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Purpose: The potential recurrence rate of malignant phyllodes tumors (MPTs) of the breast is high, and
the prognostic factors are still unclear. We therefore aim to study the factors affecting the outcome of
MPTs.
Methods: A retrospective review of MPT patients treated from 2006 to 2020 at our institution was
conducted. Univariate and multivariate Cox proportional hazard models were used to examine the in-
fluence of different variables on RFS. Moreover, significant prognostic factors were combined to construct
the nomogram to predict the probability of relapse occurring in MPT patients. The 5-year and 10-year
RFS rates were estimated using the KaplaneMeier method.
Results: During the study period, 188 MPT patients were identified. The presence of malignant heter-
ologous elements was observed in 23 (12.2%) patients with MPT, and the patients with malignant het-
erologous elements who received chemotherapy had longer RFS, which could reduce the risk of
recurrence (p ¼ 0.022). Recurrence occurred in 56/188 (29.8%) patients, of whom 47 experienced local
recurrence and 11 experienced distant metastases. The 5-year and 10-year cumulative RFS rates were
77.5% and 70.1%, respectively. Age (p ¼ 0.041), fibroadenoma surgery history (p ¼ 0.004), surgical
margins (p ¼ 0.001) and malignant heterologous elements (p < 0.001) were independent risk factors for
postoperative RFS. Subsequently, a nomogramwas built, with a C-index of 0.64 (95% CI: 0.629e0.661), to
predict the risk of recurrence.
Conclusion: The results of this study showed that younger age, fibroadenoma surgery history, malignant
heterologous elements and surgical margins <1 cm predict a higher incidence of recurrence in MPT
patients. Patients with malignant heterologous elements treated with chemotherapy could have a
reduced risk of recurrence.
© 2021 The Authors. Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Phyllodes tumors (PTs) of the breast are fibroepithelial tumors
composed of two interdependent cellular compartments: epithelial
and stromal tissue and subdivided into benign, borderline and
malignant grades based on their histological features [1,2]. Ac-
cording to the 2012 WHO standard, malignant phyllodes tumors
nder the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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(MPTs) are characterized by the presence of markedly increased
stromal cellularity and atypia, 10 mitoses or more per 10 high-
power fields, stromal overgrowth, and infiltrative tumor margins
[2,3]. The average annual age-adjusted incidence rate of malignant
phyllodes tumor (MPT) is 2.1 per million women [1]. The local
recurrence rate in the published literature on MPTs is 23e30% [2].
Given the high incidence of recurrence, a summary of the behavior
of the disease would be valuable.

Unfortunately, due to the scarcity of cases, there is no consensus
on the risk factors of recurrence in MPT patients. The clinicopath-
ologic factors correlated with prognosis based on previously pub-
lished literature are inconsistent [4]. Surgical resection remains the
cornerstone of treatment in MPTs, but the optimal width of tumor-
freemargins has been amatter of debate in recent years [5e13]. The
National Comprehensive Cancer Network (NCCN) guidelines
recommend obtaining at least a 1 cm surgical margin [14]. How-
ever, some authors have indicated that a previous tumor surgical
margin (�1 cm) is not necessary for MPTs [10e13]. Radiotherapy in
the adjuvant setting also remains a matter of debate [4,10,15,16].
Furthermore, the role of chemotherapy has been analyzed only in
small retrospective studies and case reports and needs to be further
explored [10,16,17]. Further work in finding targeted agents against
MPTs in the future to reduce the possibility of relapse is highly
expected.

This paper is based on a large cohort of MPT patients to assess
the risk factors and RFS, especially to explore the influence of
clinical factors on the prognosis, with the hope of providing advice
and guidance for clinicians and patients about appropriate treat-
ment and management strategies.

