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This study was to assess the prognosis stratification of the clinical-pathologic staging
system incorporating estrogen receptor (ER)-negative disease, the nuclear grade 3 tumor
pathology (CPS + EG), Neo-Bioscore, and a modified Neo-Bioscore system in breast
cancer patients after preoperative systemic therapy (PST). A retrospective multicenter
cohort study was conducted from 12 participating hospitals’ databases from 2006 to
2015. Five-year disease free survival (DFS), disease specific survival (DSS), and overall
survival (OS) were calculated using Kaplan–Meier Method. Area under the curve (AUC) of
the three staging systems was compared. Wald test and maximum likelihood estimates in
Cox proportional hazards model were used for multivariate analysis. A total of 1,077
patients were enrolled. The CPS + EG, Neo-Bioscore, and modified Neo-Bioscore could
all stratify the DFS, DSS, and OS (all P < 0.001). While in the same stratum of Neo-
Bioscore scores 2 and 3, the HER2-positive patients without trastuzumab therapy had
much poorer DSS (P = 0.013 and P values < 0.01, respectively) as compared to HER2-
positive patients with trastuzumab therapy and HER2-negative patients. Only the modified
Neo-Bioscore had a significantly higher stratification of 5-year DSS than PS (AUC 0.79 vs.
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0.65, P = 0.03). So, the modified Neo-Bioscore could circumvent the limitation of CPS +
EG or Neo-Bioscore.

Clinical Trial Registration: ClinicalTrials.gov, identifier NCT03437837.
Keywords: preoperative systemic therapy, CPS + EG, Neo-Bioscore, HER2, breast cancer prognosis
INTRODUCTION

Assessment of breast cancer prognosis is critical for clinicians to
make therapeutic decision. Previous studies demonstrated that
the same chemotherapy regimen used as preoperative systemic
therapy (PST) or adjuvant therapy in individual studies did not
significantly improve prognosis of the patients’ survival (1, 2).
However, pooled analysis showed that patients who achieved a
pathological complete response (pCR), defined as the
histologically absence of invasive cancer cells in the breast and
axillary nodes (ypT0/is ypN0), significantly had superior disease
free survival (DFS) after PST, as compared with patients who had
residual disease (3). These studies indicated that patient’s
responses to PST can predict the disease outcomes, and the
residual cancer burden (RCB) can be used to stratify the
prognosis of patients after PST (4). On the other hand, most of
the patients with hormone receptor (HR)-positive, human
epidermal growth factor receptor 2 (HER2)-negative subtypes
still had a favorable prognosis although they achieved a low pCR
rate (5–7). As demonstrated from recent meta-analysis, pCR was
a less strong prognostic factor in luminal type breast cancers, and
the prognosis of non-pCR patients varied a lot (3, 8). These
studies suggest that the prediction, based primarily on final
pathologic assessment of post-treatment cancer residues in the
breast and axilla, is not reliable, and a better prognostic approach
that integrates biologic markers into clinical and pathological
staging systems is needed to improve the prediction of non-pCR
patients and some of pCR patients as well for development of
therapeutic strategy for postoperative treatments.

The clinical-pathologic staging system incorporating estrogen
receptor (ER)-negative disease, the nuclear grade 3 tumor pathology
(CPS + EG staging system) (9, 10) and the updated Neo-Bioscore
(11) are two score systems that incorporate aspects of tumor biology
into staging system. The Neo-Bioscore was developed to validate the
CPS + EG staging system using a new definition of ER positivity,
and it also incorporated the HER2 status into the previously
developed CPS + EG staging system. It can better stratify disease
specific survival (DSS) for patients who didn’t achieve pCR. Recent
studies have demonstrated that treatment of HER2-positive tumors
with trastuzumab has been shown to improve survival in the
adjuvant (12, 13) and neoadjuvant setting (14–16). Thus, HER2-
negativity has been assigned as an unfavorable prognostic factor on
the basis that patients with HER2-positive tumors are routinely
treated with trastuzumab and have better prognoses in the Neo-
Bioscore prognostic stratification system. This is the same criterion
as the prognostic stage in the eighth American Joint Committee on
Cancer (AJCC) (17). Interestingly, the distribution of breast cancer
subtypes varies within the broad racial/ethnic groups. It appears that
Korean, Filipina, Chinese, and Southeast Asian women had a higher
2

incidence of HR-negative/HER2-positive breast cancers compared
with non-Hispanic white women (18). Unlike the routine
administration of trastuzumab for HER2-positive patients in the
United States and other developed countries, most of HER2-positive
breast cancer patients could not access trastuzumab because of
expensive medical cost and patient’s financial hardship in China. In
addition, some of HER2-positive patients who were initially treated
with trastuzumab had to withdraw the therapy because of cardiac,
no-cardiac toxicity, unfavorable compliance or lack of response
during PST. Because both CPS + EG and Neo-Bioscore systems
have not incorporated the HER2-positive patients without
trastuzumab treatment, the potential to predict the outcome of
HER2-positive patients treated without trastuzumab is largely
limited. Thus, an accurate prediction for those subgroups of
HER2-positive patients needs to be developed.

