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ABSTRACT 
Purpose. For operable triple-negative breast cancer 
(TNBC) treated with neoadjuvant chemotherapy (NAC), 
clinical prognostication and postoperative decision-making 
relies exclusively on whether a pathologic complete response 
(pCR) is achieved or not. We evaluated whether extent of 
disease at presentation further influenced overall survival 
(OS) among patients with pCR or with residual disease (RD) 
following NAC.
Methods. Patients with stage I–III TNBC who underwent 
NAC were identified from the National Cancer Database 
from 2010 to 2019. Overall survival was assessed by disease 
extent using the Kaplan–Meier method and Cox proportional 
hazards regression for univariate and multivariable analysis.
Results. A total of 35,598 patients met inclusion criteria, 
and 11,967 achieved pCR. Ten-year OS was 88.5% and var-
ied by cT and cN category at presentation. Best 10-year OS 
was seen in patients with cT1-2, cN0 (90.9%) and was worst 
in those with cT3-4, cN2-3 disease (72.0%).
A total of 23,631 patients had RD. Ten-year OS was 60.1% 
and varied by cT and cN category at presentation. Best 
10-year OS was seen in patients with cT1-2, cN0 (73.0%) 
and was worst in those with cT3-4, cN2-3 disease (36.3%).

Notably, OS was significantly poorer for patients with cT3-4, 
cN2-3 disease at diagnosis and pCR versus those with cT1-2 
cN0 and RD (aHR 1.30, 95% confidence interval 1.03–1.63, 
p = 0.03).
Conclusions. Among patients with TNBC, extent of dis-
ease at presentation was prognostic for OS independently 
of response to NAC. Patients with advanced stage at pres-
entation had poorer OS even in the context of pCR. Fur-
ther investigation is needed to evaluate whether additional 
adjuvant therapy strategies should be considered for these 
patients.

Keywords Neoadjuvant chemotherapy · Triple negative 
breast cancer · Pathologic complete response · Residual 
disease · Overall survival

Breast cancer remains the most commonly diagnosed 
malignancy in women outside of non-melanoma skin can-
cers.1 For 2024, the American Cancer Society estimates 
310,720 new cases of female breast cancer with an esti-
mated 42,250 deaths.2 The treatment of breast cancer is 
generally multidisciplinary in nature with the use of mul-
tiple modalities of treatment, which can include surgery, 
chemotherapy, radiation, and endocrine therapy, all of which 
impact outcomes.3 Treatment recommendations are based 
on the stage of disease at presentation and the receptor sta-
tus of the cancer. Breast cancers that lack the expression 
of the estrogen receptor (ER), progesterone receptor (PR), 
and do not over-express the human epidermal growth fac-
tor receptor 2 (HER2) are considered triple-negative breast 
cancers (TNBC). Triple-negative breast cancers represent 
approximately 15% of diagnosed breast cancers and tend 
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to be more aggressive than hormone-responsive breast can-
cers with higher risks of early recurrence and poorer overall 
survival.4–6

Over the past decade, the standard treatment of TNBC 
has shifted from upfront surgery to increased use of neo-
adjuvant chemotherapy (NAC) followed by operation, 
especially in patients with larger tumors or node-positive 
disease.7 Complete eradication of disease following NAC, 
resulting in no residual invasive disease in the breast or 
in the lymph nodes, is considered a pathologic com-
plete response (pCR). A pCR has been correlated with 
a decreased risk of recurrence and better survival than 
residual disease (RD).8,9 This has been demonstrated 
specifically in TNBC with patients who achieve a pCR.10 
The 2021 American Society of Clinical Oncology (ASCO) 
guidelines recommend NAC for TNBC in patients who are 
clinically node-positive and/or have T1c disease or larger. 
Neoadjuvant chemotherapy also was recommended for 
patients in whom the finding of RD would guide recom-
mendations for adjuvant therapy.11 The benefits of NAC 
include de-escalation of surgical intervention with a higher 
rate of breast conservation and a lower rate of axillary 
lymph node dissection.12–14 However, most importantly, 
tumor response to NAC provides valuable prognostic 
information that subsequently guides adjuvant treat-
ment recommendations, which impact long-term patient 
outcomes.15,16

