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Background: We aimed to explore prognostic risk factors in patients with
malignant phyllodes tumors (PTs) of the breast and construct a survival
prediction model.

Methods: The Surveillance, Epidemiology, and End Results database was used to
collect information on patients with malignant breast PTs from 2004 to 2015. The
patients were randomly divided into training and validation groups using R
software. Univariate and multivariate Cox regression analyses were used to
screen out independent risk factors. Then, a nomogram model was developed
in the training group and validated in the validation group, and the prediction
performance and concordance were evaluated.

Results: The study included 508 patients with malignant PTs of the breast,
including 356 in the training group and 152 in the validation group. Univariate
and multivariate Cox proportional hazard regression analyses showed that age,
tumor size, tumor stage, regional lymph node metastasis (N), distant metastasis (M)
and tumor grade were independent risk factors for the 5-year survival rate of
patients with breast PTs in the training group (p < 0.05). These factors were used to
construct the nomogram prediction model. The results showed that the C-indices
of the training and validation groups were 0.845 (95% confidence interval [CI]
0.802-0.888) and 0.784 (95% Cl 0.688-0.880), respectively. The calibration
curves of the two groups were close to the ideal 45° reference line and
showed good performance and concordance. Receiver operating characteristic
and decision curve analysis curves showed that the nomogram has better
predictive accuracy than other clinical factors.

Conclusion: The nomogram prediction model constructed in this study has good
predictive value. It can effectively assess the survival rates of patients with
malignant breast PTs, which will aid in the personalized management and
treatment of clinical patients.
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1 Introduction

Breast phyllodes tumors (PTs) are rare fibroepithelial
neoplasms that account for less than 1% of all breast tumors
(Siegel et al.,, 2019). The World Health Organization classifies
breast PTs as benign, marginal, or malignant based on their
performance, prognosis, and treatment approaches. Malignant
PTs are diagnosed when marked stromal hypercellularity, atypia,
increased mitoses of >10/10 high-power fields (HPFs), permeative
tumor borders, and stromal overgrowth are observed (Tan et al,,
2016). The development of malignant PTs may be related to the
loss of stromal dependency on the epithelium (Sawhney et al,
1992). Previous studies report that approximately 10%-15% of
PTs are malignant, with poor prognostication and high recurrence
and metastasis rates (Cimino-Mathews et al., 2013). For instance,
about 15%-40% of malignant PTs recur locally, whereas 9%-27%
metastasize to distant organs (Lissidini et al., 2022). Surgery is the
PTs,
recommended for patients with recurring or metastatic tumors.

primary treatment for and chemoradiotherapy is
However, increasing evidence shows that chemoradiotherapy is
ineffective in PT patients with metastases and that these patients
usually die within 3 year of treatment (Macdonald et al., 2006).
Therefore, there is an urgent need to distinguish patients prone to
recurrence/metastasis and provide effective treatment for patients
with malignant PTs.

Nomogram is a visual and individualized predictive tool that
provides a simple graphical representation of statistical
predictive models to quantify personalized risk for a clinical
event by incorporating a variety of risk factors (Balachandran
et al., 2015). Nomograms are usually constructed for prognostic
prediction and are widely used in many types of cancer because
they can accurately predict patient survival time (Iasonos et al.,
2008; Wang et al., 2013; Liang et al., 2015; Tan et al., 2018; Wu

etal., 2018; Zhang et al., 2019). If the survival rate and severity of
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patients with malignant PTs can be accurately assessed by
it
provide a high reference value for patients’ families and
clinicians (Kim and Kim, 2017). Histological classification and

conventional clinical pathological characteristics, can

tumor size are common risk factors for malignant PTs (Neron
et al,, 2020; Li et al,, 2021; Choi et al., 2022). In addition, a study
of 605PT cases developed a nomogram based on histological
criteria and surgical margins, in which stromal atypia, mitoses,
overgrowth, and surgical margins (the AMOS criteria) were of
independent significance in predicting the malignant behavior of
PTs and the surgical margin status was considered the most
important (Tan et al, 2012). However, determining which
malignant PTs will undergo distant metastases remains
difficult in clinical practice, and there are only a few studies
on the prognostic prediction of malignant PTs.