Here, we conducted a retrospective multicenter cohort study
in patients with primary invasive breast cancers who underwent
PST and surgery. Our objective of this study was to validate CPS
+ EG and Neo-Bioscore system and determine the accuracy of
prediction of not only DSS, but also DFS and overall survival
(OS). We also developed a modified Neo-Bioscore system to
stratify the prognosis after PST in more detail.
MATERIAL AND METHODS

Patients and Study Design
The study was approved by the central ethics committee at the
Peking University First Hospital. All breast cancer patients who
met the inclusion criteria were recruited from participating
hospitals’ databases from 2006 to 2015. The detailed protocol
was published elsewhere (19). The data was recorded by
professional clinicians and double-checked by independent
research staff for accuracy. The retrospective data was retrieved
from the hospitalization and follow-up patient databases from
multiple institutes or hospitals.

Treatment and Standard Procedures
All patients received the first-line of taxanes (T)- and/or
anthraclines (A)-based neoadjuvant regimen and other
interventions as standard procedures, as described previously (19).

Statistical Evaluation
The CPS + EG score and Neo-Bioscore were determined for each
patient as previously reported (9, 11). Considering HER2-
positive patients without trastuzumab therapy as a poor risk
factor, we assigned two scores in our modified Neo-Bioscore
staging system. The detailed staging systems were summarized in
Table 1. The Kaplan–Meier method was used to calculate five-
March 2021 | Volume 11 | Article 606477
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year DFS, DSS, and OS for patients’ sub-grouped with multiple
staging systems: (1) pretreatment clinical stage (CS), (2) post-
treatment pathological stage (PS), (3) CPS + EG score, (4) Neo-
Bioscore, and (5) modified Neo-Bioscore. Within each staging
system, DFS, DSS, and OS among subgroups were compared
using the log-rank test. Area under the curve (AUC) was
Frontiers in Oncology | www.frontiersin.org 3
calculated for the multiple staging systems and compared using
the time-dependent ROC package (20). Wald test and maximum
likelihood estimates (MLE) in Cox proportional hazards model
for DFS, DSS, and OS were used to estimate hazard ratios when
the covariates of age, menopause, progesterone receptor (PR),
and Ki67 were included together with prognostic scores of the
CPS + EG, Neo-Bioscore, or modified Neo-Bioscore staging
system, respectively.
RESULTS

Patient and Tumor Characteristics
A total 1,930 patients with primary breast cancer from 12 top
hospitals in China were recruited, of which 1,077 cases met the
inclusion criteria and therefore enrolled in this study. A total of
853 patients were excluded from the study (Figure 1). Of the
1,077 enrolled patients, pre-menopausal status was in 589 cases
(54.7%) and post-menopausal status was in 488 patients (45.3%).
The median age at the time of diagnosis was 49 (range 22–74)
years old (Table 2). The ER status was lower than 1% in 445
patients (41.3%) and 1% or higher in 632 cases (58.7%). A total of
315 patients (29.2%) were HER2 positive; 45.1% of whom
received trastuzumab as a component of their PST regimen
and consecutive to 1 year, and 54.9% of HER2-positive case
did not receive trastuzumab treatment. A total of 762 cases
(70.8%) were HER2 negative. A total of 70 cases (6.5%) had
clinical stage I disease, 717 patients (66.5%) had clinical stage II
disease (29.5% IIA, 37.0% IIB), and 290 cases (26.9%) had
clinical stage III disease (16.2% IIIA, 5.4% IIIB, 5.4% IIIC). A
total of 166 patients (15.4%) achieved pCR, and 911 cases
(84.6%) were non-pCR after PST. Of 911 patients with residual
tumor, pathologic stage I was in 264 cases (29.0%), IIA was in
FIGURE 1 | Flow of participants.
TABLE 1 | Point Assignment for the CPS + EG, Neo-Bioscore, and Modified
Neo-Bioscore Staging Systems.

Cancer Stage CPS + EG
Score

Neo-
Bioscore
(7 points)

Modified Neo-
Bioscore
(8 points)

Pretreatment Clinical Stage (CS)
I 0 0 0
IIA 0 0 0
IIB 1 1 1
IIIA 1 1 1
IIIB 2 2 2
IIIC 2 2 2

Post-treatment Pathologic Stage (PS)
0 0 0 0
I 0 0 0
IIA 1 1 1
IIB 1 1 1
IIIA 1 1 1
IIIB 1 1 1
IIIC 2 2 2

Tumor Marker
ER negative 1 1 1
Grade 3 1 1 1
HER2 negative 1 1

HER2 positive & no
trastuzumab

2

CPS + EG, clinical-pathologic staging system incorporating estrogen receptor-negative
disease and nuclear grade 3 tumor pathology; ER, estrogen receptor; PR, progesterone
receptor; HER2, human epidermal growth factor receptor 2.
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261 cases (28.6%), IIB was in 128 patients (14.1%), IIIA was in
156 patients (17.1%), and IIIB was in 102 cases (11.2%). The
median follow-up time was 45 months (range, 11–107 months).
The estimated 5-year DFS rate, 5-year DSS rate, and 5-year OS
rate for the entire study population were 85.8% (95% CI, 82.9–
88.3%), 90.9% (95% CI, 88.4–92.9%), and 89.1% (95% CI, 86.2–
91.4%), respectively.

