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Background: The roles of c-KIT and HER2 protein expression in bladder cancer are still 
debated, and the prognostic value of these proteins as markers of tumor progression is 
inconclusive.
Objective: To assess the impact of HER2 and c-KIT protein expressions in the progression 
of non-muscle-invasive bladder cancer.
Methods: All patients undergoing transurethral resection of bladder tumors for non-muscle- 
invasive urothelial carcinoma, with standard regimen of BCG, between January 2017 and 
November 2019, were evaluated pathologically and immunohistochemically for HER1 and 
c-KIT proteins in urothelial carcinoma cells. Follow-up cystoscopy was performed for 100 
patients every 3 months for the first 2-years and any recurred tumors were excised and 
examined pathologically, as well as stained for HER2 and c-KIT protein expression.
Results: HER2 and c-KIT positive expressions were detected in 49% and 38% of cases, 
respectively. After a mean follow-up of 26.4±7.2 months, the overall recurrence and pro-
gression rates were significantly correlated with overexpression of HER2 and c-KIT. In high- 
grade non-invasive muscle neoplasms, tumor cells showed weak expression for both HER2 
and c-KIT proteins, but with progression to muscle-invasion, tumor cells strongly expressed 
HER2 and lost expression to c-KIT. In the multivariate model, overexpression of HER2 
rather than c-KIT protein significantly predicted increased progression.
Conclusion: Recurrence and progression of non-muscle-invasive bladder cancer correlate 
with overexpression of HER2 and c-KIT proteins in tumor cells.
Keywords: urothelial carcinoma, non-muscle-invasive, c- KIT, HER2

Introduction
Bladder cancer is one of the worldwide most common malignancies of the urinary 
tract, representing 90% of all high morbidity and mortality urothelial carcinoma.1 

The World Health Organization classified bladder cancer into non-infiltrating and 
infiltrating carcinoma,2 which is subdivided into muscle-invasive (MIBC) and non- 
muscle-invasive bladder cancer (NMIBC); the latter includes a non-invasive papil-
lary lesion (Ta), carcinoma in situ (CIS), or superficial invasive lesion to the lamina 
propria (T1).2

Selection of appropriate treatment for bladder cancer depends on patient age, 
tumor grade, pathological stage, and concomitant CIS. Despite undergoing transur-
ethral resection of bladder tumor (TURBT) with intravesical Bacillus Calmette- 
Guérin (BCG), high-grade NMIBC tends to recur in 23–74% and progress to 
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muscle-invasive disease in 33–50% of patients.3,4 High- 
grade tumors have residual remnants in 45–76% of 
patients at the time of re-resection.5,6 A second TURBT 
resection for T1 high-grade bladder cancer is recom-
mended within 2–6 weeks after initial resection, with 
close surveillance strategy.7

Different outcomes are observed in patients with the 
same grade and stage, highlighting the role of biomarkers 
expression in carcinogenesis and probably management 
procedures.8 The proto-oncogene c-KIT encodes 
a transmembrane tyrosine kinase receptor, which is 
involved in carcinogenesis. It is overexpressed in the gas-
trointestinal stromal tumor, breast carcinoma, and lung 
small cell carcinoma.9 However, its role in bladder cancer 
has not been thoroughly investigated.9–11

Similarly, human epidermal factor receptor 2 (HER2) 
is a proto-oncogene that is often overexpressed in the 
progression of various tumors, including breast and gastric 
cancers.10–13 The wide variability of HER2 overexpression 
in bladder cancer has been reported, especially in high- 
grade tumors.13 However, the roles of c-KIT and HER2 
expression in NMIBC are still unclear, and their prognos-
tic value as markers of tumor progression is inconclusive. 
This study assesses the diagnostic benefit of c-KIT and 
HER2 expression in NMIBC and their correlation with 
tumor recurrence and/or progression.

Methods
Study Design
This is a prospective clinical study, including 100 patients 
undergoing TURBT for NMIBC at two academic centers 
between January 2017 and November 2019. Patients’ char-
acteristics and management strategy were recorded, includ-
ing age, gender, comorbid conditions, date of diagnosis, 
frequency of follow-up cystoscopies± TURBTs performed, 
intra-vesical therapy, time to recurrence and/or progression, 
and last follow-up visit. All methods were performed fol-
lowing the relevant guidelines and regulations of Suez Canal 
university with IRB no (4169) and written consent was 
obtained from all patients who participated in the study.