In this study, based on the Surveillance, Epidemiology, and End
Results (SEER) database, we developed a nomogram model to
predict the overall survival of patients with malignant breast PTs,

providing a basis for individualized diagnosis and treatment.

2 Methods
2.1 The source of the data

The data were published in the publicly available SEER database;
therefore, all patient-identifying information was removed, and
there was no need for approval from the Ethics Committee or
informed consent from the patients. All data were approved by the
National Institutes of Health before being obtained (approval
number: 10934-Nov 2017). In this study, postoperative patient
data on malignant PT-like breast tumors from 2004 to 2015 were

obtained from the SEER database using the SEER-Stat
8.3.6 software.
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The optimal threshold for age and tumor size and the associated survival rate. The optimal threshold for age using the survival rate (A),18-57 years
old (a), 57-67 years old (b), and >67 years old (c); The optimal threshold for tumor size using the survival rate (B),<70 mm (a), 70-160 mm (b),

and >160 mm (c).
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TABLE 1 Patients’ demographics and clinicopathological characteristics.

Variable N %
Entire 508 100
Age, y

<50 224 44.1

51-70 246 48.4

>70 38 7.5
Race

White 369 78

Non-white 112 22
Laterality

Left 254 50

Right 254 50
Grade

Grade I 136 26.8

Grade 1T 117 23

Grade III 144 28.3

Grade IV 111 21.9
AJCC stage

I-1I 471 92.7

1I-1v 37 7.3
T stage

T1-T2 261 51.4

T3-T4 247 48.6
N stage

NO 499 98.2

N1-N2 9 1.8
M stage

Mo 502 98.8

Ml 6 12
Radiotherapy

No 398 78.3

Yes 384 21.7
Chemotherapy

No 488 96.1

Yes 20 3.9

Marital status
Married 284 55.9

Unmarried 223 44.1

AJCC: American Joint Committee on Cancer; T: size of primary tumors; M: distant
metastasis; N: regional lymph node metastasis.
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2.2 Patient inclusion and information
extraction

The study included the patients according to the following
inclusion and exclusion criteria. The inclusion criteria were 1)
malignant breast PTs; 2) breast cancer as the first primary
malignant tumor; and 3) a follow-up duration of >1 month.
The exclusion criteria were 1) unknown tumor grade; 2) lack of
follow-up data; 3) unknown information about tumor-node-
metastasis (TNM) stage; 4) unknown tumor size; 5) unknown
race; and 6) presence of multiple primary tumors. The following
information was extracted from 508 eligible patients:
pathologically proven mammary phyllodes malignancies (ICD-
0-3 9020/3), single-sided breast cancer, American Joint
Committee on Cancer (AJCC) stage, patients diagnosed from
2004 to 2015, size of primary tumors (T), tumor grade, race,
age, primary lesions, regional lymph node metastasis (N),
distant metastasis (M), radiation therapy, and marital status.
Although all 508 patients who met the group criteria underwent
surgery, the specific details of the interventions were not provided
in the SEER database; therefore, surgery could not be included as
an independent prognostic variable in the model study.

In the retrieved information, low-level tumors had high and
moderate differentiation grades (ICD-O-3 1 and 2 levels), whereas
high-level tumors had low or undifferentiated grades (ICD-O-3
3 and 4 levels). The critical values for diagnostic age and tumor size
were determined using the X-tile software (Yale University, New
Haven, CT, United States) (Camp et al, 2004), which has
previously been shown to determine the critical point of the
optimal tumor variable. The X-tile software was initially
developed to determine the optimal threshold for breast cancer
variables. The optimal threshold values for tumors were small
(<70 mm), (70-160 mm), and large (>160 mm)
(Figure 1). Because the optimal age limit was between 57 and

medium

67 years (Figure 1), the patients were divided into three age groups
(18-57,57-67, or >67 years), as well as white, black, or other ethnic
groups depending on race. Radiotherapy was divided into
radiotherapy and non-radiotherapy. However, details such as
radiotherapy type, site, and strength could not be obtained
from the SEER database. Chemotherapy was divided into
recipients and non-recipients.