Five-Year DFS, DSS, and OS Outcomes
by CPS + EG and Neo-Bioscore
Staging Systems
The estimated 5-year DFS, DSS, and OS outcomes by clinical
stage, pathologic stage, CPS + EG staing system, and Neo-Bioscore
were summarized in Table 1. Because a small number of patients
had advanced stagings of CPS + EG and Neo-Bioscore, they were
combined with either staging 5 or 6 or 7. The CPS + EG score and
Neo-Bioscore staging systems for each patient were determined
according to the previously published staging system (10, 11).
Five-year DSS, DFS, and OS outcomes stratified by the CPS + EG
scores or the Neo-Bioscore scores are shown in Figures 2 and 3,
respectively. Both staging systems of CPS + EG and Neo-Bioscore
were significantly associated with DFS, DSS, and OS. Five-year
DFS decreased in a step-wise fashion with increasing staging score
from 94.03% for score 0 of CPS + EG and 94.74% for score 0 of
Neo-Bioscore to 58.77 and 56.69% for advanced stage scores,
respectively (Figure 2A and Figure 3A). Similar step-wise
decreases in DSS and OS were seen in the advanced scores for
CPS + EG, and Neo-Bioscore staging systems too (Figures 2B, C,
TABLE 2 | Cohort Characteristics of Patients (N = 1,077) with Primary
Breast Cancer.

Variables N = 1077 %

Age (median, range) 49 (22–74)

Menopausal status

Pre-menopause 589 54.7

Post-menopause 488 45.3

Tumor histological grade

I 46 4.3

II 702 65.2

III 329 30.5

ER status

Positive 632 58.7

Negative 445 41.3

PR status

Positive 585 54.3

Negative 492 45.7

HER2 status

Positive 315 29.2

Negative 762 70.8

Ki 67

≤14% 148 13.7

>14% 845 78.5

Unknown 84 7.8

Trastuzumab therapy in HER2-positive patients

Administrated 142 45.1

Without administration 173 54.9

Breast operation

Lumpectomy 294 27.3

Mastectomy 783 72.7

CS

I 70 6.5

IIA 318 29.5

IIB 399 37.0

IIIA 174 16.2

IIIB 58 5.4

IIIC 58 5.4

PS

0 166 15.4

I 264 24.5

IIA 261 24.2

IIB 128 11.9

IIIA 156 14.5

IIIB 10 0.9

IIIC 92 8.5

CPS + EG score

0 100 9.3

1 212 19.7

2 387 35.9

3 240 22.3

4 111 10.3

5 27 2.5

(Continued)
TABLE 2 | Continued

Variables N = 1077 %

6 0 0.0

Neo-Bioscore

0 27 2.5

1 142 13.2

2 236 21.9

3 363 33.7

4 217 20.2

5 76 7.1

6 16 1.5

7 0 0.0

Modified Neo-Bioscore

0 17 1.6

1 115 10.7

2 194 18.0

3 345 32.0

4 238 22.1

5 113 10.5

6 47 4.4

7 8 0.7

8 0 0.0
March 2021 | Volume
 11 | Article 60647
ER, estrogen receptor; PR, progesterone receptor; HER2, human epidermal growth factor
receptor 2; CS, Pretreatment clinical stage; PS, Post-treatment pathologic stage; CPS
+EG, clinical-pathologic staging system incorporating estrogen receptor-negative disease
and nuclear grade 3 tumor pathology.
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and 3B, C). Because nearly 45.9% of HER2-positive patients
received trastuzumab-containing therapy, and the other 54.1%
of HER2-positive were treated in the absence of trastuzumab, we
evaluated the DSS, DFS, and OS outcomes of breast cancer
patients stratified by HER2 status in the presence or absence of
trastuzumab treatment. Interestingly, 5-year DSS, DFS, and OS for
Neo-Bioscore score 3 were all reduced by 32–35% in the HER2-
positive patients with the absence of trastuzumab treatment as
compared to the same score HER2-positive patients with
trastuzumab therapy and HER2-negative patients (Figures 4C,
5C, and 6C, with all P < 0.001). In addition, 5-year DSS and OS for
Neo-Bioscore score 2 were also significantly reduced in the HER2-
positive patients without trastuzumab treatment (Figure 4B and
Figure 6B, both P = 0.013).

