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Human epidermal growth factor receptor-2 (HER2) is a well-recognized growth-promoting factor in cancer,

although its application to urothelial carcinoma has been limited because of a low frequency of gene

amplification. We evaluated HER2 protein expression and gene amplification in micropapillary carcinoma, a rare

but highly aggressive variant of urothelial carcinoma by dual-color in situ hybridization. Gene amplification was

defined by a HER2:CHR17 ratio of Z2.2; low and high levels of amplification were further defined as o2.5 and

Z2.5, respectively. Immunohistochemistry was used to determine HER2 protein expression using the American

Society of Clinical Oncology/College of American Pathologists Guidelines of HER2 staining. Protein

expression, gene amplification, and chromosome 17 aneusomy were compared by Jonchkeere–Terpstra and

Cochran–Armitage trend tests. In all, 19 of the 20 micropapillary carcinoma samples yielded usable dual-color in

situ hybridization and immunohistochemistry results for evaluation. Overall, 68% (n¼ 13) demonstrated HER2

protein expression of 2þ to 3þ staining. Gene amplification was present in 42% of samples (n¼ 8), with 100%

correlation with 2þ and 3þ protein expression. Gene amplification and protein expression were significantly

associated (P¼ 0.01). Overall, 53% of samples (n¼ 10) had aneusomy of chromosome 17. Chromosome 17

aneusomy was present in approximately half of the samples evaluated, suggesting inherent genomic instability

in this variant of urothelial carcinoma. However, increased HER2:CHR17 ratios demonstrate increased HER2

expression due to amplification in the majority of micropapillary carcinomas. These results suggest that HER2-

targeted therapy may be successful on the genomic level in patients with this disease.
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The micropapillary variant of urothelial carcinoma
(micropapillary carcinoma) is a rare but aggressive
subtype of urothelial carcinoma. Histologically,

micropapillary carcinoma resembles papillary
serous carcinoma of the ovary with filiform projec-
tions that lack a central vascular core and are
present within prominent retraction spaces.1

Although micropapillary carcinoma represents only
0.7–2.2% of bladder cancers,1–3 patients with this
form of carcinoma often present at an advanced
stage with muscle-invasive or metastatic disease2,4

and a significantly reduced survival as compared
with conventional urothelial carcinoma. Even when
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patients present with non-muscle-invasive disease,
subsequent pathological upstaging occurs in up to
75% of patients and occult lymph-node disease may
be present in 38% of patients.1 It is unclear whether
the aggressive nature of micropapillary carcinoma is
caused by its rapid growth rate or by its inherent
biologically aggressive behavior.5,6 Treatment op-
tions are usually limited to surgical removal of the
bladder (cystectomy), as these tumors often demon-
strate a poor response to intravesical treatment or
chemotherapy.1,5 As a result, other options for
therapy are required to successfully address this
lethal disease.

The human epidermal growth factor receptor-2
(ERBB2; HER2) is a transmembrane tyrosine kinase
receptor the overexpression of which has been
identified in multiple cancers, including breast,
ovarian, salivary gland, endometrial, pancreatic,
and non-small cell lung cancer.7–9 HER2 is normally
responsible for regulating cell proliferation and
survival.9,10 Its overexpression results in increased
vascular endothelial growth factor production and
thus angiogenesis,11 as well as increased cell
proliferation and decreased cell–cell adhesion by
activation of the ras/mitogen-activated protein
kinase pathway,11,12 which are important factors in
oncogenesis and tumor progression.8–10 HER2 pro-
tein overexpression has been most extensively
researched in breast cancer, in which it occurs in
B20% of primary invasive carcinomas13 and por-
tends a poor prognosis with decreased disease-free
and overall survival.8,14 Encouragingly, there has
been successful targeting of HER2-positive cells
(defined as 2þ and 3þ protein expression with
concurrent amplification) in metastatic breast can-
cer, resulting in longer overall survival and a 20%
reduction in the risk of death when the anti-HER2
antibody trastuzumab (Herceptin; Genetech) is com-
bined with standard chemotherapy.15

