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Adenomyosis may be involved by endometrial ade-
nocarcinoma, but in contrast to true myometrial
invasion, the depth of an adenomyotic focus in-
volved by carcinoma does not alter pathologic tu-
mor staging. Therefore, distinction from carcinoma
invading myometrium is clinically relevant. We hy-
pothesized that CD10, a marker of non-neoplastic
and neoplastic endometrial stroma, would highlight
the stromal component of adenomyotic foci and be
useful in this distinction. Thirty-nine cases of endo-
metrial adenocarcinoma were analyzed and divided
into three groups: I, invasive endometrial adenocar-
cinoma (n � 14); II, endometrial adenocarcinoma
involving adenomyosis but without myometrial in-
vasion (n � 18); and III, adenomyosis involved by
endometrial adenocarcinoma with concomitant in-
vasive component (n � 7). All cases of adenomyosis
involved by endometrial adenocarcinoma demon-
strated CD10 expression in the stromal cells of ad-
enomyotic foci. Eleven of 21 cases (52%) of invasive
adenocarcinoma also showed CD10 expression, at
least focally, in cells immediately surrounding the
infiltrating glands. Of these, two cases (from Group
III) also had associated adenomyotic involvement
by carcinoma. The remaining cases of invasive car-
cinoma were negative for CD10. Therefore, pres-
ence of CD10 staining immediately surrounding
neoplastic glands does not equate with involvement
of adenomyosis by endometrial adenocarcinoma.

In contrast, absence of CD10 expression excludes
involvement of adenomyosis by adenocarcinoma.
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Adenomyosis is usually defined as endometrial
glands and stroma located in the wall of the uterus
at least one low-power field away from the surface
endometrium. It affects reproductive-aged women
with a history of multiple pregnancies, appears to
be associated with estrogen therapy (1, 2), and may
even be a clonal process (3). Although endometrial
adenocarcinoma may arise in foci of adenomyosis
(4–9), adenomyosis is more often secondarily in-
volved by endometrial adenocarcinoma that has
arisen in surface endometrium. The distinction be-
tween this condition and true myometrial invasion
by endometrial adenocarcinoma may sometimes
be difficult, particularly if there is extensive involve-
ment of adenomyosis by adenocarcinoma, if the
secondarily involved adenomyosis extends deeply
into the uterine wall, or if the presence of adeno-
myosis is masked by subtotal replacement by ade-
nocarcinoma. This distinction is important because
pathological staging, and consequentially, therapy
is dependent on the presence and depth of invasion
(10). In contrast, involvement of adenomyosis by
endometrial adenocarcinoma carries no adverse
prognostic significance (11, 12). We hypothesized
that CD10, a marker of non-neoplastic and neoplas-
tic endometrial stroma (13–15), would be useful in
this distinction by highlighting the stroma of ad-
enomyotic foci involved by endometrial adenocar-
cinoma and being absent around foci of invasion.

MATERIALS AND METHODS

Thirty-nine cases corresponding to hysterectomy
specimens removed between the years of 1998 and
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2001 for pathological diagnoses of endometrial ad-
enocarcinoma were retrieved from the surgical files
of the Women’s and Perinatal Pathology Division of
the Brigham and Women’s Hospital (Boston, MA).
In all cases, hematoxylin-and-eosin (H&E) stained
sections were available for review, and the diag-
noses were confirmed. The endometrial carcinoma
was graded using the FIGO staging system (10).

The cases were subsequently divided into three
groups. Group I consisted of cases of invasive en-
dometrial adenocarcinoma. Group II included
specimens with endometrial adenocarcinoma in-
volving adenomyosis but without myometrial inva-
sion. Group III was composed of cases with adeno-
myosis involved by endometrial adenocarcinoma
with coexistent myometrial invasion. Invasion of
the myometrium was based on established criteria
(16); features of invasion included irregular pattern
of infiltration, irregular glandular outlines, alter-
ations in the cytomorphology of the neoplastic cells
(particularly eosinophilic change to the cytoplasm),
and presence of periglandular desmoplasia, edema,
and inflammation.

All cases were stained for CD10 (Novocastra Lab-
oratories, LTD, Tyne, U.K.) using mouse monoclo-
nal antibody (clone 56C6), at a dilution of 1:80. After
high-temperature antigen retrieval, the sections
were incubated for 60 minutes with the primary
antibody at 25°C, followed by the standard ABC
technique. The stain was considered positive when
present, at least focally, immediately surrounding
the neoplastic glands. Non-neoplastic surface en-
dometrial stromal cells and stroma present in un-
involved foci of adenomyosis were used as an in-
ternal positive control.