To improve the accuracy of prediction of HER2-positive patients
without trastuzumab therapy, we developed a novel staging system,
a modified Neo-Bioscore, by adding a point to the Neo-Bioscore for
Frontiers in Oncology | www.frontiersin.org 6
HER2-positive patients without trastuzumab therapy (Table 1). We
assume that themodifiedNeo-Bioscore would amend the limitation
of CPS + EG andNeo-Bioscore staging systems and provide a better
prediction for HER2-positive patients in the absence of standard
trastuzumab therapy. The estimated 5-year DFS, DSS, and OS
outcomes by the modified Neo-Bioscore were summarized in
Table 3, and advanced stagings were combined with either staging
6, 7, or 8 because of the small number patients. As shown in Figure
7, our modified New-Bioscore score system was also able to predict
the outcomes of DFS, DSS, and OS stratified by the modified breast
cancer scores (all P values <0.001). We assessed the survival data by
area under the curve (AUC) in multiple staging system and found
that three staging scores of CPS + EG, Neo-Bioscore, and modified
Neo-Bioscore had similar prognostic value for 5-year DFS (Figure
8). In addition, three staging scores of CPS + EG, Neo-Bioscore, and
modifiedNeo-Bioscore hadmuch better prognosis thanCS for DFS,
DSS, and OS (all P values <0.001) (Table 4). The modified Neo-
A B

C D

FIGURE 4 | Kaplan–Meier survival curves for disease specific survival (DSS) determined by Neo Bioscore staging system for different HER2 status subgroup. Group 1:
HER2-positive patients with trastuzumab therapy and HER2-negative patients; Group 2: HER2-positive patients without trastuzumab therapy. (A) DSS of different
HER2 status subgroup in Neo-Bioscore scores 0 and 1; (B) DSS of different HER2 status subgroup in Neo-Bioscore score 2; (C) DSS of different HER2 status
subgroup in Neo-Bioscore score 3; (D) DSS of different HER2 status subgroup in Neo-Bioscore scores 4, 5, and 6.
March 2021 | Volume 11 | Article 606477
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Bioscore had a 5-year DSS AUC that was significantly higher than
PS (0.79 vs 0.73, P value = 0.03), whereas neither CPS + EG (0.78 vs
0.73, P = 0.1) nor Neo-Bioscore staging system (0.76 vs 0.73, P =
0.39) had a significant better prediction of 5-year DSS than PS.
NeitherNeo-Bioscore nor themodifiedNeo-Bioscore demonstrated
an improved discriminationAUCofDFS,DSS, andOS as compared
with CPS + EG score. At 5 years, the modified Neo-Bioscore system
had a DSS AUC of 0.79 (95% CI 0.74–0.84) that was comparable to
the Neo-Bioscore staging system [0.76 (95% CI 0.70–0.81)].

To determine if the confounding factors of age, menopause, PR,
and Ki67 status influence the disease survival of breast cancers, we
performedmultivariate analyses, using theWald test and maximum
likelihood estimates (MLEs) in Cox proportional hazards model for
DFS, DSS, and OS to estimate hazard ratios. As shown in Table 5,
we found that the menopause status was an independent prognostic
factor besides the prognostic scores of the CPS + EG, Neo-Bioscore,
or modified Neo-Bioscore staging system scores. The hazard ratios
of menopause status for DSS and OS were 2.45 and 2.42,
Frontiers in Oncology | www.frontiersin.org 7
respectively (both P < 0.05) in the CPS + EG staging systems,
while the hazard ratios of menopause for DSS and OS were 2.67 and
2.61, respectively, in the Neo-Bioscore staging system (both P =
0.01), and 2.54, 2.50, respectively, in the modified Neo-Bioscore
staging system (both P < 0.05). In addition, we noted that age might
be an independent factor of prognosis when the modified Neo-
Bioscore system was used for prognosis.
DISCUSSION

The AJCC published the eighth edition Cancer StagingManual, and
included the traditional anatomic stage groups and the prognostic
stage groups which incorporated biomarkers such as ER, PR, HER2
status, and tumor histological grade (17). Both CPS + EG and Neo-
Bioscore staging systems are better than the previous CS and PS,
which conform to the same point as the AJCC eighth edition that
they also take the biomarkers into consideration.
A B

