
Summary
Purpose: ErbB family represents a promising therapeutic 
target in upper urinary tract urothelial carcinoma (UU-
TUC). Our study aimed to correlate ErbB2, ErbB3 and 
ErbB4 expression in UUTUC with other clinicopathological 
parameters as well as patient outcome.

Methods: ErbB2, ErbB3 and ErbB4 were immunohisto-
chemically assessed in 99 consecutive UUTUC specimens. 

Results: With a median follow-up of 52.5 months (range 
1-127) 28 patients (28.3%) died 1-95 months after the first 
surgical treatment and the mean survival was 18.9±24.2 
months. ErbB2, ErbB3 and ErbB4 expression was positive 
in 64.8, 19.5, and  20.8% of the tumors, respectively. Com-
bined expression of all 3 receptors was found in 7.9% of 

the tumors, combined expression of 2 receptors in 14.5% 
and 48.7% expressed at least one ErbB  receptor. No ErbB 
expression was found in 28.9% of the tumors. We found 
no significant correlation between ErbB2, ErbB3 and ErbB4 
expression with tumor stage, grade, recurrence or cancer 
specific survival apart from the inverse relation between 
ErbB2 expression and time to recurrence (p=0.027). 

Conclusion: Of the 3 receptors evaluated, neither ErbB3 
nor ErbB4 showed any prognostic significance in the UU-
TUC. ErbB2, however, was inversely associated with recur-
rence and needs further evaluation in well-designed, pro-
spective, randomized trials. 
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Introduction

 UUTUC is a rare tumor accounting only for 
5% of all urothelial carcinomas. Its annual inci-
dence is 1.6-1.9/100,000, although  a recent study 
raises it up to 2.1-2.4/100 000 [1,2].  Of the pa-
tients with solitary UUTUC, 20-50% will develop 
bladder cancer in the future [3]. Contralateral UU-
TUC will occur in 2-4% of  the patients [3]. The 
standard treatment is nephroureterectomy and 
bladder cuff resection, while the only established 
prognostic factors are, mainly, tumor stage and, 
secondly, grade. However, the aggressive nature 
of this tumor along with the usually unpredict-
able clinical course, render the identification of 
novel therapeutic approaches rather essential. 

The ErbB family receptors are a field for re-
search of high interest. It comprises four mem-

bers: EGFR/HER1, ErbB2/HER2, ErbB3/HER3 
and ErbB4/HER4. All members are homologous 
transmembrane receptors containing an extra-
cellular ligand binding region, a hydrophobic 
transmembrane region, a cytoplasmic tyrosine 
kinase domain and cytoplasmic tyrosine residues 
that serve as sites for receptor phosphorylation 
[4]. Ligand binding results in receptor dimeriza-
tion, phosphorylation across receptor dimers on 
tyrosine residues, recruitment of signaling mole-
cules to the phosphorylated tyrosine residues, and 
coupling to downstream effectors and biological 
responses [4]. The signal transduction pathways, 
therefore, activated by the ErbB family receptors 
play important roles in various cellular process-
es, such as cell proliferation, differentiation, ad-
hesion, migration and apoptosis [5]. Trastuzumab 
and lapatinib are already FDA-approved as target-

ORIGINAL ARTICLE

JBUON 2013; 18(3): 653-659
ISSN: 1107-0625, online ISSN: 2241-6293 • www.jbuon.com
E-mail: editorial_office@jbuon.com



Prognostic significance of ErbB 2,3 and 4 in urothelial tumors654

JBUON 2013; 18(3): 654

ed therapies against metastatic breast and gastric 
cancer and the research is ongoing [6-8].

There is a lack of studies in the literature re-
garding the ErbB status in UUTUC, probably ex-
plained by the rarity of these tumors. Thus, de-
spite several reports in bladder cancer, only a few 
studies have investigated ErbB expression in the 
upper urinary tract [9-15]. The aim of this study 
was to correlate ErbB2, ErbB3 and ErbB4 expres-
sion in UUTUC with other clinicopathological pa-
rameters as well as patient outcome.