2. Patients and methods

2.1. Patients

Data from MPT patients treated in our institute between 2006
and 2020were retrospectively collected. The inclusion criteriawere
as follows: 1. all patients who had pathologically confirmed MPT
and 2. patients without any other malignant tumor except MPT. The
exclusion criteria included the following: 1. MPT patients with
invasive ductal carcinoma elements; 2. a lack of clinicopathological
information; and 3. patients with a history of borderline phyllodes
tumor and MPT recurrence at the same site. A total of 188 MPT
patients were ultimately included. The study was approved by the
Ethics Committee of Tianjin Medical University Cancer Institute
and Hospital. The patients were not required to sign an informed
consent form in the retrospective study.

3. Methods

The following clinicopathological characteristics and treatment
modalities were recorded and analyzed. Clinicopathological char-
acteristics at diagnosis included age, history of reproduction and
lactation, family history of breast invasive carcinoma, fibroade-
noma surgery history, clinical signs/symptoms at the initial visit,
time interval betweenmass discovery and treatment, laterality, and
malignant heterologous elements. Characteristics of initial treat-
ment included core needle biopsy before lumpectomy, type of
surgery, axillary procedure, surgical margins status, chemotherapy
regimens, adjuvant radiotherapy and dosimetric parameters
including fraction dose, total radiation dose and radiotherapy field.
Histopathological slides for each case were reviewed by two pa-
thologists from our institution. If the initial surgery was performed
at other hospitals, the initial pathological sections were reviewed
by our institute to confirm the diagnosis. The definite diagnoses of
recurrence were based on the pathologic report from re-excision
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lumpectomy specimens. All specimens were reassessed for diag-
nosis defined by the World Health Organization (WHO) criteria for
the classification of breasts in 2012 [2]. Three patients with a pre-
vious diagnosis of MPT were reclassified and diagnosed with
borderline phyllodes tumors and excluded from our cohort.

Descriptive statistics were performed to examine the baseline
characteristics of all patients. The optimal cutoff value of the time
interval between mass discovery and treatment was determined
using a receiver operating characteristic (ROC) curve. We defined
recurrence-free survival (RFS) as the time from surgery to the date
of relapse from MPT or the date of last follow-up. Patients who did
not experience the event of interest were censored at their last
follow-up. The 5-year and 10-year RFS rates were estimated using
the KaplaneMeier method. We used univariate and multivariate
Cox proportional hazard models to examine the influence of
different variables on RFS. Hazard ratios and their associated 95%
confidence intervals (95% CIs) were obtained from the Cox regres-
sion analysis. The nomogramwas generated based on independent
risk factors identified by Cox regression analysis using the rms
package in R version 4.0.3. The nomogram was internally verified
through discrimination and calibration curves [18]. Discrimination
was estimated by Harrell’s concordance index (C index ¼ 0.5e1),
where 0.5 and 1.0 mean the result was completely random and
perfect discrimination, respectively. The calibration curve mainly
reflected the consistency between the predicted risk of the model
and the observed risk. These analyses used bootstrap analysis with
1000 resamples [19]. All statistical tests were two-sided in all re-
sults, and P values < 0.05 were considered statistically significant.
Analyses were conducted using SPSS v22.0 (IBM SPSS, New York)
and R software (version 4.0.3).

4. Results

4.1. Patient characteristics

The study cohort comprised 188 cases of MPT diagnosed at
Tianjin Medical University Cancer Institute and Hospital from 2006
to 2020. The results of patient clinicopathologic features are sum-
marized in Table 1. The median and mean age of the MPT cases at
diagnosis were 48 and 46.5 years, respectively (ranging from 13 to
83 years old), and 54 (28.7%) patients were �40 years of age, while
134 (71.3%) were >40 years. Only 10 (5.3%) patients had a family
history of breast carcinoma. A high proportion of MPT patients had
previous child-bearing and lactation histories (87.2% and 77.7%,
respectively). The median time interval between mass discovery
and treatment was 5 months (range, 0e480 months). Only 50
(26.6%) patients had undergone prior breast adenofibroma resec-
tion. A pre-surgery core needle biopsy was performed in 55/188
(29.3%) patients, with 50.9% (28/55) having a presurgical malignant
tumor diagnosis. A total of 80 patients (42.6%) had breast tumors
measuring >5 cm in diameter, and 100 (53.2%) patients had tumors
measuring �5 cm. The presence of malignant heterologous ele-
ments was observed in 23 (12.2%) cases of MPT. Of 23 patients with
malignant heterologous elements, 8 (8/23, 34.8%) received post-
operative chemotherapy compared with 13 (13/165, 7.9%) patients
without malignant heterologous elements at our institution.
Further analysis indicated that patients with malignant heterolo-
gous elements receiving chemotherapy had a reduced risk of
recurrence (p ¼ 0.022, Fig. 1). Thirteen (56.5%) patients who
harbored malignant heterologous elements were found to relapse
after surgery compared with the control group (26.1%) (p ¼ 0.003).

