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Abstract

Background: Human epidermal growth factor receptor 2 (HER2) protein overexpression
or gene amplification has been shown in urothelial bladder cancer. This could be helpful
when using targeted anti-HER2 therapy on these tumors.
Objective: To evaluate HER2 immunohistochemical expression in conventional urothe-
lial carcinoma (UC), in situ UC, and UC variants primarily in micropapillary urothelial
carcinoma (MPUC).
Design, setting, and participants: The study evaluated 60 MPUC cases; 25 invasive,
20 low-grade noninvasive, and 10 high-grade noninvasive UC cases; 8 in situ UC cases;
and 69 UC variant cases. The immunohistochemistry staining was scored according to
recommendations of the American Society of Clinical Oncology/College of American
Pathologists 2013 HER2 test guideline established for breast cancer and only 3+ staining
was considered HER2 overexpression.
Outcome measurements and statistical analysis: HER2 overexpression was determined
by 3+ staining.
Results and limitations: 34 of 60 MPUC cases (56%) showed HER2 overexpression
(3+ staining). We observed 3+ staining HER2 overexpression in nine of 25 conventional
invasive UC cases (36%), four of eight in situ UC cases (50%), and three of six lipid cell
variant cases (50%). 3+ staining HER2 overexpression was not seen in eight glandular, six
small cell, and five sarcomatoid variant cases. HER2 overexpression was negative in the
20 low-grade noninvasive UC cases but positive in two of the 10 high-grade noninvasive
UC cases (20%). We observed HER2 overexpression most commonly in MPUC cases.
We also found HER2 overexpression in conventional invasive and in situ UC cases.
Conclusions: Pure in situ UC and conventional invasive UC, especially MPUC, could be
candidate tumors for treatment with anti-HER2 antibody (trastuzumab therapy).
Patient summary: Targeted therapy has a limited place in treatment of bladder cancer.
In this study, human epidermal growth factor receptor 2 (HER2) overexpression in
bladder carcinomas was evaluated in a large number of cases. Anti-HER2 therapy could
be used in bladder cancers, as in breast and gastric cancers.
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1. Introduction

Progress has been made with recent studies on urothelial

carcinoma (UC) tumorigenesis and genetics [1–4]. The

morphological diversity of UC once it invades muscle, the

molecular heterogeneity, and the various pathways of its

tumorigenesis continue to make targeted therapy difficult

[1]. UC has approximately 20 variants in addition to its

molecular heterogeneity. Variants with a poor clinical

outcome include small cell, nested, lymphoepithelial-like,

sarcomatoid, and micropapillary carcinomas [5,6]. Micro-

papillary UC (MPUC) usually has an aggressive presenta-

tion and is also seen in the breast, lung, and other organs

[7,8]. Studies on targeted therapy for this tumor are

essential because it has usually already metastasized at

presentation and has an aggressive course. Human

epidermal growth factor receptor 2 (HER2) has been found

to be overexpressed in breast carcinomas and is being

investigated in other organ cancers; anti-HER2 therapy

has been successful in this tumor [9] and may be successful

for UC.

HER2 is a type I transmembrane growth factor receptor

that activates intracellular signaling pathways [10]. It is a

185-kDa transmembrane protein from the receptor thyr-

osin kinase family, and its gene is found on chromosome

17q21 [11,12]. HER2 overexpression in various cancer types

has been shown to lead to an aggressive course and poor

prognosis, and the overexpression mechanism is primarily

the amplification of the HER2 gene [13,14]. Slamon et al [15]

first reported this in breast cancer almost 30 yr ago. HER2

amplification is associated with a poor prognosis in patients

with breast cancer [9]. However, HER2-targeted therapy

consisting of the anti-HER2 antibody trastuzumab com-

bined with standard chemotherapy has lead to a signifi-

cantly increased survival rate in patients with HER2

amplification compared with those without this treatment

[16]. Bang et al [16] reported increased survival in advanced

HER2-amplified gastric cancer treated by anti-HER2 mono-

clonal antibody. Targeted anti-HER2 therapies are currently

the established clinical routine for HER2-overexpressing

carcinomas of the breast and stomach [17,18].

