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Background. There is limited effect of tyrosine kinase inhibitors or “naked” antibodies binding EGFR or HER2 for 
therapy of metastasized urinary bladder cancer and these methods are therefore not routinely used. Targeting radio-
nuclides to the extracellular domain of the receptors is potentially a better possibility. 
Methods. EGFR- and HER2-expression was analyzed for primary tumors and corresponding metastases from 72 pa-
tients using immunohistochemistry and the internationally recommended HercepTest. Intracellular mutations were 
not analyzed since only the receptors were considered as targets and intracellular abnormalities should have minor 
effect on radiation dose.
Results. EGFR was positive in 71% of the primary tumors and 69% of corresponding metastases. Local and distant 
metastases were EGFR-positive in 75% and 66% of the cases, respectively. The expression frequency of HER2 in related 
lesions was slightly higher (data from previous study). The EGFR-positive tumors expressed EGFR in metastases in 86% of 
the cases. The co-expression of EGFR and HER2 was 57% for tumors and 53% for metastases. Only 3% and 10% of the 
lesions were negative for both receptors in tumors and metastases, respectively. Thus, targeting these receptors with 
radionuclides might be applied for most patients. 
Conclusions. At least one of the EGFR- or HER2-receptors was present in most cases and co-expressed in more 
than half the cases. It is therefore interesting to deliver radionuclides for whole-body receptor-analysis, dosimetry and 
therapy. This can hopefully compensate for resistance to other therapies and more patients can hopefully be treated 
with curative instead of palliative intention. 
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Introduction

Biological resistance to both EGFR- and HER2-
targeted therapies, due to mutations in for example 
PI3K/AKT, Ras/Raf/Mek/Erk or other intracellular 
signal pathways has been observed for many types 

of cancer.1-4 Urinary bladder cancer is at present 
not generally considered for therapy with EGFR- 
or HER2-binding agents such as tyrosine kinase 
inhibitors and “naked” antibodies (e.g. trastuzum-
ab or cetuximab). Evidence for therapy efficacy of 
such agents in urinary bladder cancer is lacking 
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and it has been claimed that there might, in several 
cases, be resistance.5-8 It might therefore be, as an al-
ternative to tyrosine kinase inhibitors and “naked” 
antibodies, beneficial to target the extracellular 
domains of EGFR and/or HER2 in metastatic uri-
nary bladder cancer patients with molecules that 
deliver suitable radionuclides not only for whole 
body receptor mapping and dosimetry but also for 
radionuclide therapy. Examples of radionuclides 
for these purposes are given in the Discussion. 

Therapy with radionuclides is of interest since 
induced resistance to effects of radiation is not a 
major problem in cancer therapy. The radionu-
clides can be delivered to cancer cells with various 
types of molecules, e.g. antibodies, antibody frag-
ments and smaller proteins such as affibody mol-
ecules and also with peptides.9-12 The application 
of radionuclide labeled molecules for EGFR- and/
or HER2-targeted therapy has so far, to the knowl-
edge of the authors, not been clinically applied for 
therapy of metastatic urinary bladder cancer. If this 
is tried, the strategy is that the radionuclides can 
kill cancer cells independent of possible intracellu-
lar mutations. This is also why we decided to nei-
ther analyze mutations in the intracellular signal 
pathways nor gene amplifications. 

EGFR and HER2 belong to the type 1 tyrosine 
kinase receptor family consisting of four related re-
ceptors, forming dimers with each other, and are 
important for growth of various cancers.13 Several 
agents binding to EGFR and HER2 aimed to inter-
fere with intracellular downstream signaling, and 
give therapy effects, are developed or are under 
development.14-18 Binders to the other receptors in 
the EGFR-family, i.e. HER3 and HER4, has so far 
not been introduced for clinical applications so we 
focus only on EGFR and HER2 in this study. 

The worldwide incidence of urinary bladder 
cancer is high with 350-400.000 new cases per 
year and the incidence is high also in Europe.19-21 
Furthermore, approximately one third of all uri-
nary bladder cancers are, at the time of diagnosis, 
growing invasive through the bladder wall and 
can form metastases which often are growing in 
regional (local) lymph nodes and in several dis-
tant organs, especially lung, liver and skeleton.22 
External radiotherapy and surgery are treatment 
modalities for the localized tumors. Chemotherapy 
and tyrosine kinase inhibitors are applied for ther-
apy of the disseminated tumors but such therapy 
is in most cases not curative.5,6,22 Thus, other treat-
ment modalities, e.g. receptor targeted radionu-
clide therapy is of interest to exploit. We analyzed 
and discussed in this article whether EGFR and 

HER2 are expressed with such high frequencies 
that targeted radionuclide therapy might be a pos-
sibility and an alternative or complement to other 
modalities in the treatment of metastatic urinary 
bladder cancers.

