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Triple negative breast cancer (TNBC) is a phenotype of breast cancer with aggressive clinical behavior. Because 
of the absence of optimal treatment, the prognosis of this disease is poor. The main purpose of this study was to 
detect the response to neoadjuvant chemotherapy (NACT) in a TNBC cohort and compare the long-term sur-
vival between patients with and without pathological complete response (pCR). A total of 53 patients diagnosed 
with TNBC from 2005 to 2013 who received NACT at the University Hospital Birmingham were enrolled in 
this study. Overall survival (OS) and progression-free survival (PFS) were compared between the pCR group 
and non-pCR group. Demographic information and clinical or pathologic parameters were also analyzed to 
explore potential predictive and prognostic factors. Fourteen patients (26.4%) achieved pCR to NACT. In 
univariate analysis, patients with pCR had longer PFS time (p = 0.013) and OS time (p = 0.054) compared with 
their counterparts without pCR. In multivariate analysis, the existence of lymphovascular invasion (LVI) sig-
nificantly reduced OS (HR = 17.404, 95% CI = 2.923–103.644) and PFS (HR = 7.776, 95% CI = 1.645–36.753). 
The achievement of pCR to NACT can significantly postpone the incidence of disease progression in patients 
with TNBC. There is not enough evidence showing its influence on ultimate survival. LVI may be a more 
potent prognostic factor than pCR in the TNBC cohort.
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INTRODUCTION

Triple negative breast cancer (TNBC) is an aggressive 
clinical phenotype of breast cancer with negative expres-
sion of estrogen receptor (ER) and progesterone recep-
tor (PgR) and absence of human epidermal growth factor 
receptor 2 (HER-2) amplification (1,2). TNBC accounts 
for 10–20% of all breast cancers, and the incidence of 
TNBC is epidemiologically associated with younger 
women, younger age at menarche, short duration of 
breastfeeding, obesity of premenopausal women, BRCA1 
mutations, and African-American or non-Hispanic black 
race (3–9). Although the incidence of TNBC is relatively 
lower compared with other subtypes (e.g., HER-2 or ER/
PgR overexpressing subtypes), TNBC is still more likely 
to have aggressive clinical behavior, such as larger tumor 

size, high histological grades, and involvement of regional 
lymph nodes (1,3).

Unlike hormone receptor or HER-2-positive tumors, 
which are eligible for endocrine treatment or HER-2-
targeted therapy with agents such as trastuzumab (10,11), 
systematic treatment of TNBC is limited to cytotoxic 
chemotherapy due to the lack of molecular targets, and 
there is no specific guideline for its clinical management 
(5,12–16). Therefore, TNBC is related to a worse clinical 
outcome and higher risk of early metastatic diseases com-
pared with other breast cancer phenotypes (1,8,9,13,17). 
Previous studies reported that the prognosis of TNBC was 
the poorest with an overall survival (OS) rate of 76.2% and 
a hazard ratio (HR) of 1.8 using the subtype with positive 
ER/PgR and negative HER-2 as a reference (8,17).
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To improve the clinical outcome of TNBC, previous 
studies focused on evaluating existing chemotherapy regi-
mens. Cumulative evidence shows that TNBC compared 
with non-TNBC has higher chemosensitivity, especially in 
a neoadjuvant setting with a higher percentage of patho-
logical complete response (pCR) (18,19). Because opti-
mal chemotherapy regimen has not yet been established, 
standard anthracycline- and/or taxane-based chemother-
apy is still widely used (20). TNBC is sensitive to neo-
adjuvant anthracycline-based regimens with higher pCR 
rates around 17–58% compared with luminal breast cancer 
(14,21). Furthermore, neoadjuvant chemotherapy (NACT) 
is considered to be advantageous to aggressive tumors like 
TNBC because it can reduce tumor size and makes surgery 
feasible for initially unresectable tumors or makes breast-
conserving surgery eligible for resectable tumors (18).

Nevertheless, whether the short-term benefit of NACT 
can be converted into the improvement of long-term sur-
vival in a TNBC cohort is still controversial (5,18,19). 
On the one hand, a few studies (15,16,21) proposed that 
patients with pCR to NACT had a better prognosis across 
different subtypes of breast cancer. However, for TNBC 
patients in the non-pCR group, the survival rate was lower 
than that with adjuvant chemotherapy (ACT), which may 
be explained as an elevated risk of disease relapse if pCR 
was not achieved after NACT (21). On the other hand, a 
recent neoadjuvant study (22) compared the survival dif-
ference between ACT and NACT in patients with TNBC 
and demonstrated that chemotherapy delivered in a post-
surgery setting significantly reduced the risk of overall 
death compared with presurgery or none/unknown che-
motherapy (HR = 0.476, 95% CI 0.295–0.770). Their 
subsequent study (23) further illustrated that patients 
with pCR to NACT had better OS than patients who 
received ACT, but the result was not statistically signifi-
cant (HR = 0.19, p = 0.10). Therefore, further neoadjuvant 
studies are required to examine the relationship between 
short-term and long-term benefits of NACT to TNBC 
patients. This study evaluated the prognostic value of 
pCR to NACT in patients with TNBC.

