Phyllodes Tumor of the Breast

Histopathologic Features, Differential Diagnosis, and Molecular/Genetic Updates

Yanhong Zhang, MD; Celina G. Kleer, MD

® Context.—Phyllodes tumor (PT) of the breast is a rare
fibroepithelial neoplasm with risks of local recurrence and
uncommon metastases. The classification proposed by the
World Health Organization for PTs into benign, border-
line, and malignant is based on a combination of several
histologic features. The differential diagnosis between PT
and fibroadenoma and the histologic grading of PT remain
challenging. In addition, the molecular pathogenesis of PT
is largely unknown.

Objective.—To provide an updated overview of patho-
logic features, diagnostic terminology, and molecular
alterations of PT.

hyllodes tumor (PT) of the breast is a rare fibroepithelial

neoplasm, accounting for 0.3% to 1% of all breast
tumors.' Phyllodes tumor presents a morphologic continu-
um from benign to malignant. The classification of PT
proposed by the World Health Organization (WHO) into
benign, borderline, and malignant is based on a combina-
tion of several histologic features, including stromal
cellularity, nuclear atypia, mitotic activity, stromal over-
growth, and tumor margin appearance.? However, there are
no defined criteria or clear cutoffs for individual histologic
parameters. Thus, the diagnosis of PTs based on the
integration of morphology remains challenging, particularly
in the distinction of PTs from fibroadenoma. The majority of
PTs behave in a benign fashion, with the risk of local
recurrence ranging from 17% in benign PT to 27% in
malignant PT. Distant metastasis occurs in up to 22% of
malignant PTs.? The histologic grading of PT generally
correlates with prognosis; however, histologic features have
not always been found to be predictive of clinical behavior in
individual patients.*® Several biomarkers have been report-
ed to be associated with histologic grades and show some
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Data Sources.—Current English literature related to PT
of the breast.

Conclusions.—Phyllodes tumor shows a wide spectrum of
morphology. There are no clearly distinct boundaries
between PT and fibroadenoma. Strict histologic assessment
of a combination of histologic features with classification
can help to achieve the correct diagnosis and provide useful
clinical information. The genomic landscapes of PT gener-
ated from genomic sequencing provide insights into the
molecular pathogenesis of PT and help to improve diagnostic
accuracy and identify potential drug targets in malignant PT.

(Arch Pathol Lab Med. 2016;140:665-671; doi: 10.5858/
arpa.2016-0042-RA)

prognostic value. However, at present, none of them have
been proven to be of clinical value in daily practice. The
pathogenesis and molecular biologic features of PT are
largely unknown. The most favored theory on the patho-
genesis of PT is epithelial-stromal interactions. The most
recent genome sequencing studies have identified frequent
MDM12 somatic mutations in fibroadenoma and PT,
suggesting these 2 entities may share a common origin.**°
This review will address some of the diagnostic problems
that are encountered in routine practice and provide
molecular/genetic updates on PTs of the breast.

HISTOPATHOLOGIC CHARACTERISTICS, GRADING,
AND DIFFERENTIAL DIAGNOSIS

Phyllodes tumors are biphasic tumors, histologically
characterized by a leaflike architecture resulting from an
enhanced intracanalicular growth pattern, cleftlike spaces
lined by epithelium, and hypercellular stroma. A variety of
terms have been used to describe these tumors, the most
common being cystosarcoma phyllodes, cellular fibroade-
noma, and juvenile fibroadenoma. The term cystosarcoma
phyllodes was first introduced by Miiller in 1838."" It is
derived from the Greek words sarcoma, meaning flesh
appearance, and phyllon, meaning leaflike. This term may be
misleading because the majority of PTs are benign. Cellular
fibroadenoma and juvenile fibroadenoma are common
benign biphasic tumors recognized as distinct entities; the
terms have been used interchangeably. Cellular fibroade-
noma has the architecture of a fibroadenoma with
prominent cellular stroma.? Juvenile fibroadenoma exhibits
a pericanalicular growth pattern, gynecomastoid-like epi-
thelial hyperplasia, and an increased stromal cellularity. '
Juvenile fibroadenomas occur predominantly in adolescents
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Table 1. Three-Tiered Grading System for Phyllodes Tumors Based on 2012 World Health Organization Classification
Histologic Features Benign Borderline Malignant
Stromal cellularity Mild Moderate Marked
Stromal atypia Mild Moderate Marked
Mitosis (per 10 HPF) <5 5-9 >10
Stromal overgrowth Absent Absent or focal Present
Tumor margin Well-defined Well-defined or focal infiltrative Infiltrative

Abbreviation: HPF, high-power field.

and may grow to enormous sizes.'? Juvenile fibroadenoma is
considered giant when larger than 5 cm.

