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Background: In recent years, it has been found that the expression of 17 centromere proteins (CENPs)
was closely related to malignant tumors, however, the role of CENPs in breast cancer (BC) has not been fully
investigated. This study intends to investigate the prognostic value of CENPs in BC and establish nomogram
based on expression of CENPs to predict BC patients’ prognosis.

Methods: A total of 800 BC patients with complete relevant data were included from the TCGA database
and were further randomly divided into training set (N=480) and validation set (N=320). Univariate
and multivariate Cox regression analysis were used to screen independent factors for overall survival
(OS) prediction of BC patients in the training set. Then, the nomogram was established based on these
independent predictors and further validated by receiver-operating characteristic (ROC) curves and
calibration plots. The GEPIA and beGenExMiner v4.4 databases were utilized to analyze mRNA expression
of candidate gene in BC patients with different clinicopathological features, respectively.

Results: Multivariate Cox regression analysis showed that age, Her2 status, pathologic_T stage,
pathologic_M stage and CENPP expression were of independent prognostic value for BC. CENPP was
overexpressed in BC tissues (P<0.01) and lower expression of CENPP was associated with worse OS (P=0.005,
HR =2.35; 95% CI: 1.30-4.23). We then established a nomogram based on those independent predictors,
and the calibration curve demonstrated good fitness of the nomogram for OS prediction. In the training set,
the AUCs of 3- and 5-year survival were 0.757 and 0.797, respectively. In the validation set, the AUCs of 3-
and 5-year survival were 0.727 and 0.71, respectively.

Conclusions: Our study showed that CENPP was a novel prognostic factor for patients with BC, and the

established nomogram could provide valuable information on prognostic prediction for patients with BC.
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Introduction stages, molecular subtypes and histologic types. Even

in BC patients with same clinical stage, the histologic

Breast cancer (BC) is the most common malignancy type or the molecular subtype, their prognosis is also

and the leading cause of cancer related death among sufficiently different, indicating the outcome variation
women worldwide (1). BC is a highly heterogeneous cannot to be explained only by clinicopathological
disease and its prognosis varies with different clinical parameters. Therefore, it is of importance and far-
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reaching significance to explore the heterogeneity of
gene expression in BC, search for appropriate molecular
biomarkers and establish prognosis prediction models
with combined information from both clinic and genetic
data. At present, prognosis models based on multi-gene
panel detection are increasingly utilized in the clinic
to complement T, N, M and biomarker information,
such as OncotypeDX, EndoPredict, PAMS50 (Prosigna
breast cancer prognosis markers), breast cancer index
method, etc. (2). Unfortunately, due to the high cost,
insufficient technology and poor reproducibility (3),
the clinical application of these polygenic prediction
models has been greatly limited. Therefore, it is
necessary to find new and potential biological markers for
BC and develop more practical and affordable prognostic
assessment tools.

Constitutive centromere-associated network (CCAN)
underlies the centromere specificity and stability of the
kinetochore in mitosis of human cancer cells (4-8). To
date, 17 members of CCAN have been identified in
human, including CENPA/C/H/I/K/L/M/N/O/P/Q/
R/S/T/U/W/X, and each of them was closely connected
and interacted (9). Centromere protein abnormalities
are essential for cancer development (10). In recent
years, previous studies have shown that CENPA/H/U/
I/0 were associated with BC (11-16), lung cancer (17),
bladder cancer (18), and gastric cancer (19). Regarding
to BC, previous studies have reported that CENPK
down-regulation in triple-negative breast cancer cells
inhibited cell proliferation and invasion ability (11),
down-regulation of CENPU and CENPH gene
expression resulted in breast cancer cell proliferation
inhibition by cell cycle arrest and apoptosis induction (12).
The expression level of CENPA was higher in ER- tumors
than in ER+ tumors, and it’s an important independent
prognostic indicator in ER+ BC patients who have
not received systemic therapy (endocrine therapy or
chemotherapy) (14). Thangavelu ez 4/. found that CENPI
mRNA and protein levels were significantly increased
in ER+ tumors, and proved that CENPI overexpression
promoted chromosomal instability in ER+ BC patients,
leading to poor prognosis (16). The above studies on
CENP-A/H/I/K/U indicated a vital role of CENPs played
in the diagnosis and potential targeted therapy of BC
patients. However, many members of this family have not
been studied, which urged us to investigate the prognostic
value of CENPs in BC.