Patients achieving a pCR are not recommended to receive 
escalation of adjuvant systemic therapy, as their outcomes 
have been favorable in most published studies.8,17,18 How-
ever, patients with RD following NAC for TNBC are recom-
mended to receive additional systemic therapy, with addition 
of capecitabine or olaparib (the latter for patients with ger-
mline BRCA mutations), either with or without pembroli-
zumab, because these agents have been shown to improve 
survival outcomes in patients with RD after NAC.15,16,19 
Furthermore, clinical trials evaluating novel therapeutic 
agents in the adjuvant setting largely focus their eligibility 
criteria on patients with RD after NAC.

Traditionally, the overall stage at presentation (tumor size 
and nodal status) has been proven to impact overall survival 
with more extensive disease at presentation leading to poorer 
overall survival (OS).20,21 However, in the era of NAC, clini-
cians and researchers generally prioritize response to chemo-
therapy to estimate prognosis, with traditional anatomical 
stage of disease at presentation thought to be less impact-
ful.8,9,17,18 However, recent studies have suggested that in 
patients with HER2+ disease, the stage at presentation may 
continue to impact outcomes within patients achieving a 
pCR based on the disease stage at presentation.22 The goal 
of this study was to evaluate the impact of the extent of 
disease at presentation on the OS in patients treated with 
NAC for TNBC.

METHODS

Patient Cohort and Study Design

The National Cancer Database (NCDB) 2020 Partici-
pant User File was used to identify the cohort of patients 
with stage I-III TNBC diagnosed from 2010 to 2019. The 
National Cancer Database is a clinical oncology database 
sourced from hospital registry data. Data are collected from 
more than 1,500 Commission on Cancer (CoC) accredited 
facilities and captures greater than 70% of newly diagnosed 
cancer cases nationally.23 The Mayo Clinic Institutional 
Review Board deemed analysis of the deidentified NCDB 
file as exempt from review.

Patients with stage I–III TNBC treated between 2010 and 
2019 with NAC followed by operation were included in our 
study. ER and PR status were recorded as negative if <1% 
of cells stained positive. HER2 status was recorded from the 
overall summary of results, including immunohistochemis-
try, fluorescent in situ hybridization, and chromogenic in situ 
hybridization when performed, and defined as negative if 0 
or 1+ by immunohistochemistry or not amplified on fluores-
cent in situ hybridization. We defined NAC as chemotherapy 
initiated within 30 to 365 days before first surgery. Patients 
with distant metastasis (cM1) at diagnosis were excluded, 
as were patients with previous history of cancer and those 
with no treatment at the reporting facility. Patients were clas-
sified as having multicentric disease if they had a site code 
of C50.9 and as unicentric disease if they had a site code of 
C50.0-C50.8. Clinical stage was defined by using the 7th 
edition of the American Joint Committee on Cancer (AJCC) 
breast cancer staging system; cases diagnosed and coded 
under other AJCC editions were restaged to the 7th edition 
using the individual clinical T (cT) and clinical N (cN) com-
ponents to derive a consistent TNM stage version across the 
study cohort. Patients were categorized based on response 
to chemotherapy using pathologic T and N categories from 
surgery into either pCR (defined as ypT0/Tis, ypN0) versus 
any residual invasive disease (RD).

The primary outcome was OS at 5 years and 10 years for 
patients with a pCR at the time of operation based on extent 
of disease at presentation. A secondary analysis evaluated 
OS in patients with RD at the time of operation as catego-
rized by extent of disease at presentation for comparison 
purposes.