Materials and methods
Tissue samples 

The study included 72 patients with metastatic 
urinary bladder carcinoma, where tissue samples 
from both primary tumors and metastases were 
available. The study was approved by the institu-
tional review board. In the previous publication 
90 patients were analysed22 but samples were not 
available for 18 of the patients because the paraffin 
blocks were previously sectioned so much that no 

TABLE 1.   Characteristics of the urinary bladder cancers and 
patients with available EGFR and HER2 data for both primary 
tumors and corresponding metastases (n=72)

Characteristics Number and (%) 
patients

Gender

Male 55 (≈76%)

Female 17 (≈24%)

Primary tumor characteristics

Histological grade II* 8 (≈11%)

Histological grade III* 64 (≈89%)

Metastatic locations

        Lymph node metastases

Regional (local) lymph nodes 28 (≈39%)

Distant lymph nodes 7 (≈10%)

        Non-lymph node metastases

Liver 6 (≈8%)

Lung 1 (≈1%)

Skeleton 3 (≈4%)

Intestinal 10 (≈14%)

Prostate 5 (≈7%)

Vagina 1 (≈1%)

Other 11 (≈15%)

The mean age of the patients at diagnosis was ≈ 66 years 
(span 35-87). The time from diagnosis of the primary tumor to 
sampling of metastases was on the average ≈ 10 months (span 
0-82) (Gårdmark et al [22]). 

*WHO 1977.
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tissue of value could be found. The primary treat-
ment was transurethral resection in 61 (85%) cases 
and cystectomy in 11 (15%) cases. Patient, tumor 
and metastasis characteristics are shown in Table 1. 
All samples were fixated in 10% buffered formalin 
(4% formaldehyde), paraffin embedded according 
to standard procedures at our laboratory and sec-
tions, 4-μm thick, were then cut and deparaffinized 
in xylene and hydrated through graded concentra-
tions of ethanol to distilled water.23 

EGFR-immunohistochemistry

EGFR was assessed by immunohistochemistry, 
IHC, using a streptavidin-biotin complex technique 
as previously described.23,24 Endogenous peroxi-
dase was blocked in 0.3% H2O2 in PBS for 20 min. 
Then, antigen retrieval was done in 0.05% protease 
K (Code no. S3020, Dako, Glostrup, Denmark) in 
PBS for 10 min at room temperature. The tissue 
sections were preincubated in PBS for 10 min and 
then the primary mouse monoclonal antibody 
(clone 31G7, Zymed labs, South San Francisco, CA, 
USA) directed against the EGF receptor, diluted 
1:100, was added and the sections incubated over-
night at 4°C. The secondary biotinylated antibody 
(goat anti-mouse, Dako, Glostrup, Denmark) and 
the peroxidase-labeled streptavidin-biotin com-
plex (Dako, Glostrup, Denmark), diluted 1:200, 
were then added and the samples incubated for 30 
min at room temperature. All sections were devel-
oped in 0.05% diamino benzidine (Sigma, St Louis, 
MO, USA) for 5 min and counterstained in Harris 
haematoxylin (Sigma, St Louis, MO, USA). Finally, 
the sections were dehydrated through graded al-
cohol to xylene and mounted in organic mounting 
medium (Pertex®, Histolab, Gothenburg, Sweden).

HER2-immunohistochemistry

The IHC staining was made as previously de-
scribed.22,24 The sections were incubated in metha-
nol and hydrogen peroxide for 30 min to quench 
endogenous peroxidase. Antigen retrieval was 
done in water bath at 95-98°C, pH 6 for 40 min-
utes. Thereafter the sections were cooled at room 
temperature and then washed in distilled water. 
Staining was performed using the Elite ABC Kit 
(Vectastain, Vector Laboratories, Burlingame, CA, 
USA). First blocking serum was applied for 15 min 
and followed by incubation with polyclonal rab-
bit anti-human c-erbB-2 oncoprotein (code No. A 
0485, Dako, Glostrup, Denmark) diluted 1:350. The 
samples were then incubated with the biotinylat-

ed secondary antibody and visualized using the 
peroxidase substrate 3-amino-9-ethyl-carbazole 
(AEC) (Sigma A-5754, St Louis, MO, USA) as chro-
mogen. Finally, the sections were counterstained 
with Mayer’s haematoxylin and mounted with 
Aquamount (BDH Ltd, Poole, UK).

Evaluation of immunohistochemistry

Evaluation of the IHC staining was performed 
by four of the authors. Authors JC and MT evalu-
ated the expression in this study. TG, MT and KW 
evaluated the HER2 expression in the previously 
published study.22

The cellular membrane expression pattern of 
EGFR is similar to that of HER2. EGFR expression 
was therefore evaluated using the same scoring cri-
terion as for HER2. Briefly, the EGFR- and HER2-
expressions were scored using the HercepTest cri-
terion based on a scale where 0 corresponded to 
tumor cells that were completely negative, 1+ cor-
responded to faint perceptible staining of the tu-
mor cell membranes, 2+ corresponded to moderate 
staining of the entire tumor cell membranes and 3+ 
was strong circumferential staining of the entire tu-
mor cell membranes creating a fishnet pattern. The 
Canadian and the DAKO HercepTest guidelines25 
were applied, which require ≥10% of the tumor 
cells to be stained. The HER2 data, as published 
by Gårdmark et al.22, also reported on the criterion 
that ≥2/3 of the tumor cells must be HER2-stained 
to score a sample HER2-positive. However, in the 
present study we only considered data applying 
the ≥10% criterion since only the internationally 
recommended HercepTest scoring25 made the same 
way as for breast cancer is accepted at our hospital.