Since members of CENPs family played a potential role
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in the occurrence and development of BC, and clinically,
there’s urgent need for a simple, economical and valuable
unified model of BC prognosis prediction, the aim of
this study was to explore the prognostic role of CENPs
in BC, and establish a prognostic prediction model based
on CENPs expression and prognostic clinicopathological
parameters.

We present the following article in accordance with the
TRIPOD reporting checklist (available at https://dx.doi.
org/10.21037/gs-21-30).

Methods
Datasets source and patients selection

We downloaded the mRNA expression profile of CENPs
in the TCGA Breast Cancer from the Xena system (https://
xenabrowser.net/datapages/) for statistical analysis. In this
study, we selected 1,215 BC samples with raw counts of
RNAseq expression data of CENPs and corresponding
clinicopathological features. Clinicopathological
indicators, including age, gender, ER status, PR status,
Her?2 status, histological types, pathological stages, survival
time and survival status, were included in this study. Cases
with any of the above indicators missing were excluded
from this study to ensure that included patients retained
complete RNAseq expression data, clinicopathological
characteristics, and prognostic information. Finally, 800
BC patients who met the inclusion criteria were screened
out of 1,215 BC patients from the TCGA database.
Additionally, since the expression of CENPC was not
found on Xena platform, it was excluded from this
study. The study was conducted in accordance with the
Declaration of Helsinki (as revised in 2013).

In the Xena website, the gene expression was
standardized and normalized through the FPKM-UQ (The
upper quartile Fragments per Kilobase of transcript per
Millionmapped reads) quantitative method provided by
TCGA database. Then, in this study, the expression levels of
CENPs were divided into high and low expression groups
according to the median of mRNA expression profile.

Follow up

The clinical outcome endpoint of this study was overall
survival (OS), which was defined as the time from the
diagnosis of BC to death from any causes. Follow-up
referred to the period from the diagnosis of BC to the
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occurrence of an outcome event. The TCGA database
recorded the survival status of the lost follow-up as “blank”,
which were excluded accordingly.

GEPIA and beGenExMiner v4.4
GEPIA is a web-based tool to analyze the mRNA

expression data of 8,587 normal and 9,736 tumor samples
from the TCGA and the GTEx projects (20). In this study,
we verified the mRNA expression of the candidate genes
of CENPs family in BC via GEPIA (tumor vs. normal).
bcGenExMiner v4.4 is a dataset of published annotated
BC transcriptomic. The statistical analyses are divided into

three modules: “expression”, “

prognosis” and “correlation”
(21,22). The expression module could be utilized to
compare the expression of candidate genes under different
clinical features, such as receptor status (ER+ vs. ER—, PR+
vs. PR—, HER2+ vs. HER2- by IHC), nodal status, SBR,

age, molecular subtypes and so on.

Statistical analysis

800 BC patients from the TCGA database were randomly
divided into training set and validation set according to 3:2
using the “caret” package of R software (https://CRAN.
R-project.org/package=caret). Chi-square test or Fisher’s
exact test was used to compare the distribution differences
of classification variables between the two groups. Kaplan-
Meier method was used to draw the survival curve and
log-rank test was used to compare the survival difference
between the two groups. Cox regression analysis was
used to screen the independent prognostic factors via the
“survival” (23) package of R software.

Based on the results of multivariate Cox analysis,
nomogram was constructed using the “rms” (24) package
of R software version 3.5.2 (https://www.r-project.org/).
Then, receiver operating characteristic (ROC) curves and
calibration plots were used to validate the performance
of nomogram. The area under ROC curve (AUC) was
used to evaluate the predicting ability of the model, and
it ranged from 0 to 1.0, with 0 indicating discordance,
0.5 representing a random probability, while 1 indicating
a perfect discrimination. The calibration plot was used
to evaluate the accuracy of the nomogram. In a perfect
calibration model, calibration plots (with 1,000 bootstrap
resamples and 5-fold cross-validation) would fall on a
45-degree diagonal line.

All P values were two-sided and the level of significance
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was set at P<0.05.

