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On the basis of recent clinical studies, some urologic oncologists do not offer bladder-sparing therapy for
patients diagnosed with micropapillary carcinoma of the urinary bladder, even in the setting superficially
invasive disease. Unfortunately, the distinction of invasive micropapillary carcinoma from typical invasive
urothelial carcinoma with prominent retraction artifact may be difficult in some cases. In this study, we
compared the immunophenotype of invasive micropapillary carcinoma to invasive urothelial carcinoma with
retraction artifact using antibodies previously reported as specific for micropapillary carcinoma. Immunohis-
tochemical staining was performed on 24 invasive micropapillary carcinomas of the urinary tract and 24 case
controls of invasive urothelial carcinoma with retraction artifact using monoclonal antibodies MUC1, CA125,
and Her2Neu. The staining extent and intensity for MUC1 and CA125 were scored on one representative section
per case. Immunostaining for Her2Neu was scored based on the 2007 CAP/ASCO guidelines for breast
carcinoma. Basal (‘reverse-apical’) MUC1 staining was identified in 23 of the 24 (96%) invasive micropapillary
carcinomas and in 15 of the 24 (63%) invasive urothelial carcinomas with retraction artifact (P¼ 0.0102).
Membranous reactivity with CA125 was seen in 8 of the 24 (33%) invasive micropapillary carcinomas and in 3 of
the 24 (13%) invasive urothelial carcinomas with retraction artifact (P¼ 0.1681). Positive (3þ ) membranous
Her2Neu staining was present in 6 of 24 (25%) invasive micropapillary carcinomas and in 2 of the 24 (8%)
invasive urothelial carcinomas with retraction artifact (P¼ 0.2448). The specificity for invasive micropapillary
carcinoma vs invasive urothelial carcinoma with retraction artifact using antibodies MUC1, CA125, and Her2Neu
was 37, 87, and 92%, respectively. Invasive micropapillary carcinoma more commonly showed immunor-
eactivity for MUC1, CA125, and Her2Neu compared to invasive urothelial carcinoma with retraction artifact, but
only MUC1 reached statistical significance. The lack of specificity of these evaluated markers for invasive
micropapillary carcinoma limits their utility in the distinction from invasive urothelial carcinoma with retraction
artifact, especially given the potentially significant therapeutic implications.
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Since the initial description of invasive micropapil-
lary carcinoma of the urinary bladder by Amin et al

in 1994,1 micropapillary carcinoma has been well
characterized as a unique histologic variant in
several other organs including the breast, lung,
salivary gland, and colon with a propensity for
high-stage disease and poor prognosis compared to
conventional carcinomas arising in the same or-
gan.2–6 Moreover, micropapillary carcinoma has
been described within other sites along the urinary
tract including the ureter and renal pelvis.7–12 The
distinction of invasive micropapillary carcinoma
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from typical invasive urothelial carcinoma with
prominent retraction artifact may be difficult in a
subset of cases. Several studies and case reports
have examined the immunophenotype of invasive
micropapillary carcinoma with or without compar-
ison to usual invasive urothelial carcinoma and
have suggested MUC1, CA125, and Her2Neu
as sensitive and specific markers for invasive
micropapillary carcinoma.8–20 However, a formal
comparison of the immunoprofile of invasive micro-
papillary carcinoma and typical invasive urothelial
carcinoma with prominent retraction artifact has not
been previously performed. Given recent clinical
studies suggesting aggressive treatment strategies for
patients with micropapillary urothelial carcino-
ma,21,22 the aim of this study was to examine the
diagnostic utility of MUC1, CA125, and Her2Neu
immunohistochemistry in the distinction of inva-
sive micropapillary carcinoma from typical invasive
urothelial carcinoma with stromal retraction artifact.