On the basis of these findings, there has been
interest in the possible efficacy of HER2-targeted
therapy in other cancers. Previous investigation into
HER2 expression in conventional urothelial carci-
noma has identified an inconsistent and often low
frequency of gene amplification in this disease
(0–32% of cases16–18),which made HER2-targeted
therapy less feasible. However, there is a paucity of
literature on HER2 expression in micropapillary
carcinoma. As micropapillary carcinoma demon-
strates a distinctive morphology and behavior from
conventional urothelial carcinoma, we hypothe-
sized that such differences could be an effect of
differences in growth-promoting factors such as
HER2. The goal of this study was to evaluate HER2
protein expression and HER2 gene amplification in
this unique subset of urothelial carcinoma patients
to determine whether HER2-targeted systemic ther-
apy would provide a novel treatment option in this
population, especially given the aggressiveness of
this disease and the potential for metastatic disease
by the time of presentation.2,4

Materials and methods

Tissue Samples

This study was performed after obtaining approval
by the Institutional Review Board. In all, 20 patients
were identified with micropapillary carcinoma by
pathological evaluation after undergoing transure-
thral resection or radical cystectomy at our institu-
tion between the years 1998 and 2008. All pathology
slides were re-evaluated to confirm the initial
diagnosis. Specimens were processed as a tissue
microarray containing three to four 1.0-mm cores
from separate regions of each tissue sample to assess
for heterogeneity of protein and gene expression. We
averaged our findings among the difference cores
from separate tumor sites to address heterogeneity.
All cores chosen demonstrated a majority of micro-
papillary features. Cores that were simply fat or did
not represent carcinoma were excluded. Normal
tissue samples were also included for reference and
analysis, including tonsil, kidney, liver, small intes-
tine, placenta, and lung. Tissue microarray samples
were analyzed for HER2 expression by subsequent
immunohistochemical staining and HER2 gene
amplification by color dual hapten silver in situ
hybridization (dual-color in situ hybridization).

Immunohistochemistry

Immunohistochemical stains for HER2 were per-
formed using PATHWAY HER-2/neu (4B5) Primary
Antibody (Ventana Medical Systems Inc., Tucson,
AZ) as per the standardized Ventana PATHWAY
HER2/neu protocol. Staining was performed on 3–
4mm tissue microarray sections, and only membrane
staining was evaluated. Protein expression was
scored according to the American Society of Clinical
Oncology/College of American Pathologists guide-
lines19 of HER2 staining, defined as 0 (no staining), 1
þ (incomplete membrane staining), 2þ (complete
but weak membrane staining in 410% of cells), and
3þ (intense membrane staining in430% of cells).18

Scoring was performed independently by two
different reviewers (DEH and CBC). Positive control
samples accompanying the micropapillary cell
carcinoma samples were used for reference.

Consistent with other published studies of HER2
immunohistochemical staining in urothelial carci-
noma,9,12–13,15,20 we considered carcinomas positive
if they exhibited 2þ or 3þ immunostaining.

Dual-color in situ hybridization analysis for HER2
gene amplification and aneusomy
Gene amplification of HER2 was assessed by dual-
color in situ hybridization—a form of chromogenic
in situ hybridization. As compared with fluorescent
in situ hybridization, dual-color in situ hybridiza-
tion uses a combination of enzyme metallography
and alkaline phosphatase-based chromogenic in situ
hybridization to detect a dinitrophenyl haptenated
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repeat depleted HER2 probe and a digoxigenin
haptenated repeat depleted chromosome 17 a-cen-
tromeric reference probe, respectively. HER2 gene
copies (discrete black metallic silver signals) and
chromosome 17 (CHR17) reference gene signals (red)
are identified and enumerated by conventional
bright-field microscopy after hematoxylin counter-
staining.21,22 All dual-color in situ hybridization
procedural steps were fully automated on the
BenchmarkXT workstation (Ventana Medical Sys-
tems Inc.). A single reviewer (CBC) evaluated each
tissue microarray to determine aneusomy and HER2
gene amplification using a bright-field microscope
(Olympus BX41, Olympus America, Center Valley,
PA). Only cells in which at least two CHR17
reference probe signals could be identified on
section were included for review. Cells were
considered positive for aneusomy if 42 CHR17
probes per cell were identified and positive for
HER2 gene amplification if the HER2:CHR17 ratio
Z2.2. Low-level amplification was defined as a ratio
of 2.2 to o2.5 and high-level amplification as Z2.5.
At least 30 different randomly selected nuclei (range
from 38–212 nuclei per specimen) from various
specimen regions were selected for evaluation.
Dual-color in situ hybridization results were then
averaged to determine overall gene amplification
levels for each specimen.