The Strategy of Management and 
Surveillance
Patients underwent initial urethra-cystoscopy and tumor 
characteristics were recorded: tumor location, size, mul-
tiplicity, and shape. TURBT was performed accordingly, 
with resection of papillary tumors with the underlying 

muscle layer and sent for pathological assessment. 
A second TURBT14,15 was performed for all patients 
with T1 tumors, CIS, and high-grade disease, for more 
accurate staging, especially in cases with missing detru-
sor muscle in the initial sampling. Follow-up cystoscopy 
was performed every 3-month for all T1 and high-grade 
Ta tumors for 2-year. In patients with low-grade Ta 
cancer, the first cystoscopy was performed after 
3-month and then annually unless there was documented 
progression. All patients received an early single dose of 
Epirubcine 50 mg within 6-hour of primary resection. 
Two-week after TURBT, the standard regimen of 
a 6-week induction course of BCG (ImmuCyst® 81 mg 
freeze-dried preparation) was administered in all patients 
with T1, CIS, and Ta high-grade tumors, followed by 
maintenance BCG, when appropriate.

Primary Endpoints
The primary endpoints of the study were tumor recurrence 
and stage progression of NMIBC. Recurrence was defined 
as any visible bladder growth during follow-up cystoscopy 
with the same stage, which has been documented by 
histopathological studies. Progression was defined as an 
increased pathological stage of the primary disease to 
invade the lamina propria and/or the muscle propria or 
the development of the metastatic disease.

Histopathological Evaluation, Staining, and 
Scoring
Samples were fixed with 10% formalin and embedded in 
paraffin. Histological sections were submitted and stained 
with hematoxylin and eosin (H&E) to confirm the diag-
nosis and identify tumor grade and depth of invasion 
according to the latest WHO classification.2 Additional 
sections were prepared for immunohistochemical (IHC) 
staining. Primary antibodies (Supplementary Table) were 
purchased from Genemed (San Francisco, USA).

HER2 and c-KIT protein membranous and cytoplasmic 
expressions in tumor cells were the main variables of 
interest. The following semi-quantitative method was 
used to assess the staining intensity; a strong positive 
result will be defined as strong or moderate immunoreac-
tivity in 50% or more of the cells (Score 2+), a weak 
positive result will be defined as mild immunoreactivity 
or staining of fewer than 50% of tumor cells (Score 1+) 
and cells with faint or no staining will be scored as 
negative (Score 0).
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All primary tumors that were excised during initial 
urethra-cystoscopy and/or second TURBT were examined 
pathologically. NMIBC cases were immunohistochemi-
cally stained for HER2 and c-KIT proteins. Any recurrent 
tumors during period of follow up was pathologically 
analyzed, and additionally examined for HER2 and 
c-KIT proteins and compared to the primary resected 
tumors.

Data Analysis
JMP9 software program (SAS Institute Inc, Cary, NC) was 
used to perform data analysis. Ordered logit estimation 
was done by Stata 15 software. Categorical variables 
were presented as numbers and percentages, while quanti-
tative data were presented in terms of means ±SD. 
Pearson’s Chi-square or Fisher’s exact tests were used to 
test the significance of the difference between categorical 
variables. Mann–Whitney U-test was used to compare 
continuous variables. The receiver operating characteris-
tics (ROC) curve calculated the predictive values of the 
protein expression and a two-tailed p-value of <0.05 was 
accepted as statistically significant differences.

Results
After the exclusion of six patients: three patients lost 
follow-up and another three patients were found to have 
MIBC in the second look TURBT, the final results are 
based on 100 patients. During the follow-ups, we observed 
one of three cases: no lesion, recurrence, or a strong 
lesion. The main variables of interest are HER2 and 
c-KIT proteins, wherein these proteins can be absent, 
weakly expressed, or strongly expressed. The analysis 
also contained several control variables that are hypothe-
sized to affect the patients during the follow-up period, 
these are the patients’ age, sex, and if CIS exist or not, 
along with the size, appearance, and site of the tumor. The 
sample comprised 53 female patients and the majority are 
aged 60 and above. Single tumors were more common 
than multiple, with tumor size in most cases were larger 
than 3 cm. T1 and Ta tumors were in 55% and 45% of 
patients, respectively, and concomitant CIS in 2 patients 
with T1 high grade. In the second look TURBT, the 
remaining patients had the same stage. HER2 and c-KIT 
positive expression were detected in 49% and 38% of the 
studied NMIBC cases respectively, including concomitant 
positive expression of both proteins in 22% of cases. The 
demographic data and tumor characteristics were summar-
ized in Table 1. Patients who experienced no recurrence or 

progression showed no or weak expression of both HER2 
and c-KIT proteins (0+). When comparing changes of the 
primary and secondary pattern of the HER2 and c-KIT 
protein expression in bladder tumors at the time of recur-
rence and progression, we found that at the time of recur-
rence there was no change in the mean score of both 
protein expressions in Ta &T1. On the progression of Ta 
tumors to T1, both proteins showed a mild decrease in 
low-grade relative to high-grade tumors. When progres-
sing from T1 to muscle invasion, in low-grade NMIBC, 
tumor nests showed moderate expression of HER2 and 
weak focal expression of c-KIT. When progressing to low- 
grade muscle invasion, tumor nests showed reduced HER2 
protein expression and absent expression for c-KIT. On the 
other hand, in high-grade NMIBC, tumor nests showed 