4.2. Treatment

All patients in our research received surgery as their primary
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treatment. As shown in Table 1, one hundred thirty-seven patients
(71.8%) underwent breast-conserving surgery, of whom 92 (48.9%)
underwent lumpectomy and 45 (23.9%) underwent wide excision.
Mastectomywas the treatment used on 51 (27.1%) patients. Axillary
lymph node dissection was performed in 28/188 (14.9%) patients,
while sentinel lymph node biopsy was needed only in 1 (0.5%)
Table 1
Clinicopathologic features and management of malignant phyllodes tumors of the
breast.

N ¼ 188 Percentage

Age(year)
�40 54 28.7
>40 134 71.3

Family history of breast invasive carcinoma
Yes 10 5.3
No 176 93.6
Missing 2 1.1

Reproductive history
Yes 164 87.2
No 22 11.7
Missing 2 1.1

History of lactation
Yes 146 77.7
No 40 21.3
Missing 2 1.1

Presenting symptoms
Breast mass 95 50.5
Tumor slow enlargement 37 19.7
Tumor rapid enlargement 11 5.9
Breast mass with pain 34 18.1
Skin dimpling 6 3.2
Nipple discharge 5 2.7

Time interval between mass discovery and treatment(month)
�3.5 76 40.4
>3.5 103 54.8
Missing 9 4.8

Fibroadenoma surgery history
Yes 50 26.6
No 131 69.7
Missing 7 3.7

Tumor location
Left breast 98 47.9
Right breast 90 52.1
Core needle biopsy
Yes 55 29.3
No 133 70.7

Surgical methods
Lumpectomy 92 48.9
Wide excision 45 23.9
Mastectomy 51 27.1

Axillary procedure
Axillary lymph node dissection 28 14.9
Sentinel lymph node biopsy 1 0.5
None 159 84.6

Tumor size(cm)
�5 100 53.2
>5 80 42.6
Missing 8 4.3

Surgical margins(cm)
<1 75 39.9
�1 112 59.6
Missing 1 0.5

Malignant heterologous elements
Absent 165 87.8
Present 23 12.2

Adjuvant chemotherapy
Yes 21 11.2
No 164 87.2
Missing 3 1.6

Adjuvant radiation therapy
Yes 5 2.7
No 178 94.7
Missing 5 2.7

64
patient. The postoperative pathological reports showed no lymph
node metastasis in MPT patients. R0 resection at final surgery was
achieved in the overall patient population as follows: 39.9% with
<1 cm margin and 59.6% with �1 cm margin. Mastectomy was
associated with wider surgical margins (P < 0.001). A total of 21/
188 (11.2%) patients received adjuvant chemotherapy, of whom 12/
21 (57.1%) had ifosfamide- and adriamycin-based induction regi-
mens, 6 (28.6%) had taxane-based regimens, and 3 (14.3%) had
unknown chemotherapy regimens. Age (p ¼ 0.024), presenting
symptoms (p < 0.001), presurgery core needle biopsy (p ¼ 0.008),
surgical methods (p < 0.001), surgical margins (p ¼ 0.048), and
malignant heterologous elements (p ¼ 0.001) were associated with
postoperative chemotherapy. Five (2.7%) of the 188 patients
received adjuvant radiotherapy administration after surgery,
namely, a 50-Gy dose in 25 fractions to the chest wall after mas-
tectomy and a 50 Gy/25 F to the whole breast, followed by another
tumor bed boost of 10 Gy/5 F after breast-conserving surgery. In the
radiotherapy group, 60.0% had undergone a mastectomy, which
was higher than that in the non-radiotherapy group (24.2%)
(p < 0.001). Patients who were treated with radiotherapy were
more frequently administered chemotherapy (60.0% vs 9.0%,
p < 0.001). All 5 patients received adjuvant radiotherapy, and none
experienced both local recurrence and distant metastasis.
4.3. Recurrence and patterns