Nine cases in which there was available mate-
rial (seven cases in Group I and two cases in
Group III) were stained with antibody to the mus-
cle markers desmin (monoclonal clone D33; dilu-
tion 1:500; DAKO Corporation, Carpinteria, CA)
and h-caldesmon (monoclonal clone h-CD; dilu-
tion 1:300; DAKO). The latter antibody required
30 minutes of antigen retrieval. The myometrium
was used as an internal positive control.

RESULTS

A summary of the immunohistochemical results
for CD10 in all groups is summarized in Table 1.

Group I: Invasive Endometrial Adenocarcinoma
Group I included 14 cases of invasive endome-

trial adenocarcinoma. Patients’ ages ranged be-
tween 49 and 77 years (median, 60.5 y). Twelve of 14
cases (85.7%) were diagnosed as endometrial ade-
nocarcinoma, endometrioid subtype. Two cases
had mixed endometrioid, papillary serous, and
clear cell features. Six cases were Grade 1, four were
Grade 2, and four were Grade 3 (of 3 grades). Three
of fourteen cases (21.4%) showed additional unin-
volved foci of adenomyosis. All tumors but one
showed myometrial invasion ranging from 10 to
95% of the myometrial thickness (median 50%); one
adenocarcinoma superficially invaded a submuco-
sal leiomyoma.

Five of the 14 cases (35.8%) showed absence of
CD10 staining in cells adjacent to the invasive
glands (Fig. 1A–B). However, 9 of the 14 cases
(64.2%) revealed CD10 expression in cells immedi-
ately surrounding the neoplastic glands (Fig. 2A–B).
Of these nine cases, four cases had a circumferen-
tial staining pattern, whereas five showed only focal
staining (�50% of the gland circumference). In
eight of the nine cases (89%) with CD10 expression
surrounding invasive glands, CD10-expressing cells
were part of a desmoplastic reaction. In the remain-
ing case, there was no desmoplastic reaction by
H&E examination and, although the invasive bor-
der was rounded, the extent and pattern of invasion
were consistent with invasive adenocarcinoma.

Immunoperoxidase stains for desmin and
h-caldesmon, performed in seven of the nine tu-
mors with CD10-expressing cells, revealed in five of
them scattered rare positive cells for both markers
in the cells that were also positive for CD10, includ-
ing the one tumor with a rounded border of inva-
sion. The staining was weaker than in the adjacent
myometrium. In the other two cases in which CD10
was positive, both muscle markers were negative in
the cells immediately surrounding the invasive

TABLE 1. Summary of CD10 Staining

Group
CD10�
Invasive

CD10�
Invasive

CD10�
Adenomyosis

CD10�
Adenomyosis

I 9/14a (64.2) 5/14 (35.7) N/A N/A
II N/A N/A 18/18 (100) 0/18 (0)
III 2/7b (28.5) 5/7 (71.4) 7/7 (100) 0/7 (0)

All data are n (%).
N/A, not applicable; Group I, invasive endometrial adenocarcinoma; Group II, endometrial adenocarcinoma involving adenomyosis without

myometrial invasion; Group III, endometrial adenocarcinoma involving adenomyosis with myometrial invasion.
a Focal in five cases.
b Focal in one case.
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glands. In general, the expression of the muscle
markers was weaker than in the surrounding myo-
metrium and more focal than in the CD10-
expressing cells (Fig. 3A–B).

Group II: Endometrial Adenocarcinoma Involving
Adenomyosis But without Myometrial Invasion

Group II included 18 cases of endometrial ade-
nocarcinoma involving adenomyosis without myo-
metrial invasion. Patients’ ages ranged from 40 to
83 years of age (median, 60.5 y). All carcinomas
were of the endometrioid subtype, with a predom-
inance of Grade 1 tumors (13 of 18; 72.2%). Four

tumors were classified as Grade 2 and one as Grade
3 (of 3). Two cases also had foci of adenomyosis
uninvolved by carcinoma. Strong and diffuse CD10
expression in the endometrial stromal cells of ad-
enomyotic foci immediately around neoplastic
glands was present in all cases (Fig. 4A–B).

