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Summary

Breast phyllodes tumors are fibroepithelial neoplasms with variable risk of aggressive local

recurrence and distant metastasis, and the molecular pathogenesis is unclear. Here, we

systematically study p16 and Rb expression in 34 phyllodes tumors in relation to proliferation.

Tissue microarrays were constructed from 10 benign, 10 borderline, and 14 malignant phyllodes

(5 cores/tumor) and from 10 fibroadenomas (2 cores/tumor). Tissue microarrays were labeled by

immunohistochemistry for p16, Rb, and Ki-67 and by in situ hybridization for high-risk human

papillomavirus. Cytoplasmic and nuclear p16 were scored by percentage labeling (0%-100%,

diffuse >95%) and intensity. Nuclear Rb was scored by percentage labeling (0%-100%, diffuse

>75%) and intensity. p16 and Rb labeling were repeated on whole sections of cases with Rb loss

on the tissue microarray. Twenty-nine percent (4/14) malignant phyllodes showed diffuse strong

p16 labeling with Rb loss in malignant cells (diffuse p16+/Rb−), whereas 21% (3/14) malignant

phyllodes showed the reverse pattern of p16 loss with diffuse strong Rb (p16−/diffuse Rb+).

Results were consistent between tissue microarrays and whole sections. No borderline phyllodes,

benign phyllodes, or fibroadenoma showed diffuse p16+/Rb− or p16−/diffuse Rb+ phenotypes.

No cases contained high-risk human papillomavirus. Average Ki-67 proliferation indices were

15% in malignant phyllodes, 1.7% in borderline phyllodes, 0.5% in benign phyllodes, and 0% in

fibroadenoma. Ki-67 was highest in malignant phyllodes with diffuse p16+/Rb− labeling. In

summary, 50% malignant phyllodes display evidence of Rb/p16 pathway alterations, likely

reflecting p16 or Rb inactivation. These and other mechanisms may contribute to the increased

proliferation in malignant phyllodes relative to other fibroepithelial neoplasms.
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1. Introduction

Phyllodes tumors of the breast are fibroepithelial neoplasms [1,2] that carry variable risk for

aggressive local recurrence and distant metastasis, with the rate of distant metastasis

reaching more than 25% in malignant phyllodes (MP) tumors [1]. To date, the molecular

pathogenesis of phyllodes tumors is unclear, but dysregulation of the cell cycle may play a

role as evidenced by increased Ki-67 proliferation labeling in high-grade phyllodes tumors

[3-7]. The cell cycle mediators Rb and p16 modulate the G1-S cell cycle checkpoint [8-10]

and have been shown to be altered in invasive ductal carcinomas of the breast [11],

particularly in basal-like breast carcinomas, which frequently demonstrate a diffuse p16+/Rb

− phenotype by immunohistochemistry (IHC) [12]. However, the presence of p16 and Rb

changes in phyllodes tumors has been inconsistent. Although several studies have shown

increased p16 and Rb IHC protein labeling in high-grade phyllodes tumors [6,13], others

have shown loss of chromosome 9p (encompassing the p16 locus 9p21) and/or chromosome

13 (encompassing the Rb locus 13q14) [14-16]. Importantly, few studies have correlated p16

and Rb expression in individual phyllodes tumors. Here, we systematically study the

expression of p16 and Rb in a series of benign phyllodes (BP), borderline phyllodes (BLP)

and MP tumors in relation to proliferation.

2. Materials and methods

2.1. Tissue microarray construction and case selection

This study was approved by the Institutional Review Board of the Johns Hopkins Medical

Institutions. We evaluated a series of tissue microarrays (TMAs) constructed from archived

paraffin tissue blocks of 34 fibroepithelial neoplasms of the breast, as previously described

[17,18]. The fibroepithelial neoplasms included 10 BP, 10 BLP, 14 MP, and 10

fibroadenomas (FAs). The cases were selected from consecutive excisional specimens from

the in-house surgical service and consultation service of our institution. Cases with minimal

tumor on the excision specimen were excluded. The phyllodes tumors were subdivided into

the categories of benign, borderline, and malignant based on tumor circumscription, the

presence of stromal overgrowth, stromal cellularity, stromal pleomorphism, and stromal

mitoses (Table 1), using established criteria [1,2]. All malignant phyllodes cases were high

grade. All cases included in the TMA were selected as classic examples of each subtype;

cases that were difficult to subclassify (ie, had features of >1 subtype) were purposely

excluded. Each TMA consisted of 99 cores measuring 1.4 mm in diameter, including 9 cores

of normal control organ tissues. Five cores were taken per phyllodes tumor and 2 cores per

FA, to minimize sampling error. One core per phyllodes case included adjacent benign

breast lobules as an internal control.