MATERIALS AND METHODS

This study had four key objectives: (a) to investigate 
the short-term response to NACT, (b) to establish the 
association between pCR and OS on progression-free 
survival (PFS), (c) to identify prognostic factors other 
than pCR, and (d) to identify potential factors that influ-
ence the rates of pCR.

Study Population

Women eligible for the study were patients newly 
diagnosed with breast cancer between January 2005 and 
November 2013 who met the following criteria: (a) patients 
diagnosed with breast cancer in University Hospital 

Birmingham (UHB) or patients referred from other hospi-
tals but treated in UHB, (b) quick scores of ER/PgR were 
£2, and immunohistochemistry scores of HER-2 were 
£1+ or 2+ without amplification in fluorescence in situ 
hybridization analysis, (c) confirmation of hormone recep-
tors and HER-2 status was based on core needle biopsy at 
diagnosis or excisional biopsy after surgery, (d) primary 
breast tumors were treated with NACT followed by sur-
gery (mastectomy or breast-conserving surgery) in UHB.

Exclusion criteria are shown as follows: (a) NACT for 
recurrent breast cancer; (b) no surgery after NACT; (c) 
insufficient data for analysis.

Data Collection

Data including demographic information, tumor fea-
tures, and treatment records were collected from the 
clinical portal system and medical correspondence in 
UHB. In addition, expression of ER, PgR, and HER-2 
was confirmed by checking pathological reports from the 
Department of Histopathology in UHB.

All measurements of tumor size were based on radio-
logical, clinical, or histopathological examinations. In 
particular, pretreatment pathological diagnosis was based 
on core needle biopsy of primary breast tumor at diag-
nosis, while the posttreatment part was based on surgery 
specimens of breast tumor and axillary lymph nodes. 
Histological grade was subjected to excisional material. 
Alternatively, histological grade was cited from pretreat-
ment biopsy if no residual invasive tumor was seen or no 
record was available in surgery specimens.

Data Evaluation

Short-term responses to NACT were evaluated by use 
of clinical response rates and pCR rates. pCR was inves-
tigated with surgery specimens and defined as disappear-
ance of all invasive tumors plus the involved lymph nodes 
(ypT0/is pN0) (15).

Clinical response rates were evaluated on the basis of 
Response Evaluation Criteria in Solid Tumours (RECIST) 
Guideline (version 1.1) but modulated to measure primary 
tumors in breast only (24). Therefore, complete response 
(CR) was defined as disappearance of all primary tumors 
detected radiologically or clinically; partial response 
(PR) was defined as at least 30% reduction in the sum of 
diameters of breast tumors; progressive disease (PD) was 
defined as at least 20% increase in the sum of diameters 
of breast tumors compared with the smallest sum during 
clinical detection; and stable disease (SD) described the 
change of tumor sizes between PR and PD. Among them, 
objective response equaled PR plus CR. For patients who 
attained fluctuating response to NACT, the best response 
across all time points was recorded for analysis.

OS and PFS were applied to evaluated long-term prog-
nosis. OS was calculated from the date of diagnosis to 
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the date of death or censored if the patient was known to 
be alive on the last day of data collection (i.e., July 31, 
2014). PFS was calculated from date of diagnosis to the 
earliest date of disease progression or death or censored 
in the same situation as OS.

Statistical Analysis

Data were analyzed via SPSS (version 2.2; IBM 
Corporation, Armonk, NY, USA). Statistical significance 
was confirmed with a significance level of 5%. The 95% 
CI was indicated if necessary. Univariate analysis of pCR 
rates was conducted with personal chi-square or Fisher’s 
exact probability tests for categorical data, and with a logis-
tic regression model for continuous data, while multivari-
ate analysis of pCR rates was not implemented since only 
one significant factor was identified in univariate analysis.

Survival rates influenced by each factor were analyzed 
with Kaplan–Meier curves with log-rank test for calcula-
tion of p value. Cox regression was operated in the fol-
lowing situations: (a) multivariate survival analysis of 
continuous variates [e.g., body mass index (BMI) tumor 
size, and Nottingham prognostic index (NPI)], (b) output 
of HR for each significant factor in univariate analysis, 
and (c) multivariate survival analysis.

