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Re-excision or “wait and watch” —a prediction model in breast
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Background: The prognosis of breast phyllodes tumors (PTs) largely depending on the pathological
grading, which lacks objectivity. This study aimed to develop a nomogram based on clinicopathological
features to evaluate the recurrence probability of PTs following surgery.

Methods: Data from 334 patients with breast PTs, who underwent surgical treatment at Sun Yat-sen
Memorial Hospital from January 2005 to December 2014, were used to develop a prediction model.
Additionally, data of 36 patients from Peking University Shenzhen Hospital (cohort 1) and data of 140 patients
from Sun Yat-sen University Cancer Center (cohort 2) during the same period were used to validate
the model. The medical records and tumor slides were retrospectively reviewed. The log-rank and Cox
regression tests were used to develop a clinical prediction model of breast PTs. All statistical analyses were
performed using R and STATA.

Results: Of all 334 patients included in the primary cohort, 224 had benign, 91 had borderline, and 19
had malignant tumors. The 1-, 3-, and 5-year recurrence-free survival was 98.5%, 97.9%, and 96.8%,
respectively. Ultrasound-guided vacuum-assisted biopsy (UGVAB) is a non-inferior treatment application in
benign PTs compared with open surgery [hazard ratio (HR), 2.38; 95% confidence interval (CI), 0.59-9.58].
Width of surgical margin, mitoses, and tumor border were identified as independent risk factors for breast
PTs. A nomogram was developed based on these three variables. The C-index of internal and external
validation was 0.71, 0.67 (cohort 1) and 0.73 (cohort 2), respectively.

Conclusions: The study model presented more concise and objective variables to evaluate the recurrence-
free survival of patients after surgery, which can help deciding whether to do a re-excision or “wait and

watch”.
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Introduction

Breast phyllodes tumors (PTs) are rare fibro-epithelial
tumors, the incident rate of which is less than 1% of all
breast tumors (1). The World Health Organization (WHO)
has divided the PTs into benign, borderline, and malignant
based on the stromal cellularity, stromal atypia, stromal
overgrowth, mitosis, and the characteristics of tumor
border (2). However, a morphological continuity exists
among PTs from benign to malignant. At present, no
consensus exists among pathologists on the “cut-off” value
in the grading of P'Is (3). Therefore, the pathological grade
of the PTs lacks objectivity.

According to previous studies, approximately 6.8-40%
of patients with PTs may develop recurrence after surgery
(4-7). The borderline and malignant P'Ts can metastasize;
with the metastasis rate reaching to about 21% (8). The
PTs usually metastasize via hematogenous spread and
rarely via lymphatics. Furthermore, the PTs have the
potential for pathological progression after recurrence.
The aforementioned features indicate the importance of
achieving local control in PIs.

The prognosis of PTs is mainly dependent on the
pathological grade. However, the value of the pathological
grade in prognosis is limited due to the subjectivity of the
pathological diagnosis. Besides, PTs may have foci with
benign, borderline, and malignant features in the same
neoplasm. Therefore, complete excision of the tumor and
multiple sampling are required for the accurate diagnosis
and grading of tumors. Many retrospective studies have
stated that some pathological characteristics, including
hypercellularity, stromal cell atypia, mitoses, and necrosis,
are correlated with the prognosis of PTs (4,5,7,9-11). The
role of surgical margin in the local control of the PTs was
also emphasized in some studies (7,11). Thus, a combination
of both clinical and pathological features will lead to a more
accurate evaluation of the prognosis of P'Ts.

A clinical predictive model can combine multiple risk
factors to evaluate the prognosis of individual patients,
which can also help to evaluate the interaction between
risk factors. Currently, there is only one predictive model
available for PT, which is published by Singapore General
Hospital in 2012 (7) In this model, the criteria used
included atypia, mitoses, overgrowth, surgical margin
(AMOS) clinicopathological features to evaluate the
recurrence-free survival of patients with PTs (7). However,
the surgical margin status (positive or negative) in benign
and borderline P'Ts were neglected in most situations, which
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limit the utilization of this model. Thus, due to different
surgical treatments and pathological criteria involved, the
same model is difficult to be applied. The present study
developed and validated a clinical prediction model of breast
PT5s based on the retrospective data to solve this problem.