Results
Clinicopathologic characteristics of the patients

The TCGA Breast Cancer (BRCA) dataset from Xena
platform cataloged 1,215 BC patients. After excluding 415
BC patients with incomplete relevant information, 800
BC patients who met the eligible criteria were included,
which were divided into a training set (N=480) and a
validation set (N=320) randomly at the rate of 3:2. The
clinicopathological characteristics of the training set and
validation set were comparable (7able I).

Independent prognostic factors of BC

Age, Her?2 status, pathologic_T stage, pathologic_N stage,
pathologic_M stage and CENPP expression were identified
as predictive factors for OS of BC in the univariate analysis
(Table 2), while except pathologic_N stage, all the other
variables were further confirmed as independent predictive
factors in the multivariate analysis (Table 3). The results
showed that BC patients of 65-75 years old (P=0.015, HR
=2.67; 95% CI: 1.21-5.86) and >75 years old (P<0.000,
HR =3.63; 95% CI: 1.87-7.03) had worse OS than those
<65 years old. In addition, Her2 positive patients (P=0.027,
HR =2.04; 95% CI: 1.09-3.82) had worse OS than Her2
negative patients. BC patients with pathologic_T4 stage
(P=0.003, HR =5.401; 95% CI: 1.78-16.38) and pathologic_
M1 stage (P=0.040, HR =4.45; 95% CI: 0.07-18.47)
had worse OS compared with pathologic_T1 stage and
pathologic_MO stage, respectively. Additionally, BC patients
with expression of CENPP lower than the median (P=0.005,
HR =2.35; 95% CI: 1.30-4.23) were significantly correlated
with worse OS.

The expression pattern of CENPP in BC

Since CENPP expression was identified as the only
independent prognostic factor in CENPs for BC patients,
we analyzed its expression pattern through GEPIA and
found that GENPP was overexpressed in BC tissues
compared with normal tissues (P<0.01) (Figure 14). Data
from bcGenExMiner v4.4 showed that the CENPP mRNA
level in Luminal A subtype ranked the highest among all
5 subtypes classified by PAMS0 (P<0.0001) (Figure 1B).
Further analysis showed that the expression of CENPP
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Table 1 Clinicopathological characteristics of the study populations

Training set (N=480) Validation set (N=320)
Characteristics P value
No. % No. %

Age, years 0.896
<65 334 69.6 220 68.8
65-75 62 12.9 45 141
>75 84 17.5 55 17.2

Gender 0.784
Female 475 99.0 316 98.8
Male 5 1.0 4 1.3

ER 0.27
Negative 115 24.0 66 20.6
Positive 365 76.0 254 79.4

PR 0.602
Negative 163 34.0 103 32.2
Positive 317 66.0 217 67.8

Her2 0.864
Negative 370 771 245 76.6
Positive 110 22.9 75 23.4

Histological_type 0.418
IDC 351 73.1 234 73.1
ILC 85 17.7 49 15.3
Other 44 9.2 37 11.6

Pathologic_T 0.323
™ 113 23.5 84 26.3
T2 296 61.7 177 55.3
T3 55 115 45 141
T4 16 3.3 14 4.4

Pathologic_N 0.98
NO 226 471 152 47.5
N1 157 32.7 106 33.1
N2 57 11.9 38 11.9
N3 40 8.3 24 7.5

Pathologic_M 0.223
Mo 421 87.7 269 84.1
M1 4 0.8 6 1.9
Mx 55 11.5 45 141

Table 1 (continued)
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Table 1 (continued)

Training set (N=480) Validation set (N=320)
Characteristics P value
No. % No. %

CENPA 0.164
Low 210 43.8 156 48.8
High 270 56.3 164 51.3

CENPH 0.078
Low 229 47.7 173 54.1
High 251 52.3 147 45.9

CENPI 0.541
Low 204 425 143 44.7
High 276 57.5 177 55.3

CENPK 0.073
Low 209 43.5 160 50.0
High 271 56.5 160 50.0

CENPL 0.795
Low 237 49.4 155 48.4
High 243 50.6 165 51.6

CENPM 0.209
Low 193 40.2 143 447
High 287 59.8 177 55.3

CENPN 0.118
Low 249 51.9 184 57.5
High 231 48.1 136 42.5

CENPO 0.371
Low 238 49.6 169 52.8
High 242 50.4 151 47.2

CENPP 0.885
Low 260 54.2 175 54.7
High 220 45.8 145 45.3

CENPQ 0.061
Low 233 48.5 177 55.3
High 247 51.5 143 447

CENPR 0.285
Low 238 49.6 171 53.4
High 242 50.4 149 46.6

Table 1 (continued)
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Training set (N=480)