RESULTS

Among about 6,000 medical records, a total of 53 valid 
cases of TNBC were diagnosed between 2005 and 2013 
and received chemotherapy before definitive surgery. This 
study period was selected because the expression of ER, 
PgR, and HER-2 was routinely tested upon diagnosis. The 
status of hormone receptors or HER-2 changed in seven 
cases: Five cases transformed from negative ER and/or 
PgR (quick scores £2) to positive expression (quick score 
³3), one from positive to negative, and one initial TNBC 
presented with HER-2 amplification in surgery specimen. 
These cases were not excluded but recorded.

Clinical and Pathological Response

In clinical practice, CR to NACT can be evaluated by 
imaging studies and clinical examinations at the end of 

NACT. Table 1 summarizes different CR and PR after 
NACT. The data for CR were available in 45 patients. 
Figure 1 shows a waterfall graph of the maximum tumor 
shrinkage from baseline. Approximately 80.0% of patients 
responded objectively, including 15 (33.3%) with CR and 
21 (46.7%) with PR. Meanwhile, nine patients (17.0%) 
did not respond significantly to NACT (i.e., SD). No dis-
ease progression happened before surgery.

After definitive surgery, the response was also con-
firmed pathologically using excision samples (Fig. 2). The 
53 cases involved 14 patients with pCR, 36 patients with 
residual tumors in breast or regional lymph nodes after 
NACT (i.e., non-pCR), and three patients with uniden-
tified response due to incomplete pathological report 
(not stated). Hence, the valid percentage of patients who 
received pCR was 28.0% (26/50).

Univariate Analysis of pCR

Univariate analysis of pCR involved 11 factors related 
to patients, tumor, or anticancer treatment (Table 2). 
Among them, BMI was the only risk factor that signifi-
cantly influences pCR rates [odds ratio (OR) = 0.803, 
95% CI = 0.658–0.979]. In total, 27 patients received 
both anthracycline and a taxane for their NACT, while 
24 patients received anthracycline-based regimens and 
one received a taxane-based regimen. Table 3 summa-
rized the regimens used in our study and pCR rates for 
each group. Three patients without pCR record were not 
listed in the table, including one in the E-CMF (epiru-
bicin followed by cyclophosphamide, methotrexate, 
and fluorouracil) group and two in the ET (epirubicin 
and docetaxel) group. Chi-square and Fisher’s exact 
tests were conducted among E-CMF, ET, and T-FEC/
FEC-T (fluorouracil, epirubicin, and cyclophosphamide 
followed/following docetaxel) containing regimens to 
compare their pCR rates but failed to conclude signifi-
cant difference (p = 0.064).

Overall Survival and Progression-Free Survival

Information on OS was available from 52 patients, with 
a median follow-up duration of 54.5 (9–100) months and a 

Table 1. Summary of Clinical and Pathological Response After Neoadjuvant Chemotherapy

Clinical Response Pathological Response

No. of 
Patients

Valid Percentage 
(n = 45)

No. of 
Patients

Valid Percentage 
(n = 50)

CR 15 33.3% pCR 14 28.0%
PR 21 46.7% Non-pCR 36 72.0%
SD 9 17.0% Missing 3
Missing 8

CR, complete response; PR, partial response; SD, stable disease; pCR, pathological complete 
response; Non-pCR, no pathological complete response.
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Figure 1. Waterfall plots of best percent change from baseline in measurable tumor during neoadjuvant chemotherapy courses. 
Different responses were in different patterned bars. Among them, 33.3% of patients receive clinical complete response (CR) from 
baseline, 46.7% of patients received clinical partial response (PR), and 17.0% of patients received stable disease (SD).

Figure 2. Percentages of patients who achieved pathological complete response (pCR) and patients who did not receive pCR. A total 
of 14 patients received pCR after neoadjuvant chemotherapy, while 36 patients still had residual tumor in breast or axillary lymph 
nodes. Three patients had missing values.
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median OS time of 53 months. The median survival time of 
the pCR group could not be computed because more than 
50% of patients were still alive at the end of the study, while 
the median survival time of the non-pCR group was 45 
(95% CI = 20–70) months. The 5-year survival rates of the 
pCR and non-pCR groups were 71% (95% CI = 62–80%) 
and 42% (95% CI = 39–45%), respectively (Table 4).

