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Background: The eighth edition of the American Joint Committee on Cancer (AJCC) tumornode-metastasis (TNM) staging system for survival prediction and risk stratification in breast
cancer (BC) patients after neoadjuvant chemotherapy (NCT) is of limited efficacy. This study
aimed to establish a novel prognostic nomogram for predicting disease-free survival (DFS) in
BC patients after NCT.
Patients and methods: A total of 567 BC patients treated with NCT, from two independent
centers, were included in this study. Cox proportional-hazards regression (CPHR) analysis was
conducted to identify the independent prognostic factors for DFS, in order to develop a model.
Subsequently, the discrimination and calibration ability of the prognostic model were assessed
in terms of its concordance index (C-index), risk group stratification, and calibration curve.
The performance of the nomogram was compared with that of the eighth edition of the AJCC
TNM staging system via C-index.
Results: Based on the CPHR model, eight prognostic predictors were screened and entered
into the nomogram. The prognostic model showed better performance (p<0.01) in terms of DFS
prediction (C-index: 0.738; 95% CI: 0.698–0.779) than the eighth edition of the AJCC TNM
staging system (C-index: 0.644; 95% CI: 0.604–0.684). Stratification into three risk groups
highlighted significant differences between the survival curves in the training cohort and those
in the validation cohort. The calibration curves for likelihood of 3- and 5-year DFS indicated
optimal agreement between nomogram predictions and actual observations.
Conclusion: We constructed and externally validated a novel nomogram scoring system for
individualized DFS estimation in BC patients treated with NCT. This user-friendly predictive
tool may help oncologists to make optimal clinical decisions.
Keywords: breast cancer, neoadjuvant chemotherapy, disease-free survival, nomogram,
prognosis
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Breast cancer (BC) remains the principal cause of cancer-related deaths in the People’s
Republic of China1 and the second most common cause of cancer-related deaths
worldwide.2 Neoadjuvant chemotherapy (NCT), which is increasingly offered to BC
patients, may be used to downstage the primary tumor to enable breast-conserving
surgery (BCS) and evaluate tumor chemosensitivity.3,4 Several studies have found
that BC patients who attain pathologic complete response (pCR) after NCT exhibit
improved survival.5,6 However, only 5%–38% of BC patients achieve pCR,7 meaning
that the majority (who cannot attain pCR) have a higher risk of death and relapse.8
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Therefore, the development of a practical tool for predicting
survival in BC patients after NCT is necessary.
Currently, the eighth edition of the American Joint Committee on Cancer (AJCC) tumor-node-metastasis (TNM)
staging system is widely used for cancer prognosis. In this
system, patients with nonmetastatic BC are stratified by tumor
size, invasion, and the extent of lymph node (LN) involvement. However, survival of BC patients after NCT varies
greatly, even within the same stage. Some clinicopathological
factors such as age, estrogen receptor (ER) status, histological
grade, Ki67 status, and lymphovascular invasion (LVI) have
been reported to be significantly associated with survival for
BC patients treated with NCT.9–12 Therefore, the integration
of an increased number of independent risk factors enables
a practical tool to predict survival more accurately.
Nomograms are widely accepted as reliable tools in
medicine, mainly because of their ability to provide an individual probability of an event by incorporating the important
prognostic predictors.13 A nomogram, which is a user-friendly
graphical prediction tool, could be used to obtain a numerical
likelihood of an event, such as disease-free survival (DFS),
for an individual patient.14 Nomograms have been shown
to enable more accurate prediction for individual patients
in diverse types of tumors, including extranodal NK/T-cell
lymphoma, ovarian cancer, salivary gland cancer, BC, nonsmall-cell lung cancer, and nasopharyngeal carcinoma.15–21
However, prognostic nomograms for predicting survival and
risk stratification in BC patients after NCT are scarce.
Therefore, the aim of this study was to establish a novel
prognostic model incorporating the important clinicopathological variables for predicting DFS and risk stratification in
BC patients after NCT.

