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Abstract: Phyllodes tumors (PTs) account for less than 1% of breast tumors, and malignant
PTs account for even less. Here, we described an unusual case of malignant PT with mixed
liposarcoma (myxoid liposarcoma [MLP] and pleomorphic liposarcoma [PLP]). A 52-year-
old woman discovered a small lump in her left breast. Twenty years later, the lump suddenly
grew within 1 month. Mammography showed space-occupying lesions of the left breast.
Histologically, the tumor was characterized by hypercellular stroma covering the epithelium
and protrusion of the myoepithelium into the cyst to form a lobulated structure; regions of
loose mucus and hypercellular structures alternated. A region of peripheral benign fibroade-
noma was also observed, and many stellate and spindle cells or signet ring-like cells were
identified in loose areas. Some areas showed a characteristic thin branching vascular pattern.
In the cell-rich area, adipocytes and odd megakaryocytes were observed. Atypical mitotic
figures were observed in the cell-rich and mucus areas (16 mitoses/10 high-power fields
[HPF] and 2 mitoses/10 HPF, respectively). In the immunohistochemical analysis, a small
number of tumor cells were positive for AE1/3 and vimentin, whereas all cells were negative
for cytokeratin 34BE12, E-cadherin, p63, estrogen receptor, progesterone receptor, human
epidermal growth factor receptor 2, and S-100, ruling out the possibility of metaplastic
carcinoma. Interestingly, cyclin-dependent kinase 4, mouse double minute 2 (MDM2), and
pl6 were strongly positive in both loose mucus and cell-rich areas. However, the fluores-
cence in situ hybridization test results showed that MDM2 was not amplified. Combined with
morphological characteristics, these findings supported that the tumor was a mixed malignant
PT with MLP and PLP. Our patient did not receive radiation therapy, and after 47 months of
follow-up, no recurrence or metastasis occurred. This case report serves to expand the
morphologic spectrum of mixed malignant PT with liposarcoma.

Keywords: malignant phyllodes tumor, breast cancer, mixed liposarcoma

Background

Phyllodes tumors (PTs) of the breast are rare fibroepithelial neoplasms accompanied by
overgrowth of stromal cells. According to histopathological characteristics, such as
tumor margins, mesenchymal cell numbers, interstitial cell atypia, mitotic activity,
interstitial overgrowth, and malignant heterogeneous elements, the World Health
Organization classifies PTs into benign, borderline, and malignant categories.'
Malignant PTs are rare, accounting for only 0.3-0.5% of malignant breast tumors.
Generally, malignant PTs occur in women in their 40s, with most cases occurring
between 35 and 55 years of age.” Malignant PT of the breast (MPTB) can manifest as
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heterogenic differentiation, stromal cellularity, nuclear pleo-
morphism, interstitial overgrowth, and more than 10 mitoses
figures per 10 high-power fields (HPF). Under these condi-
tions, liposarcomatoid differentiation is most commonly
observed. Other types of differentiation include fibrosarcoma,
chondrosarcoma, osteosarcoma, and rhabdomyosarcoma.3’4
Herein, we reported the case of a 52-year-old woman
with a malignant PT of the breast accompanied by mixed
liposarcoma (myxoid liposarcoma [MLP] and pleomorphic
liposarcoma [PLP]). We described the clinical, pathologi-
cal, and immunohistochemical characteristics of this case
and performed a literature review. Table 2 lists the reports
on PTs and liposarcoma published in recent years.Table 1

Case Presentation
Clinical History

The patient was a 52-year-old woman. She discovered
a mass under her left nipple 20 years prior to visiting our
hospital. Initially, the mass was the size of an almond, and
she did nothing at the time. However, the mass grew sud-
denly within 1 month prior to her visiting our hospital.
Physical examination found a quality of approximately
12 cm x 12 cm in the left breast; the boundary was clear,
and the mass was hard. Additionally, no tenderness, super-
ficial varicose veins, nipple depression, nipple discharge
after squeezing the breast, and lymph nodes on either side
of the axilla were detected. Bilateral mammography exam-
ination results showed a mass in the left outer upper quad-
rant, which showed increased shadow density and multiple
calcification shadows. Imaging of space-occupying lesions

in the left breast was performed using the Breast Imaging-
Reporting and Data System (BI-RADS) classification into
three categories (Figure 1A). After observation in the hospi-
tal, radical mastectomy of the unilateral breast (left breast)
was performed. Intra-operative freezing reports revealed
mammary stromal PTs with obvious cell atypia, and
a diagnosis of PT was considered.