Phyllodes tumor is classified as benign, borderline, or
malignant according to the WHO classification of 2012
(Table 1).*> Like all morphologic grading systems, this
grading scheme is somewhat subjective, especially at the
cut points between grades. Of note, PT may contain foci
with benign, borderline, and malignant features intermin-
gled within the same neoplasm, making careful gross
examination and histologic sampling particularly important.
Therefore, given PT’s histologic heterogeneity, excision is
required to accurately classify and grade PT. Definitions of
the histologic features commonly used for evaluation of PT
are summarized in Table 2.

Benign PT

Benign PT comprises 60% to 75% of all PT. The local
recurrence rate has been reported to be about 20%. These
tumors are characterized by mildly increased stromal
cellularity and mild nuclear atypia. Mitoses are rare, usually
fewer than 5 per 10 high-power fields (HPF) (Figure, A). It
can be difficult to distinguish benign PT from cellular
fibroadenoma because increased stromal cellularity is a
prominent feature of both. The distinction between the 2 is
important, however, because their treatment and prognosis
are different. The leaflike pattern that is typical of PT is not
seen in cellular fibroadenoma and, if present, is focal and
not well developed. One source of difficulty is the fact that

fibroadenoma-like areas can be seen in otherwise typical
cases of PT. Histologic heterogeneity in stromal cellularity
and structure in PT may further create difficulty in the
distinction between PT and cellular fibroadenoma on core
biopsy. Numerous studies have attempted to determine
which histologic features of PTs are useful in predicting PT
on surgical excision and clinical behavior.

Stromal cellularity is categorized as mild, moderate, or
marked, and is assessed in the most cellular area. The
threshold for mild stromal cellularity has not been well
defined. Jacobs et al"* have considered mildly increased
stromal cellularity as being approximately twice the
cellularity of that of normal perilobular stroma, with no or
rare stromal nuclei appearing to touch each other. With this
definition, they found all core biopsy specimens with mildly
increased stromal cellularity (n = 4) were fibroadenomas on
excision. Among 20 core biopsy specimens with moderate
stromal cellularity, 12 (60%) were fibroadenomas on
excision. The data suggest that their threshold for stromal
cellularity is low. Lee et al'® defined the stromal cellularity as
mild increase in at least 50% of the stroma in PT compared
with a typical fibroadenoma. In their study, the concordance
rate for diagnosis of PT on core needle biopsy and surgical
specimen was higher (36 of 50; 72%), and the reproduc-
ibility of assessment of this feature by 4 pathologists was
excellent. In another study by Yasir et al,'® increased stromal
cellularity was defined as the presence of stromal nuclear
crowding or overlapping. Although this cutoff seems to be

Table 2.

Definitions of Histologic Parameters for Evaluation of Phyllodes Tumors in Core Biopsy
and Excisional Specimens

Histologic Parameters

Definitions

Mitotic activity
Stromal overgrowth
field (x4)*
Stromal cellularity
Mild
overlapping'#18»
Moderate
Marked

Stromal atypia
Mild
Moderate
Marked

nucleoli

Intratumoral heterogeneity

Infiltrative tumor margin
Leaflike pattern

Stromal fragmentation

Subepithelial stromal condensation

Evaluated in more cellular areas and quantified per 10 HPF (X40)
Stromal proliferation without accompanying epithelial elements in at least 1 low-power

Evaluated in the most cellular areas
Twice cellularity of normal perilobular stroma with evenly spaced nuclei without

Intermediate in degree between mildly and markedly
Stromal cells in close contiguity with nuclei appearing to touch and overlapping