Patient information
Chart review was performed to obtain patient
information and determine overall patient survival.
The Social Security Death Index (http://ssdi.
rootsweb.ancestry.com/) was also used to cross-
reference patient status. Patient follow-up was
considered until the time of death either as
documented in the hospital chart or as recorded in
the social security death index, or was considered
the date of last follow-up in the medical chart.

Statistical Analysis

HER2 protein expression, HER2 gene amplification,
and aneusomy 17 were summarized as frequency
counts and percentages; and the Cochran–Armitage
trend test and Jonchkheere–Terpstra tests were used to
examine associations between them. The log-rank test
was used to compare overall survival between groups.
Data were analyzed using SAS 8.0 (SAS Institute Inc.,
Cary, NC) and StaXact 7.0 (Cytel Inc., Cambridge, MA).

Results

Patient Characteristics

Of the 20 micropapillary carcinoma patients evalu-
ated, the majority were men (16 men; 4 female),
consistent with the recognized distribution of this
disease.5,23 The mean patient age was 68 years
(median 70 years, range 50–89 years). The majority
of specimens were obtained after radical cystectomy

with or without previous transurethral resection; four
of the specimens were from transurethral resection
alone (Table 1). In all, 19 of the 20 total samples met
staining criteria for study inclusion and were used
for sample evaluation and subsequent analysis.

All but two patients demonstrated evidence of
muscularis propria invasion on pathological evalua-
tion, with nearly all cystectomy specimens showing
gross perivesical fat invasion. In all, 10 of the 17
patients with muscle-invasive disease died of dis-
ease, whereas 7 were still alive as of the last follow-
up. In all, 14 patients had regional lymph-node
metastases discovered at cystectomy. One of the
patients undergoing transurethral resection of a
bladder tumor lacked muscularis propria in the
specimen, whereas a second showed uninvolved
muscularis propria on sampling. Both of these
patients showed adenopathy on imaging and subse-
quently died of the disease.

Overall, 10 patients had documented metastatic
disease detected at follow-up after surgery, includ-
ing enlarging lymph nodes on imaging (n¼ 5),
peritoneal carcinomatosis (n¼ 1), brain metastases
(n¼ 1), liver metastases (n¼ 1), lung metastases
(n¼ 1), or retroperitoneal tumor recurrence (n¼ 1).
Five patients did not have further imaging post-
operatively, and four patients did not have any
evidence of metastases on post-operative follow-up
imaging. In all, 11 patients received chemotherapy,
all post-operatively, with the majority (10 patients)
receiving gemcitabine/cisplatin. The median overall
survival was 13.8 months. A total of 12 patients died
of disease. The remaining seven patients were alive
as of last follow-up, with follow-up ranging from 0.2
to 37.4 months (mean 18.5 months; median 22.4
months). In three of the seven living patients,
follow-up was o1 year. When evaluating the
potential role chemotherapy had on survival, there
was no association (P¼ 0.56).

Table 1 Patient characteristics

Sex
Male (n) 16
Female (n) 4

Age (years)
Overall range 50–89
Overall median 70
Overall mean 68
Male 70.8
Female 58.8

Specimen type
Radical cystectomy±preceding TUR (n) 16
TUR alone (n) 4

Muscle invasive (n) 17

Lymph-node metastasis (n)
Pathologically confirmed (n) 14
Suspected on imaging (n) 2

Deceased (n) 12
Median survival (months) 13.8
Range of follow-up in censored patients (months) 0.2–37.4
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HER2 Protein Expression Occurs in the Majority of
Micropapillary Carcinomas

Evaluation of HER2 protein expression was per-
formed by immunohistochemistry and was scored
as described under the ‘Materials and methods’
section (Figure 1a–h). Protein expression was con-
sidered to be an immunohistochemistry score of 2þ
or 3þ . Overall, 13 patient samples (68%) demon-
strated HER2 protein expression, including 8
patients with 2þ immunohistochemistry and 5
patients with 3þ immunohistochemistry (Table 2).
No significant association was present between
HER2 protein expression and overall survival
(P¼ 0.28; Figure 2a).

