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Background/Aims: CD10 (CALLA) has recently been reported to be expressed in spindle cell neoplasia,
and has been used to differentiate endometrial stromal sarcoma from leiomyoma and leiomyosarcoma. In
the breast, myoepithelial cells express CD10, but there are few studies of the expression of CD10 in
mammary fibroepithelial lesions.
Methods: Stromal CD10 expression was studied in 181 mammary phyllodes tumours (102 benign, 51
borderline malignant, and 28 frankly malignant) and 33 fibroadenomas using immunohistochemistry, to
evaluate whether differences in expression correlated with the degree of malignancy.
Results: There was a progressive increase in the patients’ age and tumour size, from fibroadenoma to
phyllodes tumours with an increasing degree of malignancy (p , 0.001). Stromal CD10 expression was
positive in one of 33 fibroadenomas, six of 102 benign phyllodes tumours, 16 of 51 borderline malignant
phyllodes tumours, and 14 of 28 frankly malignant phyllodes tumours. The difference was significant
(p , 0.001) and an increasing trend was established. Strong staining was seen in subepithelial areas with
higher stromal cellularity and activity. Stromal CD10 expression had a high specificity (95%) for
differentiating between benign lesions (fibroadenomas and benign phyllodes tumours) and malignant
(borderline and frankly malignant) phyllodes tumours.
Conclusions: CD10 may be a useful adjunct in assessing malignancy in mammary fibroepithelial lesions.

C
D10, or the common acute lymphoblastic leukaemia
antigen (CALLA), is a cell surface neutral endopepti-
dase, and is expressed by lymphoid precursor cells and

some B cells.1–4 It has long been used as a marker for
leukaemia, Burkitt lymphoma,5 and follicular lymphoma.4

Recently, it has been shown that CD10 is expressed in normal
tissues, including myoepithelial cells of the breast and
salivary glands, apocrine metaplastic cells and in situ
adenocarcinoma of the breast, apical glandular surfaces of
the small and large intestine, pulmonary alveolar epithelial
cells, prostatic duct cells, glomerular cells of the kidney, and
stromal cells in the endometrium and bone marrow.6–11 In
non-haemopoietic tissue, CD10 expression was found in
various neoplasms—notably, carcinomas, gliomas, germ cell
tumours of the mediastinum, and melanoma.6 12–14 Of
interest, CD10 expression has also been reported in spindle
cell neoplasms such as coetaneous dermatofibroma and
dermatofibrosarcoma,15 and in endometrial stromal sar-
coma.16–18 In fact, CD10 has been used as a diagnostic marker
to differentiate endometrial stromal sarcoma from leio-
myoma,17 although some authors have recently suggested
that CD10 can also be expressed in malignant mixed
mullerian tumours and high grade leiomyosarcomas.19

‘‘Only a single study has assessed the use of CD10
expression in the stroma of invasive carcinoma of the
breast as a possible predictor of clinical outcome’’

However, CD10 expression is not well documented in the
breast, with only a few reports on its expression in
myoepithelial cells,6 20 and its use as an aid to the diagnosis
of problematic lesions.21 Studies of CD10 expression in breast
stromal cells are even rarer, with only a single study assessing
the use of CD10 expression in the stroma of invasive
carcinoma of the breast as a possible predictor of clinical
outcome.22 Similarly, CD10 expression in mammary stromal

neoplasms, most notably phyllodes tumours and fibroadeno-
mas, had not been well documented in the literature, with
only one published report in a small series of 13 fibroade-
nomas and three phyllodes tumours.23

Mammary phyllodes tumour is an uncommon stromal
epithelial neoplasm that usually occurs in middle aged
women.24–28 Based on a combination of histological criteria,
phyllodes tumours can be divided into benign, borderline,
and frankly malignant groups.24 29 Although all groups of
phyllodes tumours show a propensity to recur locally, the
borderline and frankly malignant groups may also metasta-
sise to other visceral organs.
In our current study, the immunohistochemical expression

of CD10 was evaluated in the stromal cells of a large series of
mammary phyllodes tumours and fibroadenomas, with the
aim of determining whether the degree of CD10 expression in
the stromal cells is related to the grade of the tumour.