2.3 Statistical analysis

Statistical analysis was conducted using the SPSS 25.0 software
(IBM Corp., Armonk, NY, United States) and R language software
(version 3.6.1, company, state, country). Patients were randomly
divided into training (n = 356 cases) and validation (n = 152 cases)
groups using R with a random sampling function. The univariate
Cox regression analysis was performed to identify prognostic factors
in the training group, and statistically significant variables (p < 0.05)
were incorporated into a multivariate Cox risk regression model.
Furthermore, the nomogram graph was constructed, with the
C-index mapping the subject’s working receiver operating
characteristic (ROC) curve and correction curve for decision
curve analysis (DCA). In the correction curve, the closer the
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TABLE 2 Univariate and multivariate Cox regression analyses for overall survival in patients with malignant phyllode tumors of the breast.

Multivariate Cox

Univariate Cox

HR 95%L HR 95%L 95%H
Size
<70 mm 0.000 0.000
70-160 mm 4.669 2.551 8.546 0.000 4.661 2.480 8.759 0.000
>160 mm 10.171 5.185 19.948 0.000 8.792 4.330 17.852 0.000
Age
<58y 0.000 0.000
58-67y 1.504 0.800 2.827 0.205 1.426 0.745 2.728 0.284
>67y 3.701 2.070 6.617 0.000 4.259 2.357 7.697 0.000
Race
Black 0.067
Other 0.516 0.204 1.308 0.163
White 0.443 0.223 0.880 0.020
Grade 3.555 1.987 6.360 0.000 2.309 1.268 4.205 0.006
Laterality 1.189 0.723 1.955 0.494
Radiation 1.485 0.849 2.598 0.165
Chemotherapy 2.999 1.291 6.966 0.011
AJCC 6.465 3.582 11.669 0.000
T 4.370 2.443 7.817 0.000
N 9.608 3.802 24.285 0.000 4.478 1.538 13.034 0.006
M 49.191 16.285 148.587 0.000 30.673 8.421 111.729 0.000
Marital status 1.517 0.925 2.487 0.099

AJCC: American Joint Committee on Cancer; T: size of primary tumors; M: distant metastasis; N: regional lymph node metastasis.

curve is to the ideal 45° guide, the closer the prediction is to the actual
observation. The C-index and the area under the ROC curve (AUC)
were used to evaluate the predicted value of the nomogram graph;
the maximum C-index was 1 (representing 100% prediction
accuracy), and the minimum value was 0.5 a. The closer the
C-index was to 1, the better the accuracy of the prediction
model. Using the DCA method, we could effectively determine
the certainty and benefit of the prediction model. An o level of
0.05 was used.

3 Results
3.1 Patient baseline information

According to the inclusion and exclusion criteria, 508 patients
with malignant breast PTs between 2004 and 2015 were screened out
of the SEER database. Table 1 shows the key characteristics of
patients with PTs. The patients were randomly divided into training
(n = 356) and validation (n = 152) groups. The training group was

Frontiers in Genetics

used to construct the nomogram model, and the validation group
was used to validate the model.

3.2 Optimal tumor size and age truncation
value

For further stratified analysis of age and tumor size, the X-tile graph
determined the critical values of age to be 57 and 67 years, whereas the
critical value of tumor size was determined to be 70 and 160 mm. To
explore the effect of age-size thresholds on overall survival, we first
divided the patients into three risk groups using 57 and 67 truncation
values: 18-57 years old(a), 57-67 years old(b), and >67 years old(c).
Furthermore, we found that age was an important prognostic factor in
patients with malignant breast PTs; the worst prognostic factor for
patients with malignant PTs was an age of >67 years, whereas patients
aged <57 years had better overall survival rates than other groups
(Figure 1A). Additionally, patients with a tumor size of >160 mm(c)
had the worst prognosis, whereas those with a tumor size of <70 mm(a)
had a better prognosis than the other groups (Figure 1B).
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FIGURE 2

The nomogram model for predicting 1-, 3-, and 5-year OS (Overall Survival) rates of malignant breast PTs based on risk factors such as age, size,
tumor grade, N stage, and distant metastasis (M). (Age-Age, Size-Size, and Grade-Level).