The excised specimens were fixed with 10% neutral for-
malin and processed routinely. Paraffin-embedded blocks were
sectioned into 5 um-thick sections, which were then stained
with hematoxylin and eosin (H&E). Paraffin-embedded tissue
samples were also used for immunohistochemical analysis.
Table 1 lists the antibodies, clones, and working dilutions in
this study, along with the commercial sources of these reagents.
The surgical specimen was breast tissue with spindle skin and
nipple, measuring 15 cm x 11 cm % 6.5 cm. On the cut surface,
anodule measuring 8 cm X 6 cm x 5.5 cm was found under the
nipple and showed clear boundaries with surrounding tissue
(Figure 1C). The nodule was solid and cystic, and the cut
surface was gray and grayish yellow, showing a fleshy appear-
ance lobulated with fissures similar to leaf buds. Some areas
displayed cystic changes.

Histologically, the tumor showed an invasive boundary.
The tumor had loose and dense cell areas (Figure 2A), a cell-
rich mesenchyme covered the epithelium, and the myoepithe-
lium protruded into the sac cavity to form a leaf-like structure
under low magnification (Figure 2B). Residual normal ducts
were rarely observed, and loose mucus areas alternated with
cell-rich areas. Fibroadenoma areas could be seen around the
cell-rich area (Figure 2C). Residual ducts were surrounded by
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Figure | (A, B) The common axial position and oblique lateral position of the left breast with molybdenum targeting showing breast-occupying lesions. BI-RADS was used
for classification into three categories. (C) The surgical specimen was breast tissue with spinal skin and nipple (15 cm % || cm X 6.5 cm). The size of the spinal skin sample
was || cm x 6.5 cm, and a nodule with a size of 8 cm x 6 cm % 5.5 cm was found under the nipple with multiple cuts. The nodules and surrounding mammary glands were
clear. The nodules were gray and grayish yellow. Some areas showed cystic changes, some were solid and lobulated, and some were dark red, suggestive of necrosis.
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Table | Antibodies Used of the Immunohistochemical Examination

Antibodies Clone Dilution Source Location Result
CK34pEI2 Mouse Mab 1:100 ZSGB-BIO C Negative
AEI/3 Mouse mAB 1:100 ZSGB-BIO C Weakly Positive
P63 Mouse mAB 1:200 ZSGB-BIO N Diffuse positive
SMA Mouse mAB 1:400 ZSGB-BIO C Positive

ER Mouse mAB 1:200 ZSGB-BIO N Negative
Her-2 Mouse mAB 1:150 ZSGB-BIO M Negative
PR Mouse mAB 1:500 ZSGB-BIO N Negative
E-cadherin Mouse mAB 1:200 ZSGB-BIO Mor C Negative
Ki-67 Mouse mAB 1:400 ZSGB-BIO Cell 90%
MDM2 Mouse mAB 1:100 ZSGB-BIO N Diffuse positive
CDK4 Mouse mAB 1:400 ZSGB-BIO Nor C Diffuse positive
S-100 Mouse mAB 1:100 ZSGB-BIO C Negative
Plé6 Mouse mAB 1:200 ZSGB-BIO Nor C Diffuse positive

Abbreviations: N, nucleus; C, cytoplasm; M, membrane.

a cell-rich area (Figure 2D). In the loose mucus area, there
were many stellate cells and spindle cells (Figure 2E), and
there was a characteristic thin, branching vascular pattern,
resembling “chicken wire.” The cells around the blood vessels
were mostly round, oval, or short spindle-shaped primitive
mesenchymal cells, essentially demonstrating the same shape
(Figure 2F). There were more adipocytes and oddly shaped
megakaryocytes in the cell-rich area (Figure 2G), and different
degrees of interstitial collagenization were detected.
Moreover, the cells showed obvious atypia and were arranged
into rosettes (Figure 2I). There were more nuclear divisions,
particularly for megakaryocytes in high-density areas, with
a mitotic index of 16 mitoses/10 HPF. In the mucus areas,
mild nuclear atypia was observed, and the mitotic index was 2
mitoses/10 HPF. The nuclei were short, spindle-shaped, and
vacuolated.