Statistical Analysis

Overall survival was estimated by using the 
Kaplan–Meier method and reported with 95% confidence 
intervals (CI). Univariate associations of factors with OS 
were assessed by using Cox proportional hazards regres-
sion and reported using hazard ratios (HR). Multivariable 
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analysis was performed similarly and reported with adjusted 
hazard ratios (aHR). All clinically relevant variables avail-
able in the NCDB were assessed on univariate analysis and 
were included in the multivariable model without use of 
variable selection procedures. Adjustment variables include 
age, race, ethnicity, Charlson-Deyo comorbidity score, 
grade, histology, multicentricity, cT and cN category, type 
of breast surgery (breast-conserving surgery or mastectomy), 
and receipt of adjuvant radiation therapy. Using the adjusted 
effect sizes for each cT and cN category, we combined 
groups with similar effect sizes to create six cT/cN combi-
nation categories representing disease extent at presentation 
to allow estimation of OS within relevant clinical stage strata 
for patients with pCR. The same clinical stage strata were 
also assessed in patients with RD as a comparison. Multi-
variable Cox proportional hazard regression in the entire 
cohort of TNBC treated with NAC (combining the pCR and 
RD subgroups) also was used to estimate adjusted effects 
(aHR) comparing between specific groups conditional on 
response (pCR or RD) and cT/cN category. Analysis was 
performed by using SAS (Version 9.4, SAS Institute Inc., 
Cary, NC) and R software (Version 4.3.1, www.r- proje ct. 
org). P < 0.05 was considered statistically significant.

RESULTS

We identified 35,598 patients with stage I-III TNBC 
treated with NAC followed by surgery who met study inclu-
sion criteria. Of these, 11,967 (33.6%) had a pCR and 23,631 
(66.4%) had RD at the time of operation. The median follow-
up among those alive at last follow-up was 4.3 years for 
patients with pCR and 4.5 years for patients with RD.

Among patients with pCR, the median age was 51 (inter-
quartile range 43–59). Most were white (73.8%) and not of 
Hispanic ethnicity (90.1%), and most (87.9%) had a Charl-
son-Deyo comorbidity score of 0. Most tumors were grade 
3 (89.3%) and invasive ductal carcinoma histology (96.6%). 
Clinical T category at presentation was cT1 in 23.7%, cT2 
in 59.2%, cT3 in 11.9%, and cT4 in 5.1%, with 6.5% having 
multicentric disease. Nodal status at presentation was cN0 
in 65.9%, cN1 in 26.4%, cN2 in 4.1%, and cN3 in 3.5%. 
Using AJCC 7th edition, 46.2% of tumors were stage IIA, 
19.9% stage IIB, and 17.8% stage I disease. The remaining 
16.1% had stage III disease. After NAC, 49.1% underwent 
breast conserving surgery and 50.9% underwent mastectomy 
(Table 1).

On univariate analysis of the patients treated with NAC 
achieving pCR, factors associated with worse OS included 
age (HR 1.40 for every 10-year increase in age, 95% CI 
1.31–1.49, p < 0.001), a comorbidity score of 1 or 2+ ver-
sus 0 (HR 1.38, 95% CI 1.11–1.72, p = 0.004, and HR 2.87, 
95% CI 2.04–4.03, p < 0.001, respectively), histologies other 
than invasive ductal carcinoma histology (HR 2.60, 95% CI 

TABLE 1  Demographic, clinical, and treatment characteristics 
of 11,967 patients with TNBC breast cancer treated with NAC and 
achieving pCR from 2010 to 2019

TNBC (N = 11,967)