3.3 Prognostic factors for overall survival in
patients with malignant PTs

To determine the independent prognostic factors for overall
survival, we first performed univariate Cox regression analysis in
the training group (n = 356). Factors such as older age, larger
tumor size, race, tumor grade, chemotherapy, advanced AJCC
stage, T stage, N stage, and distant metastasis (M) were
significantly associated with poor overall survival (Table 2).
These nine factors were further included and selected by the
multivariate Cox proportional hazard regression analysis. These
results showed that age at diagnosis, tumor grade, tumor size, N
stage, and distant metastasis (M) were significant and independent
prognostic factors for overall survival.

3.4 Construction and validation of the
prognostic model for overall survival

We first combined age, tumor size, N stage, distant metastasis
(M), and tumor grade to construct a prognostic nomogram
model for predicting the 1-, 3-, and 5-year overall survival in
patients with malignant breast PTs (Figure 2). The model can
score each prognostication factor on the score scale. By
combining these scores with the total score of the lowest
score, the 1-, 3-, and 5-year overall survival predictions for
patients with malignant PTs of the breast can be calculated.
The predictive accuracy of the final prognostication model was
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evaluated by the C-index. The C-index was 0.845 (95%
confidence interval [CI], 0.802-0.888) and 0.784 (95% CI,
0.688-0.880) the
respectively. The calibration plots revealed perfect consistency

in training and validation groups,
between the model-predicted and actual survival values (Figures
3A, C). Surgeons can easily use these prognostic models to
determine the prognosis of patients with malignant PTs: age,
tumor size, N stage, distant metastasis (M), and tumor grade.

Then, the predictive ability of the nomogram model was
evaluated using the AUC (an AUC value of 0.5 indicates that the
nomogram model has no predictive effect, and an AUC value of
1 indicates that the nomogram model has an excellent predictive
effect). Patients with different survival rates were well distinguished
(the higher the value between 0.5 and 1 is, the better the nomogram’s
ability to distinguish), and other prognostic factors could be
compared to further validate their superiority and determine
which factor has the most superior predictive accuracy. In the
training group, the advantages of the differentiation for overall
survival shown in the nomogram were demonstrated compared
to the other clinical information (1-year AUC: 0.908; 3-year AUC:
0.881; 5-year AUC: 0.879; Figures 4A-C). In addition, in the
validation group, the AUC values for the 1-, 3-, and 5-year
survival rates were 0.895, 0.843, and 0.807, respectively.

The nomogram offers a considerable positive net benefit from
the risk of mortality in both the training and validation groups
(Figures 3B, D). It can predict the 1-, 3-, and 5-year overall survival
rates and has good value in clinical application. Using the

nomogram model (Figure 2), we can predict a patient’s survival
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FIGURE 3

The calibration and DCA plots of the nomogram for predicting 1-, 3-, and 5-year OS. (A, C) The calibration plots for predicting 1-, 3-, and 5-year OS in

the training and validation sets, respectively. (B, D) show the DCA curves evaluating the model's clinical applicability in the training and validation sets,
respectively. In the calibration curve, the X-axis is the OS predicted by the model. The actual OS is drawn on the Y-axis. The ideal calibration model is
presented, in which the predicted probability corresponds to the actual survival outcome. In the decision curve, the X-axis represents a percentage

of the threshold probability. In contrast, the Y-axis represents a net gain calculated by subtracting the true-positive number from the false-positive

number.

probability based on his/her personalized information. For example, 4 Discussion

in a middle-aged woman diagnosed with breast PTs with a medium-

sized primary lesion and tumor grade III, the patient’s overall Compared with previous studies, we developed a nomogram
survival score was 10.5 according to the model. As a result, the  mainly for patients with malignant PTs in our study (Ma et al., 2021;
patient’s 1-, 3-, and 5-year overall survival rates were estimated tobe ~ Choi et al,, 2022; Bedi et al., 2022; Zhou et al, 2018b). Our
90%, 82%, and 80%, respectively. nomogram performed well in terms of discrimination and
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calibration, and surgeons can use it to evaluate prognosis using
patient-specific clinical information.