Based on immunostaining, only a few tumor cells were
positive for AE1/3 (Figure 3A) and vimentin (Figure 3B),
whereas staining for cytokeratin (CK) 34BE12, E-cadherin
(Figure 3C), p63, and S-100 (Figure 3D) was negative,
supporting the diagnosis of PT. The lack of CK34BE12
and p63 staining confirmed that the tumor was not meta-
plasia. Tumor mesenchymal cells were positive for vimen-
tin (Figure 3B) and smooth muscle actin, suggesting that
tumor cells were the source of mesenchymal cells.
Interestingly, immunohistochemical staining was diffusely
positive for pl6 (Figure 3E), mouse double minute 2
(MDM2; Figure 3F), and cyclin-dependent kinase 4
(CDK4; Figure 3G). Additionally, proliferating cells were
positive for the proliferative marker Ki-67, and the label-
ing index was more than 90% (Figure 3H). However, the

fluorescence in situ hybridization (FISH) test results
showed that MDM2 was not amplified (Figure 3I). Thus,
based on histological analysis of various markers com-
bined with morphological analysis, we obtained
a pathological diagnosis of malignant PT. We performed
a modified radical mastectomy on the left breast, and the
patient recovered well after the operation.

Discussion

Patients with PT typically complain of breast lumps and
harbor rapidly growing painless masses.” The most com-
mon location of involvement is the upper lateral quadrant.
However, several reports of multifocal and bilateral
tumors have also been described in the literature.®” It is
not easy to draw a clear line between PT and fibroade-
noma, and conducting a rigorous pathological assessment,
including a combination of histologic features, immuno-
histochemical staining, and exact clinical information, is
necessary to obtain an accurate diagnosis. Other studies
have shown that these tumors have significant heterogene-
ity, and CDKN2A, HOXB13, PAX3, SIX1, HMGA3,
TGFB2, and other genes may play important roles in the
malignant progression of PT.® Recent data suggest that
malignant PT cells exhibit mesenchymal stem cell charac-
teristics and can be induced or spontaneously differen-
tiated into other lineages, consistent with previous reports
on the heterogenic differentiation of PT.” Moreover, malig-
nant PT is common with well-differentiated liposarcoma
(WDL) or dedifferentiated liposarcoma (DDL), whereas
malignant PT with MLP and PLP is rare. To date, only
three cases of PT with mixed differentiation of sarcoma
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Table 2 Review of Reported 19 Cases of Malignant Phyllodes Tumor with Liposarcomatous Differentiation in Breast