Validation set (N=320)

Characteristics P value
No. % No. %

CENPS 0.644
Low 238 49.6 164 51.3
High 242 50.4 156 48.8

CENPT 0.908
Low 262 54.6 176 55.0
High 218 45.4 144 45.0

CENPU 0.385
Low 255 53.1 180 56.3
High 225 46.9 140 43.8

CENPW 0.523
Low 259 54.0 180 56.3
High 221 46.0 140 43.8

ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor receptor 2; IDC, infiltrating ductal carcinoma;
ILC, infiltrating lobular carcinoma; CENPA/H/I/K/L/M/N/O/P/Q/R/S/T/U/W, centromere protein A/H/I/K/L/M/N/O/P/Q/R/S/T/U/W.

was higher in ER+ or PR+ tumors (P<0.0001; P<0.0001),
whereas lower in Her2+ tumors (P<0.0001) (Figure
IC,D,E). In order to investigate the correlation between
CENPP expression and clinicopathological features,
patients in the training set was divided into CENPP high
and CENPP low groups by the median expression of
CENPP. CENPP high expression group had higher ER+
and PR+ (P<0.001; P<0.001) ratio, and had a lower death
rate compared to CENPP low expression group (P=0.003)
(Tuble 4).

Prognostic values of CENPP in BC
Kaplan-Meier plotter showed that higher CENPP

expression was associated with better OS in BC patients
(P=0.0019) (Figure 2A4). Regarding to histological types,
we concluded that higher expression of CENPP was
associated with better OS in IDC or ILC (P=0.0031;
P=0.046) (Figure 2B,C). In addition, CENPP high
expression indicated better OS in BC with ER+ or PR+
(P=0.0059; P=0.011), whereas no significant correlation
with prognosis in ER- or PR- tumors (P=0.31; P=0.14)
(Figure 2D,E,F,G). Moreover, regardless of Her2 status,
higher expression of CENPP was associated with better
OS (Her2+, P=0.017; Her2-, P=0.039) (Figure 2H,I).

© Gland Surgery. All rights reserved.

Construction and validation of the nomogram for OS

Based on the results of the multivariate analysis, a
nomogram was established with independent prognostic
predictors for BC including age, Her2, pathologic_T stage,
pathologic_M stage and CENPP expression (Figure 3).
Different variables of each patient pointed to a score
according to the top scale, and then all scores were summed
up to get a total score. Based on the total score of the
bottom scale, 3- and 5-year survival probabilities of BC
could be evaluated. Next, the ROC curve was performed
to evaluate the effectiveness of the nomogram (Figure 4).
In the training set, the AUCs of 3- and 5-year survival
prediction were 0.757 and 0.797 (Figure 4A4,B), respectively.
In the validation set, the AUC of 3- and 5-year survival
prediction were 0.727 and 0.71 (Figure 4C,D), respectively.
The calibration plot (Figure 5A,B,C,D) suggested that the
nomogram was well calibrated. These results suggested that
this nomogram displayed good accuracy in predicting both
3- and 5-year overall survival for patients with BC.

In order to explicit the necessity of including CENPP
expression in the nomogram, we then established
a new prognostic model with only four traditional
clinicopathological features (age, Her2 status, pathological
T stage and pathological M stage) included and CENPP
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Table 2 Univariate analysis of the training set

Univariate analysis

Characteristics

HR 95% ClI P value

Age, years

<65 1

65-75 1.85 0.89-3.85 0.100

>75 2.87 1.69-5.17 0.000
Gender

Female 1

Male 0.00 0.00-Inf 0.996
ER

Negative 1

Positive 0.62 0.37-1.04 0.072
PR

Negative 1

Positive 0.72 0.44-1.17 0.185
Her2

Negative 1

Positive 2.31 1.32-4.04 0.003
Histological_type

IDC 1

ILC 0.83 0.42-1.65 0.595

Other 1.21 0.56-2.62 0.621
Pathologic_T

™ 1

T2 1.03 0.55-1.93 0.932

T3 1.49 0.68-3.29 0.320

T4 6.15 2.67-14.16 0.000
Pathologic_N

NO 1

N1 1.22 0.67-2.2 0.520

N2 1.91 0.92-3.95 0.080

N3 5.44 2.44-12.16 0.000
Pathologic_M

Mo 1

M1 11.87 3.6-39.15 0.000

Mx 1.22 0.48-3.06 0.677

Table 2 (continued)
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Table 2 (continued)