Age
Median (IQR) 51 (43–59)
Charlson-Deyo comorbidity score, n (%)
0 10,519 (87.9%)
1 1193 (10.0%)
2+ 255 (2.1%)
Race, n (%)
Asian 449 (3.8%)
Black 2464 (20.7%)
White 8762 (73.8%)
Other 202 (1.7%)
Missing 90
Spanish or Hispanic ethnicity, n (%)
No 10,606 (90.1%)
Yes 1164 (9.9%)
Missing 197
Grade, n (%)
1 47 (0.4%)
2 1182 (10.3%)
3 10,214 (89.3%)
Missing 524
Histology, n (%)
IDC 11,559 (96.6%)
ILC 49 (0.4%)
MIDLC 68 (0.6%)
Other 291 (2.4%)
Multicentric disease, n (%)
No 11,193 (93.5%)
Yes 774 (6.5%)
Clinical T category, n (%)
cT0 13 (0.1%)
cT1 2833 (23.7%)
cT2 7083 (59.2%)
cT3 1429 (11.9%)
cT4 609 (5.1%)
Clinical N category, n (%)
cN0 7891 (65.9%)
cN1 3161 (26.4%)
cN2 495 (4.1%)
cN3 420 (3.5%)
AJCC 7th edition clinical TNM stage, n (%)
Stage I 2126 (17.8%)
Stage IIA 5530 (46.2%)
Stage IIB 2383 (19.9%)
Stage IIIA 995 (8.3%)
Stage IIIB 513 (4.3%)
Stage IIIC 420 (3.5%)

http://www.r-project.org
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2.01–3.37, p < 0.001), multicentric disease (HR 1.65, 95% 
CI 1.3–2.09, p < 0.001), higher clinical T category at pres-
entation [cT3 associated with HR 1.79 (95% CI 1.4–2.3, p 
< 0.001), and cT4 HR 3.98 (95% CI 3.09–5.13, p < 0.001), 
each vs. cT1], nodal metastases at presentation [cN1 associ-
ated with HR 1.77 (95% CI 1.50–2.08, p < 0.001), cN2 HR 
2.96 (95% CI 2.27–3.85, p < 0.001), and cN3 HR 4.43 (95% 
CI 3.45–5.69, p < 0.001), each vs. cN0]. Hispanic ethnicity 
(HR 0.73, 95% CI 0.54–0.97, p = 0.03) was associated with 
improved OS (Table 2).

All variables were included in a multivariable model. 
Both cT and cN categories had statistically significant 
associations (p < 0.001) with OS on multivariable analysis 
adjusting for demographics, treatment, and other clinical 
variables. However, there were no significant differences 
seen between cT0, cT1, and cT2 categories. Therefore, 
patients with cT3 (HR 1.6 vs. cT1, p < 0.001) or cT4 (HR 
2.2 vs. cT1, p < 0.001) were combined because of smaller 
sample sizes and each being different than cT1 and cT2. 
Clinical nodal categories were grouped into cN0, cN1, and 
cN2/cN3 by using similar rationale. Hazard ratios from the 
multivariable model were used to create cT/cN groupings 
that captured the combined effect of the two variables while 
preserving adequate group sizes for estimation. Thus, sub-
sequent analysis was performed by using the following cat-
egories: cT1-2/cN0, cT0-2/cN1, cT0-2/cN2-3, cT3-4/cN0, 
cT3-4/cN1, cT3-4/cN2-3 (Supplemental Table 1).

A multivariable Cox proportional hazards regression 
model using the extent of disease categorized as above, 
adjusted for demographic, treatment, and other clinical vari-
ables is reported in Fig. 1. Factors associated with poorer 
OS on multivariable analysis included increasing patient age 
(aHR = 1.36 per 10-year increase, p < 0.001), comorbidity 
score of 2+ (aHR = 2.28 vs. score of 0, p < 0.001), his-
tologies other than invasive ductal carcinoma (aHR=1.87, 
p < 0.001), and omission of radiation (aHR = 2.35 with 

IDC invasive ductal carcinoma; ILC invasive lobular carcinoma; 
MIDLC mixed invasive ductal and lobular carcinoma; AJCC Ameri-
can Joint Committee on Cancer; BCS breast-conserving surgery

Table 1  (continued)

TNBC (N = 11,967)