Cytoplasmic staining was considered non-spe-
cific and was not included in the scoring. As posi-
tive controls we used positive tissue sections; epi-
thelial samples from skin for EGFR-positivity and 
HER2-positive breast cancer samples complement-
ed with HER2-positive sections from DAKO. All 
positive controls were stained with the same pro-
tocol as applied for the urinary bladder cancer sec-
tions. As negative controls we used normal tissues 
which are expected not to express the receptors 
such as connective tissue, blood cells and lympho-
cytes seen in the same sections as the tumor cells. In 
the metastases sections we used lymphocytes, con-
nective tissue and the surrounding capsule of the 
lymph nodes as negative internal controls. Thus, 
all tissues used as negative controls were stained 
with the same protocol as the urinary bladder can-
cers since they were in the same sections.
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tastases were EGFR-positive in 21/28 (75%) and 
29/44 (66%) of the cases, respectively. Considering 
only the EGFR-positive primary tumors (n=51) the 
corresponding metastases were EGFR-positive 
in 44/51 (86%) of the cases. Examples of EGFR-
positive tumor cells are shown in Figure 1. 

There was good agreement between the expres-
sion frequencies in the primary tumors and the 
corresponding lymph node metastases in the ma-
jority of cases. Totally, 13 changes were observed, 
i.e. 6 upregulations and 7 downregulations, in the 
metastases in relation to the primary tumors and 
11 of these changes were in the distant metastases 
(Table 2). Nine of the regional (local) lymph nodes 
metastases were characterized as sentinel nodes 
and 5 of these were EGFR-positive in both the 
primary tumors and the metastasis while 3 were 
negative in both. One sentinel node metastasis was 

Positive versus negative receptor 
expression

Scores 2+ and 3+ were considered receptor posi-
tive and scores 0 and 1+ receptor negative. This 
a “crude” rule but gives an indication of which 
patients that are candidates for nuclear medicine 
based receptor analysis and thereafter considered 
suitable for radionuclide therapy.

Results
Expression of EGFR

The EGFR determinations are shown in Table 2. 
EGFR was positive in 51/72 (71%) of the primary 
tumors and 50/72 (69%) of the corresponding me-
tastases. The regional (local) and the distant me-

FIGURE 1. Examples of immunohistochemical EGFR-staining (brown) of samples from metastasized urinary bladder cancers. (A) 
Primary tumor. (B) Regional (local) lymph node metastasis (from the same patient as in A). Note the large number of lymphocytes 
(small blue haematoxylin stained nuclei to the right). (C) Primary tumor. (D) Colon metastasis (classified as distant). All samples were 
scored 3+ and EGFR-positive. All bars correspond to 100μm.

A B

C D



Radiol Oncol 2015; 49(1): 50-58.

Carlsson J et al. / EGFR and HER2 receptors as targets in urinary bladder cancer54

negative while the corresponding primary tumor 
was positive.

Expression of HER2

The values for HER2 positivity in our article from 
2005 were 79% for primary tumors and 62% for 
metastases when ≥2/3 of the tumor cells had to be 
HER2-stained and the staining should be as intense 
as for breast cancer sections.22 The internationally 
recommended DAKO procedure25 which we used 
this time gave 60/72 (83%) and 53/72 (74%) HER2-
positive cases in the analyzed primary tumors and 
metastases, respectively. The reasons for the differ-
ent results are discussed below. Eight out of the 9 
sentinel nodes were HER2-positive in both the pri-
mary tumors and the metastasis and one sentinel 
node metastasis was HER2 negative while the cor-
responding primary tumor was positive. 

Co-expression of EGFR and HER2

Table 3 shows the relation between EGFR expres-
sion and HER2 expression frequencies in primary 
tumors and metastases. The co-expression of EGFR 

and HER2 was 41/72 (57%) for the primary tumors 
and 38/72 (53%) for the metastases. Only 2/72 (3%) 
of the patients were negative for both receptors in 
the primary tumors and in 7/72 (10%) of the me-
tastases. Table 4 shows a summary of relations be-
tween positive (2+ and 3+) and negative (0 and 1+) 
expressions of EGFR and between EGFR and HER2 
in primary tumors and metastases.

Discussion

At least one of the receptors, EGFR or HER2, was 
positive in nearly all cases and co-expression was 
seen in more than half of the cases and this was 
valid for both primary tumors and metastases. 
With such high expression frequencies the number 
of patients that can be considered for radionuclide 
based receptor mapping (imaging), dosimetry and 
therapy is high. Furthermore, targeting of both re-
ceptors in the same patient might, in many cases, 
be a possibility to deliver increased amounts of ra-
dionuclides, i.e. give higher radiation doses to the 
tumor cells.

Radionuclide therapy is of special interest when 
there is “biological resistance” to EGFR- and/or 
HER2-targeted therapies probably because of in-
tracellular signal pathway mutations1-4 and such 
resistance, or at least lack of therapy efficacy, has 
been reported for urinary bladder cancer.5-8 The 
receptors themselves, and not intracellular muta-
tions and gene amplifications, are of main interest 
in these cases. 