Table 1 Demographic Data, Pathological Features, and Tumor 
Outcomes

Variables No (%)

Mean age/years (range) 62 (45–72)

Gender Males 74 (74)

Females 26 (26)

Location of tumor Bladder walls 81 (81)

Bladder neck 19 (19)

Appearance of tumor Papillary 78 (78)

Nodular 22 (22)

Size of tumor ≤3 cm 54 (54)

˃3 cm 46 (46)

Multiplicity Single 84 (84)

≥ 2 16 (16)

Tumor grade Low-grade 53 (53)

High-grade 47 (47)

Tumor stage Ta 45 (45)

T1 55 (55)

Concomitant carcinoma in situ (CIS) with T1 2 (2)

Mean time of follow-up/months (Mean ±SD) 26.4±7.2

HER2 Negative 51 (51)

Positive 49 (49)

c-KIT Negative 62 (62)

Positive 38 (38)

Concomitant HER2&c-KIT Positive 22 (22)
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weak and focal expression of both HER2 and c-KIT pro-
teins. When progressing to high-grade muscle invasion, 
tumor cells retained stronger expression of HER2 protein 
and lost expression for c-KIT (Figure 1).

The overexpression of HER2 protein was significantly 
associated with patients younger than 60-year-old and tumors 
larger than 3-cm. Overexpression of both markers was sig-
nificantly associated with higher tumor grade and stage (Table 
2). The predicted probabilities of recurrence and progression 
of the primary tumor concerning the level of expression of 
HER2 and c-KIT proteins were presented in Tables 3 and 4. 
The probability of experiencing recurrence and progression 
increases gradually with increasing protein expression.

Several control variables that may affect the outcome 
were included in the multivariate regression model, includ-
ing the patient’s age and the primary tumor characteristics, 
such as size, number, the gross appearance of the tumor, 
and the association of other mucosal abnormalities. Also, 
overexpression of HER2 and c-KIT protein significantly 
predicted increased recurrence and/or progression during 
follow-up by 6.25 and 4.8-times respectively (Tables 4 and 
5). In terms of the marginal effects, the predicted prob-
ability of experiencing no recurrence was 92% if no HER2 
protein was observed, and then started decreasing gradu-
ally until reaching 24% when protein is strongly 
expressed.

In nonparametric ROC curves, despite the worthless 
prognostic accuracy of HER2 in the assessment of recur-
rence (Figure 2A), the test showed good to excellent 
prognostic accuracy of HER2 protein expression in detect-
ing progression status (Figure 2B), with corresponding 
sensitivity and specificity of 84.72% and 80.65%.

Discussion
For decades the intra-vesical BCG has become the gold 
standard treatment for high-grade NMIBC. However, early 
or deferred radical cystectomy with urinary diversion 
represents an alternative treatment option for these patients 
with heterogeneous prognosis secondary to the signifi-
cantly high-risk of recurrence and progression, even after 
post-TURBT intravesical therapy.3 Therefore, it is crucial 
to correctly and timely identify those patients with high- 
risk tumors and those with poor or no response to intrave-
sical therapy.

The transmembrane proto-oncogenes HER2 and c-KIT 
are members of the receptor tyrosine kinases and can 
dictate cancer-related events.16 However, there is contro-
versy about their prognostic value in NMIBC, where the 

literature strives for large prospective clinical studies for 
homogeneous series of patients to confirm such prognostic 
value in bladder cancer. Therefore, this study fills a gap in 
the literature and investigates the prognostic benefits and 
correlation of both protein expression in NMIBC with 
tumor recurrence and/or progression.