HER2 Gene Amplification is Present in Nearly Half of
the Micropapillary Carcinomas and Correlates with
Protein Expression

Dual-color in situ hybridization was used to deter-
mine HER2 copy number with the CHR17 probe

used for standardization. HER2 gene amplification,
defined as a ratio of HER2:CHR17 of Z2.2, was
identified in 8 specimens (42%; Figure 3a–c). Gene
amplification was also further stratified into low-
and high-level amplification. In particular, low-level
amplification was defined as a HER-2:CHR17 ratio
Z2.2 and o2.5 and high-level amplification was
defined as a HER-2:CHR17 ratio of Z2.5. Gene
amplification was only present in samples with
protein expression; none of the specimens with 0 to
1þ staining demonstrated gene amplification
(100% concordance). Both overall gene amplifica-
tion and amplification defined as none, low, and
high, were significantly related to protein expres-
sion (P¼ 0.01 and Po0.01, respectively, Tables 2
and 3). Of the five samples with 3þ HER2 protein
expression, three demonstrated high-level gene
amplification; conversely, of the eight samples with
2þ HER2 protein expression, only one had high-
level amplification. No significant association was
identified between HER2 gene amplification and
overall survival (P¼ 0.53; Figure 2b).

Figure 1 HER2 protein expression by immunohistochemistry with matched H&E (40� ). A range of protein expression was present
including: (a) 0 staining, (c) 1þ staining, (e) 2þ staining, and (g) 3þ staining. Matched H&E images for each case are presented (b, d, f, h).
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Aneusomy 17 is Frequent in Micropapillary
Carcinoma and May Affect Patient Outcome

The CHR17 probe was used to evaluate aneusomy of
chromosome 17. Of the 19 samples evaluated,
aneusomy was present in 10 cases (52.6%). No
significant association was identified between an-
eusomy and HER2 protein expression or gene
amplification (P¼ 0.27 and P¼ 0.41, respectively).
However, there is some suggestion that patients with
aneusomy 17 may have a reduced overall survival
relative to those with normal chromosome 17
numbers (P¼ 0.07; Figure 2c). Given that all but
three of the patients had evidence of metastatic
disease, either by pathological review or upon
imaging, an association between metastatic spread
and aneusomy 17 amplification could not be
accurately assessed. Similarly, the joint impact of
aneusomy 17 and HER2 amplification could not be
accurately assessed because of the low number of
patients in these categories (Table 4).

Discussion

Micropapillary carcinoma represents a distinctive
subtype of urothelial carcinoma. A defining feature
is the aggressive biological behavior of this lesion,
which may represent a difference in tumor cell
growth or invasiveness.4,24,25 Tumors that demon-
strate an admixture of conventional urothelial
carcinoma and micropapillary carcinoma often
demonstrate metastases composed of the micropa-
pillary carcinoma component, supporting the ag-
gressive nature of this variant.4,24,25 Even in primary
tumors, the percentage of micropapillary carcinoma
present is significantly related to the stage of disease
and mortality:25 a relative mortality risk of 2.4 is
present when the component of micropapillary
carcinoma is 450% as compared with those with
pure conventional urothelial carcinoma or o50%
micropapillary carcinoma.26 One of the first reports
of micropapillary carcinoma found that 94% of
patients had muscle-invasive disease at the time

Table 2 HER2 protein expression by immunohistochemistry and corresponding HER2 gene amplification and aneusomy 17

IHC score Total number of patients
(%, n¼19)

No. patients with corresponding
gene amplification

No. patients with corresponding
chromosome 17 aneusomy

0 2 (11%) 0 0
1+ 4 (21%) 0 2
2+ 8 (42%) 4 5
3+ 5 (26%) 4 3

Figure 2 Association of HER2 and aneusomy status with overall survival. (a) HER2 protein expression, stratified into 0–1þ and 2–3þ
categories, did not significantly correlate with overall survival (P¼0.28). (b) Similarly, overall survival was not significantly associated
with HER2 gene amplification, regardless of low or high levels of amplification (P¼ 0.53). (c) A trend toward decreased survival with
aneusomy 17 was apparent (P¼0.07).
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of presentation, with frequent angiolymphatic
invasion.4 A more recent review found that 91%
of patients had at least clinical T1 disease at
presentation.1