Breast surgery, n (%)
BCS 5874 (49.1%)
Mastectomy 6093 (50.9%)
Surgery and radiation treatment, n (%)
BCS + adjuvant radiation 5354 (46.2%)
BCS, no adjuvant radiation 337 (2.9%)
Mastectomy + adjuvant radiation 2023 (17.5%)
Mastectomy, no adjuvant radiation 3877 (33.4%)
Missing 376

TABLE 2  Univariate analysis of demographic and clinical factors 
associated with overall survival among 11,967 patients with TNBC 
breast cancer treated with NAC and achieving pCR from 2010 to 
2019

IDC invasive ductal carcinoma;  AJCC American Joint Committee on 
Cancer

Univariate hazard 
ratio (95% CI)

p

Age, per 10 years increase 1.40 (1.31–1.49) < 0.001
Charlson–Deyo comorbidity score
0 1.0 (Reference)
1 1.38 (1.11–1.72) 0.004
2+ 2.87 (2.04–4.03) < 0.001
Race
White 1.0 (Reference)
Black 1.02 (0.85–1.22) 0.84
Asian 0.63 (0.38–1.04) 0.07
Other 1.26 (0.74–2.15) 0.39
Spanish or Hispanic ethnicity
No 1.0 (Reference)
Yes 0.73 (0.54–0.97) 0.03
Grade
1–2 1.0 (Reference)
3 1.01 (0.98–1.05) 0.47
Histology
IDC 1.0 (Reference)
Non-IDC 2.60 (2.01–3.37) < 0.001
Multicentric disease
No 1.0 (Reference)
Yes 1.65 (1.3–2.09) < 0.001
Clinical T category
cT0 1.64 (0.23–11.73) 0.62
cT1 1.0 (Reference)
cT2 1.06 (0.86–1.3) 0.59
cT3 1.79 (1.4–2.3) < 0.001
cT4 3.98 (3.09–5.13) < 0.001
Clinical N category
cN0 1.0 (Reference)
cN1 1.77 (1.5–2.08) < 0.001
cN2 2.96 (2.27–3.85) < 0.001
cN3 4.43 (3.45–5.69) < 0.001
AJCC 7th edition clinical TNM stage
Stage I 1.0 (Reference)
Stage IIA 1.38 (1.04–1.83) 0.03
Stage IIB 1.86 (1.38–2.51) < 0.001
Stage IIIA 2.95 (2.14–4.07) < 0.001
Stage IIIB 5.20 (3.75–7.20) < 0.001
Stage IIIC 5.90 (4.21–8.29) < 0.001
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breast-conserving surgery, p < 0.001). Hispanic ethnicity 
was associated with better OS (aHR = 0.73, p = 0.04).

The extent of disease at presentation remained signifi-
cantly associated with OS. Among patients with pCR, 5- 
and 10-year OS were 92.7% and 88.5%, respectively, but 
decreased with increasing T and N category at presenta-
tion. The best OS was observed in patients with cT1-2, cN0 
disease (5- and 10-year OS of 95.4% and 90.9%, respec-
tively), followed by patients with cT0-2, cN1 disease (5- and 
10-year OS of 92.5% and 88.6%, respectively). The worst 
OS rates were seen in patients with cT3-4, cN2-3 disease 
with 5- and 10-year OS of 78.1% and 72.0%, respectively 
(Table 3; Fig. 2A).

In this cohort, 23,631 patients had residual disease fol-
lowing NAC. The 5- and 10-year OS estimates were 68.1% 
and 60.1%, respectively. Overall survival varied by present-
ing cT category and cN status in a similar pattern as seen in 
patients with pCR. In patients with residual disease, 5- and 
10-year overall survival was highest for cT1-2, cN0 disease 

(80.5% and 73.0%, respectively), followed by cT0-2, cN1 
disease (66.7% and 59.2%, respectively). The poorest 5- and 
10-year OS was seen in patients with cT3-4, cN2-3 disease 
who had RD at the time of operation (40.0% and 36.3% 
respectively) (Table 3; Fig. 2B).