MATERIALS AND METHODS
The histological files of four participating institutions were
searched for phyllodes tumours of the breast. The number of
years searched ranged from four to 15. The paraffin wax
blocks were retrieved and 4 mm thick slides were prepared
routinely and stained with haematoxylin and eosin. All the
slides were reviewed and all the diagnoses were confirmed
histologically as biphasic lesions with both epithelial and
stromal components. The epithelial element was benign, and
there could be epithelial hyperplasia. The stroma was cellular
and expanded, resulting in a leaf-like pattern. The degree of
malignancy was assessed by the following histological
parameters: (1) stromal cellularity; (2) nuclear pleomorph-
ism; (3) stromal overgrowth; (4) mitotic rate; and (5) margin
of the tumour (whether infiltrative or rounded). Parameters
1 and 2 were graded as low/mild, moderate, or severe;
stromal overgrowth was graded as present (absence of
epithelial element within a low power field (640)) or absent
(presence of epithelial element within a low power field)
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(Nikon Labophot; field area, 1.9 mm2); and the mitotic count
was expressed as the number of mitotic figures for each 10
high power fields (6400; Nikon Labophot; field area,
0.19 mm2). As described previously,30 a diagnosis of benign
phyllodes tumour was made when there was low cellularity,
no stromal overgrowth, mild pleomorphism, a rounded
margin, and a mitotic count of ( 2/10 high power fields.
Malignant phyllodes tumour was diagnosed when the mitotic
count was >= 5/10 high power fields together with stromal
overgrowth and an infiltrative margin. Phyllodes tumour of
borderline malignancy was diagnosed when the criteria for
malignant phyllodes tumour were not totally fulfilled.
Fibroadenoma was also searched in one of the institutions

(Prince of Wales Hospital, China) for a three month period in
2003, and all the consecutive cases were reviewed and the
diagnoses confirmed if the lesions showed a biphasic pattern,
with a bland epithelial component, and with the stromal
component showing low cellularity, minimal to absent
stromal mitoses, and the absence of a large frond-like growth
pattern of the stroma. One representative section was taken
for CD10 staining.
For the assessment of CD10 expression, a representative

slide from each case was stained using an antibody against
CD10 (Novocastra, Newcastle upon Tyne, UK; 1/10 dilution;
microwave antigen retrieval) with the avidin biotin method.
Stromal cell staining was assessed, using cytoplasmic
staining of the breast myoepithelium as internal control.
The staining intensity was graded as 0 (no staining), or low,
intermediate, or high if the staining was much weaker,
slightly weaker, or of the same intensity as that of the
myoepithelium, respectively. The percentage of cells stained
was also assessed. The tumour was considered positive for
CD10 if there was moderate to strong cytoplasmic staining in
20% or more of the stromal cells, particularly in the
subepithelial location.

Statistical analysis
The x2 test was used to determine differences in CD10
expression between groups with different degrees of malig-
nancy, and one way ANOVA was used to determine whether
the trend was significant. Significance was established at
p , 0.05.

RESULTS
Our study included 181 cases of phyllodes tumour, obtained
from 176 patients. There were 102 benign phyllodes
tumours, 51 borderline malignant phyllodes tumours, and

28 malignant phyllodes tumours. The patients’ ages ranged
from 14 to 77 years (mean, 42). The tumour sizes ranged
from 0.8 to 22 cm, (mean, 4.8). One hundred and six patients
were Chinese, 26 patients were other Asians, and 30 were
white, whereas the ethnic group was not known in 14
patients. These 181 cases included 10 tumours from five
patients, who had one recurrence each, three initial tumours
that subsequently recurred, six first recurrences from six
different patients, and three second recurrences from another
three patients. Two of the malignant phyllodes tumours
developed distant metastases. Thirty three fibroadenomas
were obtained. The patients ages ranged from 20 to 58 years
(mean, 35), and the lesional sizes ranged from 0.8 to 5 cm,
(mean, 2.0). All patients with fibroadenomas were Chinese.
For the 102 benign phyllodes tumours, the patients ages

ranged from 14 to 60 years (mean, 40), and the tumour sizes
ranged from 0.8 to 22 cm (mean, 4); for the 51 borderline
malignant phyllodes tumours, the age range was 15–77 years
(mean, 45), and the tumour size range was 1–20 cm (mean,
5.4); for the 28 malignant phyllodes tumours, the age range
was 19–70 years (mean, 46), and the tumour size range was
1.5–22 cm (mean, 6.5).
There was a progressive increase from fibroadenoma to

phyllodes tumours of benign, borderline malignancy, and
frank malignancy for both age and tumour size. The
differences between these respective groups were significant
(p , 0.001). There was also an increasing trend of CD10
expression with increasing degree of malignancy and this
trend was significant (p , 0.001).
One of the 33 fibroadenoma cases stained positively for