C D

FIGURE 5 | Kaplan–Meier survival curves for disease free survival (DFS) determined by the Neo-Bioscore staging system for different HER2 status subgroup. Group 1:
HER2-positive patients with trastuzumab therapy and HER2-negative patients; Group 2: HER2-positive patients without trastuzumab therapy. (A) DFS of different
HER2 status subgroup in Neo-Bioscore scores 0 and 1; (B) DFS of different HER2 status subgroup in Neo-Bioscore score 2; (C) DFS of different HER2 status
subgroup in Neo-Bioscore score 3; (D) DFS of different HER2 status subgroup in Neo-Bioscore scores 4, 5, and 6.
March 2021 | Volume 11 | Article 606477
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In our previous studies, we demonstrated that both CPS + EG
and Neo-Bioscore could predict the disease outcomes well; but they
still have obvious limitations (21). The CPS + EG score was
developed before the routine test of HER2 status and the use of
HER2-targeted therapy. To overcome this limitation, the Neo-
Bioscore was developed, which incorporates HER2 status into the
CPS + EG. Neo-Bioscore hypothesized that all HER2-positive
patients have received anti-HER2 treatment. However, the
treatment regimens the patients actually received are not ideal
and could have a profound impact on the prognosis (22). For
example, HER2 positive could be considered either as a favorable
factor if the patients were treated with anti-HER2 treatment, or as a
poor prognostic factor if the HER2-positive patients were treated in
the absence of trastuzumab therapy (23–25). It is considered in the
eighth edition of the AJCC that the prognostic value of these
Prognostic Stage Groups relies on populations of patients with
breast cancer that have been offered and mostly treated with
appropriate endocrine and/or systemic chemotherapy and/or
Frontiers in Oncology | www.frontiersin.org 8
routine use of trastuzumab (17). Data from our hospital breast
disease center also showed that the prognostic outcomes (DFS, OS)
of the stage I HER2-positive patients was worse than those of the
stage II because higher proportion of patients with stage II were
treated with trastuzumab than patients with stage I (26).

In fact, insufficient anti-HER2 treatment is common. In this
study, we found that of 1,077 patients enrolled from our multicenter
approximately 29% (315/1077) of breast patients were HER2-
positive; only 45% of them (142/315, HER2+) received
trastuzumab, and more than half of HER2-positive cases (173/
315, HER2+) were treated in the absence of anti-HER2 treatment.
In other countries, patients’ with HER2-positive cancer access to
trastuzumab therapy was also limited (27–29). In the United States,
for example, a retrospective study that enrolled 915 HER2-positive
cases reported that 28% of the HER2-positive patients did not
receive anti-HER2 therapy initially (30). Another study reported
approximately 41% of 585 American women discontinued
trastuzumab therapy mostly because of side effects (31). Early
A B

C D

FIGURE 6 | Kaplan–Meier survival curves for overall survival (OS) determined by the Neo-Bioscore staging system for different HER2 status subgroup. Group 1:
HER2-positive patients with trastuzumab therapy and HER2-negative patients; Group 2: HER2-positive patients without trastuzumab therapy. (A) OS of different
HER2 status subgroup in Neo-Bioscore scores 0 and 1; (B) OS of different HER2 status subgroup in Neo-Bioscore score 2; (C) OS of different HER2 status
subgroup in Neo-Bioscore score 3; (D) OS of different HER2 status subgroup in Neo-Bioscore scores 4, 5, and 6.
March 2021 | Volume 11 | Article 606477
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trastuzumab discontinuation was thought to be a powerful
independent predictor of cardiac events and clinically significant
relapse, and both might contribute to poor survival (31, 32). Thus,
the number of HER2-positive patients who do not receive
trastuzumab still remains substantial.

We demonstrated that CPS+ EG and Neo-Bioscore staging
systems exhibited overall expected outcomes not only of DSS in
Frontiers in Oncology | www.frontiersin.org 9
agreement with other studies (33), but also of DFS and OS which
offer more comprehensive information about the long-term
prognosis. However, in the same Neo-Bioscore stratum, score
of 2 and 3, HER2-positive patients without trastuzumab
treatment had obviously worse DSS, DFS, and OS than HER2-
negative patients and HER2-positive patients with trastuzumab
treatment. However, there were no differences in the higher score
TABLE 3 | Five-Year DFS, DSS, and OS Outcomes by Clinical Stage, Pathologic Stage, CPS + EG Staging System, Neo-Bioscore, and Modified Neo-Bioscore.

Staging System Stages/Scores DFS (95% CI) DSS (95% CI) OS (95% CI)

CS I (n = 70) 92.53(81.26–97.13) 100.00(100–100) 95.83(73.92–99.40)
IIA (n = 318) 93.79(88.98–96.54) 97.96(95.06–99.16) 96.56(92.60–98.42)
IIB (n = 399) 85.08(79.69–89.14) 88.69(82.92–92.59) 87.58(81.86–91.59)
IIIA (n = 174) 84.27(76.47–89.66) 84.81(71.72–92.16) 83.77(73.72–90.22)
IIIB (n = 58) 83.83(69.88–91.69) 86.79(72.17–94.03) 86.79(72.17–94.03)
IIIC (n = 58) 42.53(21.66–62.01) 56.68(30.86–76.02) 56.68(30.86–76.02)

PS 0 (n = 166) 94.56(86.56–97.86) 98.26 (93.08–99.57) 95.97 (86.35–98.85)
I (n = 264) 92.48(86.10–95.99) 97.72 (94.58–99.05) 94.84 (87.95–97.84)
IIA (n = 261) 88.72(83.52–92.36) 93.27 (88.32–96.17) 91.82 (86.41–95.14)
IIB (n = 128) 89.86(82.28–94.30) 86.22 (72.96–93.26) 80.81(67.04–89.27)
IIIA (n = 156) 73.03(62.09–81.28) 80.50 (68.49–88.30) 79.98 (68.07–87.83)

