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Immunohistochemical expression of 
Ki‑67, p53, and CD10 in phyllodes 
tumor and their correlation with its 
histological grade
Swasti Shubham, Arvind Ahuja1, Minakshi Bhardwaj1

Abstract:
CONTEXT: Phyllodes tumors (PTs) are the fibroepithelial neoplasms of the breast. Histologically, PTs 
are divided into three subgroups according to their clinicopathological behavior: benign, borderline, and 
malignant. It is at times difficult to ascertain the grade of PT on morphological criteria alone, especially 
borderline PT may be at times difficult to distinguish from its benign or malignant counterparts.
AIMS: This study was undertaken to evaluate an immunohistochemical panel of Ki-67, p53, and 
CD10 in PT and to determine their expression in PT in correlation with its grade.
SETTINGS AND DESIGN: This was a retrospective study.
SUBJECTS AND METHODS: The study included six malignant, six borderline, and twelve benign 
PT. Expressions of Ki‑67, p53, and CD10 were evaluated on all the 12 cases and compared in these 
three categories.
STATISTICAL ANALYSIS USED: Chi‑square test was applied, and P < 0.05 was taken as statistically 
significant.
RESULTS: Stromal expression of Ki‑67 and p53 between the benign and borderline/malignant group 
showed a statistically significant difference. Neither CD10 expression nor epithelial expressions of 
Ki-67 and p53 were found significant. Periepithelial accentuation of Ki-67 and p53 immunostaining 
was noted in all positive cases.
CONCLUSIONS: Ki-67 labeling index and p53 immunostaining can be a useful adjunct to determine 
the grade in difficult cases. However, no single immunomarker can reliably distinguish between 
benign and borderline phyllodes in all cases.
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Introduction

Phyllodes  tumors   (PTs)  are  the 
fibroepithelial neoplasms of breast. PTs 

are relatively uncommon and comprise <1% 
of all breast neoplasms. However, they 
are clinically important because of 
their unpredictable behavior, frequent 
recurrences following surgical resection 
and malignant transformation.[1,2] According 

to some authors, the biologic behavior of 
this tumor cannot be reliably predicted 
using only morphological features.[3,4] 
Malignant progression has been observed 
even in initially benign appearing PT, 
which involves the stromal component of 
the tumor. This frequency of malignant 
progression has been reported to be 5%–30% 
of all PT by various studies.[5]

Histologically, PTs are divided into 
three subgroups: benign, borderline, 
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and malignant. This classification reflects their 
clinic‑pathological behavior and is based on the 
following histological criteria:  (i) degree of stromal 
cellularity,  (ii) stromal cytological atypia,  (iii) mitotic 
activity,  (iv) stromal overgrowth, and  (v) the type of 
tumor margins (infiltrating/pushing).[6‑8] According to 
Tan et al., the relative incidence of benign, borderline, and 
malignant PT was 74.6%, 16.1%, and 9.3%, respectively, 
and the recurrence rate of PT was 12.8%. They found that 
recurrence was related to the grade, atypia, cellularity, 
and permeative borders of the tumors.[9] However, 
sometimes, it is challenging for the pathologist to 
ascertain the grade of PT on morphological criteria 
alone. Borderline PT may be difficult to distinguish 
from its benign or malignant counterparts. Due to the 
low incidence of this neoplasm, especially the borderline 
and malignant tumors, these features have not been 
adequately studied. In the past decade, few studies have 
highlighted the role of immunohistochemistry  (IHC) 
panels to aid in the categorization of PTs. The aim of 
this study was to evaluate an IHC panel of Ki‑67, p53, 
and CD10 expression in PT in correlation with its grade.

Subjects and Methods

The present study is a retrospective study which 
included six malignant and six borderline and twelve 
cases of benign PT diagnosed between January 2010 
and December 2015. All tumor specimens were fixed in 
10% buffered formalin and embedded in paraffin. Five 
µm thick sections placed on glass slides and stained 
with hematoxylin and eosin (H and E). All cases were 
reviewed and all the diagnoses were reconfirmed. 
Grading of cases as benign, borderline and malignant was 
done on the basis of WHO criteria. Stromal overgrowth 
has been defined as marked stromal proliferation so 
that the epithelial elements are absent in at least one 
low power field  (×40).[1] Secondary and/or additional 
features were noted. Table 1 shows the criteria used in 
the present study for grading the PTs.