Author Agel/Sex | Size (cm) | Clinical Presentation The Type of Treatment FU
Differentiation of
Liposarcoma
Nistor-Ciurba® 48/F 5 A malignant phyllodes tumor with liposarcomatous differentiation case | Well-differentiated S&R NED
with 3-year follow-up. liposarcoma
Narla* 28/F 14 Well-differentiated liposarcoma of the breast arising in a background of | Well-differentiated S NA
malignant phyllodes tumor in a pregnant woman: A rare case report liposarcoma
and review of literature.
Hallin' NA NA Phyllodes Tumor With Heterologous Liposarcomatous Differentiation. Well-differentiated NA NA
liposarcoma
L. Uriev*? 30/F 88 Malignant phyllodes tumor with heterologous liposarcomatous Not specified S NED
differentiation and tubular adenoma-like epithelial component
Isotalo PA* 47/F 5 Malignant phyllodes tumor with liposarcomatous differentiation. Pleomorphic S NED
liposarcoma
KurodaN** 40/F 6 Malignant phyllodes tumor of the breast with expression of osteonectin Not specified S NA
and vinculin.
SatouT* 46/F 3 Malignant phyllodes tumor with liposarcomatous components: a case Not specified S NA
report with cytological presentation.
PadmanabhanV?® 47/F 7.5 Phyllodes tumor with lobular carcinoma in situ and liposarcomatous Well-differentiated S NA
stroma. liposarcoma
Jae MyungKim 52/F 20 A rare case of mixed type liposarcoma of breast arising in malignant Myxoid and S NA
MD'® phyllodes tumor. pleomorphic
liposarcoma
Sancheti SM* 27/F 5 Pleomorphic liposarcoma arising in a malignant phyllodes tumor of Pleomorphic S NA
breast: A rare occurrence. liposarcoma
TomasD"' 71/F 3 Malignant phyllodes tumor with associated osteosarcomatous, Not specified S&R NED
chondrosarcomatous, and liposarcomatous overgrowth.
Lee JW* 53/M 15 Malignant phyllodes tumor of a genotypic male, phenotypic female with Not specified S NA
liposarcomatous differentiation.
Vera-Alvarez|*® 45/F 7 Malignant phyllodes tumor with pleomorphic liposarcomatous stroma Pleomorphic S NED
diagnosed by fine needle aspiration cytology: a case report. liposarcoma
Scala M** 53/F NA Malignant phyllodes tumor with liposarcomatous differentiation. Not specified S NA
Description of a clinical case.
Isimbaldi G*° 50/F 4 A case of malignant phyllodes tumor with muscular and fatty Not specified S NA
differentiations.
Lee WY'2 39/F 7 Fine needle aspiration cytology of malignant phyllodes tumor with Well-differentiated S NA
liposarcomatous stroma of the breast. A case report. and myxoid
liposarcoma
De Luca LA®' 41/F 30 An unusual case of malignant cystosarcoma phyllodes of the breast. Not specified S NA
Jimenez JF°? 17/F 10 Liposarcoma arising within a cystosarcoma phyllodes. Not specified S NED
Qizilbash AH*? 64/F 3 Cystosarcoma phyllodes with liposarcomatous stroma. Not specified N NED
Mei Er* 52/F 12 A Case of Phyllodes Tumor of the Breast with Myxoid liposarcoma And Myxoid and S NED
pleomorphic liposarcoma Differentiation. pleomorphic
liposarcoma

Note: *Our reported case.
Abbreviations: FU, follow-up; F, female; M, male; S, surgery; S&R, surgery and radiation; NA, not available; NED, no evidence of disease.
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Figure 2 Microphotographs showing the histopathological features of the tumor. (A) The tumor had loose and dense cell areas (H&E; 40%). The first arrow points to dense
cell areas, and the second arrow points to loose cell areas. (B) PT area (H&E; 40x). (C) Fibroadenoma area around the malignant PT (H&E; 40x). (D) Residual ductal
epithelium (H&E; 200%). (E) Mucinous background (H&E; 100x). (F) Vascular rich area (H&E; 100x). (G) Adipocytes (H&E; 400x%). (H) Odd megakaryocytes (H&E; 200x). (I)

Rosette-like cells (H&E; 100x).

have been reported; one was malignant PT mixed with
differentiation of MLP and PLP;'® another was malignant
PT mixed with differentiation of osteosarcoma, chondro-
sarcoma, and liposarcoma;'' and the remaining one was
malignant PT mixed with WLD and MLP.'* In our case,
malignant PT was accompanied by MLP and PLP.
Imaging findings cannot distinguish fibroadenomas
from benign, borderline, and malignant PTs. In the differ-
ential diagnosis of benign, borderline, or malignant PTs,
B-ultrasound and molybdenum targets have shown a large
number of overlapping image features of benign, border-
line, or malignant PTs."* According to previous studies,
PTs are usually irregularly shaped and larger than fibroa-
denomas, which are typically oval-shaped on mammo-
grams and ultrasounds. Additionally, fibroadenomas have