Small, uniform nuclei, with absent or inconspicuous nucleoli
Intermediate in degree between mildly and markedly
Marked variation in nuclear size and shape, irregular nuclear membrane, and prominent

Variability in structure and stromal cellularity or atypia in a single tumor

Projections of tumor stroma into the peritumoral stroma or adipose tissue

Enhanced intracanalicular pattern, characterized by projection of cellular stroma into
epithelial-lined clefts of cystic spaces

Stroma with epithelium at one or both ends of the biopsy fragment, result of leaflike
pattern in core biopsy specimen

Enhanced stromal cellularity adjacent to or underneath epithelium

Abbreviation: HPF, high-power field.
2 It is evaluated at a X10 field for core biopsy specimens.'>'®

b It is also defined as increase in at least 50% of the stroma compared with typical fibroadenoma.
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A, Benign phyllodes tumor. Leaflike projections of mildly increased stromal cellularity. B, Stromal fragmentation in core biopsy. C, Intratumoral
stromal heterogeneity. The stroma is fibrotic in the left lower area and hypercellular in the right upper area in the same tumor. D, Subepithelial stromal
condensation. E, Malignant phyllodes tumor. The stroma is markedly cellular and the stromal cells show marked nuclear pleomorphism. There are
numerous mitoses. F, Malignant spindle cell proliferation. The presence of a bland epithelial component in the upper right of this core biopsy is typical
of malignant phyllodes tumor. G, Borderline phyllodes tumor. The stroma is moderately cellular and the stromal cells show moderate nuclear atypia
(hematoxylin-eosin, original magnifications X40 [A and D], X20 [B and F], X10 [C], and X100 [E and C]).
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comparable with that for moderate cellularity in other
studies, increased stromal cellularity was not a helpful
feature in predicting a diagnosis of PT on excision in their
study. Although the data on increased stromal cellularity are
inconsistent, many studies have found that subepithelial
condensation of stromal cells is a common feature of PT and
may be the best predictor of PT in core biopsies.'®

Stromal overgrowth, defined as a stromal proliferation
without accompanying epithelial elements in at least 1 low-
power field (X4), is a feature of PT. However, stromal
overgrowth is absent in benign PT. Several studies found
that stromal overgrowth defined as a X10 field with no
epithelium could be useful to diagnose PT on core
biopsy.'>'® A leaflike pattern, often seen in PT, can also be
present in fibroadenoma and is not useful unless it is diffuse
and well developed. Stromal nuclear atypia and infiltrative
margin (adipose tissue within stroma) were found to be
useful features in the distinction of PT and fibroadenoma on
core biopsy,'>!¢ but another study found that they were of
little value.**

The mitotic activity of the stromal cells may also help
distinguish PT from cellular fibroadenoma. Stromal mitoses
have been evaluated in more cellular areas and quantified
per 10 HPF. A minority of fibroadenomas have 1 or 2
mitoses per 10 HPF. Mitoses reported by Jacobs et al'* (>2/
10 HPF) and by Jara-Lazaro et al'” (>2/10 HPF) might help
determine the probability of PT. Similarly, Yasir et al'® found
the average mitotic figures per 10 HPF were 3 and 0.8 in PT
and cellular fibroepithelial lesions, respectively. This sug-
gests that a count of 3 or more mitoses per 10 HPF favors PT
over fibroadenoma. However, the mitotic count of up to 5/
10 HPF has been reported in rare pediatric breast
fibroadenomas.*?

It is clear that PT and fibroadenoma exhibit overlapping
histologic features that should not be used in isolation to
make a definitive diagnosis. Thus, taking into account
several of these features may be a more sensible approach.
In a study of 62 cellular fibroepithelial lesions on core biopsy
with follow-up excisions, the histologic features of stromal
overgrowth at X10, increased stromal cellularity, stromal
fragmentation (Figure, B), infiltration into fat, stromal
heterogeneity (Figure, C), subepithelial stromal condensa-
tion (Figure, D), and stromal cell nuclear pleomorphism
were evaluated. It was found that PT had more features (3.9)
on average compared with cellular fibroadenoma (1.4). The
findings suggest that presence of any 3 or more of these
histologic features on core biopsy favors PT over fibroad-
enoma.'®