Information on PFS was available in 49 patients, with 
22 cases of progression or death and 27 cases of survival 
at the end of data collection. The median survival time 
was 45 (95% CI = 33–57) months. The median survival 
time in the pCR group still could not be computed, but it 
was 34 (95% CI = 10–58) months in the non-pCR group 
(Table 4) because there were only two patients getting 
disease progression in pCR group compared with eight 
in the non-pCR group. Furthermore, the only two cases 
of progression in the pCR group occurred at 1.8 and 3.2 
years after diagnosis. In contrast, the earliest progression 
in the non-pCR group happened 8 months after diagno-
sis. These results indicated that disease progression was 
delayed in the pCR group (HR = 0.193, 95% CI = 0.045–
0.832). Figure 3 shows the Kaplan–Meier curves of OS 

and PFS in all patients, and the different survival curves 
between patients with pCR and without pCR.

Univariate Analysis of Long-Term Survival

A total of 22 factors related to patients, tumors, or 
treatment were analyzed separately in univariate survival 
analysis (Table 5). Among them, OS rates between the 
pCR group and non-pCR group were borderline differ-
ent (p = 0.054), while the variates that significantly influ-
ence OS were tumor size at presentation (p = 0.029), 
residual tumor size after NACT (p = 0.034), number of 
residual positive lymph nodes (p = 0.000), existence of 
lymphovascular invasion (LVI) (p = 0.000), type of sur-
gery (p = 0.028), and administration of ACT (p = 0.005). 
In addition to pCR, there were another four factors with 
borderline significant influence, which were achievement 
of clinical CR (p = 0.056), age (p = 0.046), smoking his-
tory (p = 0.048), and existence of distant metastases at 
presentation (p = 0.041).

PFS rates were statistically different between the pCR 
group (n = 14) and non-pCR group (n = 33) (p = 0.013). 
Other variates that significantly influence PFS were 
smoking history (p = 0.031), existence of distant metas-
tases at presentation (p = 0.000), residual tumor size after 
NACT (p = 0.000), existence of LVI (p = 0.000), number 
of residual positive lymph nodes (p = 0.000), and type of 
surgery (p = 0.039). Only one factor was found with bor-
derline significance, which was achievement of clinical 
CR (p = 0.062).

Multivariate Analysis of Long-Term Survival

In terms of multivariate analysis, five variates for OS 
(Table 6) and five variates for PFS (Table 7) were analy-
zed via Cox regression model. The results showed that the 
achievement of pCR failed to prolong long-term survival 
(OS, p = 0.309; PFS, p = 0.247), but the existence of LVI 
is an independent variate that may harm OS (HR = 17.404, 
95% CI = 2.923–103.644) and PFS (HR = 7.776, 95% 
CI = 1.645–36.753).

Table 2. Univariate Analysis of pCR

OR 95% CI p Value

Age 0.983 0.935–1.036 0.553
Body mass index 0.803 0.658–0.979 0.030
Tumor size at presentation 0.986 0.962–1.013 0.312
Sides of tumor

Right 1
Left 0.500 0.142–1.756 0.276

Nodes at presentation
Negative 1
Positive 1.185 0.338–4.149 0.791

Smoking 
No 1
Yes 0.417 0.092–1.888 0.305

Family history
No 1
Yes 1.401 0.345–5.682 0.718

Comorbidity
No 1
Yes 0.429 0.101–1.812 0.203

Regimens of NACT
Anthracycline/taxanes 1
Anthracycline and taxanes 1.143 0.318–4.109 0.838

Severe side effects
No 1
Yes 1.499 0.423–5.319 0.529

Type of surgery 
Mastectomy 1
Breast conserving 2.012 0.563–7.193 0.278

NACT, neoadjuvant chemotherapy; OR, odds ratio; CI, confidence 
interval.

Table 3. pCR Rates Among Different NACT Regimens

pCR (%)

Regimens Non-pCR pCR Total

E-CMF 13 (72.2%) 5 (27.8%) 18
T-FEC/FEC-T 9 (56.3%) 7 (43.8%) 16
ET 9 (100.0%) 0 (0.0%) 9
Others 4 (77.8%) 2 (22.2%) 6
Not stated 1 (100.0%) 0 (0.0%) 1
Total 38 (73.6%) 14 (26.4%) 50

E-CMF, epirubicin followed by cyclophosphamide, methotrex-
ate, and fluorouracil; T-FEC/FEC-T, fluorouracil, epirubicin, 
and cyclophosphamide followed/following docetaxel; ET, epi-
rubicin and docetaxel.