Methods 

The study retrospectively included 99 patients 
with UUTUC who were treated surgically in two study 
centers between 1997 and 2007. After patient’s in-
formed consent and the approval of the Ethics Review 
Board, their files were reviewed and the following data 
were collected: gender, age, type of surgery (total neph-
roureterectomy or partial ureterectomy), tumor stage 
according to the 2002 TNM classification, tumor grade 
according to the 1973 WHO classification, type of ad-
juvant/salvage treatment (chemotherapy, radiothera-
py), time to recurrence (local, distant or bladder) and, 
finally, cancer specific survival. Follow-up consisted of 
evaluations every 3 months for the first year, every 6 
months for the next 2 years and annually thereafter. 
Follow-up included physical examination, serum bi-
ochemical profile, urine cytology, renal sonoghraphy, 
chest radiography and periodical cystoscopy. Addi-
tional radiographic imaging, when indicated, included 
intravenous urography, computed tomography and/or 
bone scanning.

Immunohistochemical staining and evaluation

Serial sections from appropriate tissues of origi-
nal tumor were cut and submitted for deparaffinization. 
Antigen retrieval involved positioning of 4μm sections 
of blocks of the above tissues in a pressure cooker  at 
56οC for 24 h, followed by microwave heat-induced 
epitope retrieval (595W microwave for 10 min) using 
the Trilogy system (Cell Marque, Hot Springs, Arkan-
sas, USA) as per the manufacturer’s instructions. We 
then used an Envision/horse raddish peroxidase (HRP) 
ChemMate TM/TechMate TM detection system (Dako-
Cytomation A/S, Glostrup, Denmark), using  primary 
monoclonal mouse antibodies against ErbB2 (mon-
oclonal, clone CB11, Biocare Medical, diluted 1:100), 
ErbB3 (monoclonal, 2Q320, Santa Cruz Biotechnology, 
diluted 1:50) and ErbB4 (monoclonal, SPM338, Santa 
Cruz Biotechnology, diluted 1:40)  for 30 min. A 3-min 
application of 3% H2O2 was followed by Envision TM 
incubation for 25 min and diaminobenzidine staining 
for 10 min. The slides were then rinsed with water and 
counterstained with aqueous haematoxylin. Sections 
incubated in Tris (hydroxymethyl) methylamine Anal-

ar buffer (BDH Laboratory Supplies, Poole, UK),    in-
stead of the primary antibody, were used as negative 
controls. 

All immunostained slides were analyzed by one 
pathologist who had no previous knowledge of the 
clinical and pathological data. Membranous immuno-
reactivity was semi-quantitatively assessed. Grades of 
positivity were determined according to the percentage 
of tumor cells stained (< 5% of tumor cells stained = 0, 
6-50% of tumor cells stained = 1 and 51–100% of tumor 
cells stained = 2).

Statistics

All analyses were performed using the Statistical 
Package for Social Sciences (SPSS, Chicago, IL, USA), 
version 16. The probabilities of progression-free sur-
vival and cancer specific survival were calculated using 
the Kaplan-Meier method. Significant differences were 
calculated using the log-rank test and a p-value <0.05 
was considered significant.

 

Results 

The clinical features of the 99 patients (70.7% 
males, 29.3% females) are shown in Table 1. 

Table 1. Patient and disease characteristics

Characteristics N %

Gender

Male 70 70.7

Female 29 29.3

Age, years, mean ± SD 67.5±11.8

Location

Pelvis and/or calyces 47 47.5

Ureter 25 25.2

Multiple pelvis/ureter 27 27.3

Grade

I 6 6.1

II 49 49.5

III 44 44.4

Stage 

Τα 27 27.3

Τ1 22 22.2

Τ2-3 42 42.4

Metastatic 8 8.1

Recurrence 40 40.4

Retroperitoneal space 4 4

Urinary bladder 28 28.3

Other organs 8 8.1

Survival

Alive 71 71.7

Deceased 28 28.3
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Mean age was 67.5 ± 11.8 years, ranging from 
34 to 93 years. The location of the disease was: 
renal pelvis and/or calyces in 47 patients (47.5%), 
ureter in 25 (25.2%) and multiple sites in pelvis 
and ureter in 27 (27.3%).