Patients and methods
Patients and study design
A retrospective study was conducted, involving a training
cohort of consecutive female BC patients who received NCT
from August 2002 to December 2014 at the Sun Yat-sen
Memorial Hospital (SYSMH) of Sun Yat-sen University.
The eligibility criteria were as follows: 1) diagnosis with
primary BC before NCT; 2) initial diagnosis without distant
metastasis; 3) at least three cycles of NCT regimens before
surgery; and 4) BCS or modified radical mastectomy.
On the basis of the same eligibility criteria, another
independent cohort of consecutive female BC patients
who had undergone NCT at the First People’s Hospital of
Foshan (FPHF) between January 2009 and December 2011
were recruited as an external validation set. The following
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relevant medical information was retrospectively collected:
demographic features; tumor-related characteristics (tumor
size, extent of LN involvement, pathological type, histological grade, LVI, Ki67 status, ER status, progesterone receptor (PR) status, and HER2 status); treatment-related data
(type of operation, NCT regimen, and pCR); and clinical
outcome. The institutional review boards of SYSMH and
FPHF approved this study. The requirement for informed
consent was waived because of the retrospective nature of
the study. We confirmed that the data from all the patients
were anonymized in this study.

Pathological assessment
Pathologic TNM staging was performed using the AJCC TNM
staging system, and pCR was defined as an absence of residual
invasive carcinoma in both breast and LNs.10–12,22,23 ER, PR, and
Ki67 statuses were evaluated by immunohistochemistry (IHC),
which was conducted on formalin-fixed, paraffin-embedded
tissue sections. The cutoff values for ER and PR expression (+)
were set as 1%.24 HER2 status was estimated using IHC and/
or fluorescence in situ hybridization (FISH). HER2 expression
(+) was considered as 3 (+) by IHC or amplification identified by FISH.25,26 Ki67 status was classified as low expression
(Ki67≤14%) or high expression (Ki67>14%).27 Hormone
receptor (HR) expression (+) was determined as either ER+ or
PR+, and both ER– and PR– were defined as HR–. BC subtypes
were classified as follows: 1) HR+/HER2–; 2) HR+/HER2+;
3) HR–/HER2+; and 4) HR–/HER2–.28,29

NCT regimens, follow-up, and clinical
outcome
In the NCT settings, anthracycline-based and/or taxanebased NCT regimens were used every 3 weeks: EC (epirubicin: 90 mg/m2, and cyclophosphamide: 600 mg/m2);
TC (docetaxel: 75 mg/m2, and cyclophosphamide: 600 mg/
m2); TEC (docetaxel: 75 mg/m2, epirubicin: 75 mg/m2, and
cyclophosphamide: 500 mg/m2); CEF (cyclophosphamide:
500 mg/m 2, epirubicin: 90 mg/m 2, and 5-fluorouracil:
500 mg/m2); EC-T (epirubicin: 90 mg/m2, cyclophosphamide: 600 mg/m2, and sequential docetaxel 100 mg/m2);
EC-TH (epirubicin: 90 mg/m2, cyclophosphamide: 600 mg/
m2, and sequential docetaxel 100 mg/m2, trastuzumab:
8 mg/kg followed by 6 mg/kg); TCH (docetaxel: 75 mg/m2,
carboplatin: area under the curve [AUC] =6 mg/mL/min,
and trastuzumab: 8 mg/kg followed by 6 mg/kg). Followup was performed once every 3 months for the first 2 years
after surgery, at intervals of every 6 months thereafter until
5 years, and at intervals of once every year subsequently after
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5 years post surgery. Physical examinations were routinely
conducted at follow-up visits, including blood tests, breast
ultrasonography (US), abdominal US, gynecological US,
and chest radiography, and a detailed medical history was
taken. Mammography and magnetic resonance imaging were
performed once every 1–2 years. Whole-body bone scan,
biopsy, computed tomography scan, and positron emission
tomography/computed tomography scans were conducted
when appropriate. A relapse event was defined as the appearance of a newly detected local or regional relapse and distant
metastasis. The primary study end point was DFS, which
was determined from the date of surgery to relapse, second
primary cancer, death, or the last follow-up.12,21

Establishment of the nomogram
First, univariate Cox proportional-hazards regression (CPHR)
analysis was performed to identify the association between
each prognostic factor and DFS. The potential risk factors
were entered into the multivariate CPHR analysis (p<0.05).
Then, the nomogram was constructed based on the multivariate CPHR model, as well as by consideration of both the
clinical and statistical significances of the variables.