Notably, OS was significantly poorer for patients with 
pCR who presented with cT3-4, cN2-3 disease compared 
with patients with residual disease who presented as cT1-2, 
cN0 on univariate analysis (HR 1.28, 95% CI 1.01–1.61, 
p = 0.04); Supplemental Fig. 1), as well as on multivari-
able analysis adjusted for age, race, ethnicity, comorbidity 
score, multicentricity, grade, and histology (aHR 1.30, 95% 
CI 1.03–1.63, p = 0.03).

DISCUSSION

This study suggests that the extent of disease at pres-
entation remains relevant and prognostic for patients with 
TNBC achieving pCR after NAC. Despite achieving pCR, 

Age, per 10 year increase

Charlson-Dyo score 1 vs 0

Charlson-Deyo score 2+ vs 0

Asian vs White Race

Black vs White Race

Other vs White Race

Hispanic/Spanish vs Non-Hispanic/Spanish

Grade 3 vs 1-2

Histology Non-IDC vs IDC

Multicentric Diease

BCS No Radiation vs BCS+Radiation

Mastectomy No Radiation vs BCS+Radiation

Mastectomy+Radiation vs BCS+Radiation

cT0-2,cN1 vs cT1-2,cN0

cT0-2,cN2-3 vs cT1-2,cN0

cT3-4,cN0 vs cT1-2,cN0

cT3-4,cN1 vs cT1-2,cN0

cT3-4,cN2-3 vs cT1-2,cN0

1.36 (1.27, 1.45), p<0.001

1.18 (0.94, 1.48), p=0.15

2.28 (1.61, 3.23), p<0.001

0.64 (0.39, 1.05), p=0.08

0.90 (0.75, 1.08), p=0.26

1.54 (0.90, 2.64), p=0.11

0.73 (0.54, 0.98), p=0.04

0.99 (0.95, 1.03), p=0.64

1.87 (1.43, 2.43), p<0.001

1.21 (0.95, 1.54), p=0.12

2.35 (1.65, 3.35), p<0.001

1.36 (1.12, 1.64), p=0.002

1.27 (1.02, 1.57), p=0.03

1.55 (1.26, 1.91), p<0.001

3.03 (2.28, 4.02), p<0.001

1.73 (1.30, 2.29), p<0.001

2.64 (2.05, 3.40), p<0.001

4.94 (3.70, 6.60), p<0.001

Better OS Worse OS

0 1 2 3
Hazard Ratio (95% CI)

4 5 6

FIG. 1  Multivariable analysis of demographic and clinical factors associated with OS in patients with TNBC treated with NAC achieving a 
pCR
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patients with more advanced stages of disease at presenta-
tion had poorer OS at 5 and 10 years after surgery compared 
to those with less extensive disease. Remarkably, those with 
cT3-T4, cN2-3 disease not only had the poorest OS of all 
patients with a pCR, but also had worse OS than patients 
with RD with less extensive disease (cT1-2, cN0) at pres-
entation. Thus, the extent of disease at presentation has the 
potential to further stratify patient outcome among patients 
with a pCR. Furthermore, in patients with RD at the time of 
operation, poorer OS was associated with more advanced 
stage at presentation in a comparable manner as those with 
a pCR, with the poorest OS once again seen in patients with 
cT3-4, cN2-3 disease.