TABLE 2. EGFR-scores for all analyzed primary urinary bladder 
tumors and corresponding metastases (upper part), regional 
(local) lymph node metastases (middle part) and distant 
metastases and non-lymph node metastases (lower part)

Primary tumors
EGFR-scores

All metastases, EGFR-scores (n=72)

0 1+ 2+ 3+

0 6 0 2 0

1+ 2 7 4 0

2+ 0 4 12 2

3+ 2 1 5 25

Primary tumors
EGFR-scores

Regional (local) lymph node 
metastases, EGFR-scores (n=28)

0 1+ 2+ 3+

0 3 0 0 0

1+ 1 1 0 0

2+ 0 2 3 2

3+ 0 0 3 13

Primary tumors
EGFR-scores

Distant metastases and none-lymph 
node metastases, EGFR-scores (n=44)

0 1+ 2+ 3+

0 3 0 2 0

1+ 1 6 4 0

2+ 0 2 9 0

3+ 2 1 2 12

TABLE 3. EGFR and HER2 scores for all analyzed primary urinary 
bladder tumors (upper part) and corresponding metastases 
(lower part)

Primary tumors  
EGFR-scores

Primary tumors, HER2-scores (n=72)

0 1+ 2+ 3+

0 0 1 2 5

1+ 1 0 3 9

2+ 4 0 1 13

3+ 3 3 12 15

Metastases 
EGFR-scores

Metastases, HER2-scores (n=72)

0 1+ 2+ 3+

0 2 0 3 5

1+ 3 2 0 7

2+ 5 3 4 11

3+ 3 1 9 14
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TABLE 4. Summary of relations between positive (2+ and 3+) 
and negative (0 and 1+) expressions of EGFR in primary tumors 
and metastases (upper part), between  EGFR and HER2 in 
primary tumors (middle part) and between EGFR and HER2 in 
metastases (lower part) (n=72)

EGFR status 
primary tumors

EGFR status 
metastases

Number and 
% cases

positive positive 44 (61%)

positive negative 7 (10%)

negative positive 6 (8%)

negative negative 15 (21%)

EGFR status 
primary tumors

HER2 status 
primary tumors

Number and 
% cases

positive positive 41 (57%)

positive negative 10 (14%)

negative positive 19 (26%)

negative negative 2 (3%)

EGFR status 
metastases

HER2 status 
metastases

Number and 
% cases

positive positive 38 (53%)

positive negative 12 (17%)

negative positive 15 (21%)

negative negative 7 (10%)

It is of methodological interest that discrepan-
cies between gene amplification and receptor ex-
pression has actually been reported from studies of 
urinary bladder cancer.26-30 However, since our pri-
mary goal was to consider the receptors as targets 
we focused only on IHC analyses giving receptor 
expression frequencies. The IHC results indicate 
which patients that might benefit from EGFR and/
or HER2 targeted radionuclide therapy. The limita-
tion is that the samples analyzed with IHC might 
neither be representative for the whole volume of 
tumors and metastases and that differences in ex-
pression between metastases in the same patient 
might exist. 

Furthermore, IHC analyses cannot be a basis 
for radionuclide dosimetry and such calculations 
were of course beyond the scope of this study. 
Reliable information related to the spatial distribu-
tion of receptor expression and dosimetry for each 
patient, and possibly also for prediction of thera-
py results, require a well functioning whole body, 
non-invasive nuclear medicine based method as 
suggested for other types of tumors.31-35 However, 
the high frequencies of expression of both EGFR 
and HER2 in primary tumors and metastases in 
our study indicate that many, maybe most, uri-
nary bladder cancers are of interest for targeting 
with molecules that deliver radionuclides to these 
receptors. 

It is often claimed that positivity for EGFR and 
HER2 receptors indicate aggressive tumor cells and 
bad survival prognosis26,36-42 and, if so, the most ag-
gressive cells are attacked with the radiation. The 
expression frequencies in our study are high in 
comparison to some other studies and this is prob-
ably because only patients with verified metastatic 
growth were considered and their primary tumors 
were mainly of high grade. 

The expression frequency of EGFR in metastatic 
urinary bladder cancer has in several articles been 
reported to be in the range 40-100% for both prima-
ry tumors and metastases23,43-45 that is high enough 
to make EGFR an interesting target for systemic 
treatment. However, EGFR is also expressed in 
various normal tissues and for successful therapy 
it is required that EGFR is strongly expressed in the 
tumor cells, as shown in the examples in Figure 1. 
Favorable tumor to blood and tumor to normal 
tissue quotients of delivered radioactivity are re-
quired to get PET or SPECT images of high quality 
and this is of course also a requirement for radio-
nuclide therapy. It has recently been reported that 
delivery molecules with low specific radioactivity 
(the injection solution containing a large fraction 

non-labeled targeting molecules) and/or delivery 
molecules giving fast body clearance can give good 
image quality.46,47,48 This aspect is especially impor-
tant for targeting of EGFR which is expressed in 
various normal tissues.49, 50 

The tendency towards lower HER2-expression 
frequencies with increasing “distance” from the 
primary tumor as previously indicated22 was in 
our study not present considering the EGFR-
expression frequencies. 

The expression frequency of HER2 has also been 
reported to often be high and vary a lot, i.e. in the 
range 25-100% in primary tumors22,23,37,42,51 and 40-
70% in corresponding metastases. 22,23,38,42,52 It has 
been indicated that most HER2-positive metasta-
ses were from HER2-positive primary tumors.22,23,42 
HER2 is much less expressed in normal tissues than 
EGFR, especially in liver, reproductive organs, the 
digestive tract and bile ducts and various epithe-
lial tissues.53,54 Thus, HER2 is an interesting target 
for therapy with radionuclides since the uptake 
in normal organs is expected to be low. This also 
supports the possibility to combine EGFR-targeted 
therapy with HER2-targeted therapy. 