2.2. IHC in situ hybridization and expression scoring

The TMAs were labeled by IHC for p16, Rb, and Ki-67 using methods previously described

[12]. Briefly, the TMAs were labeled for p16 (E6H4 monoclonal, predilute, reference no.

705-4713) and Ki-67 (rabbit monoclonal, predilute, clone 30-9, catalog no. 790-4286;

Ventana Medical Systems, Inc, Tucson, AZ) using the Benchmark XT automated slide

stainer (Ventana Medical Systems, Inc). The TMAs were labeled for Rb with a manual
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method, using the G3-245 mouse monoclonal antibody (1:2000 dilution; BD Biosciences,

Pharmingen, San Jose, CA) after 20-minute antigen retrieval in 10 mM citrate buffer. Rb

labeling was visualized with the Dako LSAB kit (catalog no. K0690).

The IHC results were averaged over the 4 to 5 cores per tumor. Ki-67 proliferation indices

were calculated as percent mitotic rate in 4 to 5 cores and averaged; if no mitoses were

present in 1 high-power field, the proliferation index was considered 0% for calculation

purposes. The presence of mitoses in the epithelial cells served as an internal control.

Nuclear and cytoplasmic p16 labeling was scored by labeling intensity (weak [W], moderate

[M], or strong [S]) and percentage labeling from 0% to 100%, with diffuse labeling defined

as more than 95%. Nuclear Rb labeling was scored by labeling intensity (W, M, or S) and

percentage labeling from 0% to 100%, with diffuse labeling defined as more than 75%.

Cytoplasmic Rb labeling was considered nonspecific. Tumors were considered negative for

Rb when the neoplastic stromal nuclei were negative and the benign stromal or epithelial

cell nuclei were positive, serving as an internal control. The p16 and Rb IHC was repeated

on whole sections from donor blocks of all cases with negative Rb labeling on the TMA.

IHC scoring was reviewed and evaluated manually by 2 board-certified pathologists (A. C.

M. and P. A.).

In addition, the TMAs were also labeled by in situ hybridization for high-risk human

papillomavirus (HR-HPV) because p16 expression is also increased in human

papillomavirus (HPV) infection [19]. The in situ hybridization was performed as previously

described [20] using the HPV Inform III family 16 kit with iVIEW Blue+ v3 detection

according to the manufacturer’s recommendations (Ventana Medical Systems, Inc).

3. Results

3.1. Clinicopathologic characteristics

The clinicopathologic characteristics of the patients with fibroepithelial neoplasms of the

breast (n = 34) can be seen in Table 2. Briefly, the patients with MP (n = 14) had a mean age

at diagnosis of 48.3 years (range, 30-67 years), with a mean tumor size of 7.6 cm (range,

2.5-20 cm). Of 6 patients with MP and available postsurgical follow-up data, 1 had a

positive resection margin, and 5 had negative resection margins, and none developed local

recurrences; however, 50% (3/6) developed metastatic disease (sites: 2 lung, 1 brain), and

those 3 patients died due to their disease. The remaining 3 patients were alive with no

evidence of disease at the time of last follow-up. Two patients with MP received adjuvant

radiation therapy, and none received chemotherapy. The patients with BLP (n = 10) had a

mean age of diagnosis of 45.9 years (range, 20-76 years), with a mean tumor size of 5.2 cm

(range, 1-12 cm). Of the 9 patients with BLP and follow-up data, none developed local

recurrence, metastasis, or death due to disease. One patient with BLP received adjuvant

radiation therapy for a concomitant diagnosis of ductal carcinoma in situ, and no patient

received chemotherapy. The patients with BP (n = 10) had a mean age of diagnosis of 38

years (range, 18-48 years), with a mean tumor size of 2.1 cm (range, 1-2.5 cm). Of the 9

patients with BP and follow-up data, none developed local recurrence, metastasis, or death

due to disease. The patients in the control group with FA (n = 10) had a mean age of

diagnosis of 26.2 years (range, 13-51 years), with a mean tumor size of 3.2 cm (range, 1-6.3
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cm). None of the patients with FA developed local recurrence, metastasis, or death due to

disease.