The median follow-up period was 70 months (range, 1e173
months), and recurrence occurred in 56/188 (29.8%) patients, of
whom 47 experienced local recurrence (LR) and 11 experienced
distant metastases (DM) (Table 2). Of the cases of LR, 44 had ipsi-
lateral breast tumor recurrence, and 3 had chest wall recurrence.
The lung was the most common viscera of metastasis, and all pa-
tients with distant metastasis had at least pulmonary metastasis at
presentation, followed by liver metastasis and bone metastasis (1
patient each). In ipsilateral breast tumor recurrence patients, 20/44
(45.5%) patients underwent total breast resection on the affected
side, and 4/20 received chemotherapy. In patients with lung me-
tastases, 5 received chemotherapy, 2 received immunotherapy
(thymosina1 or DC vaccine), and 3 received targeted therapy with
lapatinib. In addition, in the relapsed population, 10 experienced a
second relapse, and 2 experienced a third relapse. The second
recurrence occurred on the same side of the chest wall or breast in
all patients, and one of them had bone and lung metastases and
Fig. 1. Recurrence-free survival (RFS) in 23 patients with malignant heterologous
elements.
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received MAID (Mesna þ ifosfamide þ pirarubicin þ dacarbazine)
chemotherapy. Death occurred in 10/56 (17.8%) patients, all of
whom had distant metastases.

4.4. Univariate and multivariate analyses

The univariate analysis revealed that recurrence was signifi-
cantly associated with the following factors: age (p ¼ 0.006), time
interval between mass discovery and treatment (p ¼ 0.013),
fibroadenoma surgery history (p ¼ 0.014), surgical methods
(p ¼ 0.004), surgical margins (p < 0.001), and malignant heterol-
ogous elements (p ¼ 0.004) (Table 3). The significant parameters
were subsequently involved in multivariate analysis and were
summarized in Table 4. Age, fibroadenoma surgery history, surgical
margins and malignant heterologous elements were independent
risk factors for postoperative RFS. Specifically, age younger than 40
years (hazard ratio ¼ 1.86, 95% CI: 1.03e3.37 p ¼ 0.041), history of
breast fibroadenoma excision (hazard ratio ¼ 2.83, 95% CI:
1.51e5.32 p ¼ 0.004) and presence of malignant heterologous el-
ements (hazard ratio ¼ 7.98, 95% CI: 3.74e17.03 p < 0.001) were
more likely to relapse in MPT patients. The recurrence risk of the
group with surgical margins �1 cm was lower than that of the
group with surgical margins <1 cm (hazard ratio ¼ 0.28, 95% CI:
0.13e0.61 p ¼ 0.001). Moreover, the prognostic factors for overall
survival were evaluated by univariate and multivariate analyses in
56 patients with recurrence, and the results showed that surgical
margin was a prognostic factor for survival outcome but not an
independent factor (Supplementary Table 1).