Despite great efforts toward improving the pathologist’s
ability to better distinguish fibroepithelial lesions, there is
still poor interobserver reproducibility. Studies show that
the overall rate of correctly diagnosed fibroadenoma and PT
ranges from 40% to 60%."?° In a study by Lawton et al,*!
21 fibroepithelial lesions were evaluated among 10 breast
pathologists. There was a uniform agreement on only 2
cases (10%). Of the remaining 19 cases, the diagnoses
included fibroadenoma, cellular fibroadenoma, PT, and
borderline PT. There was fair agreement on the separation
of fibroadenoma/cellular fibroadenoma/benign PT from
borderline and malignant PT. A number of studies reported
that the recurrence rate of fibroadenoma is up to 17%,
which is similar to that for benign PT. In addition, studies
have shown that expectant management towards benign
PTs excised without clear margins may be an acceptable
option, given an overall low local recurrence rate and rare
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recurrence as a high-grade tumor from a benign PT.>>*
These findings suggest that distinction between these 2
entities may not be significant. In core biopsies with
morphologic features of fibroadenoma and benign PT, a
diagnosis of benign fibroepithelial neoplasm is advocated by
some authors and recommended by the WHO classification
system.?

Malignant PT

Malignant PT is characterized by marked stromal cellu-
larity and nuclear pleomorphism, stromal overgrowth, and
more than 10 mitoses per 10 HPF (Figure, E). The presence
of heterologous sarcomatous elements (liposarcoma, chon-
drosarcoma, and osteosarcoma) alone qualifies a PT as
malignant. The differential diagnosis of malignant PT
includes sarcomas and metaplastic (sarcomatoid) carcinoma.

The distinction of malignant PT from metaplastic (sarco-
matoid) carcinoma is based on the morphology. Like
malignant PT, metaplastic (sarcomatoid) carcinoma may
also show spindle cells with nuclear pleomorphism,
abundant mitoses, and heterologous elements. The pres-
ence of leaflike architecture and bland epithelium lining
cleftlike spaces is typical of PT (Figure, F), whereas
malignant epithelial elements, if present, are more likely
to be metaplastic (sarcomatoid) carcinoma. If there is no
epithelial component, particularly on core biopsy, immuno-
histochemistry may be helpful. A panel of cytokeratins
(CKs) (CKAE1/AE3, CK5/6, 34BE12, cam 5.2) and myoepi-
thelial marker p63#* should be used for the workup because
of variable staining patterns in metaplastic (sarcomatoid)
carcinomas. The majority of PTs are negative for CKs and
p63.% In a recent study of 32 PTs, it was found that p63, p40,
and CKs can be focally positive in 57%, 29% and 21%,
respectively, of malignant PT but not in benign or borderline
PT.?® These results suggest that these markers alone should
not be used to differentiate metaplastic (sarcomatoid)
carcinoma from malignant PT on core biopsy. CD34 has
been reported to be positive in up to 75% of PT and negative
in metaplastic (sarcomatoid) carcinoma.?’2° However,
CD34 positivity was observed in only 37% to 57% of
malignant PTs. Nuclear expression of -catenin is observed
in PT; it is frequently seen in the stromal cells of benign and
borderline PT.** A small proportion of sarcomatoid carci-
noma may also show nuclear staining of B-catenin. When
there is histologic and immunohistochemical ambiguity, a
diagnosis of malignant spindle cell neoplasm with a
descriptive comment is necessary and surgical excision is
recommended for further classification because the clinical
treatments for these 2 entities are different. Malignant PT is
typically treated with complete surgical excision. Routine
sentinel lymph node biopsy is not recommended because of
rare lymph node metastases. The role of adjuvant radio-
therapy and chemotherapy for malignant PT remains
uncertain, whereas metaplastic carcinoma is managed by
neoadjuvant or adjuvant chemotherapy and surgery includ-
ing sentinel lymph node biopsy.