The association between pCR and long-term outcomes 
has been extensively demonstrated. The findings from 
NSABP-18 demonstrated that patients with a pCR follow-
ing NAC had improved disease-free survival, recurrence-
free survival, and distant disease-free survival compared 
with patients with RD following NAC.24 The Collaborative 
Trials in Neoadjuvant Breast Cancer (CTNeoBC) Analy-
sis and subsequent publications evaluating outcomes after 
NAC showed improved outcomes for patients with pCR, 
particularly in patients with triple-negative or HER2-pos-
itive breast cancer.8,25,26 The favorable EFS and OS rates 
observed among patients with pCR have led to clinical prac-
tice guidelines recommending no escalation of systemic 
therapy among these patients.27

Given the poorer outcomes seen in patients with RD 
after NAC, clinical trials have focused on systemic therapy 
escalation strategies for these patients. The CREATE-X trial 
randomly assigned patients with HER2-negative breast can-
cer and RD after NAC to receive adjuvant capecitabine ver-
sus no further adjuvant therapy. At 5 years, patients in the 

capecitabine arm had a significant improvement in DFS and 
OS, with the most significant findings seen in patients with 
TNBC.15 Following the publication of these findings, admin-
istration of 6 months of adjuvant capecitabine became the 
standard of care for patients with RD at the time of operation 
after NAC for TNBC.27,28 Similarly, the OlympiA trial ran-
domly assigned patients with HER2-negative breast cancer 
and RD after NAC (or high-risk features if surgery pursued 
upfront) to receive adjuvant olaparib versus placebo. Admin-
istration of olaparib was associated with improved invasive 
DFS and OS, which led to the FDA approval of adjuvant 
olaparib in this context.16

While for patients treated with upfront surgery, patho-
logic stage is the primary information used for prognostica-
tion and adjuvant treatment recommendations, in patients 
with TNBC the extent of disease at presentation is used to 
guide the decision to administer NAC (and to choose a neo-
adjuvant regimen), whereas pathologic response is predomi-
nantly used to prognosticate and guide adjuvant treatment. 
However, the data presented suggest that the extent of dis-
ease at presentation may impact outcomes beyond the prog-
nostic information obtained with response to NAC, informa-
tion that could have clinical implications. Our findings are in 
alignment with previous work, such as the development of 
the NeoBioScore, which assesses prognosis based on clini-
cal stage before treatment, the pathologic stage following 
treatment, the receptor status, and the grade of the tumor.29,30

A recent study evaluated outcomes for patients with 
HER2+ breast cancer according to response to NAC. Find-
ings indicated that the extent of disease at presentation influ-
enced outcomes of patients achieving a pCR. While confirm-
ing that pCR is prognostic for EFS and OS, it was shown 
that tumor size and nodal status at diagnosis were each 

TABLE 3  Number of patients 
and events with estimates 
of 5- and 10-year overall 
survival (OS) in each clinical 
presentation category among 
patients with and without pCR

No. patients No. deaths 5-year OS (95% CI) 10-year OS (95% CI)

Patients with pathologic complete response
cT1-2, cN0 7069 256 95.4% (94.7–96%) 90.9% (89.3–92.6%)
cT0-2, cN1 2304 148 92.5% (91.2–93.8%) 88.6% (86.4–91%)
cT0-2, cN2-3 556 66 86.1% (82.8–89.6%) 83.4% (79.3–87.8%)
cT3-4, cN0 822 63 91.1% (88.8–93.5%) 87.4% (84.0–91%)
cT3-4, cN1 857 106 85.9% (83.3–88.6%) 82.1% (78.4–85.9%)
cT3-4, cN2-3 359 76 78.1% (73.7–82.9%) 72.0% (65.6–79%)
Total 11,967 715 92.7% (92.2-93.3%) 88.5% (87.4–89.7%)
Patients with residual disease
cT1-2, cN0 10,725 1699 80.5% (79.6–81.4%) 73% (71.3–74.7%)
cT0-2, cN1 4783 1431 66.7% (65.2–68.3%) 59.2% (57.1–61.4%)
cT0-2, cN2-3 1281 529 55.1% (52.1–58.2%) 48.6% (44.9–52.6%)
cT3-4, cN0 2233 684 66.6% (64.4–68.9%) 55.1% (51.6–58.9%)
cT3-4, cN1 2982 1346 50.9% (49–53%) 42.7% (40.1–45.5%)
cT3-4, cN2-3 1627 898 40% (37.4–42.7%) 36.3% (33.5–39.3%)
Total 23,631 6587 68.1% (67.4–68.8%) 60.1% (59–61.2%)
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independent risk factors for EFS in patients with HER2+ 
breast cancer who achieved a pCR. Interestingly, patients 
with a pCR with T1-2/N+ disease at presentation did not 
have a significant difference in EFS compared with patients 
with RD with negative nodes at presentation. It was sug-
gested that the utilization of tumor response alone to guide 
adjuvant treatment should be questioned, given the impact 
of extent of disease at presentation on outcomes in patients 
with a pCR.22 These findings in HER2+ breast cancer align 
with our findings in TNBC.