been reported in patients younger than 30 years of age,'*
whereas PTs are more common in older patients (eg,
35-55 years of age).'” Malignant PT is characterized by
marked stromal cellularity and nuclear pleomorphism,
stromal overgrowth, and more than 10 mitoses/10 HPF.
The presence of heterologous sarcomas (eg, liposarcoma,
chondrosarcoma, and osteosarcoma) can be identified as
malignant PT. The abundance of blood vessels may be an
important feature of PT, whereas fibroadenomas typically
have fewer blood vessels. Studies have also shown that
fibroadenomas are homogeneous and hypoechoic, whereas
PTs are complex and heterogencous. Notably, 50—77% of
PTs exhibit the posterior sound enhancement phenomenon
as a feature of ultrasound. Additionally, the high density of

lesions could be a useful mammographic feature
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Figure 3 (A) A few tumor cells were AEI/3 positive (original magnification: 200%). (B) Tumor cells were diffusely positive for vimentin (original magnification: 200x). (C)
Tumor cells were negative for E-cadherin and S-100 (D) (original magnification: 200x). Tumor cells were diffusely, strongly positive for pl6 (E), CDK4 (F), and MDM2 (G)
(original magnification: 200%). (H) Immunohistochemical staining for Ki-67 showed a labeling index of greater than 90% (original magnification: 100%). (I) The FISH test

results showed that MDM2 was not amplified.

suggestive of PTs owing to the larger lesion size. In recent
studies, enhanced magnetic resonance imaging of malig-
nant lobulated tumors showed angiogenesis and internal
cystic space.'® However, these imaging methods do not
yield accurate diagnoses, and the final diagnosis depends
on surgical resection and pathological examination. In
general, PTs appear as clear, firm, multinodular masses.
The cutting surface is off-white, and the appearance is
uniform. Visible mucus-like areas, cystic cavities, bleed-
ing, and necrotic areas are also detected.'” In a study by
Kim et al'® the average tumor diameter was found to be
4 cm; those of benign, borderline, and malignant PTs were
3.7,4.2, and 6.2 cm, respectively. Another study'® showed
that the average diameters of benign, borderline, and

malignant PTs were 3.2, 5.06, and 4.6 cm, respectively.

According to a literature review, the general diameter of
malignant lobar tumors is greater than 3 cm. In our case,
the tumor diameter was 8 cm, which was quite large.

A few reports have described the differentiation of
malignant PT combined with liposarcoma. The main treat-
ment for malignant PT is extensive local resection or total
mastectomy. In recent years, cases of breast conservative
surgery have increased.>'**° Surgical margins have been
found to be important for predicting recurrence in some
studies, and most authors have chosen 10 mm as the
optimal margin.'*?'"?* However, this wide margin results
in poor cosmetic results, and total mastectomy remains
a good choice.®> Owing to the low rate of lymph node

involvement, no axillary lymph node dissection is

required.”*?° The study conducted by Gnerlich et al*’
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was the largest analysis investigating the role of adjuvant
radiotherapy (RT) in MPTB patients. It included 3120
patients with MPTB, of which 14.3% received adjuvant
RT. They found that adjuvant RT significantly reduced
local recurrence (adjusted hazard ratio: 0.43, 95% confi-
dence interval: 0.19-0.95). In other retrospective studies,
the local control rate of patients receiving adjuvant RT was
higher when compared to those only undergoing surgery,
but the characteristics between groups were significantly
uneven.”®*’ Many authors have noted that in MPTB trea-
ted with BCS (breast conserving surgery) or total mastect-
omy with tumor-free margins < 1 c¢cm, adjuvant irradiation
is indicated**>* The largest analysis conducted by
Gnerlich et al*’ showed that adjuvant RT had no effect
on disease-free survival or overall survival. In our case,
after 47 months of follow-up, the patient did not receive
any other relevant treatment, and there was no recurrence
or metastasis.