Methods
Patients and study design

This retrospective study was conducted on patients who
underwent surgery for PTs from January 2005 to December
2014 at Sun Yat-sen Memorial Hospital. All patients had
surgery treatment and diagnosed as PTs were included in
our study. Patients with concurrent or previous malignancy,
or previous history of P'Ts and other breast fibroepithelial
tumors, or previous breast surgery, were excluded. The
demographic characteristics including age, diagnosis,
symptoms, present history, past history, image examination
including ultrasound and mammograph results, and
operative records were extracted from the original resume.
The retrospective cohort used for external validation
comprised patients who underwent surgery at Peking
University Shenzhen Hospital (cohort 1) and Sun Yat-sen
University Cancer Center (cohort 2) during the same period
The protocol of this study was approved by the institutional
ethics committee of the Sun Yat-sen Memorial Hospital,
and consent for the use of data in research was obtained for
each participant.

Surgical treatment

Surgical treatment involved ultrasound-guided vacuum-
assisted biopsy (UGVAB), lumpectomy, wide local excision,
breast-conserving surgery and mastectomy. Ultrasound-
guided breast tumor resection is a biopsy procedure
for both benign and malignant breast tumor. All of the
breast lesions undergoing ultrasound-guided diagnostic
breast biopsy were sonographically visible. For the
UGVAB procedures, local anesthetic was utilized. After
local anesthetic was administered, a #11 blade was used
to make an approximately 5-mm skin incision entrance.
An attempt at complete ultrasound lesion excision was
assessed in real-time by taking longitudinal and transverse
ultrasound images both during core acquisition and after
the completion of core acquisition (12). Little normal
breast tissue is resected during this procedure. For those
benign tumors can be completely removed by UGVAB, a
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re-excision is not performed. Lumpectomy is the surgical
removal of the breast tumor and little normal breast tissue
around the lump (width of surgery margin <1 cm). Wide
local excision refers to the removal of the breast tumor with
a margin of surrounding normal tissue (usually wider than
1 cm). Breast-conserving surgery is applied in malignant
tumors with complete removal of the tumor and a certain
pathological clear margin of normal breast tissue. The
surgical margin of UGVAB and lumpectomy was defined
as less than 1 cm, wide local excision, breast-conserving
surgery and mastectomy was defined >1 cm. The width of
surgical margin is based on the surgery type and surgery
record.

Pathological characteristics

All the original tumor slides were studied. The
pathological grade of PTs was diagnosed based on the
WHO classification. Five variables were included: stromal
cellularity, stromal cell atypia, number of mitoses per
10 high-power field (HPF), stromal overgrowth, and
characteristics of the tumor border. The extent of stromal
cellularity was based on the overlapping of the nuclei
(Figure S1). Stromal overgrowth was defined as the
presence of stroma without epithelium in at least one low-
power field, as observed using a x4 microscope objective.
The tumor border was divided into two categories:
circumscribed and infiltrative, referring to the absence and
presence of projection of tumor stroma into normal breast
tissue, respectively (Figure S2). In addition, the presence of
necrosis, hemorrhage, and heterogeneous element was also
documented.

Follow-up

All patients were asked to have a subsequent visit 3 months
after surgery. For benign and borderline P35, patients were
followed every 12 months. For malignant PTs, patients
were followed every 6 months for 5 years and then every
12 months. Detailed recordings of breast examinations were
performed at each follow-up visit. Breast ultrasonography,
mammograph, chest X-ray and other image examination for
suspected organ were performed to detect relapse, distant
metastasis or both. For malignant PTs, an extra chest
computed tomography (CT) is required annually. Regular
follow-up results were obtained from gained from medical
records and telephonic interviews. The last follow-up was
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carried out in July 2018. The follow-up information was
gained from medical records and telephonic interviews.

Statistical analysis

Categorical variables were grouped based on the clinical
findings, and decisions on the groups were made before
modeling. The results were compared using x’ test or
Fisher’s exact test. Continuous variables were compared
using #-test. Survival curves were depicted using the Kaplan-
Meier method and compared using the log-rank test. Log-
rank tests and univariate Cox regression were used to screen
the risk factors. Cox regression was used for multivariate
analysis. Schoenfeld residuals test was used to investigate
the proportional hazards assumption (13).