296 SHAO ET AL.

DISCUSSION

TNBC is an aggressive phenotype of breast cancer. 
Until now, whether the poor prognosis of TNBC is related 
to the aggressive features or limited treatment options has 
not been certain. This TNBC cohort study examined the 

relationship between response to NACT and long-term 
survival and aimed to identify additional predictive factors 
for disease progression and ultimate survival other than 
pCR. These results may help researchers and practitioners 
to better understand TNBC and the clinical value of pCR.

Table 4. Long-Term Survival in pCR or Non-pCR Patients

Median PFS 
(Months)

95% CI 
(Months)

Median OS 
(Months)

95% CI 
(Months) 5-Year OS 95% CI

pCR Not researched – Not researched – 71% 62–80%
Non-pCR 34 10–58 45 20–70 45% 39–45%

PFS, progression-free survival; CI, confidence interval; OS, overall survival; pCR, pathological complete response; 
non-pCR, no pathological complete response.

Figure 3. Long-term survival in all TNBC patients and the comparison between patients with pCR and those with no pCR. (a) OS in 
all TNBC patients, (b) PFS in all TNBC patients, (c) comparison of OS in patients with pCR (upper line) and those without pCR (lower 
line), (d) comparison of PFS in patients with pCR (upper line) and those without pCR (lower line). Dashed line refers to the level of 
median survival rates. Patients with pCR had improved OS and PFS compared with their non-pCR counterparts.
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In this study, the pCR rate was lower than some recent 
trials evaluating the efficacy of additional carboplatin 
and/or bevacizumab in neoadjuvant setting for TNBC 
(25,26). Two phase 2 trials from von Minckwitz et al. 
(25) and Sikov et al. (26) showed that even in the non-
carboplatin-containing arms, the pCR rates in TNBC were 
higher than the present study at 36.9% and 41%, respec-
tively. The gap might be caused by the low proportion 
of our patients compared with the two studies mentioned 
above. Meanwhile, the regimens are different. In our 
study, the main regimen was only anthracycline- and/or 

taxane-containing without additional carboplatin or tar-
geted therapy, which may be related to the low pCR rate. 
Although our study failed to conclude significant differ-
ence among NACT regimens, a large-scale meta-analysis 
(27) reported that the pCR rates for anthracycline- and 
taxane-containing regimens were 26.8% and 30.5% 
and were much lower than platinum- and gemcitabine-
containing regimens (44.2% and 44.5%, respectively). 
Furthermore, the total pCR rate in the TNBC group was 
similar to our study at 28.9%. All of these results implied 
that NACT regimens might be the main reasons compro-
mising the pCR rates in our study.

Furthermore, TNBC tended to occur in overweight 
or obese women (median BMI, 27 kg/m2). The primary 
tumors slightly presented more on the left side with 
high grades and high NPI (after NACT), reflecting poor 
prognosis. Furthermore, regional radiotherapy was often 
given after surgery to treat residual tumors, while ACT 
was often omitted.

Other risk characteristics for TNBC, such as African 
race, younger age at menarche and diagnosis, and lower 
socioeconomic status, were mentioned in previous stud-
ies but not detected in the present study (7,9).

PFS Is Prolonged in Patients With pCR

Mounting evidence indicates that patients who obtain 
pCR to NACT have a better prognosis regardless of 
subtype, and increased pCR rates tend to occur more in 
aggressive subtypes, such as basal-like breast cancer and 
HER2-overexpressing subtype (15,16,21). Based on its 
outstanding prognostic value in TNBC patients, pCR to 
NACT is suggested to be a surrogate endpoint for OS in 
TNBC patients, which may allow rapid evaluation of clin-
ical outcomes and further treatment decisions for patients 
without pCR (15,16,18). Interestingly, the relationship 
between pCR and long-term prognosis is discordant 
among age groups. Even though young TNBC patients are 
more likely to receive pCR after NACT, their PFS rates 
do not increase accordingly (1-year increase, HR = 0.98; 
95% CI = 0.96–1.00) (5,19,28). Therefore, more neoadju-
vant studies in TNBC patients are required to verify the 
clinical value of pCR. In the present study, high pCR rate 

Table 5. Univariate Analysis of Overall 
Survival (OS) and Progression-Free Survival 
(PFS)

p Value

OS PFS

pCR or not 0.054 0.013
cCR or not 0.056 0.062
Age 0.046 0.438
Race 0.094 0.211
Body mass index 0.840 0.477
Smoking or not 0.074 0.016
Family history of cancer 0.819 0.660
Comorbidity or not 0.433 0.397
Tumor size at diagnosis 0.029 0.080
Tumor after NACT 0.034 0.000
Nodes at diagnosis 0.138 0.082
Nodes after NACT 0.000 0.000
LVI 0.000 0.000
Tumor grade 0.911 0.344
Tumor type 0.200 0.123
Change of receptors 0.791 0.832
Tumor sides 0.559 0.755
Regimens of NACT 0.230 0.689
Side effects 0.268 0.185
Type of surgery 0.028 0.039
ACT 0.005 0.078
ART 0.102 0.163

pCR, pathological complete response; NACT, 
neoadjuvant chemotherapy; LVI, lymph vascu-
lar invasion; ACT, adjuvant chemotherapy; ART, 
adjuvant radiotherapy.

