanatory factors for this 
disparity. The issue of race and survival for women with 
TNBC specific subtypes has conflicting reports. Studies 
conducted by Bauer et al. (2007b) and Lund et al. (2009) 
found that black women have a worse survival for TNBC, 
after controlling for socioeconomic factors, treatment 
delay and tumor characteristics. Dawood et al. (2009) on 

the other hand found that the black race was not associ-
ated with a detriment in survival or likelihood of attain-
ing a pathological complete remission among patients 
with TNBC.

Our cohort of TNBC patients is unique in that there 
is an almost equal representation of black and white 
women, with a large sample size for each race. We found 
that among TNBC patients, there was no statistical dif-
ference in all 4 survival measures between black and 
white women. This is interesting, given that in our study 
white patients were more likely to have Stage IV disease 
and blacks were more likely to undergo BCS and RT. We 
also did not find any significant difference in pattern of 
failure between the two races. Future study is needed to 
determine if our findings reflect a unique regional varia-
tion for TNBC (DeSantis et al. 2016).

Our study has several limitations including its 
observational design and paucity of information on 

Fig. 3 a, b Overal (OS) and disease-free (DFS) survival by race. Adjusted hazard ratios (aHR) and 95 % confidence intervals (CI) are displayed in the 
lower left-hand corner of the graph
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post-surgery radiation dose and field employment. 
Information on neighborhood socioeconomic status, 
racial residential segregation, education level, and uti-
lization/access to long term follow-up care also was 
not available for our analysis. Furthermore, the adjust-
ment variables used in our multivariable model may 
have been incomplete (e.g., differences in tumor sever-
ity even within the categories we used for adjustment). 
However, our study is a large dataset including only 
triple negative subtype, with an equal representation of 
black race. This uniquely allowed us to show significant 
differences in demography and treatment but no differ-
ences in OS, DFS, LFFS, or DFFS. The lack of targeted 
hormonal therapy for TNBC coupled with the aggres-
sive nature of this tumor type may supersede the influ-
ence of race. Nonetheless, the factors affecting failure 
patterns and survival outcomes have a complex rela-
tionship and future research is needed to better under-
stand our results.

Conclusion
This is a large TNBC data set showing demographic 
treatment comparisons between black and white patients 
with no difference in failure patterns and survival out-
comes. For both races, distant failure was the predomi-
nant pattern of failure with lung being the most common 
site. Non-regional distant nodal failure was higher com-
pared with regional nodal failure.

Authors’ contributions
The manuscript was conceived by Drs. Tithi Biswas and Timothy Zigar. Drs. 
Shreya Prasad and Sarah James collected the data. Dr. Jimmy Efird (Epidemi-
ologist) assisted in the study design and analyzed the data. All the authors 
contributed to the writing and revision of the manuscript. All authors read and 
approved the final manuscript.

Author details
1 Department of Internal Medicine, North Shore-Long Island Jewish Medical 
Center, Manhasset, NY, USA. 2 Center for Health Disparities, Brody School 
of Medicine, Office of Research, College of Nursing, East Carolina University, 
Greenville, NC, USA. 3 Department of Radiation Oncology, Mayo Clinic, Roch-
ester, MN, USA. 4 Division of Hematology/Oncology, Department of Internal 

Fig. 4 a, b Local failure-free (LFFS) and distant failure-free (DFFS) survival by race. Adjusted hazard ratios (aHR) and 95 % confidence intervals (CI) 
are displayed in the lower left-hand corner of the graph



Page 7 of 7Prasad et al. SpringerPlus  (2016) 5:756 

Medicine, East Carolina University, Greenville, NC, USA. 5 Department of Radia-
tion Oncology and Neurosurgery, Cyberknife Radiosurgery Program, University 
of North Carolina at Chapel Hill, Chapel Hill, NC, USA. 6 Department of Radia-
tion Oncology, University Hospitals Sideman Cancer Center, Case Western 
Reserve University, Cleveland, OH, USA. 

Acknowledgements
The authors would like to thank the support staff at Lineberger Comprehen-
sive Cancer Center and Leo Jenkins Cancer Center. Henry P. Pfeifer assisted in 
proofreading the manuscript.

Competing interests
The authors declare that they have no competing interests.