The exact mechanism by which micropapillary
carcinoma pathology differs from that of conven-
tional urothelial carcinoma is unknown. One sug-
gestion is that its aggressive nature may be due to a
reversal in cell polarity, resulting in the basal
surface acquiring apical secretory properties that
promote tumor invasion.23,27 There is also evidence

Figure 3 Dual-color in situ hybridization analysis was used to evaluate HER2 gene amplification (black) and aneusomy of chromosome
17 (red). (a) A subset of cases demonstrated no HER2 amplification or aneusomy, with a 1:1 ratio of HER2:CHR17 probe and two CHR17
copies per cell. (b)Aneusomy 17 occurred in a high proportion of cases and is reflected in the presence of42 centromeric/CHR17 probes.
(c) HER2 gene amplification is reflected by a HER2:CHR17 ratio of Z2.2 (arrow).

Table 3 Relationship of HER2 protein expression with gene amplification

Immunohistochemistry
(IHC) score (n)

Gene amplification

None (representation of
corresponding IHC score)

Low (representation of
corresponding IHC score)

High (representation of
corresponding IHC score)

0 (2) 2 (100%) 0 0
1+ (4) 4 (100%) 0 0
2+ (8) 4 (50%) 3 (37.5%) 1 (12.5%)
3+ (5) 1 1 (20%) 3 (60%)

Table 4 Relationship of HER-2 protein expression, gene ampli-
fication, and aneusomy with overall survival

Variables being compared P-value

Protein expression to gene amplification o0.01
Protein expression to aneusomy 17 0.24
Gene amplification to aneusomy 17 0.41
Survival to HER-2 protein expression 0.28
Survival to HER-2 gene amplification 0.53
Survival to aneusomy 17 0.07
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to suggest a high level of inherent chromosomal or
genomic instability in micropapillary carcinoma:
micropapillary carcinoma contains a higher amount
of DNA content manifested by a DNA index of 1.75
for invasive micropapillary carcinoma as compared
with 1.5 for noninvasive papillary urothelial carci-
noma. The index increased to 1.85 for metastatic
micropapillary carcinoma.4,24 In another study, ex-
pressions of known predictors of poor prognosis—
including p53, MIB-1, Aurora-A, and survivin—are
increased in micropapillary carcinoma as compared
with conventional urothelial carcinoma.28 In parti-
cular, Aurora-A is a known activator of genetic
pathways involving centrosome amplification
and chromosomal missegregation, resulting in
increased chromosome copy number and nuclear
DNA content.29

The HER2 protein is considered to have a
significant role in bladder cancer outcomes,
with HER2 protein expression reported in up to
31–65.5% of samples.12,16,30 Furthermore, HER2
protein expression seems to correlate with tumor
stage, tumor grade,30–32 and poor prognosis.30–34 One
study found that the 5-year disease-free survival rate
decreased from 48.5% in HER2-negative patients to
9.7% in those who were HER2 positive.34 Skagias
et al33 also found that HER2 expression correlated
with decreased disease-specific survival (P¼ 0.002)
and overall survival (P¼ 0.025). Previous analysis of
HER2 gene amplification in conventional urothelial
carcinoma found that gene amplification was pre-
sent in only 10–11% of metastatic and non-meta-
static lesions9 and HER2 protein expression in only
30–36% of cases. Overall, there does not seem to be
a strong association between HER2 protein expres-
sion and gene amplification in conventional urothe-
lial carcinoma,12 which is perhaps explained by the
relative paucity of gene amplification found in
conventional urothelial carcinoma specimens, ran-
ging from only 5.1 to 22.2%.12,16–18 Sauter et al35

found that even when urothelial carcinomas show
HER2 amplification, there is extreme heterogeneity
in the amount of amplification per cell, with areas of
amplification ‘clustering’ together and the fraction
of amplified cells ranging from 18–94% within
tumors.