3.2. p16 and Rb immunohistochemistry

The patterns of p16 and Rb alterations by IHC are listed in Table 3. Among the MP cases,

29% (4/14) demonstrated diffuse strong p16 labeling with Rb loss in cytologically malignant

stromal cells (“diffuse p16+/Rb−” phenotype) (Fig. A-C), whereas 21% (3/14) demonstrated

the reverse pattern of p16 loss with diffuse strong Rb labeling (“p16−/diffuse Rb+”

phenotype) (Fig. 1D-F). Abundant admixed benign vessels and nonatypical stromal cells

(representing entrapped native stroma) exhibited intact Rb labeling in the cases with Rb loss

in the malignant stromal cells, serving as an intact internal positive control. These results

were consistent between TMA and whole sections. The remaining 50% of MP (7/14)

demonstrated weak p16 labeling and weak Rb labeling (“low p16+/low Rb+” phenotype).

The pattern of p16 and Rb immunolabeling did not correlate with patient survival in the 6

patients with MP and clinical follow-up. Of the 3 patients with MP who died due to disease,

1 displayed the p16−/diffuse Rb+ phenotype, and 2 displayed the low p16+/low Rb+

phenotype. Of the 3 patients with MP who had no evidence of disease at last follow-up, 1

displayed the p16−/diffuse Rb+ phenotype, 1 displayed the diffuse p16+/Rb1 phenotype,

and 1 displayed the low p16+/low Rb+ phenotype.

No case of BLP, BP, or FA showed the “diffuse p16+/Rb−” or “p16−/diffuse Rb+”

phenotype seen in 50% of the MP (P = .02, Fisher exact test). Instead, 100% BLP, 70% BP,

and 100% FA demonstrated the “low p16+/low Rb+” phenotype (Fig. G-H). The remaining

30% of BP demonstrated p16 loss with weak Rb labeling (“p16−/low Rb” phenotype).

3.3. Ki-67 proliferation indices

The mean Ki-67 proliferation indices in the fibroepithelial neoplasms were 15% in MP,

1.7% in BLP, 0.5% in BP, and 0% in FA (Table 4). In the MP, the cases with diffuse

p16+/Rb− expression had higher mean Ki-67 (19%) than the cases with p16−/diffuse Rb+

expression (8%); however, this difference was not statistically significant in this relatively

small cohort (P = .16, t test).

3.4. HPV in situ hybridization

Because diffuse p16 expression is also associated with HR-HPV infection in the oropharynx

and cervix [19], the TMAs were also labeled by in situ hybridization for HR-HPV. No case

contained evidence of HR-HPV DNA integration by in situ hybridization.

4. Discussion

Fibroepithelial lesions of the breast are neoplastic proliferations of the mammary stroma

[1,2,21,22], accompanied by epithelial components that may or may not also display clonal

alterations [23,24]. Breast fibroepithelial lesions range from benign to malignant, including

FA and phyllodes tumors, which have variable grades (BP, BLP, and MP). Although the

morphologic distinction between FA and MP is not difficult, the criteria for separating

cellular FA from BP are less straightforward [21]. However, the distinction is critical
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because phyllodes tumors carry variably increased risk for aggressive local recurrence and

metastases. The rate of local recurrence varies from less than 20% in BP to greater than 25%

in MP [22], with the presence of positive margins at the time of surgical resection for

phyllodes tumor strongly associated with the risk of local recurrence [25-27]. Overall,

approximately 2% of phyllodes tumors metastasize [2]. The reported rate of distant

metastases ranges from less than 5% in BP and BLP to 25% in MP [1], although the reports

of metastases in the BP likely represent undersampling of more aggressive lesions.

However, histologic features have failed to accurately predict which MP will behave most

aggressively.

The exact pathogenesis of fibroepithelial lesions of the breast remains unclear. Although FA

was initially believed to be hyperplastic rather than neoplastic [28], subsequent studies

revealed monoclonality in FA as well as shared chromosomal aberrations between FA and

phyllodes tumors in the same patient [29-31]. Furthermore, the molecular changes

underlying the progression of phyllodes tumors are unclear. MP tumors are known to have

increased Ki-67 proliferation indices as compared with BLP, and BLP as compared with BP

[3-7], lending support to the hypothesis that cell cycle regulation plays a key role in the

progression of phyllodes tumors.