CD10 in the stromal cells. Six of the 102 benign phyllodes
tumour cases were positive, 16 of the 51 borderline malignant
51 were positive, and 14 of the 28 frankly malignant cases
were positive (figs 1, 2). There was a significant increase in
CD10 expression in the stromal cells as the lesions progressed
from fibroadenomas and benign phyllodes tumours to
tumours of borderline and frank malignancy (p , 0.001).
Using one way ANOVA, there was an increasing trend of
CD10 expression with increasing degree of malignancy, and
this was also significant (p , 0.001). Table 1 summarises the
results.
Morphologically, the areas with the strongest staining were

usually located subepithelially, and correlated with the areas
with higher stromal cellularity and mitotic activity.Figure 1 Photomicrograph showing a malignant phyllodes tumour.

Figure 2 Photomicrograph of the same malignant phyllodes tumour
showing positive cytoplasmic staining for CD10 in the stromal cells.
Myoepithelial cells are also positive.
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Of the 14 recurrent phyllodes tumours that were included
in our series, the stromal expression of CD10 was variable,
with six tumours being positive, whereas the remainder were
negative. No association was found between CD10 expression
and the number of recurrences, or whether or not there were
metastases.
If these four groups of fibroepithelial lesions are divided

into benign (encompassing fibroadenoma and benign phyl-
lodes tumours) and malignant (borderline and frankly
malignant phyllodes tumours), using positive staining of
stromal CD10 as a diagnostic criteria gives a specificity of
95%, positive predictive value of 81%, sensitivity of 38%,
negative predictive value of 72%, and an accuracy of 74%.

DISCUSSION
CD10 (CALLA) is a cell surface neutral endopeptidase, and is
expressed by lymphoid precursor cells and some B cells. Its
expression has long been recognised in haematological
malignancies. In non-haematological neoplasms, CD10 has
been studied most extensively in endometrial stromal
tumours, where it has been used in the differentiation of
stromal tumours from smooth muscle tumours of the uterus.
Some authors have reported good discriminatory ability of
CD10,31 and its reliability as a sensitive marker for endo-
metrial stroma.16 Other authors have found that CD10
expression in the endometrium is not limited to stromal
lesions, with some expression seen in variants of leiomyoma,
including highly cellular leiomyomas, epithelioid smooth
muscle tumours, and the so called uterine tumours resem-
bling ovarian sex cord tumours.32

‘‘It is possible that, because CD10 belongs to the met
alloprotease family, its increased expression may facilitate
the metastatic potential of higher grade lesions by
providing tumours with the capacity to invade vessel
walls’’

Reports on CD10 expression in the breast are scarce, but it
has been reported in different cell types. In one study, CD10
was demonstrated in myoepithelial cells,6 20 apocrine meta-
plastic cells, and in situ adenocarcinoma.6 Among these cell
populations, expression is strong in myoepithelial cells, and
some authors have suggested using CD10 as a myoepithelial
marker, particularly in problematic cases, as a means of
detecting invasion.21 Authors of a recent paper33 have shown
that CD10 expression is found in oestrogen receptor negative
tumour cells, suggesting that these tumour cells show basal
differentiation. In a novel report,22 CD10 expression seen in
the stromal cells of invasive breast carcinoma was associated
with an increased incidence of lymph node metastases. The
expression of CD10 in the stromal cells of fibroepithelial
lesions of the breast has only been reported in one small
study in the literature.23 In that study, six of 13 fibroadeno-
mas showed weak stromal CD10 staining, whereas all three
phyllodes tumours showed weak to moderate stromal
staining for CD10, and the single case of malignant phyllodes
tumour showed the most intense staining, suggesting that