Validation and calibration of the
nomogram
External validation of the model was conducted by 1,000
bootstrap resamples in the FPHF cohort. The discrimination ability of the model for predicting DFS was estimated
using the C-index. In addition, the C-index of the model was
compared with that of the eighth edition of the AJCC TNM
staging system. Calibration of the model for 3- and 5-year
DFS was carried out by comparing the nomogram-predicted
survival with the actual survival.

Risk stratification based on the
nomogram score system
On the basis of the prognostic model, risk scores were
assigned for each variable. Considering the total risk scores
in the SYSMH cohort, the X-tile statistical software was used
to choose the optimal cutoff values of risk scores.30 Subsequently, the patients were classified as low-risk, intermediaterisk, and high-risk groups on the basis of the optimal cutoff
values. The cutoff values were also used in the FPHF cohort
to provide reliable risk stratification.

Statistical analyses
Descriptive analysis was performed for demographic and
clinicopathological features. The optimal cutoff values
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of the risk scores were confirmed using X-tile.30 Survival
curves of different factors values were evaluated via
Kaplan–Meier method and compared using the log-rank
test. Univariate and multivariate CPHR analyses were
performed to screen the independent prognostic variables
associated with DFS. Statistical significance was defined
as p<0.05. Stata/MP, version 13.0 (StataCorp LP, College
Station, TX, USA) and R version 3.4.1 were used for statistical analyses.

Results
Patient characteristics
The study participants comprised a total of 567 consecutive
BC patients who underwent NCT, including the primary
cohort from SYSMH (n=425) and the validation cohort from
FPHF (n=142). The baseline characteristics of study patients
are listed in Table 1. There were 177 events over a median
follow-up time of 68 months (range: 1.9–183.3 months) in
the SYSMH cohort and 54 events over a median follow-up
time of 66.9 months (range: 2.2–92 months) in the FPHF
cohort. In the entire cohort, the 3- and 5-year DFS rates were
74.0% and 67.6%, respectively, by the Kaplan–Meier method.
The pCR rates were 11.5% and 10.6% in the training and
validation groups, respectively.

Independent prognostic predictors in the
SYSMH cohort
The results of the univariate CPHR analysis are shown in
Table 2. Age (p=0.012), T stage (p<0.001), histological
grade (p<0.001), N stage (p<0.001), ER status (p=0.022),
Ki67 status (p<0.001), LVI (p<0.001), and pCR (p=0.018)
were found to be significantly correlated with DFS. All the
significant indicators in the univariate CPHR analysis were
then entered into the multivariate CPHR analysis (p<0.05).
The results of the multivariate CPHR analysis, listed in Table
2, indicate that age, T stage, histological grade, N stage, ER
status, Ki67 status, and LVI were independent prognostic
factors (p<0.05).

Prognostic model for DFS
Considering the clinical significance of pCR, we included
pCR in the final prognostic model, without impairing the
discrimination ability of the nomogram. Thus, a novel nomogram that combined the significant independent prognostic
predictors with pCR was developed (Figure 1). According
to this model, T stage made the largest contribution to DFS,
followed by LVI, ER status, histological grade, and N stage.
By calculating the total score, oncologists could easily obtain
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Table 1 Baseline characteristics of study patients
Variables

Entire cohort

Primary cohort

Validation cohort

No. (%)

No. (%)

No. (%)