CPS+EG 0 (n = 100) 94.03 (78.92–98.41) 98.84 (92.03–99.84) 95.04 (78.18–98.95)
1 (n = 212) 92.27(80.19–97.11) 98.94 (95.81–99.74) 95.72 (87.45–98.59)
2 (n = 387) 90.60 (85.85–93.82) 94.06 (89.15–96.79) 92.70 (87.63–95.74)
3 (n = 240) 78.22 (70.18–84.34) 81.44 (65.68–90.46) 78.85 (63.73–88.22)
4 (n = 111) 60.79 (47.53–71.68) 70.69 (57.65–80.38) 70.69 (57.65–80.38)
5/6 (n = 27)a 58.77 (27.89–80.15) 61.30 (32.16–80.97) 61.30 (32.16–80.97)

Neo-Bioscore 0 (n = 27) 94.74 (68.12–99.24) 100.00 (100.00–100.00) 100.00 (100.00–100.00)
1 (n = 142) 94.62 (82.84–98.39) 99.11 (93.83–99.87) 94.18 (81.31–98.28)
2 (n = 236) 94.65 (90.05–97.15) 96.57 (92.42–98.46) 96.57 (92.42–98.46)
3 (n = 363) 87.47 (82.24–91.24) 92.99 (87.86–96.01) 91.00 (85.61–94.44)
4 (n = 217) 75.82 (67.08–82.54) 81.91 (72.81–88.21) 79.98 (70.62–86.64)

5/6/7 (n = 92)b 56.69 (40.56–69.98) 63.21 (44.06–77.36) 63.21 (44.06–77.36)
Modified Neo-Bioscore 0 (n = 17) 100.00 (100.00–100.00) 100.00 (100.00–100.00) 100.00 (100.00–100.00)

1 (n = 115) 93.74 (76.61–98.44) 98.91 (92.53–99.85) 92.06 (74.62–97.69)
2 (n = 194) 95.21 (89.80–97.78) 98.83 (95.40–99.71) 98.83 (95.40–99.71)
3 (n = 345) 91.09 (86.02–94.38) 95.20 (89.90–97.75) 92.56 (86.52–95.95)
4 (n = 238) 80.45 (73.12–85.98) 86.83 (80.59–91.17) 84.93 (78.04–89.80)
5 (n = 113) 59.96 (46.60–70.99) 70.36 (54.48–81.59) 68.83 (53.10–80.21)

6/7/8 (n = 55)c 67.73 (48.10–81.27) 64.81 (42.44–80.29) 64.81 (42.44–80.29)
March 2021 | Vol
CS, pretreatment clinical stage; PS, post-treatment pathological stage; CPS+EG, clinical-pathologic staging system incorporating estrogen receptor-negative disease and nuclear grade 3
tumor pathology; DFS, disease free survival; DSS, disease specific survival; OS overall survival. DFS, DSS, and OS were calculated by K-M method. ascores 5 and 6 of CPS + EG were
combined because of small number patients; bscores 5, 6, and 7 of Neo-Bioscore were combined because of small number patients; cscores 6, 7, and 8 of modified Neo-Bioscore were
combined because of small number patients.
A B C

FIGURE 7 | Kaplan–Meier survival curves determined by modified Neo-Bioscore in patients with breast cancer receiving preoperative systemic therapy (PST).
(A) Disease free survival (DFS); (B) Disease specific survival (DSS); (C) Overall survival (OS).
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group, possibly because of the smaller number of cases or the
more important roles of CS and PS staging system played. Our
study suggests that an accurate prediction for HER2-positive
patients in the absence of trastuzumab treatment needs to be
developed for this subgroup of breast cancer patients.

In this study, we developed a modified staging system by
assigning HER2-positive without trastuzumab administration as a
poorer prognostic factor and gave two points in the modified Neo-
Bioscore staging system. We demonstrated that modified Neo-
Bioscore had a significant improvement of five-year DSS AUC as
compared to PS scoring system (0.79 vs 0.73, P < 0.05), whereas
neither CPS + EG (0.78 vs 0.73, P = 0.1) nor Neo-Bioscore staging
system (0.76 vs 0.73, P = 0.39) had a significant better prediction of
five-year DSS. A possible explanation of failure of the CPS + EG and
the Neo-Bioscore prediction is that the characteristics of breast
cancer cases in China (e.g. age and menopausal status) and the
HER2-positive patients without trastuzumab therapy compromised
the extent of survival stratification (34). The improvement in the
prognosis of breast cancer patients was small; however, we
Frontiers in Oncology | www.frontiersin.org 10
anticipate it may show greater improvement in the predictive
value of this novel, modified Neo-Bioscore scoring system once a
larger cohort is enrolled in the study.