After confirmation of diagnosis on H  and  E‑stained 
sections, 5 µm was placed on polylysine‑coated slides. 
IHC staining of Ki‑67  (DAKO), p53  (DAKO), and 
CD10  (DAKO) was performed. Ki‑67 and p53 were 
evaluated in both epithelial and stromal component. 
CD10 was evaluated in the stromal component. For 
Ki‑67, percentage positive nuclei were counted in 5 
high power fields  (hot‑spots). Ten percent or higher 
nuclear staining was considered significant. Nuclear 
positivity for p53 was graded as low, intermediate, or 
high intensity as compared to control. A positive result 
was defined as unequivocal staining of 10% or more 
cells. Membranous and cytoplasmic positivity for CD10 
was also graded as low, intermediate, or high intensity 
as compared to control. Intermediate‑ to high‑intensity 

staining of  >20% of stromal cells was considered 
positive.  The results were tabulated, and significance 
was calculated  (P  <  0.05) using the Chi‑square test. 
Lymph nodes were used as positive controls for Ki‑67 
and CD10. Known positive cases of urothelial carcinomas 
were used as positive control for p53. Myoepithelial cells 
of ducts also acted as internal positive control for CD10. 

Results

Demographics
Age of the patients ranged from 25 to 72 years. The mean 
age for patients with benign, borderline, and malignant PT 
was 36.0 years, 38.5 years, and 48 years, respectively. The 
mean diameter of the tumor was 7 cm for benign, 12.5 cm 
for borderline, and 17.5 cm for the malignant group.

Histomorphology
Microscopically, all six malignant PT showed high 
stromal cellularity, marked cellular pleomorphism, >10 
mitoses/10 high power field, infiltrative margin, and 
stromal overgrowth. Two of these cases were composed 
predominantly of stromal component with only 
occasional duct representing the epithelial component. 
Heterologous sarcomatous element was identified 
in one case which showed an area of chondroblastic 
osteosarcoma. Other epithelial changes noted were 
epithelial hyperplasia and cystic change in one case each.

Immunohistochemistry
IHC panel applied on benign, borderline, and malignant 
PT was compared [Tables 2 and 3].

Ki‑67
All malignant PT showed Ki‑67 nuclear positivity in 
15%–40% stromal cells while all benign showed only 
2%–6% (<10%) nuclear positivity in stromal cells. Among 
borderline PT, four out of six cases showed Ki‑67 staining 
in 10%–20% of stromal cell nuclei [Figure 1] while the 
two cases showed  <10% positive nuclei. Overall, the 
percentage of positive nuclei in borderline PT was 
intermediate between the malignant and benign cases. 
In contrast to stromal cells, the epithelial cells did not 
show any significant difference in Ki‑67 expression. The 
Ki‑67 staining was found to be statistically significant in 
differentiating benign PT from borderline/malignant 
PT with a P = 0.0002. On comparison of borderline and 
benign PT cases, Ki‑67 showed a statistically significant 
difference with a P = 0.0091.

p53
Stroma of 4 out of 6 malignant PT, three out of six 
borderline PT and only one out of twelve benign PT were 
positive for p53 [Figure 2]. Three positive malignant PT 
showed strong staining intensity while the only positive 
benign PT showed moderate staining intensity. Rest of 
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the positive PTs showed an intermediate intensity of 
p53 expression. The percentage of positive nuclei ranged 
from 10% to 25% but did not show any correlation with 
grade. Staining for p53 was statistically significant 
in differentiating between benign and borderline/
malignant PT as well as between benign and borderline 
PT with a P = 0.0093 and 0.0450 respectively. As seen in 
the case of Ki‑67, the significant difference in staining 
was observed in the nuclei of stromal cells but not in 
the epithelial cells.