Of the 99 patients, 71 (71.7%) underwent 
nephroureterectomy, 2 (2%) partial ureterecto-
my and 26 (26.3%) nephrectomy and ureterec-
tomy without removing the bladder cuff. Patho-
logical stage was pΤαΝ0Μ0 in 27 cases (27.3%), 
pΤ1Ν0Μ0 in 22 cases (22.2%), pΤ2/3Ν0Μ0 in 42 
cases (42.4%) and metastatic in lymph nodes or 
other organs in 8 cases (8.1%). Pathologic grade 
was: grade I in 6 cases (6.1%), grade II in 49 
cases (49.5%) and grade III in 44 cases (44.4%). 
Twelve patients received adjuvant/salvage thera-
py (chemotherapy and/or radiotherapy) 7 because 
of locally advanced disease and 5 because of me-
tastasis.

During follow up (median 52.5 months, range 
1-127) the disease recurred in 40 (40.4%) pa-
tients and the sites of recurrence were: bladder 
28 (28.3%) cases, retroperitoneal space 4 (4%) and 
other organs 8 (8.1%) cases. Time to recurrence 
ranged from 3 to 122 months (mean 54.8±6.9), and 
median 40.0 months; 95% CI 11.8-68.2; Figure 1).

Time to recurrence depended on the site of re-
currence. Local recurrences developed after 3-17 
months (mean 9.8±3.0 months; 95% CI: 3.8-15.7 
and median 7.0 months; 95% CI: 0-15.8), distant 
metastasis to other organs after 3-44 months 
(mean 10.4±5.6 months, 95% CI: 0-21.5 and medi-
an 5.0 months; 95% CI: 2.4-7.6) and bladder recur-
rence after 3-61 months (mean 16.7±3.3 months; 
95% CI: 10.3-23.1 and median 12.0 months; 95% 
CI: 8.5-15.5), as shown in Figure 2.

Time to recurrence according to tumor stage 
is shown on Figure 3. In ΤαΝ0Μ0 cases there were 
only bladder recurrences, in Τ1Ν0Μ0 there were 
one local and 7 bladder recurrences, in Τ2/3Ν0Μ0 
there were 13 bladder and 5 distant recurrences 
and, finally, in 3 metastatic cases there were two 
local progressions and one in the liver.

Twenty-eight patients (28.3%) died during 
follow-up, 1-95 months (median 17) after the first 
surgical treatment and the mean survival was 
18.9±24.2 months (Figure 4). Seventy-one patients 
were still alive 3-127 months after the operation 
(mean 54.7±32.4 months). 

ErbB2, ErbB3 and ErbB4 expression in UUTUC

Patterns of ErbB family receptor expression 
in UUTUC are shown in Table 2. In 99 tumors, ex-
pression of a single receptor (score 1 and 2) was 

found in 64.8% of the tumors for ErbB2, in 19.5% 
for ErbB3 and in 20.8% for ErbB4. Combined ex-
pression of all 3 proteins was found in 7.9% of 
the tumors, combined expression of 2 receptors 
in 14.5% and 48.7% expressed at least one ErbB 
receptor. No ErbB expression was found in 28.9% 
of the tumors. 

ErbB2 expression

There was no apparent relationship between 
ErbB2 expression and tumor stage (p=0.06) or 

Figure 1. Kaplan-Meier plot of time to recurrence 
regardless of tumor location.

Figure 2. Kaplan-Meier plot of time to recurrence 
according to tumor location (p=0.235).

Table 2. ErbB2, ErbB3, ErbB4 expression (% cases)

Percent of cells 
with antigen 
expression

ErbB2
%

ErbB3
%

ErbB4
%

< 5* 35.1 80.5 79.2

5-50† 48.6 16.9 18.2

> 50# 16.2   2.6   2.6

* vs † , p<0.001; * vs #, p<0.001; † vs #, p=0.5773
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grade (p=0.194). However, time to recurrence was 
inversely associated with ErbB2 expression, in a 
statistically significant grade (log rank test=7.18, 
p=0.027), as shown in Figure 5.