No. of patients
Age (years)
≤40
>40
T stage (pT)
pT0
pT1
pT2
pT3
pT4
N stage (pN)
N0
N1
N2
N3
ypTNM stage
0
I
II
III
Histological grade
I
II
III
LVI
Absent
Present
ER status
Negative
Positive
PR status
Negative
Positive
HER2 status
Negative
Positive
Subtypes
HR+/HER2–
HR+/HER2+
HR–/HER2+
HR–/HER2–
Ki67 status
Low (≤14%)
High (>14%)
Pathological type
IDC
Others*
NCT regimens
E-based
ET-based
Others
pCR
Yes
No

567

425

142

175 (30.9)
392 (69.1)

147 (34.6)
278 (65.4)

28 (19.7)
114 (80.3)

68 (12.0)
252 (44.4)
171 (30.2)
41 (7.2)
35 (6.2)

53 (12.5)
180 (42.4)
127 (29.9)
37 (8.7)
28 (6.6)

15 (10.6)
72 (50.7)
44 (31.0)
4 (2.8)
7 (4.9)

227 (40.0)
164 (28.9)
102 (18.0)
74 (13.1)

154 (36.2)
126 (29.7)
79 (18.6)
66 (15.5)

73 (51.4)
38 (26.8)
23 (16.2)
8 (5.6)

64 (11.3)
108 (19.0)
200 (35.3)
195 (34.4)

49 (11.5)
67 (15.8)
148 (34.8)
161 (37.9)

15 (10.6)
41 (28.9)
52 (36.6)
34 (23.9)

87 (15.3)
280 (49.4)
200 (35.3)

67 (15.8)
208 (48.9)
150 (35.3)

20 (14.1)
72 (50.7)
50 (35.2)

364 (64.2)
203 (35.8)

272 (64.0)
153 (36.0)

92 (64.8)
50 (35.2)

181 (31.9)
386 (68.1)

127 (29.9)
298 (70.1)

54 (38.0)
88 (62.0)

252 (44.4)
315 (55.6)

184 (43.3)
241 (56.7)

68 (47.9)
74 (52.1)

351 (61.9)
216 (38.1)

263 (61.9)
162 (38.1)

88 (62.0)
54 (38.0)

271 (47.8)
134 (23.6)
82 (14.5)
80 (14.1)

206 (48.5)
106 (24.9)
56 (13.2)
57 (13.4)

65 (45.8)
28 (19.7)
26 (18.3)
23 (16.2)

250 (44.1)
317 (55.9)

183 (43.1)
242 (56.9)

67 (47.2)
75 (52.8)

485 (85.5)
82 (14.5)

364 (85.6)
61 (14.4)

121 (85.2)
21 (14.8)

57 (10.1)
477 (84.1)
33 (5.8)

41 (9.6)
356 (83.8)
28 (6.6)

16 (11.3)
121 (85.2)
5 (3.5)

64 (11.3)
503 (88.7)

49 (11.5)
376 (88.5)

15 (10.6)
127 (89.4)

Notes: *Others include invasive lobular carcinoma, ductal carcinomas in situ, papillary carcinomas, adenoid cystic carcinoma, and mucinous carcinomas.
Abbreviations: LVI, lymphovascular invasion; ER, estrogen receptor; PR, progesterone receptor; HER2, human epithelial growth factor receptor 2; HR, hormone receptor;
IDC, invasive ductal carcinoma; NCT, neoadjuvant chemotherapy; E-based, anthracycline-based; ET-based, anthracycline and taxane-based; pCR, pathologic complete response.
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the nomogram-predicted probability of DFS for individual
patients.
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Assessment of the model
The C-index values for the nomogram were 0.738 (95%
CI: 0.698–0.779) and 0.768 (95% CI: 0.706–0.831) in the
SYSMH and FPHF cohorts, respectively. In the training
cohort, the C-index of the prognostic model (0.738; 95%