Group III: Adenomyosis Involved by Endometrial
Adenocarcinoma with Coexistent
Myometrial Invasion

Group III included seven cases of endometrial
adenocarcinoma with involvement of adenomyosis
and coexistent myometrial invasion. Patient age
ranged between 36 and 69 years (median 55 y). Six
of seven cases (85.7%) were subclassified as endo-
metrioid type; one case had an admixed papillary
serous component, which accounted for approxi-
mately 20% of the tumor. The depth of invasion
varied from 25 to 60% of the myometrial thickness
(median 40%). Four of seven tumors (57.1%) were
Grade 2, one tumor was Grade 1, and two tumors
were Grade 3 (of 3 grades).

All tumors showed CD10 staining around foci of
adenomyosis (Fig. 5); however, two cases (28.5%)
also exhibited CD10 staining immediately sur-
rounding foci of invasive adenocarcinoma. In the

FIGURE 1. A, B, invasive endometrial adenocarcinoma (H&E stain).
C, lack of CD10 staining around the neoplastic glands. Intraluminal and
stromal granulocytes are an internal positive control.

FIGURE 2. A, invasive adenocarcinoma with accompanying
desmoplastic reaction (H&E stain). B, CD10-expressing cells are present
immediately adjacent to the invasive focus.
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other five cases, cells surrounding the invasive
glands were negative for CD10 (Fig. 5). Correlation
between H&E- and immunoperoxidase-stained
sections demonstrated that one of the two tumors
with CD10-positive cells immediately adjacent to
invasive carcinoma corresponded with a peritu-
moral desmoplastic reaction. The other case
showed direct invasion into the myometrium with-
out definitive desmoplastic reaction. In these two
cases, the muscle markers for desmin and caldes-
mon were also positive in these peritumoral cells,
although in a weaker and more focal manner com-
pared with surrounding myometrium.

DISCUSSION

The prevalence of adenomyosis is quite variable,
ranging from 10 to 88%, probably reflecting differ-
ing criteria and low diagnostic reproducibility (17–
20). Diagnostic criteria for adenomyosis varies
widely, but the most widely accepted one is the
separation of a candidate focus from the surface
endometrium by at least one low-power field (4�
magnification). Recently, a distance of �3 mm from
the endomyometrial junction and the presence of
concentric myometrial hyperplasia has been pro-

posed as more reliable diagnostic criterion (17). The
risk factors for and the pathophysiology of adeno-
myosis are unclear. Multiparity (21) and constant
estrogen exposure, such as tamoxifen therapy (1, 2),
are believed to be associated with its development.
Pandis et al. (3) found clonal deletion of the long
arm of chromosome 7 in three cases, raising the
possibility of a neoplastic process.

Adenomyosis may be associated with or be con-
currently involved by endometrial hyperplasia and
adenocarcinoma. The latter situation may, in some
instances, give rise to diagnostic difficulty with re-
gard to assessment of depth of myometrial inva-
sion. This distinction is clinically relevant because
depth of invasion is an important independent
prognostic factor for patients with endometrial ad-
enocarcinoma (10). Although adenomyosis might
be located deep within the myometrium, its in-
volvement by endometrial adenocarcinoma does
not alter the patient’s stage. Deep involvement of
adenomyosis by endometrial adenocarcinoma
without myometrial invasion has been shown to
have a more favorable prognosis than tumors inva-
sive to a similar depth (11, 12). In a study of 18
patients, Mittal et al. (22) showed that adenocarci-
nomas of low histologic grade confined to adeno-
myosis had an excellent prognosis.

FIGURE 3. A, invasive endometrial adenocarcinoma (H&E stain). B,
focal desmin-expressing cells are present immediately adjacent to the
invasive glands (myometrium as internal positive control); these cells
also expressed CD10.