A few clinical factors may affect the survival of patients with
malignant breast PTs, but previous studies have not fully
integrated clinical factors (Asoglu et al, 2004; Majeski and
Stroud, 2012; Wang et al., 2015; Zhang and Kleer, 2016; Strode
et al,, 2017; Co et al,, 2018). A prognostic nomogram model is a
graphical representation of several variables that combines many
risk factors to accurately assess survival probability at a given
period (Jin et al, 2020; Wen-Tao et al, 2021). Prognostic
assessment models have been established for certain cancers,
and they have proven to be more accurate than traditional tools
for prognostic prediction (Zhou et al., 2018a; Dong et al., 2018; Ye
et al., 2018; Zheng et al,, 2018). In recent years, few studies have
focused on the prognostic prediction of malignant breast PTs.
Previous studies have found that surgical methods and tumor
boundaries are independent prognostic factors for recurrence in
marginal and malignant PTs (Neron et al., 2020; Li et al., 2021;
Choi et al., 2022).

Breast PTs are rare fibroepithelial neoplasms. A study
demonstrated that metastasis was predicted in malignant PTs
based on tumor size and the presence of malignant heterologous
elements (Koh et al., 2018). A meta-analysis of 54 studies with
9234 cases suggested that mitoses, tumor boundary, stromal
cellularity, stromal atypia, stromal overgrowth, tumor necrosis,
surgery type, and surgical margin status are risk factors for local
recurrence (LR) (Lu et al,, 2019). However, given the low incidence
of malignant breast PTs, no collaborative model for predicting
prognosis was available. Singaporean scholars are also attempting
to predict the clinical behavior of breast PTs. Line charts based on
histological criteria and surgical cut edges are used to evaluate the
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prognostication of PTs (Asoglu et al., 2004; Majeski and Stroud,
2012; Zhang and Kleer, 2016; Strode et al., 2017).

This study used multivariate Cox proportional hazard
regression analysis to determine the independent prognostic
factors for OS, including patient age, tumor grade, N stage,
presence of distant metastasis (M), and tumor size. Tumor
grade, N stage, and distant metastasis (M) are widely accepted
as significant risk factors for LR. Patients with LR and metastases
have a worse prognosis. Among patients with malignant PTs,
older patients had poor OS. Prior research on the effect of tumor
size on prognosis yielded conflicting findings. Kapiris et al.
(2001) reported that tumor size and excision are associated
with LR of malignant breast PTs. Asoglu et al. (2004)
demonstrated that excessive substrate growth, tumor size, and
the excision cut edge are essential factors for LR. However, it is
unclear whether tumor size is a predictor of LR, as some studies
have found that tumor size is not associated with LR (Salvadori
et al., 1989) and that LR does not affect survival, which are
inconsistent with our findings. Our study found a significant
correlation between larger tumor size and shorter OS in the
multivariate analysis, possibly because a tumor’s biological
characteristics are more aggressive and its state tends to be
worse as it becomes larger. It has also been suggested that
radiation therapy (RT) can improve patient survival by
reducing the risk of LR. RT was excluded from our study
because of limited data. Nevertheless, the validity of the study
must be examined because one of the study events was disease-
free survival rather than LR (Zeng et al., 2015).

This study has several limitations. Because the insignificance of
Her-2 has only been documented in the SEER database since 2010,
we avoided molecular subtype analysis of breast cancer and used
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AJCC stage and TNM stage analyses to reduce case loss. The
findings will help with the external validation cohort in the
future. Clinical data and prospective studies are required to
validate the value of the nomogram.

5 Conclusion

Patient age, tumor grade, N stage, distant metastasis (M), and
tumor size were found to be independent factors for overall survival
in malignant PTs of the breast. Compared with prognostic factors
alone, these integrated factors and nomograms, can be used as a
valuable and convenient assessment tool to help surgeons
personalize survival assessments and identify mortality risk in
patients with malignant PTs of the breast.
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