Univariate analysis

Characteristics
HR 95% CI P value

CENPA

High 1

Low 1.51 0.92-2.48 0.102
CENPH

High 1

Low 1.51 0.92-2.48 0.106
CENPI

High 1

Low 1.30 0.77-0.80 0.296
CENPK

High 1

Low 1.1 0.68-1.82 0.670
CENPL

High 1

Low 1.16 0.71-1.90 0.555
CENPM

High 1

Low 1.40 0.86-2.30 0.177
CENPN

High 1

Low 1.26 0.77-2.08 0.356
CENPO

High 1

Low 1.37 0.83-2.24 0.219
CENPP

High 1

Low 2.20 1.28-3.80 0.005
CENPQ

High 1

Low 1.29 0.78-2.11 0.320
CENPR

High 1

Low 1.49 0.9-2.45 0.120

Table 2 (continued)
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Table 2 (continued)

Univariate analysis

Characteristics

HR 95% Cl P value

CENPS

High 1

Low 1.43 0.85-2.38 0.176
CENPT

High 1

Low 0.95 0.58-1.55 0.830
CENPU

High 1

Low 1.39 0.85-2.30 0.200
CENPW

High 1

Low 1.39 0.84-2.30 0.201

ER, estrogen receptor; PR, progesterone receptor; Her2, human
epidermal growth factor receptor 2; IDC, infiltrating ductal
carcinoma; ILC, infiltrating lobular carcinoma; CENPA/H/I/K/L/
M/N/O/P/Q/R/S/T/U/W, centromere protein A/H/I/K/L/M/N/O/P/
Q/R/S/T/U/W.

expression excluded (Figure S1). The verification
results showed that the AUC values of 3- and 5-year
OS prediction in the training set were 0.676 and 0.677,
respectively (Figure S2A,B). In the validation set, the
AUC values for 3- and 5-year OS prediction were 0.646
and 0.615, respectively (Figure S2C,D). These results
suggested that the model with CENPP expression has
better performance than the model only with conventional
clinicopathological features in predicting 3- and 5-year OS
of BC patients.

Discussion

In this study, data of CENPs expression and
clinicopathological features of BC patients were
downloaded and analyzed from the TCGA database, which
aimed to discover more biological genes and molecular
indexes to accurately predict the prognosis of BC. Based on
the Cox regression analysis, we identified that BC patients
with older age, Her2 positivity, advanced T stage, advanced
M stage, or lower expression of CENPP were accompanied
by worse OS. Next, high expression of CENPP was proved
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Table 3 Multivariate analysis of the training set
Multivariate analysis
Characteristics
HR 95% CI P value

Age, years

<65 1

65-75 2.67 1.21-5.86 0.015

>75 3.63 1.87-7.03 0.000
Her2

Negative 1

Positive 2.04 1.09-3.82 0.027
Pathologic_T

T 1

T2 1.12 0.57-2.21 0.736

T3 2.13 0.91-5.04 0.083

T4 5.40 1.78-16.38 0.003
Pathologic_N

NO 1

N1 1.17 0.63-2.17 0.620

N2 1.10 0.47-2.58 0.820

N3 1.48 0.55-3.98 0.437
Pathologic_M

MO 1

M1 4.45 0.07-18.47 0.040

Mx 0.61 0.22-1.67 0.332
CENPP

High 1

Low 2.35 1.30-4.23 0.005

Her2, human epidermal growth factor receptor 2; CENPP,
centromere protein P.

to be associated with better OS in ER + BC or PR + BC,
whereas regardless of Her2 status, higher expression of
CENPP indicated better OS. Finally, we constructed a
nomogram on the basis of CENPP expression as well as
other independent predictors. The 3- and 5-year of AUCs
in the training set were 0.757 and 0.797, and that of AUCs
in the validation set were 0.727 and 0.71.