Recent studies have reported that HER2 protein over-

expression or gene amplification is present in 10–75% of

urothelial bladder cancers [11,19–23]. Tschui et al [11] have

reported that the aggressive HER2-amplified subtype of

urothelial bladder cancer has specific histomorphological

features. These include micropapillary architecture, hetero-

geneous morphology, and significant tumor-associated

chronic inflammation. The poor cancer-specific survival

rates in patients with MPUC are significantly associated

with HER2 amplification [10]. It is possible that HER2-

amplified bladder cancers will benefit from trastuzumab

therapy, particularly MPUC owing to its higher rate of HER2

overexpression [10]. HER2 is expressed strongly in approxi-

mately 75% of the tumors that overexpress it, which could

be helpful when using targeted anti-HER2 therapy on these

tumors [11].

Our aim in this study was to evaluate HER2 over-

expression in conventional UC, in situ UC, and variants of UC
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(primarily MPUC) to enable better selection of cases for

anti-HER2 therapy in the future.

2. Materials and methods

2.1. Patients

A total of 60 cases diagnosed with MPUC following bladder transurethral

resection biopsy were collected from four institutes (paraffin blocks and

hematoxylin and eosin–stained slides). In situ UC, in situ MPUC, and

other variants of UC accompanying MPUC were specifically searched

during the histopathological evaluation.

25 invasive, 20 low-grade noninvasive, and 10 high-grade noninva-

sive UC cases from one center, all diagnosed in 2009, were also included.

A total of eight pure in situ UC and UC variants diagnosed between

2000 and 2015 from the same center were also included. These UC

variants consisted of squamous differentiation (n = 10), glandular

differentiation (n = 8), trophoblastic differentiation (n = 4), nested

(n = 12), lipid cell (n = 6), lymphoepithelial-like (n = 6), small cell

(n = 6), large nested (n = 6), pleomorphic (n = 6), and sarcomatoid

(n = 5) variants. All variants including MPUC formed at least 10% of

the invasive component. Hematoxylin and eosin–stained slides of all

cases were reviewed by two of the authors (K.B. and K.Y.). Clinical

information and data were obtained from the referral centers.

All cases included in the study were diagnosed in accordance

with World Health Organization 2004 classification and addition

of new variants generally accepted by the International Society

of Urological Pathology [5,6]. Staging was done according to

2010 American Joint Committee on Cancer seventh edition TNM

classification [24].

HER2 immunohistochemistry was performed using the HercepTest

(Dako, Glostrup, Denmark) according to the manufacturer’s recommen-

dations. The immunohistochemistry staining was scored according to

recommendations of the American Society of Clinical Oncology/College

of American Pathologists 2013 HER2 test guideline established for breast

cancer [25]. The level of HER2 protein expression was assessed

semiquantitatively by the intensity and percentage of staining and

scored on a scale of 0 to 3+. Scores of 0 and 1+ were categorized as

negative, 2+ was categorized as equivocal, and 3+ was categorized as

positive. A score of 3+ denoted circumferential membrane staining that

was complete and intense; a score of 2+ denoted circumferential

membrane staining that was incomplete and/or weak to moderate and in

>10% of the invasive tumor cells or complete and circumferential

membrane staining that was intense and in �10% of the invasive tumor

cells; a score of 1+ denoted incomplete membrane staining that was faint

or barely perceptible and in >10% of the invasive tumor cells; and a score

of 0 was defined as no staining or as membrane staining that was

incomplete, faint or barely perceptible, and in �10% of the invasive

tumor cells. All cases were scored for HER2 immunohistochemistry

status by a single pathologist (K.B.). We considered only 3+ staining as

HER2 overexpression.