CI: 0.698–0.779) was significantly greater than that of the
AJCC TNM staging system (0.644; 95% CI: 0.604–0.684;
p<0.01). The C-index values of the nomogram were 0.735,
0.726, 0.784, and 0.711 in the four subtypes, which
demonstrated that our nomogram was reliable and could
predict prognosis regardless of the subtypes of BC. The
calibration curves also showed an excellent agreement
between the nomogram-predicted and actual probabilities

Table 2 Univariate and multivariate Cox proportional-hazards analyses of variables associated with DFS in the primary cohort
Variables
Age (years)
>40
≤40
T stage (pT)
pT0–T1
pT2
pT3–T4
N stage (pN)
N0
N1
N2
N3
Histological grade
I
II
III
LVI
Absent
Present
ER status
Negative
Positive
PR status
Negative
Positive
HER2 status
Negative
Positive
Ki67 status
Low
High
Pathological type
IDC
Others*
NCT regimens
E-based
ET-based
Others
pCR
No
Yes

Univariate analysis

Multivariate analysis

HR (95% CI)

p-value

HR (95% CI)

p-value

Referent
1.478 (1.092–2.000)

0.012

Referent
1.391 (1.019–1.898)

0.037

Referent
1.334 (0.931–1.913)
5.202 (3.635–7.443)

0.116
<0.001

Referent
1 (0.678–1.475)
2.528 (1.609–3.974)

0.999
<0.001

Referent
1.305 (0.865–1.970)
1.657 (1.075–2.555)
4.104 (2.737–6.155)

0.205
0.022
<0.001

Referent
1.037 (0.658–1.636)
1.116 (0.687–1.811)
1.694 (1.023–2.805)

0.875
0.657
0.04

Referent
2.776 (1.472–5.233)
5.541 (2.957–10.382)

0.002
<0.001

Referent
2.084 (1.084–4.008)
2.253 (1.132–4.481)

0.028
0.021

Referent
3.076 (2.278–4.155)

<0.001

Referent
2.016 (1.420–2.862)

<0.001

Referent
0.696 (0.510–0.949)

0.022

Referent
0.546 (0.386–0.772)

0.001

Referent
0.997 (0.739–1.345)

0.982

Referent
1.225 (0.906–1.655)

0.187

Referent
2.298 (1.664–3.172)

<0.001

Referent
1.546 (1.090–2.193)

0.015

Referent
0.861 (0.555–1.334)

0.503

Referent
1.296 (0.781–2.152)
0.805 (0.359–1.808)

0.316
0.6

Referent
0.479 (0.260–0.882)

0.018

Referent
0.649 (0.319–1.318)

0.231

Notes: *Others include invasive lobular carcinoma, ductal carcinomas in situ, papillary carcinomas, adenoid cystic carcinoma, and mucinous carcinomas. Bold values indicate
statistical significance (p<0.05).
Abbreviations: DFS, disease-free survival; HR, hazard ratio; LVI, lymphovascular invasion; ER, estrogen receptor; PR, progesterone receptor; HER2, human epithelial
growth factor receptor 2; IDC, invasive ductal carcinoma; NCT, neoadjuvant chemotherapy; E-based, anthracycline-based; ET-based, anthracycline and taxane-based; pCR,
pathologic complete response.
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Grade

4

6

N1

7

8

9

10

N3

No

N2

T0–T1

T2
T3–T4

II

I

III

High

Low

Present

Absent

pCR
Total points

No

Yes
0

5

3-year DFS
5-year DFS

10
0.9

0.9

15

20

25

0.85 0.8 0.750.7

0.85 0.8 0.750.7

30

35

40

0.6 0.5 0.4 0.3 0.2

0.6 0.5 0.4 0.3 0.2

45

50

55

0.1

0.1

Figure 1 Prognostic nomogram for predicting DFS in BC patients who received NCT.
Note: Age is in years.
Abbreviations: DFS, disease-free survival; BC, breast cancer; NCT, neoadjuvant chemotherapy; ER, estrogen receptor; LVI, lymphovascular invasion; pCR, pathologic
complete response.

of 3- and 5-year DFS, in both the SYSMH and FPHF
cohorts (Figure 2).