The current study of the micropapillary carcino-
ma variant demonstrates HER2 protein expression
(2þ to 3þ ) and gene amplification in a significantly
higher proportion of cases—68 and 42%, respec-
tively. In support of these findings, a separate study
that compared HER2 protein expression between
micropapillary carcinoma and conventional urothe-
lial carcinoma found a similar discrepancy, with
25% of invasive micropapillary carcinoma samples
staining 3þ for HER2 protein as compared with 8%
in invasive urothelial carcinoma with retraction
artifact, although gene amplification—which med-
iates response to HER2 mediated therapy—was
not evaluated.36 In our study, we also identified
potential chromosomal and genomic instability in

micropapillary carcinoma, including the presence of
aneusomy 17 in over half (52.6%) of our samples. As
the HER2 gene is located on 17q11–21,12,20 HER2
protein expression has been often linked to aneus-
omy of chromosome 17—one of the most common
aberrations in conventional urothelial carcinoma.37

As a result, studies have often found a 100%
correlation between HER2 protein expression and
aneusomy of chromosome 17.12,30 However, the
finding of HER2 gene amplification in a large
proportion of our micropapillary carcinoma cases
suggests an additional mechanism for HER2 protein
expression in this urothelial carcinoma variant and
suggests the potential relevance of HER2 in micro-
papillary carcinoma biology and therapy.

The frequent finding of HER2 gene amplification
in our micropapillary carcinoma study is particu-
larly encouraging, given that gene amplification is
important for controlling response to HER2-targeted
therapy.8 Although protein expression can be used
as a surrogate to determine gene amplification, it
does not reliably predict the response to HER2-
directed therapy.38 However, in some cancers, HER2
gene amplification and protein expression correlate
well, such as in breast, ovarian, and gastric
cancer,14,39,40 with HER2 gene amplification found
in 490% of breast cancer patients demonstrating
HER2 protein overexpression.8 In our study, the
significant association between protein expression
and gene amplification suggests that HER2 protein
analysis may also provide a surrogate marker for
gene amplification in micropapillary carcinoma. It
should be noted that not all samples with protein
expression had gene amplification suggesting
other mechanisms leading to overexpression. Sug-
gestions for these findings include protein expres-
sion due to transcriptional or post-transcriptional
dysregulation.35,41

Although there have not been any studies evalu-
ating HER2-targeted therapy in micropapillary car-
cinoma, several trials have investigated its role in
conventional urothelial carcinoma. Unfortunately,
these studies have had limited success, likely
because of the low rates of gene amplification in
this population. In a phase II study of a dual
inhibitor of HER-1 and HER2 kinase, only 1.7% of
locally advanced or metastatic UCC patients had an
objective response.16,42 A separate phase II trial that
combined trastuzumab (monoclonal antibody to
HER2) with carboplatin, paclitaxel, and gemcitabine
showed a complete response in 5 of 44 (11.4%)
HER2-positive patients and a partial response in 26
of 44 (59.1%) patients (defined as a reduction of
Z50% in the size of the lesion).43 Although many of
these studies used HER2 protein expression as a
marker for potential therapeutic response, the lack
of close correlation between protein levels and gene
amplification and the low number of conventional
UCCs that show HER2 gene amplification may
explain these results. In contrast, the high frequency
of gene amplification in micropapillary carcinoma
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suggested by our findings may provide a rationale to
further evaluate HER2-targeted therapy in an en-
riched population and particularly in those with
metastatic disease.

It should be noted that there are differing defini-
tions of amplification and overexpression. The
American Society of Clinical Oncology/College of
American Pathologists Guidelines—which are spe-
cifically geared towards HER2 expression in breast
cancer—outlines gene amplification as HER2/CEP17
ratio 42.2 and protein overexpression as 3þ cell
staining.19 However, The literature surrounding
HER2 expression in urothelial cancer often
defines overexpression as both 2þ and 3þ
staining.9,12–13,15,20 Similarly, previous papers have
defined gene amplification as a HER2/CEP17 ratio of
42. We have attempted to meld the definitions of
previous literature with the guidelines outlined by
the American Society of Clinical Oncology to make
our paper comparable with previous studies but
accurate with the universal definitions.

In conclusion, micropapillary carcinoma demon-
strates a marked difference in HER2 expression from
conventional UCC. The frequent finding of HER2
gene amplification in this population seems to drive
HER2 protein expression, with which it is closely
associated, and suggests a potential new means for
targeted therapy. Frequent aneusomy of chromo-
some 17 in micropapillary carcinoma supports the
possibility of increased genomic instability in this
UCC variant, which may influence the ultimate
behavior of these tumors.
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