A nomogram was formulated based on the results of
multivariate analysis. Bootstraps with 1,000 resamples
were used for internal and external validation. Akaike’s
information criterion was used to screen the variables to
avoid overfitting of the model (14). Discrimination ability
was assessed using the receiver operating characteristic
(ROC) analysis, and predictive accuracy was measured using
the concordance index (C-index) reported with its 95%
confidence interval (CI). The C-index was calculated using
the Begg’s method, which is the modification of Harrel’s
method and more suitable for Cox regression (15). Larger
C-index indicated a more accurate predictive ability of the
model. The plot of area under the curve (AUC) change
over time was also drawn based on Hung and Chiang’s
method, which reflected the predictive ability of the
model during different time intervals (16). Calibration was
evaluated by reviewing the plot of predicted probabilities
versus the actual probabilities. The total points according
to the established nomogram of each patient were treated
as a factor of Cox regression during the external validation
of the nomogram (17). The C-index and the slope of the
calibration curve were also derived from the regression
analysis. A P value <0.05 was considered statistically
significant. All statistical analysis was done using Stata 13.0
(Stata Corp, 2001; College Station, TX, USA) or R (version
3.2.2, https://www.r-project.org/).

Results
Patients and clinical outcome

The primary cohort for model building comprised
334 patients with a median age of 38 years. For the external
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validation cohorts, 36 patients for cohort 1 and 140 patients
for cohort 2 were studied. The clinicopathological
characteristics of the primary and validation cohorts are
listed in 7able 1.

Overall, 58 patients had pre-operative biopsy, most
(39/58, 67.24%) of the biopsies could not report the
histological grade of the tumor, 19 (32.76%) cases were
reported with a histological grade, 4 were upgrade and 1 was
downgrade after surgery, thus the concordance rate between
pre-operative biopsy and surgical excision in histological
grade was 73.68% (14/19). The detail were displayed in the
Table S1.

The median follow-up was 37 months (range,
15-208 months). The median time of recurrence was
28 months. The 1-, 3-, and 5-year recurrence-free survival
was 98.5%, 97.9%, and 96.8% in the primary cohort. The
primary cohort had 59 recurrences and 1 lung metastasis
and the validation cohort 1 had 9 local recurrences, cohort 2
had 26 local recurrences and 1 lung metastasis.

UGVAB is a non-inferior treatment application in benign
PTs compared with open surgery

Of all the 334 patients in primary cohort, 126 (37.72%)
patients had UGVAB. Only 1 (3.7%) patients in the
validation cohort 1 had UGVAB of the 27 patients. No
patients in the validation cohort 2 have UGVAB. Thus,
127 (24.90%) patients in our study have been applied with
UGVAB.

One hundred and nineteen benign PTs had UGVAB,
14 (11.76%) of them had recurrences. For benign PTs, the
UGVAB group was not associated with higher recurrence
rate compared with open surgery (lumpectomy & wide
local excision) group [hazard ratio (HR), 1.81; 95% ClI,
0.80-3.98; P=0.81]. After adjusted with other risk factors,
UGVARB is still proved to be a non-inferior treatment
application (HR, 2.38; 95% CI, 0.59-9.58; P=0.99).

For borderline PTs, 8 cases had UGVAB, 4 (50.00%) of
them had recurrences. Compared with 23 (27.71%) of 83
patients with open surgery (wide local excision and breast
conserving surgery), UGVAB is not recommended in
treatment of borderline PTs.

Establishment of outcome prediction nomogram

The results for log-rank tests and univariate Cox regression
revealed that the surgery type, surgical margin, mitoses,
stromal overgrowth, and tumor border might be the
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potential risk factors (Tables S2,53; all P<0.05).

Multivariate Cox regression analysis revealed that
the surgical margin, mitoses, and tumor border were
independent risk factors for tumor recurrence. The results
are presented in Table 2. The results of Schoenfeld residuals
test exhibited that the variables involved in the regression
analysis and the whole model conformed to the proportional
hazards assumption (7able S4). The interaction between
surgical margin and tumor border were also analyzed, which
demonstrated no significant influence on the whole model
(P=0.16).