Unlike the characteristic of breast cancer in the United States,
the proportion of young (<40 years old), pre-menopuasal women
with breast cancer in China was much higher (34, 35). Pre-
menopausal breast cancers were found to comprise a substantially
higher proportion of all incident breast cancers in less developed
countries (average 47.3%) compared to more developed countries
(average 18.5%) (36). Interestingly, multivariate analysis of our
study revealed the menopausal status was an independent factor of
disease survival prediction besides the scores of the CPS + EG, Neo-
Bioscore, modified Neo-Bioscore staging systems. Besides, age also
shows a tendency with clinical outcome using modified Neo-
Bioscore. Therefore, our future studies will enroll more young
breast cancer patients in developing countries to adjust the
modified Neo-Bioscore staging system.

The strength of this study was the use of data quality control
strategies that are common in the performance of multicenter
A B C

FIGURE 8 | Survival data assessed using the areas under the curves (AUCs) for the pretreatment clinical stage (CS), post-treatment pathological stage (PS), CPS + EG,
Neo-Bioscore, and modified Neo-Bioscore. (A) Five-year disease free survival (DFS) assessed using AUCs in multiple staging systems; (B) Five-year disease specific
survival (DSS) assessed using AUCs in multiple staging systems; (C) Five-year overall survival (OS) assessed using AUCs in multiple staging systems.
TABLE 4 | Survival Data Assessed by Area Under the Curve (AUC) in Multiple Staging Systems.

DFS DSS OS

AUC
(95% CI)

Pa Pb Pc AUC
(95% CI)

Pa Pb Pc AUC
(95% CI)

Pa Pb Pc

CS 0.61
(0.56–0.66)

0.65
(0.59–0.71)

0.64
(0.58–0.69)

PS 0.70
(0.66–0.75)

<0.001 0.73
(0.68–0.78)

0.03 0.72
(0.66–0.77)

0.03

CPS+EG 0.74
(0.69–0.78)

<0.001 0.16 0.78
(0.73–0.83)

<0.001 0.10 0.76
(0.71–0.81)

<0.001 0.15

Neo-Bioscore 0.72
(0.67–0.76)

<0.001 0.56 0.07 0.76
(0.70–0.81)

<0.001 0.39 0.06 0.74
(0.68–0.79)

<0.001 0.48 0.08

Modified Neo-Bioscore 0.74
(0.70–0.79)

<0.001 0.09 0.44 0.79
(0.74–0.84)

<0.001 0.03 0.25 0.77
(0.72–0.82)

<0.001 0.07 0.30
March 2021 | V
olume 11 |
 Article 60
CS, pretreatment clinical stage; PS, post-treatment pathological stage; CPS + EG, clinical-pathologic staging system incorporating estrogen receptor-negative disease and nuclear grade
3 tumor pathology; AUC, area under the curve; DFS, disease free survival; DSS, disease specific survival; OS overall survival. aContrast estimate with CS as reference; bContrast estimate
with PS as reference; cContrast estimate with CPS + EG as reference.
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TABLE 5 | Multivariate Analyses Using Wald test and Maximum Likelihood Estimation (MLE) in Cox Proportional Hazards Model.

Staging System
Included

Variables DFS DSS OS

Wald test MLE in the Cox
proportional hazards model

Wald test MLE in the Cox proportional
hazards model

Wald test MLE in the Cox
proportional hazards model

P HR (95% CI) P P HR (95% CI) P P HR (95% CI) P

CPS+EG Age 0.08 0.98
(0.95–1.00)

0.08 0.12 0.97
(0.4–1.01)

0.12 0.12 0.97
(0.94–1.01)

0.12

menopause 0.25 1.41
(0.79–2.50)

0.25 0.02 2.45
(1.16–5.15)

0.02 0.01 2.42
(1.19–4.93)

0.01

PR-Negative 0.69 1.09
(0.72–1.64)

0.69 0.78 1.08
(0.64–1.82)

0.78 0.76 1.08
(0.66–1.78)

0.76

Ki67 ≥ 14% 0.75 1.11
(0.60–2.04)

0.75 0.73 0.88
(0.41–1.87)

0.73 0.48 0.78
(0.39–1.56)

0.48

Score <.0001 <.0001 <.0001
1 0.90

(0.26–3.09)
0.87 1.03

(0.09–11.40)
0.98 0.52

(0.07–3.74)
0.52

2 1.61
(0.55–4.71)

0.38 2.95
(0.38–23.16)

0.30 1.94
(0.44–8.68)

0.38

3 4.05
(1.41–11.64)

0.01 9.91
(1.31–74.92)

0.03 5.84
(1.35–25.30)

0.02

4 7.08
(2.44–20.58)

0.00 20.50
(2.71-154.81)

0.00 10.49
(2.41–45.63)

0.00

5 7.27
(2.06–25.62)

0.00 27.90
(3.33–233.81)

0.00 14.65
(2.93–73.29)