Materials and methods

Twenty-four invasive micropapillary carcinomas of
the urinary tract and an equal number of typical
invasive urothelial carcinomas with prominent
retraction artifact, matched for age, sex, specimen
type, and stage (best possible match), were retrieved
from the pathology archives of Stanford University
Medical Center, Veterans Affairs Palo Alto Health
Care System, and the University of Arkansas for
Medical Sciences. Each case was reviewed by two of
the authors (ARS and JKM) and diagnoses for all
cases were confirmed by routine hematoxylin and
eosin staining. Both biopsy and resection specimens
were incorporated but only one sample was used per
patient. We only included cases that were classified
as definitively invasive micropapillary carcinoma or
typical urothelial carcinoma with retraction artifact.
By definition, micropapillary tumors had small tight
nests or balls of cells within retraction (lacunar)
spaces and typically had foci with multiple tumor
cell nests within a single space, back to back lacunar
spaces, small branching micropapillae, and ring
forms. Typical invasive urothelial carcinoma with
retraction had larger confluent nests within spaces
that typically were less prominent with only a small
thin rim of space that conformed to the shape of the
tumor nests. In our opinion, there are cases that are
difficult to separate into micropapillary or nonmi-
cropapillary by morphology. These ‘gray-zone’ cases

would be diagnostically controversial and were not
utilized in this study.

Immunohistochemical staining using antibodies
against MUC1, CA125, and Her2Neu was performed
on one 4-mm-thick formalin-fixed, paraffin-em-
bedded representative section per case mounted on
charged slides and baked at 601C for 1h. The
primary antibodies used in the study are listed in
Table 1. All cases were stained in parallel with
appropriate positive and negative controls. Staining
for MUC1 and CA125 was semiquantitatively scored
as negative (0, o5% cells stained), focally positive
(1þ , 5–10% cells stained), positive (2þ , 10–50%
cells stained), or diffusely positive (3þ ,450% cells
stained), and a mean extent (ME, range 0–3)
calculated. For the statistical evaluation, only the
stroma-facing or ‘reverse-apical’ pattern of MUC1
reactivity was scored as positive. Staining intensity
was semiquantitatively scored from 0 to 3þ and a
mean intensity (MI, range 0–3) was calculated.
Immunostaining for Her2Neu was scored based on
the 2007 CAP/ASCO guidelines for invasive breast
carcinoma.21 Statistical analysis used Fisher’s two-
tailed exact test, with significance set at Po0.05.

Results

The age and stage distribution for both study and
control cases is provided in Table 2. Of the 24
invasive micropapillary carcinomas evaluated, spe-
cimens included cystoprostatectomy (n¼ 14), trans-
urethral bladder tumor resection (n¼ 7), cystec-
tomy (n¼ 2), and nephroureterectomy (n¼ 1) and
included 22 men and 2 women. Extent of micro-
papillary histology in the 24 invasive micropapillary
carcinomas ranged from o10 to 450% (Figure 1a
and b). Of the invasive urothelial carcinomas with
retraction artifact evaluated, specimens included
cystoprostatectomy (n¼ 16), transurethral bladder
tumor resection (n¼ 4), nephroureterectomy
(n¼ 2), and cystectomy (n¼ 2) and included 23
men and 1 woman. Among the 24 control invasive
urothelial carcinomas with retraction artifact, the
extent of retraction ranged from o10 to 450%
(Figure 1c and d).

Immunohistochemical staining results for both
invasive micropapillary carcinoma and invasive
urothelial carcinoma with retraction artifact using
MUC1, CA125, and Her2Neu immunostains are
listed in Table 3.

Table 1 Antibody sources and dilutions

Antibody Clone Working dilution Antigen retrieval Source

MUC1 Ma695 1:3000 Citrate Vector (Burlingame, CA, USA)
CA125 OC125 Prediluted EDTA Covance (Princeton, NJ, USA)
Her2Neu Polyclonal Prediluted Hercep test kit Dako (Carpinteria, CA, USA)
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Of 24, 23 (96%) invasive micropapillary
carcinomas showed positive MUC1 reactivity in a
stroma-facing (basal) distribution with strong inten-
sity and wide extent (Figure 2a). Among invasive
urothelial carcinomas with retraction artifact, 15 of
the 24 (63%) cases demonstrated basal MUC1
staining with strong intensity and wide extent.
Intracytoplasmic and nonbasal membranous
staining was also present in 9 of the 24 invasive
micropapillary carcinoma cases, ranging from o10

to 450%, including 1 without any basal staining.
Of the 24, 23 invasive urothelial carcinomas with
retraction artifact cases also showed intracytoplas-
mic and nonbasal membranous reactivity ranging
from o10 to 450% (Figure 2b), including 9 without
a basal reactivity pattern. By our definition,
cases without the basal MUC1 staining pattern were
scored as negative for statistical analysis regardless
of other cytoplasmic or membranous staining
patterns.