The proteins Rb (retinoblastoma protein) and p16 are key regulators of the cell cycle and

proliferation [8-10]. Rb functions to repress the E2F transcription factors, thereby acting to

put a brake on entry into the S-phase of the cell cycle. Cyclin-dependent kinases act to

hyperphosphorylate Rb, causing dissociation of Rb from the E2F transcription factors and

allowing progression through the cell cycle. The protein p16 is an inhibitor of cyclin-

dependent kinase D1 and thus inhibits the hyperphosphorylation of Rb and entry into the

cell cycle.

Loss of Rb in human cancers including breast cancer typically results in compensatory up-

regulation of p16, and vice versa [11,32,33]. Invasive basal-like ductal breast carcinomas

often show a p16+/Rb− phenotype [12], but the results in phyllodes tumors have been

inconsistent. Studies by Kuijper et al [6] and Karim et al [13] showed an increase in both

p16 and Rb protein expression by IHC with increasing grade of phyllodes tumor and

reported no inverse relationship between p16 and Rb. In contrast, Esposito et al [7] found no

significant association between p16 expression by IHC and grade of phyllodes tumor but did

not investigate Rb expression.

The molecular changes undermining the pathogenesis of phyllodes tumors have also been

investigated by comparative genomic hybridization studies, which show that phyllodes

tumors but not FAs display chromosomal instability [16]. Furthermore, BP and BLP/MP

segregate based on genomic alterations [14,15,34], with higher grade phyllodes tumor

consistently showing gain of 1q [14,15,35]. Despite the IHC evidence of increased p16 and

Rb expression in high-grade phyllodes tumors [6,13], genomic studies have actually

demonstrated loss of chromosomal material encompassing the p16 locus (9p21) and/or Rb

locus (13q14) in high-grade phyllodes tumors [14-16]. Jones et al [15] also demonstrated

loss of p16 expression by IHC in phyllodes tumors showing −9p, but no decrease in Rb

expression by mRNA in tumors with −13.
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Here, we demonstrate for the first time an inverse relationship of p16 and Rb expression in

phyllodes tumors. Most notably, these alterations in the p16/Rb pathway were specifically

seen in half of MP, but not in BLP, BP, or FA. Twenty-nine percent of MP displayed strong

diffuse p16 labeling with Rb loss in malignant cells (diffuse p16+/Rb−), suggesting

inactivation of Rb with compensatory increase in p16 expression, a pattern previously

reported in invasive ductal carcinoma [11,12]. A separate subset of MP, 21% of cases,

displayed the reverse pattern of p16 loss with diffuse strong Rb expression in malignant

cells (p16−/diffuse Rb+). This pattern likely reflects inactivation of p16. A caveat to this is

that it is unclear whether the Rb antibody is able to recognize the hyperphosphorylated form

of Rb [9], in which case the diffuse, strong Rb labeling could potentially reflect the

accumulation of inactive Rb. Nevertheless, these data suggest that the G1-S cell cycle

checkpoint is inactivated in half of MP.

In addition, our results support previous reports of increased Ki-67 proliferation indices in

MP and BLP compared with BP [3-7]. Furthermore, the subset of MP with diffuse p16

labeling and Rb loss (diffuse p16+/Rb−) had the highest average Ki-67 proliferation index.

Although not statistically significant, this finding is evidence that the cells are actively

proceeding through the cell cycle and proliferating, supporting the concept that Rb is lost in

these cells.

Our finding that alterations in the p16/Rb pathway are limited to MP illustrates several

points. First, as detailed above, it suggests that these and other mechanisms contribute to the

increased proliferation in MP relative to the other fibroepithelial neoplasms. Second, it

suggests that immunolabeling for p16, Rb, and Ki-67 may be useful in differentiating

between MP and BLP on a limited sample such as a core needle biopsy, where the

distinction can be difficult [22]. Third, it shows that the diffuse p16+/Rb− phenotype in

breast is not specific to basal-like invasive ductal carcinoma, as it may also be seen in MP.

Finally, recent studies have suggested that triple negative breast carcinomas with loss of Rb

respond better to chemotherapy [36-38]. Our findings suggest that the MP with the diffuse

p16+/Rb− phenotype might be a subset of phyllodes tumors, which could be responsive to

chemotherapy.

We recognize that our case series is relatively small with partial follow-up, and larger

studies are clearly needed. In addition, the study is limited by the TMA methodology used,

and phyllodes tumors are known to have considerable intratumoral heterogeneity even on

genomic studies [15]. However, we attempted to address this issue by taking multiple large

cores per tumor, which were selected from numerous areas of the tumor both adjacent to and

far from the lesional epithelium.