The large differences in reported receptor ex-
pression frequencies between different studies are 
probably due to different patient inclusion criteria 
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and etiological differences but differences in recep-
tor scoring methods and IHC retrieval techniques 
might also be explanations. The values for HER2 
positivity in our 2005 article on urinary bladder can-
cer22 were also different from the values in the pre-
sent article. The reason for the difference between 
our investigations is unclear but improved retrieval 
and staining procedures can at least be part of the 
explanation. We previously also had a criteria that 
staining intensity should be comparable to that of-
ten seen in breast cancer stainings. We do not apply 
that criteria anymore and instead only use the inter-
nationally recommended HercepTest staining and 
scoring system, i.e. the DAKO procedure.25 

Suitable molecules for delivery of radionuclides 
are antibodies, antibody fragments, affibody mol-
ecules and small molecules such as peptides.9-12 Bi-
functional antibodies or affibody molecules, with 
capacity to bind two receptors at the same time, 
is also a possible approach for radionuclide based 
imaging and therapy. Co-expression may be asso-
ciated with high-grade malignancy15,16 and “dou-
ble targeting” can hopefully also increase targeting 
specificity. 

Radionuclides suitable for therapy are β-emitters 
(e.g. 67Cu, 90Y, 131I, 177Lu, 186Re, 188Re) and α-emitters 
(e.g. 211At, 212Bi, 213Bi, 225Ac, 227Th). The require-
ment is of course that relevant labeling methods 
are available that not significantly disturb recep-
tor binding. For receptor mapping (imaging) and 
dosimetry, radionuclides such as 99mTc, 111In and 
123I for gamma cameras (including SPECT) or 18F, 
64Cu, 68Ga, 76Br, 86Y, 89Zr and 124I for PET cameras 
can be applied when relevant labeling methods are 
at hand.9-12,43 

The α- and β-particle emitters can locally give 
rather homogeneous dose distributions since the 
radiation from the targeted cells can give therapeu-
tic effects also on non-targeted tumor cells.12 There 
are also examples of interesting toxins that are can-
didates for receptor mediated delivery to tumor 
cells 55,56 but these are not discussed in this article.

Targeted radionuclide therapy has been avail-
able for many years but few methods are rou-
tinely used on a large scale. However, during the 
past decades promising clinical and preclinical 
research have been made with therapy using radi-
olabeled antibodies for therapy of lymphomas57,58 
(e.g.anti-CD20 antibodies such as 90Y-Zevalin) and 
radiolabeled peptides for therapy of neuroendo-
crine tumors59,60 (e.g. somatostatin analogs such as 
177Lu-Octreotate). There is potential for more and 
improved clinical studies since preclinical research 
and early clinical studies have given interesting 

results and there is also an intensive search for 
new targeting agents with advantageous pharma-
cokinetics and biodistributions.11,31-34,61-67 Note that 
promising results with radionuclide therapy of 
lymphomas57,58 has been achieved although the tu-
mor cells are spread throughout large parts of the 
patients. This indicates that targeted radionuclide 
therapy can also be of value for treatment of dis-
seminated solid tumors. 

The novelty of our previous article published 
2005 was to show the high percentage of HER2 
expression in urinary bladder cancers and to in-
dicate a possible value of HER2-targeted therapy 
(with for example lapatinib and/or trastuzumab).22 
However, since then there has been reports on re-
sistance of urinary bladder cancer for both EGFR- 
and HER2-targeting agents (e.g. cetuximab, tras-
tuzumab, lapatinib).5-8 The novelty of the present 
article is to suggest targeting of the receptors with 
agents9-12 that deliver radionuclides of therapy in-
terest.

In conclusion, it is of interest to try to target 
EGFR and/or HER2 for radionuclide based ther-
apy of disseminated urinary bladder cancers to 
decrease the influence of resistance to other forms 
of therapy. This might improve therapy effective-
ness and hopefully allow that more patients can be 
treated with curative instead of palliative intention.

Acknowledgement

This study was supported by grants from the 
Swedish Cancer Society, contracts 11-0565 and 12-
0415.

References
1.  Yamaguchi H, Chang SS, Hsu JL, Hung MC. Signaling cross-talk in the resist-

ance to HER family receptor targeted therapy. Oncogene 2014; 33: 1073-81. 

2.  Sen M, Joyce S, Panahandeh M, Li C, Thomas SM, Maxwell J, Wang L, et al. 
Targeting Stat3 abrogates EGFR inhibitor resistance in cancer. Clin Cancer 
Res 2012; 18: 4986-96. 

3.  Nahta R, Esteva FJ. Trastuzumab: triumphs and tribulations. Oncogene 2007; 
26: 3637-43.   

4.  Morgillo F, Bareschino MA, Bianco R, Tortora G, Ciardiello F. Primary 
and acquired resistance to anti-EGFR targeted drugs in cancer therapy. 
Differentiation 2007; 75: 788-99. 