Table 2 Stage distribution of IMPCa and IUC-Rb evaluated with MUC1, CA125, and Her2Neu

Stage I (age, mean) Stage II (age, mean) Stage III (age, mean) Stage IV (age, mean)

IMPC 5 (52–81 years, 60.8) 4 (71–92 years, 82.3) 10 (42–81 years, 62.3) 5 (63–89 years, 78.8)
IUC-R 4 (56–76 years, 68.0) 6 (40–77 years, 63.8) 9 (50–82 years, 71.1) 5 (53–79 years, 71.0)

a
Invasive micropapillary carcinoma of the urinary tract.

b
Invasive urothelial carcinoma with extensive retraction.

Figure 1 H&E morphology. (a) Neoplastic tumor nests of invasive micropapillary carcinoma free-floating in cleft-like spaces (original
magnification �100). (b) Multiple nests and papillae in single retraction spaces characteristic of invasive micropapillary carcinoma
(original magnification � 400). (c) Typical invasive urothelial carcinoma frequently demonstrates retraction surrounding tumor nests
(original magnification �200). (d) Single tumor nests/aggregates within a single space and larger confluent nests are typical (original
magnification �400).
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Membranous reactivity with CA125 was identi-
fied in 8 of the 24 (33%) invasive micropapillary
carcinomas with both strong staining intensity and
extent (Figure 2c). Among invasive urothelial carci-
nomas with retraction artifact, 3 of the 24 (13%)
cases showed membranous staining, all with strong
intensity and extent (Figure 2d).

Using 3þ membranous reactivity for Her2Neu as
positive based on the 2007 CAP/ASCO guidelines
for invasive breast carcinoma (defined as uniform
intense membrane staining of 430% of tumor
cells21), 6 of the 24 (25%) invasive micropapillary
carcinoma and 2 of the 24 (8%) invasive urothelial
carcinomas with retraction artifact showed Her2-
Neu-positive staining (Figure 2e and f). In addition,
relaxing the threshold to include 2þ or 3þ
membranous Her2Neu reactivity as positive, both
invasive micropapillary carcinoma and invasive
urothelial carcinoma with retraction artifact showed
an equal number of positive cases (6 of 24, 25%).

The sensitivity and specificity for invasive micro-
papillary carcinoma vs invasive urothelial carcino-
ma with retraction artifact using MUC1, CA125, and
Her2Neu are listed in Table 4. Antibody expression
did not vary by stage distribution (data not shown).
Previously reported immunohistochemical findings
in invasive micropapillary carcinoma are summar-
ized in Figure 3.

Discussion

The prognosis for invasive micropapillary carcino-
ma of the urinary tract is poor, and even in the
absence of muscularis propria invasion in a biopsy,
muscle invasion is often assumed.22 Because con-
servative therapy with intravesical bacillus Calm-
ette-Guerin has shown poor success in invasive
micropapillary carcinoma patients,13,23,24 some
authors have proposed that early radical cystectomy
be offered to patients with surgically resectable
disease even in the absence of muscularis propria
invasion on initial biopsy.23,24 As such, the patholo-
gic diagnosis of even a small focus of the micro-
papillary component may be therapeutically
important.25