4.5. Recurrence-free survival

The 5-year cumulative RFS rate of the whole group was 77.5%,
and the 10-year cumulative RFS rate was 70.1%. The median time
interval between surgery and recurrence was 11.5 months (range,
1e107 months). Of the 56 cases experiencing recurrence, 31/56
(55.4%) developed within 1 year, 85.7% recurred within 3 years, and
92.9% recurred within 5 years. The overall RFS rates at 5 and 10
years in patients younger than 40 years were 55.8% and 46.6%,
respectively, versus 76.9% and 72.4% in elderly patients (Fig. 2).
Among those with a history of fibroadenoma excision and the
presence of malignant heterologous elements, the 10-year cumu-
lative RFS rates were 46.5% and 30.7%, respectively (Fig. 2). In the
Kaplan-Meier analysis, womenwith surgical margins (<1 cm) had a
poorer prognosis than those with surgical margins �1 cm (Fig. 2).
The 10-year RFS rates of the no risk group, one risk factor group and
two risk factor groups were 91.7%, 76.4% and 38.3%, respectively,
Table 2
Patterns of recurrence in malignant phyllodes tumors of the breast.

N ¼ 188 Percentage

Recurrence
Yes 56 29.8
No 132 70.2

Local recurrence
Yes 47 25.0
No 141 75.0

Sites of Local recurrence
Breast 44 23.4
Chest wall 3 1.6

Distant metastasis
Yes 11 5.9
No 177 94.1

Sites of metastasis
Lung 9 4.8
Lung þ bone 1 0.5
Lung þ liver 1 0.5
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while at the follow-up time of 70months, all the cases with three or
four risk factors experienced relapse, and the median RFS time of
the group was 12 months (95% CI, 2e22 months) (Fig. 3).

4.6. Nomogram construction and validation

A nomogram model based on age, fibroadenoma surgery his-
tory, surgical margins and malignant heterologous elements was
established to predict the risk of recurrence for MPT patients
(Fig. 4A). In the current study, Harrell’s C-index for relapse pre-
diction was 0.64 (95% CI: 0.629e0.661), indicating a relatively good
prediction model. The calibration plots showed good correlation
between the observed and nomogram-predicted RFS (Fig. 4BeD).

5. Discussion

In this retrospective study, we assessed the risk factors and RFS
in 188 patients withMPT. The results showed that age younger than
40 years (HR ¼ 1.86), history of breast fibroadenoma resection
(HR ¼ 2.83) and MPT with the presence of malignant heterologous
components (HR ¼ 7.98) increased the risk of relapse. The risk of
recurrence in patients with surgical margins �1 cmwas lower than
that in patients with surgical margins <1 cm (HR ¼ 0.28). In
addition, patients with malignant heterologous elements receiving
chemotherapy had a reduced risk of recurrence (p ¼ 0.022).

The overall RFS rates in MPT at 5 and 10 years were 77.5% and
70.1%, respectively. More than 90% of recurrences occurredwithin 5
years, and the median time to recurrence was 11.5 months before
the 24-month mark, which was in line with previous studies
[8,20,21]. Local recurrence and distant metastasis were 25% and
5.9%, respectively. Ameta-analysis consisting of 54 studies reported
that the LR rate for MPT was 18% (95% CI 14e21%), which was
slightly lower than that in our data [4]. We found no evidence of
metastasis in axillary lymph nodes [22,23], and themost commonly
involved organ for distant failure was the lung (11,100%) [24,25],
illustrating that MPTs appear to spread hematogenously, and me-
tastases often manifested in distant viscera as opposed to locore-
gional lymph nodes.

The present study reveals that inadequate tumor surgical mar-
gins (<1 cm) increase the risk of recurrence and a poor prognosis
for the patient. In recent years, close or tumor-positive margins for
initial phyllodes tumors (BPTs) have been discussed, and “a watch-
and-wait policy” of close follow-up could be adopted for BPTs
[26,27]. A study summarizing breast phyllodes tumors reported
from 1951 to 2012 showed that the average local recurrence rate of
PT patients with positive surgical margins reached 31.5% (median
14.5%; range 1e67%) [28]. Therefore, we aim to demonstrate the
feasibility of small margins for MPT patients to achieve both
oncological safety and superior cosmetic outcomes. Lim et al.
confirmed that patients with malignant phyllodes tumors who
received only surgery had a high disease recurrence rate (57.4% at 5
years), and the surgical margin was the only parameter that
affected disease-free survival and overall survival [29]. Previous
literature has suggested that surgical excisionwith a margin no less
than 1 cm was significantly associated with a decreased risk of
recurrence in MPT patients [5e9,11]. However, some other articles
showed that the prognosis of patients with resection margins
<1 cmwas not inferior to that of patients with resection margins of
at least 1 cm [10e13]. We should note that these findings are based
on small sample sizes, which prevents us from drawing firmer
conclusions. Ogunbiyi et al., based on recent literature and retro-
spective research results of the center, believed that the NCCN
guidelines of surgical treatment for phyllodes tumors with a 1 cm
margin led to overtreatment [30]. A meta-analysis showed that,
between margins of <1 cm and �1 cm, there was no statistically