Ethical standard
All procedures performed in studies involving human participants were in 
accordance with the ethical standards of the institutional and/or national 
research committee and with the 1964 Helsinki declaration and its later 
amendments or comparable ethical standards. Since this is a retrospective 
studies, formal consent is not required.

Received: 20 May 2016   Accepted: 27 May 2016

References
Abdulkarim BS, Cuartero J, Hanson J, Descheˆnes J, Lesniak D, Sabri S (2011) 

Increased risk of locoregional recurrence for women with T1-2N0 
triple-negative breast cancer treated with modified radical mastectomy 
without adjuvant radiation therapy compared with breast-conserving 
therapy. J Clin Oncol 29:1–8

Anders C, Carey L (2009) Biology, metastatic patterns, and treatment of 
patients with triple-negative breast cancer. Clin Breast Cancer 9(Suppl 
2):S73–S81

Ayanian JZ, Kohler BA, Abe T et al (1993) The relation between health insur-
ance coverage and clinical outcomes among women with breast cancer. 
N Engl J Med 329:326–331

Bauer KR, Brown M, Cress RD et al (2007a) Descriptive analysis of estrogen 
receptor (ER)-negative, progesterone receptor (PR)-negative, and HER2-
negative invasive breast cancer, the so-called triple-negative phenotype: 
a population-based study from the California Cancer Registry. Cancer 
109:1721–1728

Bauer KR, Brown M, Cress RD et al (2007b) Descriptive analysis of estrogen 
receptor (ER)-negative, progesterone receptor (PR)-negative, an HER2-
negative invasive breast cancer, the so-called triple-negative phenotype: 
a population-based study from the California Cancer Registry. Cancer 
109:1721–1728

Bowen RL, Duffy SW, Ryan DA et al (2008) Early onset of breast cancer in a 
group of British black women. Br J Cancer 98:277–281

Bradley CJ, Given XW, Roberts C (2002) Race, socioeconomic status, and breast 
cancer treatment and survival. J Natl Cancer Inst 94:490–496

Carey LA, Perou CM, Livasy CA et al (2006) Race, breast cancer subtypes, and 
survival in the Carolina Breast Cancer Study. JAMA 295:2492–2502

Dawood S, Broglio K, Esteva FJ et al (2009) Triple receptor-negative breast 
cancer: the effect of race on response to primary systemic treatment and 
survival outcomes. J Clin Oncol 27:220–226

Dent R, Trudeau M, Pritchard KI et al (2007) Triple-negative breast cancer: 
clinical features and patterns of recurrence. Clin Cancer Res 13:4429–4434

DeSantis CE, Siegel RL, Sauer AG et al (2016) Cancer statistics for African Ameri-
cans. CA Cancer J Clin. doi:10.3322/caac.21340

Foulkes WD, Smith IE, Reis-Filho JS (2010) Triple-negative breast cancer. N Engl 
J Med 363:1938–1948

Freedman GM, Anderson PR, Li T, Nicolaou N (2009) Locoregional recurrence 
of triple-negative breast cancer after breast-conserving surgery and 
radiation. Cancer 115:946–951

Furberg H, Millikan R, Dressler L et al (2001) Tumor characteristics in African 
American and white women. Breast Cancer Res Treat 68:33–43

Gabos Z, Thoms J, Ghosh S et al (2010) The association between biological 
subtype and locoregional recurrence in newly diagnosed breast cancer. 
Breast Cancer Res Treat 124:187–194

Haffty BG, Yang Q, Reiss M, Kearney T, Higgins SA, Weidhaas J, Harris L, Hait Wil-
lam, Toppmeyer D (2006) Locoregional relapse and distant metastasis in 
conservatively managed triple negative early-stage breast cancer. J Clin 
Oncol 24:5652–5657

Huo D, Ikpatt F, Khramtsov A et al (2009) Population differences in breast 
cancer: survey in indigenous African women reveals over-representation 
of triple-negative breast cancer. J Clin Oncol 27:4515–4521

Ihemelandu CU, Lefall LD, Dewitty RL et al (2007) Molecular breast cancer sub-
types in premenopausal and postmenopausal African-American women: 
age-specific prevalence and survival. J Surg Res 143:109–118