In this study, we compared the immunoprofile of
a series of classic invasive micropapillary carcino-
mas to typical invasive urothelial carcinomas with
retraction artifact using the three most promising
markers (MUC1, CA125, and Her2Neu) derived from
the micropapillary literature. Membranous CA125
reactivity in invasive micropapillary carcinoma was
first reported by Johansson et al in 199913 in a study
of 20 invasive micropapillary carcinomas with a
sensitivity of 35% (n¼ 20). Two additional studies
have also reported CA125 expression in invasive
micropapillary carcinoma, ranging from 100%
(n¼ 1)14 to 43% (n¼ 7).19 Of these three studies,
only Johansson et al13 compared CA125 expression
in invasive micropapillary components (n¼ 20) to
components of typical invasive urothelial carcinoma
within the same tumors (n¼ 8) and reported a
specificity of 100%. Similarly, Zhang et al in
200420 examined the expression of Her2Neu in
invasive micropapillary carcinoma (n¼ 10) vs con-
ventional invasive urothelial carcinoma (n¼ 59),
reporting a sensitivity and specificity for micropa-
pillary carcinoma of 100 and 57%, respectively.
Regarding MUC1 antibody, a characteristic basal
(‘reverse-apical’) pattern of reactivity in invasive
micropapillary carcinoma was first reported by
Nassar et al in 2004 (n¼ 10).16 Compared to
conventional invasive urothelial carcinoma
(n¼ 10), they reported 100% sensitivity and speci-
ficity for invasive micropapillary carcinoma. Basal
MUC1 reactivity has also been reported in invasive
micropapillary carcinoma (n¼ 2) in two other case
reports.8,17

These previous studies of MUC1, CA125, and
Her2Neu expression in invasive micropapillary
carcinoma identification used typical invasive ur-
othelial carcinoma as a control group,13,16,20 which is
an infrequent problem in the morphologic differen-
tial of invasive micropapillary carcinoma. In our
experience, when typical invasive urothelial carci-
noma has an invasive pattern characterized by nests
of neoplastic cells with a surrounding clear space
closely resembling lymphovascular invasion26 (ie
extensive retraction artifact), the distinction from
invasive micropapillary carcinoma may become
challenging. This difficulty is most pronounced

Table 3 Immunohistochemical results

MUC1 (‘reverse apical’) CA125 (membranous) Her2Neu (membranous)a

Invasive micropapillary carcinoma 23/24 (96%) 8/24 (33%) 6/24 (25%)
ME¼ 2.5, MI¼ 2.3 ME¼ 2.3, MI¼ 2.1

Invasive urothelial carcinoma with 15/24 (63%) 3/24 (13%) 2/24 (8%)
prominent retraction ME¼2, MI¼ 2.3 ME¼ 2.7, MI¼ 2.7

P-value 0.0102 0.1681 0.2448

ME, mean extent; MI, mean intensity.
a3+ score based on the 2007 CAP/ASCO guidelines for invasive breast carcinoma.23
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when the invasive nests of neoplastic cells are
relatively small. Given this potential for morpholo-
gic overlap in the face of emerging clinical rele-
vance, we sought to determine the diagnostic utility
of MUC1, CA125, and Her2Neu antibodies in the
distinction of invasive micropapillary carcinoma

from this specific group of typical urothelial
carcinomas with extensive stromal retraction.

Invasive micropapillary carcinomas more com-
monly showed immunoreactivity for MUC1, CA125,
and Her2Neu compared to typical invasive urothe-
lial carcinoma with prominent retraction, but only

Figure 2 Immunohistochemistry. (a) MUC1 in invasive micropapillary carcinoma demonstrates strong basal (stroma-facing, ‘reverse-
apical’) reactivity. (b) MUC1 in typical invasive urothelial carcinoma with retraction also showed strong stroma-facing staining. (c)
Although membranous reactivity for CA125 was more often seen in invasive micropapillary carcinoma, (d) typical invasive urothelial
carcinoma with retraction also demonstrated staining with both strong intensity and extent. Uniform intense membrane staining of
430% of tumor cells (3þ score) with Her2Neu was seen in both (e) invasive micropapillary carcinoma and (f) typical invasive urothelial
carcinoma with retraction. IMPC, invasive micropapillary carcinoma; IUC-R, invasive urothelial carcinoma with prominent retraction.
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MUC1 reached statistical significance. Although
immunostaining for Her2Neu showed high specifi-
city for invasive micropapillary carcinoma vs in-
vasive urothelial carcinoma with retraction artifact
(92%), it had poor sensitivity (25%) and did not
reach statistical significance, even if 2þ or 3þ
staining was interpreted as positive. Staining for
CA125 also showed poor sensitivity (33%) despite a
relatively high specificity (87%) for invasive micro-
papillary carcinoma compared to invasive urothelial
carcinoma with retraction artifact. The lack of
specificity (MUC1) and low sensitivity (CA125 and
Her2Neu) of these evaluated markers limits their
diagnostic utility in the distinction of invasive
micropapillary carcinoma from the subgroup of
typical urothelial carcinomas with extensive retrac-
tion artifact, the morphologically relevant control
group.