5.  Calabrò F, Sternberg CN. Metastatic bladder cancer: anything new? Curr 
Opin Support Palliat Care 2012; 6: 304-9.

6.  Siefker-Radtke A. Bladder cancer: can we move beyond chemotherapy? 
Curr Oncol Rep 2010; 12: 278-83.  

7.  Adam L, Zhong M, Choi W, Qi W, Nicoloso M, Arora A, et al. miR-200 expres-
sion regulates epithelial-to-mesenchymal transition in bladder cancer cells 
and reverses resistance to epidermal growth factor receptor therapy. Clin 
Cancer Res 2009; 15: 5060-72. 



Radiol Oncol 2015; 49(1): 50-58.

Carlsson J et al. / EGFR and HER2 receptors as targets in urinary bladder cancer 57

8.  Kassouf W, Dinney CP, Brown G, McConkey DJ, Diehl AJ, Bar-Eli M, et al. 
Uncoupling between epidermal growth factor receptor and downstream 
signals defines resistance to the antiproliferative effect of Gefitinib in blad-
der cancer cells. Cancer Res 2005; 65: 10524-35.

9.  Goldenberg DM, and Sharkey RM. Using antibodies to target cancer thera-
peutics Expert Opin Biol Ther 2012; 12: 1173-90.

10.  Thomadsen B, Erwin W, Mourtada F. The physics and radiobiology of tar-
geted radionuclide therapy. In: Speer TW, ed. Targeted radionuclide therapy. 
Lippincott Williams & Wilkins, Philadelphia; 2011, Chapter 6, p. 71–87. ISBN 
978-0-7817-9693-4.

11.  Löfblom J, Feldwisch J, Tolmachev V, Carlsson J, Ståhl S, Frejd FY. Affibody 
molecules: Engineered proteins for therapeutic, diagnostic and biotechno-
logical applications. FEBS Lett 2010; 584: 2670-80.

12.  Carlsson J, Stigbrand T, Adams GP. Introduction to radionuclide therapy. 
In: Stigbrand T, Adams G, Carlsson J, editors. Targeted radionuclide tumor 
therapy, biological aspects. Springer Verlag. Springer Science+Business 
Media France; 2008, Chapter 1, p. 1-11. ISBN 978-1-4020-8695-3. 

13.  Yarden Y, Sliwkowski MX. Untangling the ErbB signalling network. Nat Rev 
Mol Cell Biol 2001; 2: 127-37.

14.  Avraham R, Yarden Y. Feedback regulation of EGFR signalling: decision mak-
ing by early and delayed loops. Nat Rev Mol Cell Biol 2011; 12: 104-17.

15.  Bublil EM, Yarden Y. The EGF receptor family: spearheading a merger of 
signaling and therapeutics. Curr Opin Cell Biol 2007; 19: 124-34.

16.  Citri A, Yarden Y. EGF-ERBB signalling: towards the systems level. Nat Rev 
Mol Cell Biol 2006; 7: 505-16.

17.  Mosesson Y, Yarden Y. Oncogenic growth factor receptors: implications for 
signal transduction therapy. Semin Cancer Biol 2004; 14: 262-70.

18.  Mendelsohn J, Baselga J. The EGF receptor family as targets for cancer 
therapy. Oncogene 2000; 19: 6550-65.

19.  Parkin DM. The global burden of urinary bladder cancer. Scand J Urol 
Nephrol Suppl 2008; 218: 12-20.

20.  Ferlay J, Shin HR, Bray F, Forman D, Mathers C, Parkin DM: Estimates of 
worldwide burden of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 
127: 2893-917. 

21.  Ferlay J, Steliarova-Foucher E, Lortet-Tieulent J, Rosso S, Coebergh JWW, 
Comber H, et al. Cancer incidence and mortality patterns in Europe: esti-
mates for 40 countries in 2012. Eur J Cancer 2013; 49: 1374-403.

22.  Gardmark T, Wester K, DeLa Torre M, Carlsson J, Malmström PU. Analysis of 
HER2 expression in primary urinary bladder carcinoma and corresponding 
metastases. Brit J Urol (BJU) 2005; 95: 982-86.

23.  Wester K, Sjostrom A, de la Torre M, Carlsson J, Malmstrom PU. HER-2--a 
possible target for therapy of metastatic urinary bladder carcinoma. Acta 
Oncol 2002; 41: 282-88.

24.  Wei Q, Chen L, Sheng L, Nordgren H, Wester K, Carlsson J: EGFR, HER2 and 
HER3 expression in esophageal primary tumours and corresponding metas-
tases. Int J Oncol 2007; 31: 493-9.

25.  Bilous M, Dowsett M, Hanna W, Isola J, Lebeau A, Moreno A, et al. Current 
perspectives on HER2 testing: a review of national testing guidelines. Mod 
Pathol 2003; 16: 173-182.

26.  Fleischmann A, Rotzer D, Seiler R, Studer UE, Thalmann GN. Her2 amplifica-
tion is significantly more frequent in lymph node metastases from urothelial 
bladder cancer than in the primary tumours. Eur Urol 2011; 60: 350-7. 

27.  Caner V, Turk NS, Duzcan F, Tufan NL, Kelten EC, Zencir S, et al. No strong 
association between HER-2/neu protein overexpression and gene amplifica-
tion in high-grade invasive urothelial carcinomas. Pathol Oncol Res 2008; 14: 
261-6.