The prognostic nomogram based on the results of
multivariate Cox regression analysis is illustrated in Figure 1.
The C-index of internal validation was 0.71 (95% CI,
0.67-0.75), while the C-index of external validation
cohort 1 was 0.67 (95% CI, 0.60-0.75) and 0.73 (95%
CI, 0.60-0.83) for cohort 2. The calibration plot of the
probability of recurrence-free survival 3 years after surgery
is illustrated in Figure 24. The deviations from nomogram
predicted survival to nomogram actual survival is all smaller
than 10%. Moreover, the calibration curve of external
validation showed optimal agreement between the model-
predicted recurrence-free survival and the actual survival
(Figure 2B,C). Further, the plot of AUC change over time
also showed that the predictive ability of the model was
appreciable (Figure S3).

Discussion

To date, the prognosis of PTs is mainly dependent on the
pathological grade. However, this method lacks objectivity
similar to other histopathological grades, thereby limiting
its application in clinical practice. Besides, words such as
mild, moderate, and severe were used to describe some
pathological variables, leading to interobserver variability.
Lawton et al. reported that the agreement rate in the
grading of PTs between pathologists was 53% (18). Also,
a few studies declared that the histological grade was
not an independent risk factor for the recurrence of PTs
(4,9,19,20). The present study demonstrated no direct
correlation between the histological grade and recurrence
of PTs. Therefore, a combination of pathological and
clinical variables will invariably lead to a more accurate
evaluation of the prognosis of PT. Here in, nomograms
were established to predict the clinical outcomes of PTs
using variables of width of surgical margin, mitoses, and
tumor border. These variables will be discussed in detail in
the latter part.
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Variables Primary cohort, No. of cases (%)

Validation cohort 1, No. of cases (%)

Validation cohort 2, No. of cases (%)

Histological grade

Benign 224 (67.1)
Borderline 91 (27.2)
Malignant 19 (5.7)
Surgery type
UGVAB 126 (37.7)
Lumpectomy 6(1.8)
Wide excision 185 (55.4)
Mastectomy 17 (56.1)
BCS 6(1.8)

Surgical margin

<1cm 129 (38.6)

>1cm 205 (61.4)
Tumor size

<2.cm 67 (20.1)

>2,<5cm 197 (569.0)

>5cm 70 (21.0)

Stromal cell atypia

Mild 250 (74.9)
Moderate 61 (18.3)
Severe 23 (6.9)

Stromal cellularity

Mild 240 (70.9)
Moderate 67 (20.1)
Severe 27 (8.1)

Mitoses/10 HPF

0-4 228 (68.3)
5-9 85 (25.4)
>10 21 (6.3)

Stromal overgrowth
Present 97 (29.0)
Absent 237 (71.0)
Tumor border
Circumscribed 223 (66.8)
Infiltrative 111 (33.2)

18 (50.0)
14 (38.9)
4(11.1)

1(2.8)
14 (38.9)
7 (19.4)
14 (38.9)

15 (41.7)
21 (58.3)

2 (5.6)
9 (25.0)
25 (69.4)

22 (61.1)
10 (27.8)
4(11.1)

22 (61.1)
12 (33.3)
2(5.6)

25 (69.4)
7 (19.4)
4(11.1)

15 (41.7)
21 (58.3)

22 (61.1)
14 (38.9)

67 (47.9)
47 (33.6)
26 (18.6)

44 (31.4)
63 (45.0)
20 (14.3)
10 (7.1)

96 (68.6)
44 (31.4)

18 (12.9)
80 (57.1)
42 (30)

67 (47.9)
45 (32.1)
28 (20.0)

59 (42.1)
43 (30.7)
38 (27.1)

67 (47.9)
46 (32.9)
27 (19.3)

55 (39.3)
85 (60.7)

96 (68.6)
44 (31.4)

Table 1 (continued)
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Variables Primary cohort, No. of cases (%) Validation cohort 1, No. of cases (%) Validation cohort 2, No. of cases (%)
Hemorrhage

Present 37 (11.1) 13 (36.1) 11 (7.9)

Absent 297 (88.9) 23 (63.9) 129 (92.1)

UGVAB, ultrasound-guided vacuum-assisted biopsy; BCS, breast conserving surgery; HPF, high-power field.