Primary sarcoma of the breast is extremely rare. The
majority of sarcomas of the breast arise as a component of a
malignant PT. Some undifferentiated mammary sarcomas
are morphologically indistinguishable from malignant PT on
core biopsy, particularly when no epithelial component is
present. However, the clinical management of these 2
entities diagnosed on core biopsy is similar. Several studies
have demonstrated that patients with primary breast
sarcoma had identical disease-free survival and overall
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survival rates to those of patients with malignant PT.*!
Reports suggest that approximately 10% to 15% of PTs are
malignant. Local recurrence rate ranges from 15% to 40%,
and 9% to 27% of malignant PTs metastasize to distal
organs. Most patients with metastasis do not respond to
standard chemotherapy and die within 3 years of the initial
treatment.

Borderline PT

According to the WHO definition, PTs that don’t possess
all the features for malignancy are classified as borderline;
this division is arbitrary. Borderline PT may have a
circumscribed or focally invasive border, frequent mitoses
(5-9/10 HPF), moderate stromal cellularity, and stromal
atypia (Figure, G). Stromal overgrowth is usually absent.
Borderline PT has not been extensively investigated
compared with benign and malignant PT. The lower limit
for diagnosis of borderline PT is not well defined. Moderate
stromal cellularity, nuclear atypia, and focal infiltrative
border are the features that can be seen in both benign
and borderline PTs. It appears that mitotic activity is an
important parameter for the diagnosis of borderline PT. The
mitosis cutoff for the diagnosis of borderline PT has been
clearly defined as 5 to 9/10 HPF in the WHO classification of
2012. In a study by Ang et al,** the gene expression profiling
of 29 PTs showed that 2 histologically classified borderline
cases had expression profiles similar to those of the benign
and malignant groups. These 2 cases showed moderate
stromal cellularity and atypia, focally infiltrative borders. The
mitoses were 2/10 HPF in the profiled with benign group
and an average of 6/10 HPF in the profiled with malignant
group. This observation suggests that mitotic activity may be
an important parameter among the histologic features.
Further histologic and molecular correlation studies will
help in redefining the features for tumor grading. The
percentage of borderline PT ranges from 12% to 26% in
different large series. Its local recurrence rate has been
reported to be 14% to 25%. There are rare reports of
borderline PTs metastasizing, although these events have
not been well characterized.

MOLECULAR/GENETIC FEATURES

The molecular correlations of histologic grade and
malignant behavior and the genetic alterations driving PT
development remain unclear.

The most favored theory on the pathogenesis of PT is
epithelial-stromal interactions. Morphologic association of
leaflike fronds with subepithelial stromal condensation hints
at the close relationship between epithelial and stromal
elements in PT. This observation is supported by the
findings of the stromal expression of [-catenin and
insulin-like growth factors (IGF-I and II)**** and the
epithelial overexpression of WntSa in benign/borderline
PT. Furthermore, activation of the Wnt signaling pathway in
the epithelium may promote stromal overgrowth.

Multiple immunohistochemistry markers have been stud-
ied in an attempt to improve the classification of PT and to
predict its outcomes. Studies have shown that p53, Ki67,
CD117,***® EGFR,*® p16,%” and VEGF®® (being the lowest in
benign PT and the highest in malignant PT) are associated
with histologic grades of PT, but none has been proven to be
clinically useful. Among these markers, p53 expression and
Ki67 index were reported in some studies’®*® to be
significantly associated with disease-free and overall sur-
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vivals, but other studies*'*?> found no association with
recurrence or clinical behavior. PAX3 and SIX1 expression
by immunohistochemistry** and gene-expression analysis**
has recently been identified in borderline and malignant PTs
and correlates with a poor clinical outcome.