28.  Hauser-Kronberger C, Peham K, Grall J, Rausch W, Hutarew G, Dietze O. 
Novel approach of human epidermal growth factor receptor 2 detection in 
noninvasive and invasive transitional cell carcinoma of the bladder. J Urol 
2006; 175(3 Pt 1): 875-80. 

29.  Latif Z, Watters AD, Dunn I, Grigor K, Underwood MA, Bartlett JM. HER2/
neu gene amplification and protein overexpression in G3 pT2 transitional 
cell carcinoma of the bladder: a role for anti-HER2 therapy? Eur J Cancer 
2004; 40: 56-63.

30.  Sanchez KM, Sweeney CJ, Mass R, Koch MO, Eckert GJ, Geary WA, et al. 
Evaluation of HER-2/neu expression in prostatic adenocarcinoma: a re-
quested for a standardized, organ specific methodology. Cancer 2002; 95: 
1650-5.

31.  Baum RP, Prasad V, Muller D, Schuchardt C, Orlova A, Wennborg A, et al. 
Molecular imaging of HER2-expressing malignant tumors in breast cancer 
patients using synthetic 111In- or 68Ga-labeled Affibody molecules. J Nucl 
Med 2010; 51: 89-97.

32.  Tolmachev V. Imaging of HER-2 overexpression in tumors for guiding 
therapy. Curr Pharm Des 2008; 14: 2999–3019.

33.  Heskamp S, van Laarhoven HW, Oyen WJ, van der Graaf WT, Boerman OC. 
Tumor-receptor imaging in breast cancer: a tool for patient selection and 
response monitoring. Curr Mol Med 2013; 13: 1506-22.

34.  Fox JJ, Schöder H, Larson SM. Molecular imaging of prostate cancer. Curr 
Opin Urol 2012; 22: 320-7. 

35.  Perik PJ, Lub-De Hooge MN, Gietema JA, van der Graaf WT, de Korte MA, 
Jonkman S et al. Indium-111-labeled trastuzumab scintigraphy in patients 
with human epidermal growth factor receptor 2-positive metastatic breast 
cancer. J Clin Oncol 2006; 24: 2276-82.

36.  Chen PC, Yu HJ, Chang YH, Pan CC. Her2 amplification distinguishes a subset 
of non-muscle-invasive bladder cancers with a high risk of progression. J Clin 
Pathol 2013; 66: 113-9. 

37.  Bolenz C, Shariat SF, Karakiewicz PI, Ashfaq R, Ho R, Sagalowsky AI, et al. 
Human epidermal growth factor receptor 2 expression status provides 
independent prognostic information in patients with urothelial carcinoma 
of the urinary bladder. BJU Int. 2010; 106: 1216-22.

38.  Bolenz C, Lotan Y. Translational research in bladder cancer: from molecular 
pathogenesis to useful tissue biomarkers. Cancer Biol Ther 2010; 10: 407-
15.

39.  Kolla SB, Seth A, Singh MK, Gupta NP, Hemal AK, Dogra PN, et al Prognostic 
significance of Her2/neu overexpression in patients with muscle invasive 
urinary bladder cancer treated with radical cystectomy. Int Urol Nephrol 
2008; 40: 321-7.

40.  Black PC, Dinney CP. Growth factors and receptors as prognostic markers in 
urothelial carcinoma. Curr Urol Rep 2008; 9: 55-61.

41.  Krüger S, Weitsch G, Büttner H, Matthiensen A, Böhmer T, Marquardt T, 
et al. HER2 overexpression in muscle-invasive urothelial carcinoma of the 
bladder: prognostic implications. Int J Cancer 2002; 102: 514-8.

42.  Jimenez RE, Hussain M, Bianco FJ Jr, Valshampayan U, Tabazcka P, Sakr WA, 
et al. Her-2/neu overexpression in muscle-invasive urothelial carcinoma of 
the bladder: prognostic significance and comparative analysis in primary 
and metastatic tumors. Clin Cancer Res 2001; 7: 2440-7.

43.  Carlsson J. Potential for clinical radionuclide based imaging and therapy of 
common cancers expressing EGFR-family receptors. Tumor Biol 2012; 33: 
653-9.

44.  Chaux A, Cohen JS, Schultz L, Albadine R, Jadallah S, Murphy KM, et al. 
High epidermal growth factor receptor immunohistochemical expression in 
urothelial carcinoma of the bladder is not associated with EGFR mutations 
in exons 19 and 21: a study using formalin-fixed, paraffin-embedded archi-
val tissues. Hum Pathol 2012; 43: 1590-5. 

45.  Carlsson J. EGFR-family expression and implications for targeted radio-
nuclide therapy. In: Stigbrand T, Adams G, Carlsson J, editors. Targeted 
radionuclide tumor therapy, biological aspects. Springer Verlag. Springer 
Science+Business Media France; 2008, Chapter 3, p. 25-58. ISBN 978-1-
4020-8695-3.

46.  Velikyan I, Sundin A, Eriksson B, Lundqvist H, Sörensen J, Bergström M, et al. 
In vivo binding of [68Ga]-DOTATOC to somatostatin receptors in neuroendo-
crine tumours--impact of peptide mass. Nucl Med Biol 2010; 37: 265-75. 