Table 3
Prognostic factors for the univariate analysis of malignant phyllodes tumors (N ¼ 188).

Clinicopathological parameters Recurrence (n) Crude HR 95%CI p-value

Age(year) 0.006
�40 24 2.55 1.31e4.97
>40 32 e e

Family history of breast cancer 0.830
Yes 3 1.02 0.25e4.11
No 52 e e

Reproductive history 0.806
Yes 48 0.89 0.34e2.31
No 7 e e

History of lactation 0.581
Yes 41 0.73 0.35e1.53
No 14 e e

Presenting symptoms 0.458
Breast mass 28 e e

Tumor slow enlargement 10 0.89 0.38e2.07
Tumor rapid enlargement 3 0.90 0.22e3.63
Breast mass with pain 10 1.00 0.42e2.36
Skin dimpling 1 0.48 0.05e4.28
Nipple discharge 4 9.57 1.02e89.48

Time interval between mass discovery and treatment(month) 0.013
�3.5 13 e e

>3.5 35 2.49 1.21e5.14
Fibroadenoma surgery history 0.014
Yes 23 2.64 1.33e5.22
No 32 e e

Tumor location 0.796
Left breast 30 1.09 0.58e2.03
Right breast 26 e e

Core needle biopsy 0.238
Yes 13 e e

No 43 1.54 0.75e3.17
Surgical methods 0.004
Lumpectomy 38 e e

Wide excision 8 0.31 0.13e0.73
Mastectomy 10 0.35 0.16e0.78

Axillary procedure 0.994
Axillary lymph node dissection 8 e e

Sentinel lymph node biopsy 1 NA NA
None 47 1.05 0.43e2.55
Tumor size(cm) 0.327
�5 27 e e

>5 27 1.38 0.73e2.61
Surgical margins(cm) <0.001
<1 38 e e

�1 17 0.17 0.09e0.35
Malignant heterologous elements 0.004
Absent 43 e e

Present 23 3.69 1.51e9.02
Adjuvant chemotherapy 0.984
Yes 6 0.91 0.33e2.49
No 50 e e

Adjuvant radiation therapy 0.876
Yes 55 NA NA
No 0 e e
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significant difference between borderline and malignant PTs in
terms of local recurrence, distant metastasis, and mortality. In
addition, there was no significant difference in local recurrence
among patients with borderline PT with margins of <1 cm and
�1 cm[31]. Recently, Spanheimer et al. reported that margins
within 1 mmwere associated with an increased risk of locoregional
recurrence compared with margins 1 mm or wider in the uni-
variable analysis, but the small sample size of only 8 MPT patients
with close/positive margins limited the reliability of the results
[15]. In our research, a total of 188 patients withMPTwere enrolled,
of whom 75 had surgical resection margins <1 cm, and 38 expe-
rienced recurrence. Therefore, based on our larger sample size, we
recommend wide resection with clear margins of at least 1 cm in
MPT patients.