CD10
Four of six malignant and as well as borderline PT and 
seven of twelve benign PT were positive for CD10. The 
staining intensity was moderate to strong in all positive 
cases. However, unlike Ki‑67 and p53, the difference 
between the malignant/borderline cases and benign 
cases was not statistically significant [Figure 3].

Discussion

PT is characterized by uncertain biological behavior 
with potential for recurrences as well as malignant 
progression. These tumors show a wide range of 
clinicopathological features ranging from benign lesions 
indistinguishable from fibroadenoma to malignant 
forms overlapping with fibrosarcoma. In malignant PT, 

Table 1: WHO grading criteria for phyllodes tumors
Criteria Benign Borderline Malignant
Stromal cellularity 
and atypia

Minimal Moderate Marked

Stromal overgrowth Minimal Moderate Marked
Mitoses/10 high 
power fields

0-4 5-9 >10

Tumor margins Well 
circumscribed 
with pushing 
tumor margins

Zone of 
microscopic 
invasion around 
tumor margins

Infiltrative 
tumor 
margins

Table 2: Comparison of immunohistochemistry 
markers expression in borderline and malignant 
Phyllodes tumors with benign Phyllodes tumors

Malignant/borderline Benign P
Total Positive Negative Total Positive Negative

Ki-67 12 10 2 12 0 12 0.0002
p53 12 7 5 12 1 11 0.0093
CD10 12 8 4 12 7 5 0.6732

Table 3: Comparison of immunohistochemistry 
markers expression in borderline Phyllodes tumors 
with benign Phyllodes tumors

Borderline Benign P
Total Positive Negative Total Positive Negative

Ki-67 6 4 2 12 0 12 0.0091
p53 6 3 3 12 1 11 0.0450
CD10 6 4 2 12 7 5 0.7324

Figure 1: Nuclear expression of Ki‑67 immunostain in a case of borderline 
phyllodes tumors (×400)

Figure 2: Nuclear expression of p53 immunostain in a case of borderline phyllodes 
tumors (×400)

Figure 3: CD10 negative borderline phyllodes tumors. The myoepithelial 
layer of mammary duct shows cytoplasmic positivity and acts as internal 

control (×400)

stroma undergoes transformation to sarcoma with an 
increase in mitotic and stromal overgrowth. Stromal–
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epithelial interaction is thought to be important in the 
development and malignant transformation of PT.[10] The 
criteria used to determine malignancy in PT, therefore 
reflects its pathogenesis. Several clinical factors such as 
older age and larger lesions have been found to have a 
greater association with borderline and malignant PT. 
However, the interpretation of histological parameters 
used to grade PT is still somewhat subjective and does 
not strictly correlate with biological behavior.[1]

A number of IHC markers have been studied in PT for 
diagnosis and subtyping. The neoplastic component of 
PT is the stroma which is thought to arise from periductal 
stromal cells. This is supported by the findings that 
stroma of PT shows positive reaction for vimentin, a 
variable reaction for actin, CD34 and desmin, and a 
negative reaction for S‑100 protein.  Ultrastructurally, the 
stromal cells of PT are composed of cells with features of 
both fibroblasts and myofibroblasts. These stromal cells 
resemble the normal mammary stromal cells.[11] In the 
study by Kaya et al., proliferating cell nuclear antigen 
and Ki‑67 immunostaining did not reveal significant 
differences between PT and fibroadenoma.[5] Ki‑67, 
p53 and c‑kit have been reported to be useful by some 
authors in distinguishing benign from malignant PT in 
diagnostically difficult cases. However, only c‑kit was 
found useful in predicting recurrences in PT.[2,9] Tse 
et al. found CD10 to be consistently positive in normal 
breast myoepithelial cells and CD10 may be a useful 
adjuvant in assessing the fibroepithelial neoplasms of 
the breast.[12] No clinical or histological factor, either 
singly or in combination has been found to be useful 
in borderline PT or to reliably predict the outcome in 
every patient. Hence, there is an ongoing search for IHC 
and molecular markers which may prove to be useful to 
pathologists and clinicians for diagnosis and treatment. 
In the various studies discussed above, Ki‑67, p53, and 
CD10 were found to correlate with the grade of PT most 
closely, even though the actual results of these studies 
varied widely.[2,9,12‑16]