Table 6. Multivariate Analysis of Overall Survival

95.0% CI for HR

p Value HR Lower Upper

LVI 0.002 17.404 2.923 103.644
Type of surgery 0.943 1.058 0.221 5.075
pCR 0.309 0.266 0.021 3.414
ACT 0.267 2.272 0.534 9.674
Tumor size 0.165 1.023 0.991 1.057

LVI, lymph vascular invasion; pCR, pathological complete response; 
ACT, adjuvant chemotherapy; HR, hazard ratio; CI, confidence interval.

Table 7. Multivariate Analysis of Progression-Free Survival

95.0% CI for HR

p Value HR Lower Upper

LVI 0.010 7.776 1.645 36.753
Type of surgery 0.794 1.225 0.267 5.616
pCR 0.247 0.221 0.017 2.842
Tumor size 0.599 1.009 0.975 1.045
Smoking 0.140 2.513 0.740 8.539

LVI, lymph vascular invasion; pCR, pathological complete response; 
HR, hazard ratio; CI, confidence interval.
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and clinical objective response rate were basically coin-
cident with previous studies, and no progression of pri-
mary tumors occurred during NACT (14,21). Univariate 
analysis demonstrated that the response to NACT influ-
enced the long-term survival. Achievement of pCR, the 
most potent prognostic factor in TNBC, showed obvious 
prognostic value to OS but with a borderline value of 
p = 0.054. On the other hand, PFS rate in the pCR group 
was significantly higher than that in the non-pCR group 
(p = 0.013). A comprehensive interpretation of the results 
is that incidence of the first disease progression can be 
postponed in patients with pCR to NACT, but the benefit 
may be reduced over time, and fail to notably prolong the 
ultimate survival rates. Also, it is possible that this study 
is underpowered because of small sample size and variety 
of chemotherapy regimens.

On the other hand, there was no significant finding in 
PFS in multivariate analysis. The potential explanations 
are the low proportion of TNBC patients and the interac-
tion among the factors involved in multivariate analysis. 
We wait for the final outcome data from GeparSixto and 
CALGB trials regarding long-term survival in correlation 
to pCR (25,26).

Higher BMI Harms pCR but Not Survival Rates

In all characteristics analyzed in this study, BMI was 
the only risk factor related to the pCR rates. Intriguingly, 
obesity in premenopausal women may be a protective 
factor for patients with ER/PgR-positive breast cancer 
due to the reduced exposure of estrogen secondary to 
anovulation (29). However, this benefit does not exist in 
patients with TNBC. Instead, obesity has been demon-
strated as a risk factor of TNBC (30,31). Given that BMI 
is increasing among young women in Western countries, 
especially among African-Americans, and that BMI is 
related to high frequency of TNBC, more public attention 
should be focused on obesity in the management of breast 
cancer (4,32).

Although TNBC responds better to NACT compared 
with other subtypes, higher BMI is still associated with 
low percentage of pCR (13,19,30). In terms of progno-
sis, this study failed to identify significant harm of BMI 
to long-term survival, and the result is consistent with 
another TNBC study, which also showed no significant 
correlation between BMI category and recurrence-free 
survival or OS (31). Instead of observing TNBC only, 
previous studies enrolling overall population with breast 
cancer demonstrated higher risk of recurrence in the 
obese group (30,33).

Nevertheless, the prognostic value of BMI still can-
not be explained easily because clinicians often inten-
tionally reduce doses in overweight or obese women for 
fear of overdose toxicity, which may lead to less opti-
mal efficacy and poorer prognosis (33). This study may 

be underpowered, since some data were collected from 
the earliest discharge records during treatment if the ini-
tial BMI was not available in diagnosis records. Hence, 
BMI in some cases might differ from the one at diagnosis 
because weight gain has been observed in women after 
breast cancer diagnosis (30).