Of interest, in our cohort, the OS of the group of patients 
with cT3-T4, cN2-3 disease who achieved a pCR was sta-
tistically worse than the OS of patients who presented with 

cT1-T2, cN0 disease and had RD at the time of operation. 
Despite this, in current clinical practice, the former group of 
patients would not be considered for escalation of systemic 
therapy after surgery, whereas the latter group would. These 
results, if confirmed in further studies, would suggest that 
patients with high clinical stages at presentation should be 
considered for prospective clinical trials evaluating escala-
tion of therapy regardless of tumor response to NAC.

This study has several limitations. It is retrospective and, 
as such, subject to all the inherent biases of retrospective 
studies. The clinical management of TNBC has significantly 
changed since the inclusion period of this dataset. Currently, 
patients with TNBC are generally treated with neoadjuvant 
chemoimmunotherapy following the KEYNOTE-522 trial 
regimen, published in 2020.19 Furthermore, patients with 
RD will generally receive not only pembrolizumab, but also 
adjuvant capecitabine, based on the CREATE-X trial results 
published in 2017,15 only two years before the completion of 
this patient cohort. The impact of these advances on practice 
patterns cannot be fully evaluated by this cohort as most pre-
dated these changes in practice, limiting our ability to assess 
the effect of presenting stage on OS in patients treated with 
current systemic therapy approaches. Data needed to calcu-
late the Residual Cancer Burden (RCB) is not available in 
NCDB. Residual Cancer Burden has prognostic implications 
with higher RCB scores being associated with worse sur-
vival.17,18,31–33 As such, we are unable to evaluate whether 
the higher stage at presentation was associated with higher 
RCB after NAC, which in turn may be a driver of worse 
outcomes in patients with more extensive disease at pres-
entation among patients with RD. TNBC is a heterogenous 
disease, and NCDB does not include information on sub-
types of TNBC and biology of the residual disease, which 
also impact prognosis and are unable to be accounted for in 
this study.4 Detailed information regarding the treatments 
received before operation is not available in the NCDB, nor 
is there information regarding whether a systemic therapy 
regimen was completed or terminated early because of side 
effects or poor tolerance. Furthermore, recurrence data are 
not available in NCDB, so RFS or EFS cannot be evaluated 
in this study. As such, OS events may include nonbreast 
cancer death events that may further confound the results.

CONCLUSIONS

Our study shows that, among patients with TNBC treated 
with NAC, the extent of disease at presentation further 
stratifies OS, both in the context of a pCR and RD. Fur-
thermore, patients with larger, node-positive tumors at pres-
entation who achieve a pCR had inferior OS than patients 
with smaller, node-negative disease who had RD. If these 
findings are validated in other datasets, particularly in data-
sets amenable to interrogation of recurrence events, future 
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FIG. 2  A Ten-year OS of patients with pCR following NAC for 
TNBC based on stage at presentation. B Ten-year OS of patients with 
RD following NAC for TNBC based on stage at presentation
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investigation of adjuvant systemic therapy escalation strate-
gies for patients with advanced disease stage at presentation 
who achieve a pCR may be warranted. These patients are 
currently excluded from ongoing clinical trials of adjuvant 
therapy escalation under the assumption that achieving pCR 
equates to a favorable prognosis.
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