Table 2 Results of multivariate Cox regression analysis

Variable Subgroup HR (95%Cl) P

Surgical margin <1cm 1 -
>1cm 0.47 (0.36-0.63) <0.001

Tumor border Infiltrative 1 -

Circumscribed  0.57 (0.39-0.83) 0.003

Mitoses 0-4 1 -
5-9 1.49 (1.06-2.08) 0.020
=10 2.01 (1.09-3.70) 0.025
Stromal Absent 1 -
overgrowth
Present 1.47 (0.95-2.30) 0.085
Surgery type UGVAB 1 -

Wide excision 0.85 (0.56-1.29) 0.792

Mastectomy 0.58 (0.15-2.20) 0.425

BCS 0.72 (0.16-3.05) 0.657

Cl, confidence interval; HR, hazard ratio; UGVAB, ultrasound-
guided vacuum-assisted biopsy; BCS, breast conserving
surgery.

The characteristics of the tumor border are vital in the
grading of PTs. The circumscribed border refers to the
tumor growth in a pushing manner, while the infiltrative
border refers to the tumor protrusion into the normal breast
tissue. A study stated that the tumor border and surgical
margin influenced the prognosis synergistically (21). The
interaction between tumor border and surgical margin was
included as a separate variable into the multivariate analysis
in the present study, but no obvious influence was observed
on prognosis (P=0.16). Thus, the surgical margin and tumor
border were still independent risk factors for recurrence-
free survival.

However, debate continues on the surgery type and
surgical margin in the treatment of PTs. It is usually
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difficult to diagnose PTs prior to operation due to
their special pathological characteristics. The reported
consistency between the preoperational biopsy (core needle
biopsy and fine needle aspiration) and post operational
pathological results is about 50-60% (22-24). The accuracy
of intraoperative frozen section examination in PTs is also
limited.

UGVAB is not only a biopsy method but also an
alternative treatment for small breast mass. It is used
extensively in clinical practice because it causes minimal
injury. A retrospective study involving 225 patients stated
that no difference existed in the recurrence-free survival of
patients treated with UGVAB and open surgery (HR, 0.34;
95% CI, 0.08-1.43) (25). For benign PTs, our study also
proved that UGVAB is an effective treatment procedure
(HR, 1.81; 95% CI, 0.80-3.98) The surgical margin status
(positive or negative) of benign PTs is always neglected in
the clinical practice. Previous studies also demonstrated that
surgical margin status has no correlation with recurrence
rate in benign PTs (26,27). Thus, UGVAB is an effective
biopsy and treatment procedure in benign PTs with
uncertain surgical margin status. However, a retrospective
study involving 285 patients pointed out that a wide excision
and a clear margin of 1 cm should be ascertained in small
tumors (tumor size <5 cm) with frequent mitoses (>10/10
HPF), even with a second surgery (28). In the present study,
the univariate analysis (log-rank test and Cox regression)
revealed that the surgery type influenced the recurrence-
free survival. However, this trend became inconspicuous
after adjusting pathological variables and surgical margin.
These results suggested that a second surgery was not
necessary for benign PTs treated with UGVAB especially
those with fewer mitoses and circumscribed border.

For borderline and malignant P'Is, mastectomy is better
than breast-conserving surgery to avoid recurrence (29).
Some surgeons even consider mastectomy for all borderline
and malignant PTs (30). However, a retrospective study
involving 81 malignant PTs indicated no difference in
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Figure 1 Nomograms for predicting recurrence-free survival (RFS). A nomogram predicting 1-, 2-, and 3-year RFS probabilities of patients

with phyllodes tumors in Sun Yat-sen Memorial Hospital training set. Points were assigned for width of surgical margin, mitoses and tumor

border, by drawing a line upward from the corresponding values to the “Points” line. The sum of these three points, plotted on the “Total

Points” line, corresponds to the prediction of probability of 1-, 2-, and 3-year RFS probabilities.

disease-related deaths between mastectomy and breast-
conserving surgery (1). Other studies also stated that
breast-conserving surgery with negative margin was not
inferior to mastectomy (31,32). The present study involved
110 patients with borderline and malignant PTs, among
which 17 patients had a mastectomy and 93 had breast-
conserving surgery or wide excision. No significant
difference was found in the recurrence-free survival between
these two surgery types (HR, 1.04; 95% CI, 0.54-2.02;
P-0.89).