Cell mitosis is the process of transferring genetic
information from the parent cell to the daughter cell. In
the process of mitosis, CENPs not only provided energy
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Figure 1 The expression level of CENPP in BC. (A) The expression level of CENPP between BC tissues and normal breast in GEPIA
database. (B,C,D,E) The expression level of CENPP in different molecular subtypes (B), ER status (C), PR status (D) and Her2 status
(E) (bcGenExMiner v4.4 database). *, P<0.01; ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor

receptor; CENPP, centromere protein P.

Table 4 Correlation between clinical characteristics and expression of CENPP in the training set

Characteristics High expression (N=220), n (%) Low expression (N=260), n (%) P value
Age, years 0.619
<65 150 (68.2) 184 (70.8)
>75 32 (14.5) 30 (11.5)
65-75 38(17.3) 46 (17.7)
Gender 0.837
Female 218 (99.1) 256 (98.5)
Male 2(0.9) 4 (1.5)
ER <0.001
Negative 33 (15.0) 82 (31.5)
Positive 187 (85.0) 178 (68.5)
Table 4 (continued)
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Table 4 (continued)
Characteristics High expression (N=220), n (%) Low expression (N=260), n (%) P value
PR <0.001
Negative 50 (22.7) 113 (43.5)
Positive 170 (77.3) 147 (56.5)
Her2 0.676
Negative 172 (78.2) 198 (76.2)
Positive 48 (21.8) 62 (23.8)
Histological_type 0.08
IDC 151 (68.6) 200 (76.9)
ILC 48 (21.8) 37 (14.2)
Other 21 (9.5) 23 (8.8)
Pathologic_T 0.189
T 54 (24.5) 59 (22.7)
T2 132 (60.0) 164 (63.1)
T3 30 (13.6) 25 (9.6)
T4 4(1.8) 12 (4.6)
Pathologic_N 0.548
NO 105 (47.7) 121 (46.5)
N1 75 (34.1) 82 (31.5)
N2 26 (11.8) 31(11.9)
N3 14 (6.4) 26 (10.0)
Pathologic_M 0.179
MO 193 (87.7) 228 (87.7)
M1 0(0.0) 4(1.5)
Mx 27 (12.3) 28 (10.8)
Status 0.003
Alive 202 (91.8) 214 (82.3)
Dead 18 (8.2) 46 (17.7)

ER, estrogen receptor; PR, progesterone receptor; Her2, human epidermal growth factor receptor 2; IDC, infiltrating ductal carcinoma;

ILC, infiltrating lobular carcinoma; CENPP, centromere protein P.

for the separation of sister chromatids, but also served as
a genomic information monitoring function. Once this
process loses normal regulation or makes mistakes, it
may induce the occurrence of malignant tumors (25,26).
CENPs play a pivotal role in maintaining normal mitosis
in cells. In this study, CENPP was identified as the only

© Gland Surgery. All rights reserved.

prognosis-related gene in CENPs for patients with BC.
Some studies reported that CENPP was associated with
mixed uterine carcinosarcoma and among its related
pathways were mitotic metaphase, anaphase and signaling
by G protein coupled receptor (GPCR) (4,27). However,
its role in BC is unknown. To our knowledge, this is the
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Figure 2 Kaplan-Meier survival curve of overall survival between the high-expression group and low-expression group of CENPP in BC.

Kaplan-Meier curves were constructed to analyze the association of CENPP mRNA expression in the primary tumor with OS of all BC
patients (A), IDC patients (B), ILC patients (C), ER+ patients (D), ER- patients (E), PR+ patients (F), PR- patients (G), Her2+ patients (H)
and Her2- patients (I). IDC, infiltrating ductal carcinoma; ILC, infiltrating lobular carcinoma; ER, estrogen receptor; PR, progesterone

receptor; Her2, human epidermal growth factor receptor; CENPP, centromere protein P.

first study to investigate the prognostic value of CENPP
in BC.

Hormone receptor status plays a key role in the
formation and development of BC. ER and PR status as
an important biological indicator of choosing treatment
schemes have been widely recognized and accepted in BC
patients. Compared with ER- BC, the tumor differentiation
of ER+ BC is better, the invasiveness is less, and the long-
term survival rate is higher. According to the data of the
American Registry of Cancer Research, 20% of patients
with ER+ BC were PR- (28). Studies have shown that
ER+PR- was a more invasive subtype of ER+ BC (29,30).
The overall survival and disease-free survival of ER+PR-

© Gland Surgery. All rights reserved.