The epidemiology of urothelial carcinoma var-
iants is not well studied, so the incidence and/or
prevalence of micropapillary carcinoma and typical
invasive urothelial carcinoma with retraction are not

known. Studies estimate that micropapillary carci-
noma comprises approximately 0.7–2.2% of all
urothelial tumors.1,13 In our practice, approximately
5% of all invasive urothelial carcinomas have at
least focal micropapillary features (unpublished
data). Although we are not aware of any data
specific to urothelial carcinomas with retraction
artifact, based on our anecdotal experience we
expect typical urothelial carcinoma with stromal
retraction to be much more common. This would
imply that based on relative frequency, immunohis-
tochemical MUC1, CA125, and/or Her2Neu expres-
sion in a bladder tumor encountered in routine
practice may more commonly represent a typical,
nonmicropapillary carcinoma with stromal retrac-
tion rather than a true micropapillary carcinoma,
underscoring the problem of using the immunophe-
notype for classification in this setting.

Although immunohistochemical expression of
CA125 and Her2Neu in invasive micropapillary
carcinoma has shown no definitive relationship to
pathogenesis,13,14,19,20 the more recently character-
ized MUC1 expression in micropapillary carcino-
mas of the urinary tract offers a plausible
explanation for the neoplasm’s aggressive behavior
related to its histologic appearance.4,16 The charac-
teristic invasive micropapillary carcinoma morphol-
ogy is depicted as being due to the ‘reverse polarity’
of tumors cells, whereby the stroma-facing (basal)
cell surfaces acquire apical secretory properties.4,16

Metalloproteinase secretion by invasive micropapil-
lary carcinoma tumor cells, frequently present at the
advancing edge of usual invasive urothelial carci-
noma, is thought to facilitate neoplastic cell cluster
detachment from stroma and ultimately tumor
dissemination.4,16 Ultrastructural examination

Previously reported immunohistochemical findings in
invasive micropapillary carcinoma of the urinary tract
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Table 4 Sensitivity and specificity for invasive micropapillary
carcinoma vs invasive urothelial carcinoma with prominent
retraction

Sensitivity for
IMPC (%)

Specificity for
IMPC (%)

MUC1 96 37
CA125 33 87
Her2Neua 25 92

IMPC, invasive micropapillary carcinoma.
a
Based on 3+ score using 2007 CAP/ASCO guidelines for invasive
breast carcinoma.23
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identifying microvilli in stroma-facing cells27 as
well as immunohistochemical studies highlighting
the glycoprotein MUC1 in a reverse-polarity staining
pattern4,16 corroborates the ‘inside out’ micropapil-
lary pattern pathogenesis. The MUC1 expression
shared by both micropapillary carcinoma and the
subset of nonmicropapillary urothelial carcinomas
with stromal retraction artifact at least suggests the
possibility of some biologic relationship between
these two histologic types of bladder cancer. It is
interesting to note that an association between
extensive stromal retraction and adverse clinical
features (ie nodal metastasis) is well described in
invasive ductal carcinoma of the breast, even in the
absence of micropapillary features.28,29 These
authors have proposed that both of these histologic
types of breast carcinoma share an altered tumor–
stromal interaction that may be involved in lym-
phatic spread.28,29 Whether stromal retraction and/or
MUC1 expression in typical (ie nonmicropapillary)
urothelial carcinoma has any independent clinical
significance has not been fully evaluated and
warrants further investigation.

In summary, the present study shows that MUC1,
CA125, and Her2Neu immunophenotypes do not
have utility in the distinction of invasive micro-
papillary carcinoma from invasive urothelial carci-
noma with retraction artifact. Given the potential
implications for therapy, this distinction should
continue to be based on morphology until more
specific markers are identified.
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