0.00

Neo-Bioscore Age 0.08 0.97
(0.95–1.00)

0.97 0.11 0.97
(0.93–1.01)

0.11 0.11 0.97
(0.94–1.01)

0.11

menopause 0.19 1.48
(0.83–2.67)

1.48 0.01 2.67
(1.24–5.77)

0.01 0.01 2.61
(1.26–5.42)

0.01

PR-Negative 0.29 1.24
(0.83–1.86)

1.24 0.32 1.30
(0.77–2.19)

0.32 0.33 1.27
(0.80–2.08)

0.33

Ki67 ≥ 14% 0.51 1.23
(0.67–2.27)

1.23 0.91 1.05
(0.49–2.23)

0.91 0.82 0.92
(0.47–1.83)

0.82

score <.0001 <.0001 <.0001
0 0.11

(0.01–0.98)
0.11 0.00 0.98 0.00 0.98

1 0.10
(0.03–0.36)

0.10 0.03
(0.00–0.25)

0.00 0.05
(0.01–0.30)

0.00

2 0.12
(0.04–0.37)

0.12 0.10
(0.03–0.35)

0.00 0.09
(0.03–0.34)

0.00

3 0.26
(0.10–0.68)

0.26 0.15
(0.05–0.48)

0.00 0.19
(0.06–0.59)

0.00

4 0.45
(0.17–1.15)

0.44 0.40
(0.13–1.13)

0.08 0.41
(0.14–1.20)

0.10

5 0.76
(0.28–2.07)

0.76 0.85
(0.28–2.59)

0.77 0.82
(0.27–2.50)

0.73

Modified Neo-
Bioscore

Age 0.05 0.97
(0.94–1.00)

0.05 0.07 0.96
(0.93–1.00)

0.07 0.07 0.97
(0.93–1.00)

0.07

menopause 0.23 1.43
(0.80-2.56)

0.23 0.02 2.54
(1.18–5.45)

0.02 0.01 2.50
(1.21–5.17)

0.01

PR-Negative 0.76 1.06
(0.71–1.6)

0.76 0.89 1.04
(0.62–1.75)

0.89 0.88 1.04
(0.63–1.70)

0.88

Ki67 ≥ 14% 0.62 1.17
(0.63–2.16)

0.62 0.74 0.88
(0.41–1.89)

0.74 0.52 0.79
(0.40–1.59)

0.52

Score <.0001 <.0001 <.0001
0 0.00 0.98 0.00 0.98 0.00 0.98
1 0.28

(0.03–2.57)
0.26 0.03

(0.00–0.38)
0.01 0.07

(0.01–0.48)
0.00

2 0.31
(0.04–2.53)

0.27 0.04
(0.00–0.30)

0.00 0.04
(0.01–0.29)

0.00

3 0.47
(0.06–3.56)

0.46 0.08
(0.02–0.39)

0.00 0.11
(0.02–0.52)

0.00

4 0.93 0.15 0.18

(Continued)
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clinical trials. The study devoted significant attention to data
quality at multiple stages, including case ascertainment, data
extraction, and data management. However, the study has some
limitations which are common in a retrospective design. Higher
score groups were ended up with few cases so that the advanced
scores were combined for statistical analyses, and a larger cohort
study is needed to confirm the finding in future.

We performed a large-scale, multicenter retrospective study
and analyzed 1,077 breast cancer patients to validate CPS + EG,
Neo-Bioscore, and modified Neo-Bioscore staging systems after
PST.We found patients in the absence of trastuzumab therapy had
much poorer survival prognosis in the same stratum of Neo-
Bioscore scores 2 and 3 as compared to HER2-positive cases with
trastuzumab therapy and HER2-negative patients. The modified
Neo-Bioscore could circumvent the limitation of CPS + EG or
Neo-Bioscore and had a significant improvement of five-year DSS
prediction as compared to PS due to mixed trastuzumab therapy
in clinical practice. The menopausal status was an independent
prognostic factor. Thus, whether menopausal status should be
incorporated into the staging system need to be studied and
validated with larger samples. Furthermore, it will be our future
study to see if other unfavorable prognostic factors, such as
insufficient treatment, are incorporated into existing staging
system with TNM and biological characteristics, the staging
system would have a broader clinical implication in the real world.
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Staging System
Included

Variables DFS DSS OS

Wald test MLE in the Cox
proportional hazards model

Wald test MLE in the Cox proportional
hazards model

Wald test MLE in the Cox
proportional hazards model

P HR (95% CI) P P HR (95% CI) P P HR (95% CI) P

1.10
(0.15–8.09)

0.34
(0.08–1.46)

0.36
(0.08–1.57)

5 2.53
(0.34–18.71)

0.36 0.79
(0.18–3.43)

0.76 0.81
(0.19–3.48)

0.77

6 1.97
(0.25–15.32)

0.52 0.80
(0.17–3.71)

0.77 0.79
(0.17–3.68)

0.76
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