BC was lower than that of ER+PR+ BC. Purdie et al.
believed that PR was an independent predictor of early
breast cancer prognosis (31). Our study found that the
mRNA level of CENPP was positively correlated with
ER status and PR status, and higher mRNA expression of
CENPP indicated better OS in BC with ER+ or PR+, which
suggests a close relationship between CENPP and hormone
receptor pathway and the underling mechanism requires
further investigation. In addition, recent studies have shown
that the overexpression of Her2 did not only indicate
invasiveness and poor prognosis in BC, but also predict the
sensitivity of BC to systemic treatment. The result of our
study showed that no matter the Her2 status was positive or
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Figure 3 A nomogram to predict the prognosis of breast cancer. To

use the nomogram, an individual patient’s value is located on each

variable axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of these numbers is

located on the Total Points axis, and a line is drawn downward to the survival axes to determine the likelihood of 3- or 5-year survival. Her2,

human epidermal growth factor receptor; CENPP, centromere protein

negative, higher expression of CENPP was associated with
better OS which indicated an inconsequential association
between CENPP and Her2 pathway. Collectively, these
findings suggested that CENPP was an effective prognostic
predictor of BC and might also be a potential target for
HR+ BC.

Currently, the nomogram has been developed and
shown to be more accurate in predicting prognosis in some
cancers than the conventional staging systems (32-34).
This study attempted to establish a prognostic nomogram
of BC and to determine whether the model can accurately
predict survival of patients with BC. Age, Her2 status,
pathologic_T stage, pathologic_M stage and CENPP
expression were identified as predictive factors for OS of
BC in the multivariate Cox analysis. This is the first study
to set up a nomogram based on the CENPP expression and
conventional prognosis predictors to predict OS in patients
with BC. Through validation, the nomogram showed good

© Gland Surgery. All rights reserved.

P.

performance in predicting survival, and its accuracy was
supported by the ROC curves and the calibration curves.
When a patient is diagnosed with BC and has obtained the
above clinicopathological results, we can predict the clinical
prognosis according to her own features and CENPP
expression level. If the predicted prognosis is poor, intensive
treatment might be recommended in the hope of gaining a
better outcome.

There’re some limitations of this study. Firstly, the
demographic and clinical information provided by the
TCGA database were not complete. For example, the
database lacked detailed records like surgery, marital
status and insurance status information. Different surgical
approaches, marital status and insurance status may
influence the outcome of BC patients. Secondly, this was a
retrospective study, all the data of this study were obtained
from publicly available databases. More prospective studies
are needed to further confirm our conclusions.
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Figure 4 Validation of the nomogram by the ROC curves. The ROC curve for predicting patient survival at 3 years (A) and 5 years (B) in
the training set, and at 3 years (C) and 5 years (D) in the validation set. ROC, receiver-operating characteristic; AUC, area under the curve.
TP, true positive rate; FP, false positive rate.
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Conclusions

In this study, we identified that higher expression of
CENPP was associated with better prognosis, and
established a prognostic nomogram with good performance
based on CENPP expression and clinicopathological
features. Our study provided a novel method for clinical
evaluation and a potential biomarker/target for BC which
needs to be further validated in a prospective study and
investigated in further basic research.
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Figure S1 A nomogram (excluding CENPP) to predict the prognosis of breast cancer. To use the nomogram, an individual patient’s value

is located on each variable axis, and a line is drawn upward to determine the number of points received for each variable value. The sum of

these numbers is located on the Total Points axis, and a line is drawn downward to the survival axes to determine the likelihood of 3- or 5-year

survival. Her2, human epidermal growth factor receptor; CENPP, centromere protein P.
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Figure S2 Validation of the nomogram (excluding CENPP) by the ROC curves. The ROC curve for predicting patient survival at 3 years (A)
and 5 years (B) in the training set, and at 3 years (C) and 5 years (D) in the validation set. ROC, receiver-operating characteristic; AUC, area
under the curve. TP, true positive rate; FP, false positive rate. ROC, receiver-operating characteristic; AUC, area under the curve. TP, true

positive rate; FP, false positive rate.
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