The difference between malignant PT and metaplastic
carcinoma lies in morphology. Metaplastic carcinoma may
also appear as spindle cells with nuclear pleomorphism,
abundant mitotic figures, and heterologous components.
The presence of leaf-like structures and a mild epithelial
cell lining are typical of PT. The malignant epithelial
component, if present, tends to be a metaplastic carci-
noma. If there is no epithelial component, particularly in
the core biopsy, immunohistochemistry may be useful.
CKs (eg, CKAE1/AE3, CK5/6, 34bE12, and Cam5.2)
and the myoepithelial marker p63 should be used for the
examination because the staining pattern of metaplastic
carcinoma is different from that of PT, and most CKs
and p63 will be negative in PTs.>*

Malignant PTs may be confused with primary liposar-
coma of the breast. Both are diseases of interstitial cell
proliferation. The diagnosis of these lesions depends on
the detection of residual epithelial structures, which are
present in PTs but not in primary breast tumors and rarely
in primary sarcomas of the breast. Although the clinical
features of both lesions are similar, PT with liposarcoma
differentiation is associated with a better prognosis than
primary liposarcoma of the breast.*® In our case, no further
treatment was necessary, and no recurrence or metastasis
was found after 47 months of follow-up. Therefore, we
believe that our case was likely to be malignant PT with
liposarcoma differentiation.

P16 and pl4ARF (pl4) are tumor-suppressor proteins
encoded by CDKN2A. P14 binds to MDM2 and inhibits its
ubiquitin ligase activity, thereby increasing the expression of

the anti-apoptotic protein p53. P16 binds to the CDK4/cyclin
D1 complex to inhibit cell cycle progression. Overexpression
of MDM2 and CDK4 is thought to trigger CDKN2A feed-
back, thereby inducing the transcription of pl4 and pl6
proteins and blocking cell proliferation. Accordingly, p16
expression levels are thought to be correlated with MDM2
and CDK4 levels and may be a promising marker for the
diagnosis of liposarcoma.>* MDM2 and CDK4 proteins are
strongly positive and/or show gene amplification in 90% of
primary WDLs/DDLs,” and 83% of ALT/WDLs showed
positive reactivity with p16.>” However, Lyle et al* found
that PTs with liposarcoma differentiation do not express
MDM2 or CDK4 and show no gene amplification in
WDLs/DDLs. Interestingly, immunohistochemical staining
for MDM2, CDK4, and p16 in the MLP and PLP areas in our
case was diffusely positive, potentially because of the patho-
genesis of malignant PT with mixed liposarcoma differentia-
tion, but the FISH test results showed that MDM2 was not
amplified. An MDM2/CEP12 ratio > 2 is considered ampli-
fied for the MDM2 gene;”® therefore, the results were more
consistent with our diagnosis of PT with MLP and PLP

139

differentiation. Liu et al”” identified mutually exclusive acti-

vation hotspot mutations in the phosphatidylinositol
3-kinase/RAS signal transduction gene associated with fibro-
blast growth factor receptor 1 in malignant PTs and identified
other driving factors, such as TERT promoter, TP53,
MED12, and the protein methyltransferases SETD2 and
KMT?2D, that are related to the pathogenesis and/or progres-
sion of tumors. No specific genomic characteristics of lipo-
sarcoma differentiation have been found; however, the
heterologous and non-heterologous components of malig-
nant PTs showed different signs of evolution, which may
have clinical significance for clonal selection and tumor
progression. Recently, a novel genome has been used as an
auxiliary diagnostic tool to characterize and analyze breast
fibroepithelial lesions,'* indicating that this gene detection
and prediction model may be used as an auxiliary tool to
diagnose breast epithelial lesions in the clinical setting using
core biopsy tissues.

In conclusion, our results highlighted the morphologi-
cal characteristics of PTs with MLP and PLP, and we
reviewed the literature describing the differentiation of
PTs with liposarcoma, which cannot be confirmed by
imaging alone. Our findings showed that diagnosis of
this tumor should be performed using a combination of
clinical, pathological, and immunohistochemical staining
results. The main treatment for malignant PT is extensive
local resection or total mastectomy.
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