Younger age was an independent risk factor for poor prognosis
66
in patients with MPT in our study. There have been relatively few
reports in the literature on the effect of age on recurrence. In 1983,
RM Briggs et al. reported that adolescents had a higher recurrence
rate of phyllodes tumors than adults [32]. CL Chua et al. studied 106
phyllodes patients who underwent surgical treatment, indicating
that in young patients (less than 20 years old), the recurrence rate
of PT was higher [33]. Chen et al. and Wei et al. observed that
younger patients were more likely to develop local recurrence, but
no significant differences were observed with respect to DMFS and
OS in PT [5,9]. Spitaleri et al. demonstrated that young age (<35
years) was associated with a significant increase in the risk of
phyllodes-related events and remained the only significant prog-
nostic factor in MPT [28]. However, some studies showed that
young age did not have a statistically significant influence on LR for
MPT [4,34]. Amerson reported the PTof 7 patients between the ages



Table 4
Prognostic factors for the multivariate analysis of malignant phyllodes tumors.

Clinicopathological parameters Adjust HR 95%CI p-value

Age(year) 0.041
�40 1.86 1.03e3.37
>40 e e

Time interval between mass discovery and treatment(month) 0.224
�3.5 e e

>3.5 1.50 0.78e2.90
Fibroadenoma surgery history 0.004
Yes 2.83 1.51e5.32
No e e

Surgical methods 0.303
Lumpectomy e e

Wide excision 0.49 0.20e1.21
Mastectomy 0.74 0.28e1.91

Surgical margins(cm) 0.001
<1 e e

�1 0.28 0.13e0.61
Malignant heterologous elements <0.001
Absent e e

Present 7.98 3.74e17.03

Fig. 2. KaplaneMeier estimates of recurrence-free survival according to (a) age (b)fibroadenoma surgery history(c) surgical margins(d) malignant heterologous.
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of 10 and 17 years, indicating that phyllodes tumors in adolescence
were less aggressive [35]. Even though a study reported that older
age (>50 years) was correlated with advanced tumor extension and
poor cancer-specific survival, the author also pointed out that tu-
mor extent and nodal status should be considered to explain the
poor prognosis. Moreover, grade and LN status were not reported in
more than 50% of patients in this article [36]. In agreement with
previous reports [6,37], young age is an adverse prognostic factor
for RFS in patients with MPT. Therefore, emphasis should be placed
on improving the awareness of young patients on this disease.

The presence of malignant heterologous elements in our
research was closely associated with the administration of
chemotherapy and with a poor prognosis of patients with MPT, and
67
further analysis indicated that patients with malignant heterolo-
gous elements receiving chemotherapy could reduce the risk of
recurrence (p ¼ 0.022). Breast phyllodes tumors comprise benign
epithelium and malignant stroma, and the stroma can exhibit
heterologous sarcomatous differentiation [38]. The finding indi-
cating that the presence of malignant stromal heterologous ele-
ments could predict a high risk of recurrence was in accordance
with the published literature, mainly in small case series [8,39e41]
and case reports [42,43]. Valerie et al. reported in 2017 that the
presence of malignant heterologous elements alone was not asso-
ciated with poor prognosis, but the combination of both tumor size
and malignant heterologous elements was significantly correlated
with distant metastasis, but this result was also limited by the small



Fig. 3. KaplaneMeier estimates of recurrence-free survival according to different risk
factors.
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number of studies [44]. The presence of malignant heterologous
elements in PTs was classified as MPTs [40,45]. The work in this
paper showed that adjuvant systemic chemotherapy had no exact
Fig. 4. Nomogram model and calibration curves. A Nomogram for predicting recurrence-fre
SM: surgical margins 0: surgical margins<1 cm, 1: surgical margins�1 cm. MHE：malignan
years RFS calibration curves; D. 10-years RFS calibration curves; The x-axis shows the nomo
Kaplan-Meier method. The deep blue line (Actual calibration) overlaps the red line (Perfect
colour in this figure legend, the reader is referred to the Web version of this article.)
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efficacy for the outcome of MPTs, as has been reported previously
[10,17]. However, we found that patients with malignant heterol-
ogous elements treated with chemotherapy had longer RFS. To the
best of our knowledge, this is the first time that such an association
has been reported.