Recent studies have focused on defining a molecular
classification of PT. Comparative genomic hybridization
studies show recurrent chromosome imbalances including
+1q, —6q, —13q, —9p, —10p, and +5p. Although currently no
chromosomal aberrations were found to be specific to PT,
Lae et al®® reported that low-grade (benign) and high-grade
(borderline/malignant) PTs segregate in 2 genetic groups
based on genomic alterations, with high-grade PT consis-
tently showing 1q gain and 13q loss and low-grade PT
showing few or no alterations. Similar chromosomal
changes were identified by Jones et al* in their array-
GCH analysis in 126 PTs. We must note, however, that Lv et
al*’ found the gain of 1q did not correlate with grades, and
Lu et al*® reported that 1q gain was found mainly in benign
PTs (6 of 12; 50%), underscoring the need for more
conclusive investigations. Loss of 13q in PT suggests that
the RB1 gene localized in these regions could be relevant to
PT oncogenesis or progression.** In addition, frequent
deletions of 9p21 associated with loss of p16™&** protein
expression were identified in borderline/malignant PT.*

Gene expression-based classification of PT has been
proposed in recent studies. Vidal et al* analyzed the
expression of 105 breast cancer-related genes in 75
fibroepithelial lesions. The overall profile of benign PT
was found more similar to fibroadenomas and the
majority of benign and borderline PT was identified as
normallike by intrinsic breast cancer subtyping, whereas
malignant PT was identified as claudin-low and basal-
like. Similar to metaplastic carcinomas, malignant PT
showed enrichment for cancer stem cell-related biological
processes.”® In another study by Ang et al,* a heat map
generated from 29 genes showed 3 distinct groups of
benign, borderline, and malignant tumors, consistent with
histologic classifications. The discrepancy in these studies
is largely due to the smaller size of cohort studies with
smaller numbers of borderline and malignant PT, and
may also reflect differences in the criteria used for
classifying PT. Recent genome sequencing studies provide
insights into the molecular pathogenesis of breast PTs
and identify the potential opportunities for personalized
treatment in malignant PT. Recurrent mediator complex
subunit 12 (MED12) somatic mutations, frequently (50%-—
70%) in uterine leiomyomas, has been recently identified
in fibroadenomas (59%-67%) and PTs (45%—67%). In
addition, MED12 is frequently mutated in all PTs.®”91:52
These findings suggest both entities may share genetic
etiology, and MDM2 mutation is an early event of
fibroadenoma and PT pathogenesis. In a recent study by
Tan et al,'® exome sequencing of 22 PTs and targeted
sequencing of 100 fibroepithelial tumors exhibited the
genetic landscapes of fibroepithelial tumors, with frequent
MED12 (73%) and RARA (32%) mutations in both
fibroadenoma and all grades of PT. Of note, mutations
in FLNA (28%), SETD2 (21%), and KMT2 (9%) were
observed only in PT, suggesting a role in driving PT
development. Genome-wide analysis of DNA copy
number variations and genomic sequencing have dem-
onstrated significant numbers of amplifications and
deletions. In addition to the loss of function mutation in
p53, deleterious mutations in Rb1 and NF1, mutations in
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PIK3CA and ERBB4, and high-level copy number
variations of EGFR were detected in borderline/malignant
tumors.'® Cani et al®® reported that p53, RB1, and NF1
mutations and EGFR***® and IGFIR gene amplifications
were detected in only the malignant tumors. These
genetic alterations are likely responsible for acquisition
of malignant characteristics and aggressive biologic
behavior in PT. EGFR and IGFIR may be promising
therapeutic targets.

CONCLUSIONS

In summary, PTs are rare fibroepithelial neoplasms with
potential for local recurrence and distant metastasis.
Histologic classification of PT into benign, borderline, and
malignant is challenging in some cases, and the histologic
classification does not correlate well with biological behav-
ior. Distinction between fibroadenoma and PT is important
but may be difficult on core biopsy. PTs show intratumoral
morphologic and genetic heterogeneity, which may con-
tribute to their unpredictable clinical behavior and the
difficulty in classifying them histologically. Expression-
based and genomics-based classifications of breast fibroe-
pithelial tumors may help with the diagnosis and grading of
PT, when used in combination with histologic criteria, and
provide clinically useful prognostic information. The geno-
mic landscapes of PT generated from genomic sequencing
provide insights into molecular pathogenesis of PT and help
to improve diagnostic accuracy and identify potential drug
targets in malignant PT. However, most published studies
have a limited number of samples, in particular a smaller
number of borderline and malignant tumors. Further studies
including a large series of well-characterized PT with
follow-up data are needed.
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