FIGURE 4. A, partial replacement of adenomyotic focus by
endometrial adenocarcinoma without myometrial invasion (H&E stain).
B, the stromal cells of the adenomyotic focus are positive for CD10.
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Common acute lymphoblastic leukemia antigen
(CALLA), or CD10, is a monomeric Type II integral
membrane peptidase expressed by lymphoid pro-
genitor cells found in normal bone marrow and
thymus, and by mature granulocytes (23). It also is
expressed in some acute lymphoid leukemias, such
as acute lymphoblastic leukemia, and some non-
Hodgkin’s lymphomas, such as follicular and Bur-
kitt’s lymphomas (23). Besides hematopoietic tis-
sues and malignancies, non-neoplastic non-
hematopoietic tissues such as renal tubular and

glomerular cells, small intestine epithelium, normal
and malignant cells of the epithelium of the stom-
ach and colon, and myoepithelial cells of the breast
also express CD10 (24–27). CD10 has also been
shown to stain non-neoplastic and neoplastic en-
dometrial stroma and thus may be helpful in the
differential diagnosis of uterine stromal and
smooth muscle neoplasm (13, 15, 28). On the basis
of these findings, we hypothesized that CD10 would
be a useful biomarker in the distinction of adeno-
myosis involved by endometrial adenocarcinoma
from myoinvasive endometrial adenocarcinoma.
Because adenomyotic foci contain endometrial
stroma, CD10 expression would be expected to be
present surrounding neoplastic glands involving
such foci. In contrast, CD10-positive cells would
not be expected to be present around adenocarci-
noma invading myometrium.

Our results demonstrate that endometrial adeno-
carcinoma involving adenomyosis is surrounded by
CD10-expressing stromal cells reflecting the expected
presence of endometrial stroma within adenomyotic
foci. However, in cases of invasive adenocarcinoma,
with or without associated adenomyotic involvement
by carcinoma, invasive neoplastic glands were at least
partially bounded by a rim of CD10-expressing cells in
11 of 21 (52%) cases. The cells expressing CD10 cor-
responded to desmoplastic stromal cells in 9 cases
(82%). In the remaining 2 cases, CD10-expressing
cells not associated with desmoplasia were present
surrounding the invasive glands. Possible explana-
tions for CD10 staining in these 11 cases include the
following: (1) the positive cells are endometrial stro-
mal cells and the foci interpreted as invasion are
actually occult involvement of adenomyosis, rather
than true myometrial invasion; (2) expression of
CD10 by myometrial smooth muscle cells; (3) expres-
sion of CD10 by fibroblasts within the desmoplastic
reaction; (4) spurious expression of a CD10 epitope in
another protein; (5) tumor invasion accompanied by
endometrial stroma; and (5) possible induction of
stromal differentiation by the invasive tumor.

The first proposition, occult involvement of adeno-
myosis by carcinoma, can be excluded because the
cases in this study were carefully examined and es-
tablished criteria were cautiously applied to avoid this
pitfall. Furthermore, the neoplastic glands, with or
without surrounding desmoplastic reaction, showed
an invasive pattern with irregular borders and ab-
sence of endometrial stroma or residual uninvolved
endometrial glands indicative of adenomyosis. The
separation of endometrial stroma from myometrium
by CD10 expression is hindered by the observation
that CD10 can be weakly and focally expressed by the
myometrial smooth muscle (28). The application of
desmin and h-caldesmon did not clearly identify the
CD10-expressing cells immediately surrounding the
invasive carcinoma as myometrium. Although

FIGURE 5. A, B, endometrial adenocarcinoma with involvement of
adenomyosis and coexistent myometrial invasion. Focus of
adenomyosis involved by endometrial adenocarcinoma (on left) and
focus of invasive tumor (on right). C, CD10 is positive in the stromal
cells in the adenomyotic focus but absent in cells surrounding the
invasive focus.

26 Modern Pathology



desmin and caldesmon were positive in these cells,
the staining pattern was weaker and more scattered
when compared with the surrounding myometrium.
In our opinion, these findings did not support a
smooth muscle origin for these cells. Expression of
CD10 by fibroblasts within the desmoplastic reaction,
spurious expression of a CD10 epitope in another
protein, tumor invasion accompanied by endometrial
stroma, and possible induction of stromal differenti-
ation by the invasive tumor are all reasonable possi-
bilities that may be more definitively addressed by
other, perhaps molecular, studies in the future.

In summary, involvement of adenomyosis by en-
dometrial adenocarcinoma and its differentiation
from invasive endometrial adenocarcinoma may in
some instances be diagnostically difficult. CD10 ex-
pression reliably identifies adenomyosis, but CD 10
expression may also be seen around foci of invasive
carcinoma. Thus, the presence of CD10 immediately
surrounding neoplastic glands does not equate with
involvement of adenomyosis by endometrial adeno-
carcinoma, whereas absence of CD10 expression is
indicative of invasive endometrial adenocarcinoma
and excludes involvement of adenomyosis.
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