Kennecke H, Yerushalmi R, Woods R, Cheang M, Voduc D, Speers CH, Nielsen 
TO, Gelmon K (2010) Metastatic behavior of breast cancer subtypes. J Clin 
Oncol 28:3271–3277

Liedtke C, Mazouni C, Hess KR et al (2008) Response to neoadjuvant therapy 
and long-term survival in patients with triple-negative breast cancer. J 
Clin Oncol 26:1275–1281

Lowery AJ, Kell MR, Glynn RW, Kerin MJ, Sweeney KJ (2012) Locoregional 
recurrence after breast cancer surgery: a systematic review by receptor 
phenotype. Breast Cancer Res Treat 133:831–841

Lund MJ, Trivers KF, Porter PL et al (2009) Race and triple negative threats to 
breast cancer survival: a population-based study in Atlanta, GA. Breast 
Cancer Res Treat 113:357–370

McWhorter WP, Mayer WJ (1987) Black/white differences in type of initial 
breast cancer treatment and implications for survival. Am J Public Health 
77:1515–1517

Morris GJ, Naidu S, Topham AK et al (2007) Differences in breast carcinoma 
characteristics in newly diagnosed African-American and Caucasian 
patients: a single-institution compilation compared with the National 
Cancer Institute’s Surveillance, Epidemiology, and End Results database. 
Cancer 110:876–884

National Cancer Institute (1990–2001) Surveillance, Epidemiology, and End 
Results Program SEER*Stat database: mortality-all COD, public-use with 
state, total US for expanded races/Hispanics. http://www.seer.cancer.gov

Nguyen PL, Taghian AG, Katz MS, Niemierko A et al (2008) Breast cancer 
subtype approximated by estrogen receptor, progesterone receptor, 
and HER-2 is associated with local and distant recurrence after breast-
conserving therapy. J Clin Oncol 26:2373–2378

Nishimura R, Arima N (2008) Is triple negative a prognostic factor in breast 
cancer? Breast Cancer 15:303–308

Podo F, Buydens L, Degani H, Hilhorst R, Klippe E, Gribbestadf IS, Huffelg SV 
et al (2010) Triple-negative breast cancer: present challenges and new 
perspectives. Mol Oncol 4:209–229

Rhee J, Han SW, Oh DY, Kim JH, Im SA, Han W, Park IA, Noh DY, Bang YJ, Kim TY 
(2008) The clinicopathologic characteristics and prognostic signifi-
cance of triple-negativity in node-negative breast cancer. BMC Cancer 
8:307–314

Solin LJ, Hwang W, Vapiwala N (2009) Outcome after breast conservation treat-
ment with radiation for women with triple-negative early-stage invasive 
breast carcinoma. Clin Breast Cancer 9:96–100

Tian XS, Cong MH, Zhou WH, Zhu J, Chen YZ, Liu Q (2008) Clinicopathologic 
and prognostic characteristics of triple-negative breast cancer. Onkologie 
31:610–614

Voduc KD, Cheang M, Tyldesley T, Gelmon K, Nielsen TO, Kennecke H (2010) 
Breast cancer subtypes and the risk of local and regional relapse. J Clin 
Oncol 28:1684–1691

Wang SL, Li YX, Song YW et al (2011) Triple-negative or HER2-positive status 
predicts higher rates of locoregional recurrence in node-positive 
breast cancer patients after mastectomy. Int J Radiat Oncol Biol Phys 
80:1095–1101

Yagata H, Kajiura Y, Yamauchi H (2011) Current strategy for triple-negative 
breast cancer: appropriate combination of surgery, radiation, and chemo-
therapy. Breast Cancer 18:165–173

http://dx.doi.org/10.3322/caac.21340
http://www.seer.cancer.gov


Reproduced with permission of the copyright owner. Further reproduction prohibited without
permission.


	c.40064_2016_Article_2444_24592.pdf
	Failure patterns and survival outcomes in triple negative breast cancer (TNBC): a 15 year comparison of 448 non-Hispanic black and white women
	Abstract 
	Purpose: 
	Methods: 
	Results: 
	Conclusion: 

	Background
	Methods
	Statistical analysis

	Results
	Patient and tumor characteristics
	Treatment
	Patterns of failure
	Patterns of survival

	Discussion
	Conclusion
	Authors’ contributions
	References