ErbB2 expression did not correlate with  

cancer specific survival (log rank test =0.85, 
p=0.65; Figure 6). 

ErbB3 expression

ErbB3 expression did not correlate neither 
with stage nor with grade (p=0.83, p=0.64, re-
spectively). ErbB3 expression did not also corre-
late with time to recurrence (log rank test =2.95, 
p=0.23), as shown in Figure 7. However, there was 
one case with >50% ErbB3 expression which re-
curred after 6 months.

ErbB3 expression did not correlate with can-
cer specific survival (log rank test=0.4, p=0.82), 
(Figure 8). However, there was one case with 
>50% ErbB3 expression still alive 62 months after 
the operation.

ErbB4 expression

ErbB4 expression did not correlate neither 
with stage nor with grade (p=0.97 and p=0.4, re-

Figure 5. Kaplan-Meier plot of time to recurrence 
according to ErbB2 expression (p=0.027).

Figure 6. Kaplan-Meier plot of cancer specific surviv-
al according to ErbB2 expression (p=0.65).

Figure 7. Kaplan-Meier plot of time to recurrence 
according to ErbB3 expression (p=0.23).

Figure 4. Kaplan-Meier plot of cancer specific survival.

Figure 3. Kaplan-Meier plot of time to recurrence 
according to tumor stage (p=0.234).
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spectively). Accordingly, there was no strong as-
sociation between ErbB4 expression and time to 
recurrence (log rank test =5.05, p=0.08), as shown 
in Figure 9. However, there was one case with 
>50% ErbB4 expression which recurred after 6 
months, while time to recurrence was lower, on 
average, in patients with <5% expression than in 
those with >5%. 

ErbB4 expression did not correlate with can-
cer specific survival (log rank test=0.54, p=0.765; 
Figure 10). However, there was one case with 
>50% ErbB4 expression still alive 62 months after 
the operation.

Discussion

The development of the monoclonal anti-c-
erbB-2 directed antibody trastuzumab for the 
treatment of patients with metastatic breast can-
cer has raised expectations regarding the possi-
ble usefulness of this antibody (or similar) even 
in other types of cancer [16]. ErbB overexpression 
has already been widely reported in various tum-
ors as well as in urothelial carcinomas of the blad-
der [17-20]. In UUTUC, in contrast, the literature is 
very limited, probably because of their rarity but, 
also, because of their nature. It is believed that 
urothelial carcinomas share common oncogenet-
ic mechanisms, representing a field change phe-
nomenon, having the possibility of synchronous 
or metachronous appearance in any site of the 
urinary tract covered by transitional epithelium. 
Of the patients with UUTUC, 20-50% will have a 
bladder recurrence after nephroureterectomy, but 
only 0.5-2% with primary bladder cancer will de-
velop UUTUC in the future [3]. A possible expla-
nation could be the activation of genetic changes 
caused by the accumulation of carcinogens and/
or growth factors gathered in the bladder urine. 
High caution is needed, therefore, while interpret-
ing the studies. 

In the present study, we evaluated the expres-
sion of ErbB2, ErbB3 and ErbB4 simultaneously 
in 99 UUTUCs and linked the results to patient 
outcome. We used immunohistochemistry be-
cause it is a routine screening procedure, well 
documented, with high sensitivity and a high pre-
dictive value in detecting loss of protein expres-
sion in urothelial carcinomas [21].  We did not find 
any significant correlation between ErbB2, ErbB3 
and ErbB4 expression with tumor stage, grade, 
recurrence or cancer specific survival apart from 
the inverse association between ErbB2 expression 
and time to recurrence (p=0.027).

Bjerkehagen et al. were the first to publish a 
series of 20 patients with UUTUC where they ob-
served total absence of ErbB2 expression [9]. Imai 

Figure 9. Kaplan-Meier plot of time to recurrence 
according to ErbB4 expression (p=0.08). 

Figure 10. Kaplan-Meier plot of cancer specific sur-
vival according to ErbB4 expression (p=0.765). 