The mainstay of the surgical treatment in PTs is a
guarantee of the negative surgical margin due to the leaf-
like architecture and the unclear border of PTs (19,33,34).
Some surgeons insisted that the surgical margin should
be wider than lcm. Recent studies suggested that it was

© Annals of Translational Medicine. All rights reserved.

unnecessary for all PTs to have such wide excision. The
extent of excision was not correlated with the recurrence
of PTs, while it emphasized the guarantee of clear surgical
margins (21,35). Nevertheless, the results of this study
supported that wider surgical margin was beneficial for a
recurrence-free survival (HR, 0.50; 95% CI, 0.38-0.65).
This trend was still strong after adjusting the pathological
variable and surgery type. Thus, adequate surgical
intervention is of great importance in preventing recurrence
of PTs.

Nomograms combining clinical and pathological
variables have been proved to be better than stage grouping.
For example, a young patient had UGVAB for breast lump.
The pathological diagnosis was benign PT. Thus, we don’t
have special follow-up schedule for the patient. However,
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Figure 2 Calibration of the nomogram in training and validation
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cohorts. The x-axis represents nomogram-predicted recurrence-free

survival, and the y-axis represents actual recurrence-free survival, with 95% confidential intervals measured by Kaplan-Meier analysis. A

represents the 3-year survival of the primary training set of Sun Yat-sen Memorial Hospital; B represents validation cohort 1 of Peking

University Shenzhen Hospital; C represents validation cohort 2 of Sun Yat-sen University Cancer Center.

if we calculate based on our nomogram, the follow-up
schedule may be changed. She had UGVAB, thus the
surgical margin was less than lem (get 8 points for surgical
margin parameter), the mitoses counts were 6/10 HPF (get
5 points for mitoses parameter) and circumscribed border
(get 0 points for border parameter), thus the total points
for the patients is 13. The 1-, 2-, and 3-year predicted
recurrence-free survival was 90-95%, 70-75%, and 50-55%
based on our nomogram. Thus, we may suggest the patient
to have a re-excision to get a wider margin or follow up the
patient closely instead.

The AMOS criteria have also been proved to be better
than the histological score system of PTs (7). The prediction
model based on the width of surgical margin, mitoses, and
tumor border showed good prediction ability (C-index,
0.71; 95% CI, 0.67-0.75). It also showed optimal prediction
ability during external validation (cohort 1 C-index, 0.67,
95% CI, 0.60-0.74; cohort 2 0.73, 95% CI, 0.60-0.83).
The AMOS criteria are the only published prediction
model of PTs. It showed excellent prediction ability in the
primary cohort (C-index, 0.79) and the external validation
cohort (C-index, 0.90) (36). However, we are unable to use
this model due to that most of the surgical margin status
(negative or positive) of all the benign and some borderline
PTs were unknown in our cohorts.

The present study had several limitations. First, the
number of model building cohort and validation cohort
was limited. The model needs to be validated using larger
samples and different centers. Second, the number of
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malignant PTs included during model development was
limited, making the prediction ability in malignant PTs
crude. Thus, this model was more suitable for evaluating
the prognosis of benign and borderline PTs. Besides,
the diagnosis and grading of PTs mostly relied on the
histopathological characteristics. Therefore, specific
immunohistochemical markers for PTs are urgently needed.
The accuracy of the model can be greatly improved by
adding some specific immunohistochemical markers.

Conclusions

Nowadays, the surgical margin status (positive or negative)
of benign and some borderline PTs is always neglected in
clinical practice. We have built a prediction model based
on width of surgical margin, which can be easily applied in
clinical practice. The prediction model with a combination
of multiple clinicopathological variables can be a useful
adjuvant tool for making clinical decisions and selecting the
treatment and follow-up schedule after surgery. It can be
widely applied in clinical practice helping decide re-excision
or “wait and watch”.
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Figure S1 Stromal cellularity has to be evaluated in most cellular areas (HE staining): (A) mild: twice cellularity of normal perilobular

stroma without nuclei overlapping, (B) moderate: intermediate degree between mild severe, and (C) severe: stromal cells in close contiguity
with nuclei appearing to touch and overlapping.

Tumor border
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Figure S2 Tumor border: (A) circumscribed: a pushing border without tumor protruding to peritumor tissue and (B) infiltrative: projections
of tumor into peritumor tissue without a clear border.