In the present study, the cellular proliferation marker 
Ki‑67 was found to correlate with the grade of PT. 100% 
of malignant and 66.66% of borderline PT was positive 
for Ki‑67 while 100% of benign PT was negative for the 
same. This difference of expression between malignant/
borderline and benign groups was statistically significant. 
Similar results were published by other researchers.[2,13,14,16] 
In the literature, the Ki‑67 labeling index is 5%–25% in 
benign and 15%–100% in malignant PTs.[17] In our series, 
this index was1%–8% in benign PT, 6%–20% in borderline 
PT, and 15%–40% in malignant PT, showing an overlap 
between malignant and borderline cases. Similar results 
were reported by Kleer et al., who found slight overlap 
at high and low Ki‑67 labeling indexes.[2] According to 
Esposito et al. as well, mean Ki‑67 labeling indexes for 

benign, borderline, and malignant PTs were 3.6%, 26%, 
and 32%, respectively.[16] Both these groups also found that 
clinical behavior and recurrences could not be predicted 
by Ki‑67 labeling index.

p53 expression was noted in 66.66% of malignant, 50% 
of borderline and only 8.33% of benign PT which is in 
accordance to some previous studies that revealed high 
p53 expression rates associated with increasing tumor 
grade.[13,16] As seen in the case of Ki‑67, the difference 
of expression between malignant/borderline and 
benign groups was statistically significant. Tan et  al. 
also noted p53 immunohistochemical positivity in a 
proportion of luminal epithelial and myoepithelial cells 
in their series of PTs.[9] Other reports have described 
p53 reactivity in the breast epithelium in conjunction 
with stromal staining. The finding of dual expression of 
p53 protein in the stroma as well as the epithelium of 
breast highlights the likelihood of an interaction between 
these two components.[3,18] In the present study, though 
p53 staining was noted in the stroma and focally in 
ductal epithelial cells, the myoepithelial cells remained 
consistently negative.

CD10 is a myoepithelial marker in breast tissue. In normal 
breast, the stromal cells were found to be negative for 
CD10, but it was claimed to be positive in the stroma of 
breast malignancy and fibroepithelial lesions.[12,15] Unlike 
Ki‑67 and p53, we did not find any correlation between 
tumor grades and CD10 staining. It was positive in 33.33% 
of malignant PT, 100% of borderline PT and 58.33% of 
benign PT. No statistically significant difference was 
found between these groups, even though stromal cells 
in PT took up CD10 immunostaining to a variable degree.

In agreement with some previous studies, we 
found periepithelial accentuation of Ki‑67 and p53 
immunostaining in all positive cases.[2,9] This finding 
seems to corroborate the hypothesis that the “pool 
of proliferating cells” reside in the periepithelial or 
periductal region and that PT arises from periductal 
rather than intralobular stromal cells.[2] In addition, both 
these markers showed a higher expression in the stromal 
component of malignant and borderline PT emphasizing 
that it is the stroma that undergoes malignant change. 
In our experience, malignant PT are often sarcoma‑like 
in appearance and do not present difficulty in diagnosis 
on histological examination. The difficulty lies in the 
diagnosis of borderline PT and its distinction from benign 
cases. The interobserver variability in the diagnosis of 
borderline PT is high and affects further management. 
In such a scenario, Ki‑67 and p53 immunostaining can 
serve as a useful adjunct.

Since this was a retrospective study, we could not 
correlate our results with clinical outcome and follow‑up 
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of the patient, which is a limitation of our study. In 
addition, the sample size is limited due to the rarity of 
malignant PT.

Conclusions

Ki‑67 labeling index and p53 immunostaining can 
be useful adjuncts to determine the grade in difficult 
cases. However, no single immunomarker can reliably 
distinguish between benign and borderline phyllodes 
in all cases. Further studies are required to establish the 
correct combination of immunomarkers to distinguish 
between these two groups and also to accurately predict 
clinical behavior.
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