3. Results

The mean age of the 60 patients with MPUC was 67.9 yr

(range: 41–84 yr). There was a male predominance, with a

male:female ratio of 49:11. Stage distribution was no pTa

cases, 22 pT1 cases, and 48 pT2 cases. The MPUC component

ratio varied between 10% and 100% in invasive UC cases, and

the number of pure MPUC cases was seven (11%). In situ UC

was found in 24 of 60 UC cases (40%), and 7 of these 24 were

in situ MPUC cases (7 of 60 MPUC cases [11.6%]). Variants
n Epidermal Growth Factor Receptor 2 Overexpression in
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Fig. 1 – (A) Histologically typical areas of micropapillary carcinoma. (B) Strong human epidermal growth factor receptor 2 staining in these
micropapillary areas.

Fig. 2 – (A) Histologically typical areas of micropapillary carcinoma. (B) Strong human epidermal growth factor receptor 2 staining in these
micropapillary areas.
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accompanying MPUC cases were squamous differentiation

in five cases (8%), glandular differentiation in eight cases

(13%), nested in seven cases (11%), lipid cell in three cases

(5%), pleomorphic in four cases (6%), and small cell in two

cases (3%).

We found that 34 of 60 MPUC cases showed HER2

overexpression (3+ staining) in immunohistochemical
Fig. 3 – Negative staining for human epidermal growth factor receptor 2 (HER2
(arrow). (B) Strong HER2 staining in in situ urothelial carcinoma (with a micro
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analysis (56%) (Fig. 1 and 2). Staining was scored as 2+

staining in 11 of 60 cases (18%) and 1+ or 0 in 13 of 60 cases

(18%). We observed 3+ staining HER2 overexpression in 9 of

25 conventional invasive UC cases (36%), four of eight in

situ UC cases (50%), and three of six lipid cell variant cases

(50%) (Fig. 3). We did not observe 3+ staining HER2

overexpression in glandular, small cell, or sarcomatoid
) in low-grade areas and strong HER2 staining in a focal high-grade area
papillary pattern).
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Fig. 4 – (A) Areas of micropapillary carcinoma and glandular differentiation (arrow). (B) In the same case, strong human epidermal growth factor
receptor 2 (HER2) staining in micropapillary carcinoma and negative HER2 staining in areas of glandular differentiation (arrow).

Fig. 5 – (A) Histologically typical areas of small cell carcinoma. (B) Negative human epidermal growth factor receptor 2 staining in these areas of small
cell carcinoma.

Table 1 – Human epidermal growth factor receptor 2 overexpression in all cases

Tumor type Age, yr, mean (range) Male, female, n/n Cases, n HER2 3+ staining, n (%)

Micropapillary UC 67 (41–84) 49/11 60 34 (56)

Invasive UC, conventional 68 (39–85) 21/4 25 9 (36)

Pure in situ UC 67 (39–85) 26/6 8 4 (50)

Low-grade noninvasive UC 66 (35–83) 17/3 20 0 (0)

High-grade noninvasive UC 67 (41–85) 8/2 10 2 (20)

Squamous differentiation 68 (40–84) 8/2 10 2 (20)

Glandular differentiation 67 (41–86) 7/1 8 0 (0)

Trophoblastic differentiation 69 (54–84) 3/1 4 1 (33)

Nested variant 68 (63–78) 10/2 12 2 (16)

Large nested variant 64 (36–80) 5/1 6 1 (20)

Lipid cell variant 68 (59–81) 5/1 6 5 (80)

Small cell variant 70 (61–85) 6/0 6 0 (0)

Pleomorphic variant 68 (58–82) 5/1 6 3 (50)

Lymphoepitelial-like variant 66 (60–79) 5/1 6 1 (16)

Sarcomatoid 69 (65–77) 5/0 5 0 (0)

HER2 = human epidermal growth factor receptor 2; UC = urothelial carcinoma.
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variants (Fig. 4 and 5). HER2 expression was not detected

in the adjacent normal urothelium of the cases showing

HER2 overexpression in noninvasive and/or invasive

components. The clinical and 3+ staining HER2 over-

expression results of all cases included in the study are

summarized in Table 1.
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4. Discussion

MPUC, a UC variant, was first described by Amin et al [26] in

1994. It is a rare but important variant owing to its

aggressiveness [6,7,26]. The MPUC incidence has been

estimated as 0.7–8% in various case series, it is more
n Epidermal Growth Factor Receptor 2 Overexpression in
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common in males (male:female ratio of 6:1), and the mean

age of patients is 67.6 yr [6,7,27–30].