Anthracycline/Taxane-Based Regimens Are Superior 
With Fewer Side Effects

Because of the lack of effective pharmacologic targets, 
chemotherapy is the only systematic treatment available for 
TNBC (5,13). TNBC is chemosensitive in a neoadjuvant 
setting with higher pCR rate compared with non-TNBC 
(18). Previous studies have demonstrated that anthracy-
cline- and/or taxane-based regimens are especially active 
in TNBC and remain the mainstay of neoadjuvant agents in 
TNBC (12). In this study, E-CMF and FEC with/without T 
were two main regimens commonly delivered in neoadju-
vant settings (35.8% and 35.9%, respectively). Comparing 
the anthracycline/taxanes group with anthracycline and 
taxanes group, the analysis did not show any relationship 
between NACT regimens and pCR rates (p = 0.838) or 
long-term prognosis (p = 0.230 for OS; p = 0.689 for PFS) 
in two groups. However, severe toxicity occurred in about 
35.8% of patients (19/53), including five in the anthracy-
cline/taxane group and 14 in the anthracyline and taxane 
group. Therefore, those patients receiving both anthracy-
cline and taxane seemed to suffer from more severe side 
effects compared with their counterparts receiving only 
anthracycline-containing or taxane-containing regimens 
(OR = 3.719, 95% CI = 1.009–13.702). To the best of our 
knowledge, little attention was drawn to the difference 
between these two regimens in earlier studies, so this study 
may be an attempt to explore this issue, indicating that 
NACT regimens containing either anthracycline or tax-
anes were sufficient to deliver considerable clinical ben-
efits without too much toxicity (13,20,34). Because only 
one patient received taxane-based NACT, comparison was 
not applied between anthracycline-based and taxane-based 
regimens. Larger sample studies may be required to moni-
tor these three regimens.

The sensitivity of anthracycline-based regimens may 
be reduced in patients with BRCA1 deleterious mutations. 
In recent years, platinum and PARP1 inhibitors, which 
are potential agents against BRCA1-deficient tumors, 
have gained growing interest (18,35,36). Future studies 
about BRCA1-related TNBC may focus on these agents 
as an alternative to traditional anthracycline and taxanes.

Lymph Vascular Invasion Shows Strong Link 
With Long-Term Survival

LVI, which refers to peritumoral emboli, accounts 
for about 15% of invasive ductal breast cancer (37). It 
has been applied to predict risk of axillary lymph node 
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involvement and distant metastasis. It is also taken into 
account in decisions on further treatment after surgery 
(38,39). In multivariate survival analysis, the superiority 
of the pCR group was not significant. Instead, LVI was 
strongly correlated with poor survival.

Mounting evidence proves that the existence of LVI is 
a crucial prognostic factor for women with invasive breast 
cancer regardless of their lymph node status (40–42). 
In the TNBC cohort, poorer disease-free survival was 
also detected in patients with extensive LVI (HR = 6.73; 
95% CI = 1.50–30.3, p = 0.03). Similarly, univariate anal-
ysis showed that the existence of LVI significantly 
impacted OS (HR = 7.67; 95% CI = 2.65–22.21) and 
PFS (HR = 13.856; 95% CI = 4.68–41.04). However, the 
presence of LVI is not unique to breast cancer. Previous 
studies have demonstrated its prognostic significance in 
various malignancies, such as pancreatic cancer, cholang-
iocarcinoma, gastric cancer, and ovarian cancer (43–46). 
So LVI testing was added into St. Gallen Criteria for post-
operative treatment selection in 2005 (47).

There are several potential mechanisms for LVI occur-
rence. One is vasculogenic mimicry. Previous studies 
have established several cancer xenograft models to show 
that tumor cells may differentiate into vascular channels 
directly through such a non-angiogenesis-dependent path-
way (48,49). Another mechanism may be the recruitment 
of bone marrow-derived stem cells for tumor vasculature 
(50). For breast cancer, LVI might be also associated 
with putative gene mutations. Fidalgo et al. (49) detected 
a mild increased frequency of some gene alterations in 
LVI-present breast cancer.

However, in routine practice, detection of LVI is sub-
ject to interobserver variability, which may compromise 
its prognostic value (41). Also, LVI alone has proved to be 
insufficient to move patients from a low-risk recurrence 
group into a high-risk category, or omit ACT (40,41). 
Hence, therapeutic algorithms should cover both LVI and 
other prognostic factors. The interest of LVI also focuses 
on further distinguishing lymph invasion from vascular 
invasion to understand the contribution of both in the pro-
cess of breast cancer metastasis (51,52).