47 .  Tolmachev V, Tran TA, Rosik D, Sjoberg A, Abrahmsen L, Orlova A. Tumor 
targeting using affibody molecules: interplay of affinity, target expression 
level, and binding site composition. J Nucl Med 2012; 53: 953-60.

48 .  Tolmachev V, Wallberg H, Sandstrom M, Hansson M, Wennborg A, Orlova A. 
Optimal specific radioactivity of anti-HER2 Affibody molecules enables dis-
crimination between xenografts with high and low HER2 expression levels. 
Eur J Nucl Med Mol Imaging 2011; 38: 531-39.

49.  Damjanov I, Mildner B, Knowles BB. Immunohistochemical localization of 
the epidermal growth factor receptor in normal human tissues. Lab Invest 
1986; 55: 588-92.



Radiol Oncol 2015; 49(1): 50-58.

Carlsson J et al. / EGFR and HER2 receptors as targets in urinary bladder cancer58

50.  Gusterson B, Cowley G, Smith JA, Ozanne B. Cellular localisation of human 
epidermal growth factor receptor. Cell Biol Int Rep 1984; 8: 649-58.

51.  Skagias L, Politi E, Karameris A, Sambaziotis D, Archondakis A, Vasou O, et al. 
Prognostic impact of HER2/neu protein in urothelial bladder cancer. Survival 
analysis of 80 cases and an overview of almost 20 years’ research. J BUON 
2009; 14: 457-62. 

52.  Naik DS, Sharma S, Ray A, Hedau S. Epidermal growth factor receptor ex-
pression in urinary bladder cancer. Indian J Urol 2011; 27: 208-14.

53.  Natali PG, Nicotra MR, Bigotti A, Venturo I, Slamon DJ, Fendly BM, et al. 
Expression of the p185 encoded by HER2 oncogene in normal and trans-
formed human tissues. Int J Cancer 1990; 45: 457-61.

54.  Press MF, Cordon-Cardo C, Slamon DJ. Expression of the HER-2/neu proto-
oncogene in normal human adult and fetal tissues. Oncogene 1990; 5: 953-
62.

55.  Govindan SV, Goldenberg DM. Designing immunoconjugates for cancer 
therapy. Expert Opin Biol Ther 2012; 12: 873-90.

56.  Verma S, Miles D, Gianni L, Krop IE, Welslau M, Baselga J, et al. Trastuzumab 
emtansine for HER2-positive advanced breast cancer. N Engl J Med 2012; 
367: 1783-91.

57.  Witzig TE, Fishkin P, Gordon LI, Gregory SA, Jacobs S, Macklis R, et al. 
Treatment recommendations for radioimmunotherapy in follicular lym-
phoma: a consensus conference report. Leuk Lymphoma 2011; 52: 1188-99.

58.  Press OW. Radiolabeled antibody therapy of B-cell lymphomas. Semin Oncol 
1999; 26(5 Suppl 14): 58-65.

59.  Kam BL, Teunissen JJ, Krenning EP, de Herder WW, Khan S, van Vliet EI, et 
al. Lutetium-labelled peptides for therapy of neuroendocrine tumours. Eur 
J Nucl Med Mol Imaging 2012; 39(Suppl 1): S103-12.

60.  Sandström M, Garske U, Granberg D, Sundin A, Lundqvist H. Individualized 
dosimetry in patients undergoing therapy with (177)Lu-DOTA-D-Phe (1)-Tyr 
(3)-octreotate. Eur J Nucl Med Mol Imaging 2010; 37: 212-25.

61.  Williams SP. Tissue distribution studies of protein therapeutics using mo-
lecular probes: molecular imaging. AAPS J 2012; 14: 389-99.

62.  Matthews PM, Rabiner EA, Passchier J, Gunn RN. Positron emission tomog-
raphy molecular imaging for drug development. Br J Clin Pharmacol 2012; 
73: 175-86.

63.  Ståhl S, Friedman M, Carlsson J, Tolmachev V, Frejd F. Affibody molecules for 
targeted radionuclide therapy. In: Speer TW, editor. Targeted radionuclide 
therapy. Lippincott Williams & Wilkins; 2011. Chapter 4, p. 49-58.

64.  Gomes CM, Abrunhosa AJ, Ramos P, Pauwels EK. Molecular imaging with 
SPECT as a tool for drug development. Adv Drug Deliv Rev 2011; 63: 547-54.

65.  Fondell A, Edwards K, Ickenstein LM, Sjöberg S, Carlsson J, Gedda L. 

Nuclisome: A novel concept for radionuclide therapy using targeting li-
posomes. Eur J Nucl Med Mol Imaging 2010; 37: 114-23.

66.  Stigbrand T, Carlsson J, Adams GP. Developmental trends in targeted radio-
nuclide therapy - biological aspects. In: Stigbrand T, Adams G, Carlsson J, 
editors. Targeted radionuclide tumor therapy, biological aspects. Springer 
verlag. Springer Science+Business Media France; 2008, Chapter 21, p. 387-
97.  ISBN 978-1-4020-8695-3.

67.  Persson M, Gedda L, Lundqvist H, Tolmachev V, Nordgren H, Malmstrom 
PU et al. [177Lu]pertuzumab: experimental therapy of HER-2-expressing 
xenografts. Cancer Res 2007; 67: 326-31.