Figure 8. Kaplan-Meier plot of cancer specific surviv-
al according to ErbB3 expression (p=0.23).
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et al. studied 30 UUTUCs and found a significant 
correlation between ErbB2 overexpression (36.7%) 
and number of recurrences (p<0.01), but not with 
stage or grade [10]. Our results, in a larger num-
ber of patients, are in accordance with these find-
ings, with the exception of overexpression (64.8% 
to 36.7% of Imai et al. [10]). The authors, however, 
considered >25% positive cells as overexpression. 
Another difference was the percentage of recur-
rence (40% vs 28.3% in our study) and the shorter 
time to bladder recurrence (306 days vs mean val-
ue of 16.7±3.3 months in our study). The authors 
suggested that the immunohistochemical detec-
tion of ErbB2 in UUTUC might be a useful meth-
od for determining the recurrence potential in the 
urinary bladder.

Fontana et al., in a study of 61 patients, found 
no prognostic value for ErbB2 [11]. Lagner et al. 
concluded that, although ErbB2 overexpression 
was infrequent in their series of 53 patients, it 
had an independent prognostic significance with 
respect to metastasis free survival (p = 0.03) [12]. 
Similarly, Tsai et al. published their results in a 
large series with 94 UUTUC, showing that ErbB2 
expression (13.8%) was an independent predictor 
of progression-free, disease-free, and overall sur-
vival. ErbB3 expression (27.7%) on the contrary, 
had no such significance [13].

Alexa et al. concluded, in their 59 UUTUC cas-
es, that ErbB2 overexpression was significantly 
correlated with grade (p<0.05) but not with stage 
[14]. There was no comment on recurrence or sur-
vival. Finally, Izquierdo et al. found that ErbB2 
overexpression was present in 10% of 100 UUTUCs 
and this was correlated not only with tumor stage 
but also with grade and positive lymph nodes [15]. 
In contrast, they did not find ErbB2 overexpres-
sion to be an independent factor of either tumor 
progression or cancer-specific survival.

In summary: i) our data showed that ErbB2, 
ErbB3 and ErbB4 were expressed in 64.8, 19.5 and 
20.8%, respectively, while published studies show 
0-52.8% for ErbB2 and 27.7% for ErbB3; ii) there 
is no study for ErbB4 and it was of no prognos-
tic value in our study; iii) similarly, ErbB3 had no 

prognostic value, as was also suggested by Tsai 
et al;  iv) published data for ErbB2 vary and the 
only significant correlation we found was with 
time to recurrence; and v) there are many discrep-
ancies regarding the ErbB expression and their 
prognostic significance which could be attribut-
ed to different selection criteria, differences in the 
surveillance period, different receptor evaluation 
(overexpression vs amplification), different tech-
niques (immunohistochemistry, fluorescence in 
situ hybridization or polymerase chain reaction), 
positivity characterization or even small size of 
the patient series.

In other types of cancer, such as breast or gas-
tric cancer, the overexpression of ErbB2 is the 
criterion to initiate targeted therapy with trastu-
zumab, alone or in combination with cisplatin [6-
8,22]. In UUTUC there is no study so far correlat-
ing trastuzumab efficacy in ErbB2 overexpression. 
However, treatment of superficial bladder cancer 
with BCG reduces the expression of ErbB2 [23]. 
The fact that there are some UUTUCs overexpress-
ing ErbB2 may warrant clinical trials evaluating 
the efficacy of treatment with the anti-c-erbB-2 di-
rected antibody trastuzumab.

Limitations in our study include: retrospective 
nature, small series, technical limitations of im-
munohistochemical procedures, antigenic loss in 
older cases.

Conclusions

The research on the prognostic significance of 
the ErbB family has already led to the develop-
ment of targeted therapies against specific types 
of cancer. In the urothelial tumors of the upper 
urinary tract, however, the results are contradic-
tory. The present study showed no prognostic sig-
nificance for ErbB2, ErbB3 and ErbB4 apart from 
the inverse association between ErbB2 expression 
and time to recurrence. This is, undoubtedly, an 
observation that needs to be evaluated carefully, 
yet it is not strong enough to initiate anti-ErbB2 
therapy in everyday clinical practice. 
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