Discordant Expression of Triple Receptors

It should be noted that the discordance of hormone 
receptors and HER-2 status between core needle biopsy 
and excisional biopsy was observed in seven patients 
(13.2%). Five patients experienced a negative-to-positive 
change in ER/PgR status. A literature review of 32 rel-
evant studies concluded that discordance of hormone 
receptors after NACT with or without trastuzumab was 
reported in four of eight studies involving 8–33% of 
the patients, while HER-2 status was relatively stable 
(53). This phenomenon may be caused by the following 
confounders: (a) intratumor heterogeneity (PgR is more 

likely to concentrate diversely in the tumor); (b) intra- 
or interobserver variability, which may lead to different 
pathologic diagnosis in two tests; and (c) variation in 
tissue processing and fixation (54–56). NACT may also 
influence the expression of hormone status or HER-2. 
Possible mechanisms include (a) neoadjuvant treatment 
targets chemosensitive tumor cells but leaves insensitive 
tumor cells with different biology, (b) tumor cells switch 
expression status for better survival, and (c) ovarian sup-
pression during and after chemotherapy results in low cir-
culating levels of estrogen and progesterone (57).

Although neither this study nor previous research 
drew any conclusion about the prognostic value of such 
change, retesting of hormone receptors and HER-2 status 
after NACT was still suggested to tailor adjuvant endo-
crine or anti-HER-2 treatment after surgery (53,57).

Further Concern About the Application of pCR

Another point to be emphasized is that a clear defini-
tion of pCR should be declared in each neoadjuvant study 
because there is no standardized definition of pCR, and 
this may reduce the comparability between studies (15). 
In this study, the comparison of survival impacts among 
different definitions of pCR was limited to the small 
sample size. However, the controversy mainly focuses 
on the existence of carcinoma in situ (15,16). A retro-
spective analysis involving 2,302 NACT-treated breast 
cancer patients illustrates that residual ductal carcinoma 
in situ did not adversely affect long-term survival if the 
invasive breast cancer and lymph nodes were eradicated 
completely (58). However, another analysis of seven ran-
domized trials including 6,377 patients concluded the 
opposite, that pCR should be defined as ypT0 ypN0 with-
out any residual disease in breast or lymph nodes (16).

Limitations of This Study

This retrospective cohort study has several limitations. 
First, the sample size is small because of the low propor-
tion of TNBC patients with NACT, which may compro-
mise the reliability of research results. Second, the data 
collection strongly depended on clinical records in the 
past 9 years, which may be incomplete or contain some 
undiscovered manual errors and thus led to information 
bias. Also the treatment and diagnostic techniques have 
been improved in the past 9 years, and inter- and intra-
observer variations exist during the treatment procedure, 
which may cause measurement and observer bias.

However, data collection, especially the statuses of 
hormone receptors and HER-2, has been double checked 
to avoid errors. To the best of our knowledge, limited 
studies have been implemented in the UK to evaluate the 
short- and long-term clinical outcomes of NACT in the 
TNBC group or comparing anthracycline/taxane-based 
regimens with anthracycline and taxane-based regimens. 
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Thus, this study may be a fresh attempt to perform a com-
prehensive evaluation of NACT in patients with TNBC.

CONCLUSIONS

The difficulty of neoadjuvant study in TNBC patients 
is high because of low disease incidence and treatment 
limitation. However, it is of importance and interest to 
medical researchers.

pCR is considered the most potent indicator of the 
short-term outcomes of NACT, and its benefit can be 
translated to long-term survival (18,19). Our results rela-
tively correspond with this point. However, the benefit 
may reflect more in the short term to delay the occurrence 
of further progression. Meanwhile, there is no difference in 
efficacy between anthracycline- or taxane-based regimens 
and regimens including both anthracycline and taxanes, but 
the single chemotherapy may be more acceptable with less 
toxicity. In addition, the existence of LVI showed superior-
ity to pCR in prediction of long-term survival, which was 
not compared in earlier studies. Higher BMI, considered to 
be a risk factor of TNBC, is also related to poorer response 
to NACT. Although there is no sufficient evidence to prove 
its prognostic value, high BMI is still suggested to be a 
public health concern in Western countries.

The delivery of chemotherapy before surgery may 
decline the healing rate of subsequent surgery because of 
chemotherapy-induced immunosuppression or delay the 
best opportunity of radical surgery if patients have poor 
response to NACT. Therefore, further studies may con-
centrate more on exploring new prediction markers for 
tailored treatment, comprehensive comparison of NACT 
and ACT, and addition of other novel agents into tradi-
tional regimens (59,60). Furthermore, high-quality stud-
ies are required to validate the importance of BMI and 
LVI in TNBC patients, and the definition of pCR should 
be unified for neoadjuvant studies in TNBC (16).
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