CD10 expression is increased in phyllodes tumour develop-
ment. Similarly, in our current study, which is the largest
series of mammary phyllodes tumours investigated for CD10
expression in the stromal cells, a progressive increase in CD10
expression was seen in the stromal cells, from fibroadenoma
to frankly malignant phyllodes tumours. Diagnosis of the
different stages of malignancy in phyllodes tumour is based
on a histological continuum, taking into account a combina-
tion of several histological parameters, rather than a discrete
categorisation, and CD10 expression also highlights this
continuous spectrum. There is also a histological overlap
between benign phyllodes tumours and fibroadenoma,
particularly the so called phyllodal variants and the intra-
canalicular variant, which has a superficial morphological
resemblance to benign phyllodes tumours. We found that
CD10 expression was low in both fibroadenoma and benign
phyllodes tumours, and was much higher in borderline
malignant and frankly malignant tumours, suggesting that
benign phyllodes tumours may have a clinical pattern more
similar to fibroadenoma than to borderline malignant or
frankly malignant phyllodes tumours. This correlates with
the clinical evidence that both borderline and frankly
malignant phyllodes tumours can metastasise, whereas
benign phyllodes tumours and fibroadenomas do not
metastasise.
We found that CD10 expression tended to occur in the

subepithelial location, in the area of subepithelial stromal
condensation, which is a focus of high proliferative activity.
Although the exact role of CD10 in the tumorigenesis and

malignant transformation of phyllodes tumour remains
unknown, it is possible that, because CD10 belongs to the
met alloprotease family, its increased expression may
facilitate the metastatic potential of higher grade lesions by
providing tumours with the capacity to invade vessel walls. In
support of this hypothesis, an interesting study22 showed that
the increased expression of CD10 in stromal cells in invasive
breast carcinoma was associated with increased lymph node
metastases. It was postulated that CD10 expression might be
induced by the cancer cells.22 A similar observation has also
been made in colorectal carcinoma,34 in which stromal CD10
expression was significantly higher in severe dysplasia,
intramucosal carcinoma, and invasive carcinoma than in
adenomas with mild to moderate dysplasia. Furthermore,
strong CD10 expression was detected only at the growth front
of invasive carcinoma, and not in dysplastic lesions. In our
study, whether the stronger stromal expression of CD10 in
the higher grade phyllodes tumours was induced by other
factors, as previously postulated,22 or was a primary event
remains speculative and warrants further evaluation.
However, the higher expression of CD10 in the stromal cells
in the categories with an ability to metastasise (borderline
and malignant groups) could be an important observation
that may have diagnostic and prognostic implications,
because death is more likely to occur from metastases than
from local recurrences. Nevertheless, in our series, the
number of recurrent cases was small, because most of the
lesions received adequate initial treatment, making it
impossible to assess the relation of CD10 expression with

Table 1 CD10 expression in fibroadenomas, benign, borderline malignant, and frankly
malignant phyllodes tumours

CD10 positive CD10 negative Total number

Fibroadenoma 1 (3.3%) 32 (96.7%) 33
Phyllodes tumour, benign 6 (5.9%) 96 (94.1%) 102
Phyllodes tumour, borderline 16 (31.4%) 35 (68.6%) 51
Phyllodes tumour, malignant 14 (50%) 14(50%) 28
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tumour recurrence. However, this is an interesting and
important issue that warrants further evaluation.
At the diagnostic level, several markers have been reported

to be increasingly expressed in borderline and frankly
malignant phyllodes tumours, including p53,35 36 microvessel
density,37 and c-kit.38 CD10 could also be used as an adjunct
to aid in correctly assessing the degree of malignancy in
phyllodes tumours. Based on the widely used criteria, only
the benign and frankly malignant groups of phyllodes
tumours were well defined,29 and the defining features of
the borderline malignant category remain highly variable, so
that this group more or less includes all cases that do not
fulfil the criteria at both the benign and malignant ends of
the spectrum. This is well illustrated in the quoted percentage
of borderline malignant lesions in different large series, with
the percentage ranging from 11% to 42%.39–44 Stromal cell
CD10 expression gives a high specificity and positive
predictive value for predicting malignancy in phyllodes
tumours, and can be used for the prediction of high or low
metastatic risk, particularly if used as part of a panel of
markers for the assessment, hence allowing the institution of
adequate treatment.
In summary, we have shown that in a large series of

mammary fibroepithelial lesions, there is a progressive and
significant increase in stromal cell CD10 expression. It
appears that lesions with the ability to metastasise (border-
line and frankly malignant phyllodes tumours) show much
greater CD10 expression than those without this ability
(benign phyllodes tumours and fibroadenomas). CD10 may
be useful in assisting in the diagnosis of borderline and
frankly malignant phyllodes tumours.
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N CD10 may be a useful adjunct in the diagnosis of
borderline and frankly malignant phyllodes tumours
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