In summary, malignant breast phyllodes tumors are fibroepithelial neoplasms with variable

risk of aggressive local recurrence and distant metastasis. Here, we demonstrate alterations

in the p16/Rb protein modulators of the G1-S cell cycle checkpoint in a significant subset of

MP but not BLP, BP or FA. Our results suggest that alterations in the p16/Rb pathway

contribute to the increased proliferation seen in MP. Additional large studies are needed to

further clarify the role of the cell cycle in the pathogenesis of phyllodes tumors.
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Fig.
Half of malignant phyllodes show p16 and Rb alterations by IHC, compared with no cases of BLP or BP. C, Twenty-nine

percent of MP (A, hematoxylin and eosin) show strong, diffuse cytoplasmic, and nuclear p16 positivity (B), with loss of nuclear

Rb labeling (C) in the pleomorphic malignant cells. Positive internal control labeling of nuclear Rb is present the admixed

benign stromal cells and inflammatory cells. Twenty-one percent of MP (D, hematoxylin and eosin) show loss of p16 labeling

(E), with strong and diffuse nuclear Rb labeling (F). All BLP (G, hematoxylin and eosin) show weak, patchy p16 labeling (H) in

lesional stromal cells, with weak patchy-diffuse Rb labeling (I). (×160).
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Table 1

Criteria for subclassification of breast phyllodes tumors

Morphologic features BP BLP MP

Circumscription Well circumscribed Intermediate Infiltrative

Stromal pattern Uniform Heterogeneous Overgrowth

Stromal cellularity Moderate Moderate Marked

Stromal pleomorphism Mild-moderate Moderate Marked

Stromal mitoses Few (<5/10 HPF) Intermediate (5-10/10 HPF) Numerous (>10/10 HPF)

Note: Adapted from Rosen’s Breast Pathology [1]; WHO Classification of Tumours of the Breast [2]. Abbreviation: HPF, high-power field.
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Table 2

Clinical data and pathologic features of the breast fibroepithelial neoplasms

MP BLP BP FA

n 14 10 10 10

Age (y), mean (range) 48.3 (30-67) 45.9 (20-76) 38 (18-48) 26.2 (13-51)

Race (n)

 White 5 4 5 4

 Black 3 3 4 4

 Other/NR 6 3 1 2

Resection (n)

 Lumpectomy 8 10 10 10

 Mastectomy 6 0 0 0

Tumor size (cm) 7.6 (2.5-20) 5.2 (1-12) 2.1 (1-2.5) 3.2 (1-6.3)

Location

 Left 8 5 3 7

 Right 6 5 7 3

Final margins

 Positive 3 6 6 6

 Negative 11 4 4 1

 Not reported 0 0 0 3

Subset of cases with available follow-up data

Number 6 9 9 9

Mean follow-up (mo) 39.3 (15–110) 38.7 (7–112) 47.9 (0.5-129) 1 (0.3-6)

Neoadjuvant treatment (n) 0 0 0 0

Adjuvant treatment (n) 2 a 1 b 0 0

No evidence disease (n) 3 (50%) 9 (100%) 9 (100%) 9 (100%)

Local recurrence (n) 0 0 0 0

Metastasis (n) 3 c 0 0 0

Died due to disease(n) 3 0 0 0

Abbreviation: NR, not reported.

All 3 patients who had metastases died due to disease.

a
Radiation.

b
Radiation, for ductal carcinoma in situ.

c
Fifty percent of all MP cases with follow-up had metastases, which consisted of 2 to the lung and 1 to the brain. All metastases occurred within 3

years.
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Table 3

Patterns of alteration in the p16/Rb pathway in breast fibroepithelial neoplasms

p16/Rb expression
pattern

MP BLP BP FA

Diffuse p16+/Rb− 4 (29%) 0 0 0

p16−/diffuse Rb+ 3 (21%) 0 0 0

Low p16+/low Rb+ 7 (50%) 10 (100%) 7 (70%) 10 (100%)

p16−/low Rb+ 0 0 3 (30%) 0

Total (n) 14 10 10 10
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Table 4

Ki-67 proliferation indices in breast fibroepithelial neoplasms

Ki-67 proliferation index (mean)

MP BLP BP FA

All cases 15 % 1.7% 0.5% 0%

Diffuse p16+/Rb− 19% N/A N/A N/A

p16−/diffuse Rb+ 8% N/A N/A N/A

Abbreviation: N/A, not applicable.
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