Table S1 Characteristics of pre-operative pathological diagnosis

Variables Primary cohort, No. of cases (%) Validation cohort 1, No. of cases (%) Validation cohort 2, No. of cases (%)

Preoperative biopsy
With 30 (9.0 4 (11.1) 24 (17.1)
Without 304 (91.0) 32 (88.9) 116 (82.9)

Pathological diagnosis

Fibroepithelial tumors 8(26.7) 2 (50.0) -
Fibroadenoma 1(3.33) - 2(8.3)
PT without grading 11 (36.7) 2 (50.0) 13 (54.2)
Benign PT 3(10.0) - -
Borderline PT 5(16.7) - 4(16.7)
Malignant PT 2 (6.7) - 5(20.8)

Agreement with surgical diagnosis

Consistent 7 (23.3) 0 7 (29.2)
Downgrade 0 0 1@4.2
Upgrade 3(10.0) 0 14.2)
Unclear* 20 (66.7) 4 (100.0) 16 (62.5)

Unclear* refers to those pre-operative diagnosis without specific histological grade. PT, phyllodes tumor.



Table S2 Results of log-rank test

Variable

Subgroup

P value

Histological type

Surgery type

Surgical margin

Tumor size

Stromal cellularity

Stromal cell atypia

Mitoses/10 HPF

Stromal overgrowth

Tumor border

Hemorrhage

Necrosis

Benign
Borderline
Malignant

UGVAB

Lumpectomy
Wide excision
Mastectomy
BCS
<1cm
=1cm
<2cm
2-5¢cm
>5cm
Mild
Moderate
Severe
Mild
Moderate
Severe
0-4
=5
Present
Absent
Circumscribed
Infiltrative

Present

Absent

Present

Absent

0.85

28.88

29.62

5.51

1.44

0.89

5.96

9.5

9.62

2.98

0.20

0.6529

<0.0001

<0.0001

0.0635

0.4872

0.6400

0.0193

0.0020

0.0019

0.0843

0.6518

UGVAB, ultrasound-guided vacuum-assisted biopsy; BCS, breast conserving surgery; HPF, high-power field.



Table S3 Results of univariate Cox regression analysis

Variable Subgroup Total number No. recurrence HR (95% CI) P
Histological type Benign 224 27 1 -
Borderline 91 27 1.04 (0.78-1.39) 0.764
Malignant 19 5 0.79 (0.36-1.38) 0.741
Surgery type UGVAB 126 18 1 -
Lumpectomy 6 4 1.51 (0.66-3.46) 0.35
Wide excision 185 28 0.51 (0.39-0.66) <0.001
Mastectomy 17 7 0.45 (0.24-0.87) 0.018
BCS 6 0 0.66 (0.29-1.50) 0.325
Surgical margin <1cm 129 22 1 -
>1cm 205 35 0.50 (0.38-0.65) <0.001
Tumor size - - - 0.98 (0.98-1.03) 0.57
Stromal cellularity Mild 240 28 1 -
Moderate 67 20 0.89 (0.65-1.23) 0.478
Severe 27 11 0.77 (0.46-1.28) 0.308
Stromal cell atypia Mild 250 27 1 -
Moderate 61 21 0.95 (0.67-1.34) 0.734
Severe 23 9 0.78 (0.45-1.34) 0.368
Mitoses/10 HPF 0-4 228 33 1 -
>5 106 26 0.78 (0.60-1.00) 0.0193
Stromal overgrowth Absent 237 10 1 -
Present 97 49 0.63 (0.45-0.86) 0.002
Tumor border Circumscribed 223 3 1 -
Infiltrative 111 54 0.64 (0.48-0.87) 0.005
Hemorrhage Present 37 6 1 -
Absent 227 53 0.72 (0.49-1.05) 0.09
Necrosis Present 19 5 1 -
Absent 315 54 0.88 (0.51-1.52) 0.656

HR, hazard ratio; ClI, confidence interval; UGVAB, ultrasound-guided vacuum-assisted biopsy; BCS, breast conserving surgery; HPF, high-

power field.



Table S4 Cox proportional hazards assumption

2

Variables % P value
Surgical margin 0.04 0.8340
Tumor border 0.45 0.5015
Mitoses 0.52 0.4690
Overall 0.78 0.8544
1.0 =
0.8 =
0.6 =
S 05
<
0.4 =
0.2 =
0.0 =
! I T T T
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Time (months)

Figure S3 AUC of the nomogram change over time. AUC, area under the curve.
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