Moreover, in this study, Cox regression analysis revealed that a
previous history of breast fibromatosis excision (50/188, 26.6%) was
an independent poor prognosis factor for relapse of MPT recur-
rence. Zhou et al. reported that a history of fibroadenoma surgery
(59/236, 25%) was a high-risk prognostic factor for RFS in the uni-
variate analysis but lost statistical significance in the multivariate
analysis [34]. However, Abe et al. reported that the outcome of
cases with a history of fibroadenoma (11/36, 30.6%) was signifi-
cantly better than that of those without a history of fibroadenoma.
The 36 malignant cases in the research were classified into two
groups. One group comprising 11 cases was initially diagnosed with
fibroadenoma, experienced recurrence during the follow-up
period, and then was diagnosed with MPT. The other group was
defined as cases without a history of fibroadenoma and in whom
lesions initially occurred as MPT [46]. There was some evidence in
the literature presenting the malignant transformation from
fibroadenomas (FAs) to MPT, but the mechanism has not been
definitively proven [46e49]. Tan et al. analyzed whether FAs might
progress to MPTs in a linear fashion and suggested that the
development of these tumorsmight not always followa strict linear
e survival (RFS) of patients with MPTs. FSH: fibroadenoma surgery history 0: No,1: Yes.
t heterologous elements 0: Absent, 1: Present. B. 3-years RFS calibration curves; C. 5-
gram predicted probability, and the y-axis gives the actual survival as estimated by the
calibration) indicating near perfect calibration. (For interpretation of the references to
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progression from FAs to phyllodes tumors and that MPTsmight also
arise de novo [49]. Piscuoglio et al. also showed that FAs harbored
MED12 exon 2 somatic mutations significantly more frequently
than MPTs and concluded that the majority of MPTs might be
driven by other genetic/epigenetic alterations [50]. There was an
obvious difference in the frequency of TERT mutations between
MPTs and FAs, and TERT promoter hotspot mutations might play a
role in the progression from the beginning to MPTs [51,52]. In our
study, 23 (23/50, 54%) MPT patients had a history of FA relapse, and
the high proportion of recurrences of these patients indicates that
MPT patients with a history of FAs should be subject to periodic re-
examinations.

Regarding radiotherapy, only five patients underwent radio-
therapy in this retrospective analysis, which limited our ability to
further study the effect of radiotherapy on local recurrence (LR).
This treatment has been shown to reduce the risk of local recur-
rence but not distant metastases in malignant tumors [39,53e58].
Barth et al., in the first nonrandomized prospective trial of radio-
therapy for 46 consecutive patients with MPTs, demonstrated that
radiotherapy could reduce LR, although there were two cases of
distant metastases [55]. Other studies reported that regardless of
breast-conserving surgery or mastectomy, the local control rate of
patients in the postoperative radiotherapy groupwas always higher
than that of the control group [59].

There are some limitations to our research. First, this study has a
retrospective design, so the potential of unmeasured patient-, dis-
ease-, and institution-associated confounding factors that may
contribute to the prognosis must be considered. However, we
should also realize the difficulty of conducting prospective research
due to the rarity of MPT. It seems, for the time being, that large and
rigorous retrospective studies are the best method to elucidate the
whole course of MPT and to analyze the prognostic factors. Second,
some parameters could be underpowered: (1) mastectomy was
reported in only 51 cases, and the long-time span (14 years) for case
collectionmight have affected the quality and type of treatment. (2)
The role of chemotherapy in heterogeneous elements should be
determined in a larger patient population. (3) In this study, only five
patients were treated with radiotherapy, which needs to be verified
in a larger group. Furthermore, regarding the nomogram, through
the internal verification method, we could determine that the
prediction model we established had certain feasibility, but further
external verification is still needed. Finally, because it was difficult
to obtain data from another outside cohort, external verification
was impossible.

6. Conclusions

In the present study, we found that younger age, a history of
fibroadenoma surgery, the presence of malignant heterologous el-
ements and surgical margins <1 cm predicted a higher incidence of
recurrence in MPT patients. In addition, patients with malignant
heterologous elements treated with chemotherapy seemed to have
an improved prognosis. Thus, we suggest adjuvant chemotherapy
for MPT patients with malignant heterologous elements.
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