Micropapillary carcinoma is an aggressive tumor that

presents in the advanced stage in the bladder and in the

breast, lung, and stomach with similar morphology

[7,18,31,32]. In addition to surgical treatment, targeted

treatment of this tumor, which usually presents with

metastasis, is being investigated. Anti-HER2 antibody

(trastuzumab) treatment is used in organ carcinomas such

as breast and gastric carcinoma and has been reported to

prolong survival. Experience with breast carcinoma treat-

ment has been achieved in recent years. Although HER2

overexpression has also been found in UC, it is most

commonly observed in MPUC cases. Only a few studies have

evaluated HER2 overexpression in other UC variants, and

new studies are required [11,33].

Our study is one of the largest on the immunohisto-

chemical evaluation of HER2 overexpression in MPUC,

invasive UC, in situ UC, low- and high-grade noninvasive UC,

and a large number of UC variant cases. The HER2

overexpression (3+ staining) rate was 36% in conventional

UC cases. The highest rate was in the MPUC cases (56%),

which is similar to previous studies. The HER2 over-

expression rate is quite variable in the literature in both

conventional UC and MPUC cases. We believe that this

difference arises from the diversity of the fixation used,

the brand of the antibody, and the difference of study and

evaluation methods.

HER2 amplification is reported to be present in more

than 40% of MPUC cases [11,34]. In a recent gene expression

profile study, micropapillary urothelial cancer was found to

evolve by the activation of miR-296 and RUVBL1 target

genes that may be related to the epidermal growth factor

receptor [35]. Schneider et al [10] reported the 5-yr survival

rate of MPUC cases showing HER2 amplification as 0% in

their study and revealed a 5-yr survival rate of 40% in MPUC

cases without HER2 amplification. Tschui et al [11] observed

HER2 amplification and overexpression in UCs in their

study of a large number of cases including UC variants, with

HER2 overexpression most common in the MPUC variant.

In another study, no HER2 amplification was identified in

sarcomatoid UCs [36]. These recent studies with a large

number of cases and the results of our own study show that

MPUC can be a candidate for targeted treatment with anti-

HER2 antibody [34]. Conventional UC accompanied most of

our MPUC cases, but there were several different variants

and most cases had a heterogeneous appearance in terms of

histologic characteristics. The degree of HER2 overexpres-

sion in conventional UC cases accompanying MPUC was

similar to MPUC results, but UC variants showed marked

variability. Similar results were seen in our UC variant cases

without the MPUC variant with HER2 overexpression.

Whereas almost no HER2 overexpression was observed in

the sarcomatoid, small cell, and glandular variants, over-

expression at low rates was seen in the nested and

squamous variants. HER2 overexpression (50%) was ob-

served in the lipid cell variant, which is a rare entity. HER2

expression was negative in our low-grade noninvasive UC

cases but positive in 20% of the high-grade noninvasive UC
Please cite this article in press as: Behzatoğlu K, et al. Huma
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cases. HER2 overexpression was positive in 50% of the pure

in situ UC cases. These cases with high progression risk may

therefore be candidates for anti-HER2 antibody treatment.

Similar to the results in the study by Tschui et al [11], we

detected marked HER2 overexpression in invasive conven-

tional UC with accompanying MPUC and high-grade

noninvasive UC. HER2 expression could be an early acquired

feature in UC tumorigenesis. It should be kept in mind that

high-grade noninvasive UC with HER2 overexpression can

have an aggressive behavior.

5. Conclusions

We observed high HER2 overexpression in conventional

invasive UC and especially MPUC and in situ UC in our

study. The sample size is too low to make an assertive

conclusion, but we believe that anti-HER2 antibody

treatment may be an option in the targeted treatment of

these three entities we mentioned earlier, as in breast and

gastric carcinomas. Analyzing in vitro effects of anti-HER2

therapies on MPUC may be important for personalized

targeted medicine.
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Statistical analysis: Bal.

Obtaining funding: Behzatoğlu.
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