Performance of risk stratification based
on the nomogram score system
The point assignments and prognostic scores of each variable
according to the nomogram score system are listed in Table 3.
The optimal cutoff points were confirmed using X-tile. Thus,
we achieved effective risk stratification into three groups (low
risk: ≤22.1; intermediate risk: 22.1–33.8; high risk: >33.8).
Additionally, Kaplan–Meier curves for DFS were constructed
based on risk group stratification in both the training set and
the validation set (Figure 3). In the entire cohort, the 5-year
DFS rates were 85.1%, 57.5%, and 11.1% in the low-risk,
intermediate-risk, and high-risk groups, respectively.

Discussion
In the present study, we established and externally validated
a novel prognostic nomogram for individualized DFS estimation and risk stratification in BC patients after NCT. On the
basis of univariate and multivariate CPHR analyses, age, T
stage, histological grade, N stage, ER status, Ki67 status, and
LVI were screened as the independent prognostic predictors,
consistent with previous reports on the prognostic factors for
BC after NCT.9–12 More recently, a study with a large sample
size (n=1,033) found that post-NCT LVI was a strong independent risk factor for poor survival and strongly recommended
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including LVI in NCT score systems.9 We included LVI to
improve the predictive accuracy of the nomogram, whereas
previous models have ignored the predictive value of LVI for
estimation survival.10–12 A previous Korean nomogram was
reported to predict the probability of 2-year relapse-free survival.11 However, the Korean model did not taken into account
histological grade and LVI as covariates, and the follow-up
time was too short (<3 years). On the other hand, it should be
noted that pCR was not an independent prognostic factor in
our multivariate CPHR analysis. On the basis of both clinical and statistical significances, pCR was included without
compromising the performance of the nomogram.14
Recently, the Early Breast Cancer Trialists’ Collaborative
Group (EBCTCG) 2017 meta-analysis indicated that patients
who underwent NCT might have a higher probability of
local recurrence than patients who did not undergo NCT.31
This finding suggested that a practical tool for predicting
DFS in the NCT setting was imperative. To determine the
generalizability of the model, it was necessary to assess the
performance of the established nomogram. With regard to the
discrimination ability, the C-index of our nomogram (0.738;
95% CI: 0.698–0.779) was superior to that of the AJCC TNM
staging system (0.644; 95% CI: 0.604–0.684; p<0.01). This
is not surprising, as the nomogram integrated more number
of strong predictors to predict survival. Meanwhile, the
calibration curves indicated an optimal agreement between
the nomogram-predicted and actual probabilities of DFS,
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1.0

0.8

0.8
Actual 3-year DFS

Actual 3-year DFS

B
1.0

0.6

0.4

0.6

0.4

0.2

0.2

0.0

0.0
0.0

0.2

0.4

0.6

0.8

1.0

0.0

Nomogram-predicted probability of 3-year DFS

0.2

0.4

0.6

0.8

D
1.0

0.8

0.8
Actual 3-year DFS

1.0

0.6

0.4

0.6

0.4

0.2

0.2

0.0

0.0
0.0

0.2

0.4

0.6

0.8

1.0

Nomogram-predicted probability of 3-year DFS

0.0

0.2

0.4

0.6

0.8

1.0

Nomogram-predicted probability of 5-year DFS

Figure 2 Calibration curves of the nomogram for predicting DFS in breast cancer patients after NCT.
Notes: (A and B) 3- and 5-year DFS in the primary cohort; (C and D) 3- and 5-year DFS in the external validation cohort. The error bars represent perfect equality of the
predicted probability and the actual probability of DFS.
Abbreviations: DFS, disease-free survival; NCT, neoadjuvant chemotherapy.

which confirmed the repeatability of our model.14 Thus, both
oncologists and patients could obtain accurate, individualized estimates of DFS after NCT by using our user-friendly
nomogram, with high discrimination and calibration ability.
To date, there has been no clear consensus regarding
optimal post-NCT therapeutic schemes, especially adjuvant
chemotherapy. Moreover, uncertainty remains over how to
identify post-NCT patients at high risk of relapse. In the
risk group stratification in this study, significant differences
were found among the survival curves of the three risk
groups in the primary and validation cohorts (p<0.001).
Unsurprisingly, patients in the low-risk group had better
DFS than those in the higher risk groups. More importantly,
screening subgroups of high-risk patients for poor DFS

Cancer Management and Research 2018:10

might have a positive effect on treatment strategies. For
example, in low-risk patients, it may be preferable to tailor
adjuvant chemotherapy regimens to reduce side effects,
such as by using a low cumulative dose and fewer cycles of
the chemotherapy drug, especially in older patients. Conversely, intermediate- and high-risk patients might require
more cycles of adequately dosed adjuvant chemotherapy to
achieve optimal therapeutic outcomes, especially in younger
patients. Intensive follow-up may also be imperative for
intermediate- and high-risk patients. In addition, the prognostic tool could enable more rational risk stratification of
patients when designing clinical trials.
Several potential limitations of the current study should
be acknowledged. First, there was a lack of data concerning
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Table 3 Point assignment and prognostic score for each variable
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Variables

Nomogram score

Age (years)
>40
≤40
Tumor size (pT)
pT0–T1
pT2
pT3–T4
N stage (pN)
N0
N1
N2
N3
Histological grade
I
II
III
LVI
Absent
Present
ER
Negative
Positive
Ki67 status
Low
High
pCR
No
Yes
Risk stratification
Low risk
Intermediate risk
High risk

0
4.3
0
5
10
0
2.1
4.2
6.3
0
3.6
7.2
0
8
6.9
0
0
5
2.3
0
≤22.1
22.1–33.8
>33.8

Abbreviations: LVI, lymphovascular invasion; ER, estrogen receptor; pCR,
pathologic complete response.

A

the use of adjuvant chemotherapy, antihormonal therapy,
and anti-HER2 therapy, which are the important predictors
for survival. Thus, future studies should incorporate these
prognostic factors to enhance the nomogram. Second, the
sample size of this retrospective study was limited. There
was difference between the primary and external validation
cohorts, which might be due to the relatively limited sample
size. Therefore, the prognostic nomogram presented here
should be prospectively tested in future research using a
larger sample size with adequate information on the applied
NCT regimens, dose intensity, and postneoadjuvant therapy
strategies. Third, molecular biomarkers were not available
for the vast majority of patients in this study. Hence, reliable
molecular biomarkers should be included in future research
to improve the predictive accuracy of the nomogram. Fourth,
the included patients were from two centers in the People’s
Republic of China, and the pCR rate was relatively low in
this study. The most likely reason was that many patients
with HER2-positive BC could not afford the high expenses
of targeted therapy (trastuzumab), especially in the lowincome families,32 since trastuzumab was not covered by
health insurance until July 19, 2017, in the People’s Republic
of China. Moreover, patients with HER2-positive BC were
unable to receive treatment with trastuzumab until 2009 in
the People’s Republic of China.32 These were the potential
main causes for the low pCR rate in this study, which may
have an influence on the nomogram. The prognostic model
should therefore be validated in non-Asian patients before
it is widely applied.
B

1.00

1.00
Log rank, p<0.001
0.0

Disease-free survival

0.75

Disease-free survival
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Figure 3 Kaplan–Meier curves of DFS based on risk group stratification by the nomogram score system in the primary cohort (A) and external validation cohort (B).
Abbreviation: DFS, disease-free survival.
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Conclusion
We have developed and externally validated a novel prognostic model for predicting DFS in BC patients treated with
NCT. This user-friendly tool could enable oncologists to
more accurately predict survival for individual patients after
NCT and identify high-risk patients in need of a specific
therapeutic scheme.
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