In the present study, there is a significant correlation 
between the detection of both HER2 and c-KIT proteins 
and the increased recurrence and/or progression rates dur-
ing the follow-up period. This was presented in the 
ordered logit model as more than 6 and 4 times increase 
in the likelihood of recurrence and/or progression in 
patients who experience the expression of HER2 and 
c-KIT proteins respectively. This is consistent with the 
findings of many authors12,17,18 but different from what 
was reported by others.19,20 Notably, the expression of 
these proto-oncogenes is not consistent in reported studies 
of urothelial carcinoma. The technique of detecting these 
oncogenes may explain the heterogeneity of such results, 
where different studies used several different antibodies 
and varying non-comparable cytoplasmic and membrane 
staining patterns for IHC staining and its scoring. Also, 
a variety of methodological factors might influence IHC 
staining, including storage time, different primary antibo-
dies, fixation method of paraffin-embedded tissues, differ-
ent levels of positive and combining intensity and 
percentage scores. Furthermore, the immunostaining cut-
off point was varied and arbitrarily selected among differ-
ent studies.21

Pooled data analysis exhibited a significant correlation 
between c-KIT expression and poor overall survival of 
patients with osteosarcoma and renal carcinoma, suggest-
ing it to be an independent predictor of poor survival in 
these patients.22,23 However, these results should be inter-
preted cautiously, considering the limited studies included 
in this meta-analysis.

If both proteins were undetectable, the current study 
predicts a probability of experiencing no recurrence of 
92%, which gradually decreased to 24% when proteins 
were strongly expressed. However, the predicted probabil-
ities of experiencing recurrence or having progression 
increase from 4% and 3% if no protein is observed to 
19% and 55% when either protein is strongly expressed. 
Li et al24 detected the expression of HER2 protein in all 
evaluated cases of invasive micropapillary aggressive 
urothelial carcinoma, where more than 87% of cases had 
≥2+ protein expression, which was significantly higher 
than the 31% seen in conventional invasive cases, which 
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Figure 1 Expression of HER2 and c-KIT in progressive urothelial lesions. Representative immunohistochemical (IHC) expression for HER2 and c-KIT markers. The immunoreaction 
(brown) for HER2 and c-KIT was detected in the cytosol and cell membranes. (A) In low-grade NMIBC, tumor nests (black arrows) showed expression of HER2 as 2+, while that of c-KIT 
was weak and focal (1+) (IHC original magnification x200). In low-grade muscle-invasive BC, tumor nests (black arrows) are seen dissecting muscle bundles (black arrows). The 
expression of HER2 was reduced in comparison to NMIBC but detected in 50% of tumor cells and thus scored 1+, while there was no expression for c-KIT. (IHC original magnification 
x200, scale bar 50 µm). NMIBC; non-muscle-invasive bladder carcinoma. (B) In high-grade NMIBC, tumor nests (black arrows) composed of malignant urothelial cells show weak and 
focal expression of both HER2 and c-KIT (1+) (IHC original magnification x200). In high-grade muscle-invasive BC, tumor nests are seen dissecting muscle bundles (black arrows). The 
expression of HER2 significantly increased in comparison to NMIBC (scored 2+), while there was no expression for c-KIT. (H&E and IHC original magnification x200, scale bar 50 µm). 
Abbreviation: NMIBC, non-muscle-invasive bladder carcinoma.
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Table 2 Correlation Between Clinical and Pathological Features with Immunohistochemical Staining for HER2 and c-KIT Proteins

Parameters Total 
n=100

HER2 p-value c-KIT p-value

Positive n=49 
No (%)

Negative n=51 
No (%)

Positive n=38 
No (%)

Negative n=62 
No (%)

Gender Male 47 30 (63.8) 17 (36.2) 0.09 20 (42.6) 27 (57.4) 0.41

Female 53 19 (35.8) 34 (45.3) 18 (34) 35 (66)

Age/years ≤60 69 41 (59.4) 28 (40.6) <0.001 28 (40.6) 41 (59.4) 0.51

>60 31 7 (22.5) 24 (77.4) 10 (32.3) 21 (67.7)

Tumor size ≤3 cm 54 20 (37) 34 (63) 0.015 16 (29.6) 38 (70.4) 0.07

> 3cm 46 29 (63) 17 (37) 22 (47.8) 24 (52.2)

Tumor 
number

Single 84 38 (45.2) 46 (54.8) 0.11 34 (40.5) 50 (59.5) 0.28

≥ 2 16 11 (68.8) 5 (31.2) 4 (25) 12 (75)

CIS Yes 2 2 (100) 0 (0) 1.00 2 (100) 0 (0) 1.00

NO 0 0 (0) 0 (0) 0 (0) 0 (0)

Tumor 

stage

Ta 45 13 (28.9) 32 (71.1) <0.001 30 (66.7) 15 (33.3) <0.001

T1 55 40 (72.7) 15 (27.3) 13 (23.6) 42 (76.4)

Tumor 

grade

Low 53 21 (39.6) 32 (60.4) 0.005 34 (64.2) 19 (35.8) <0.001

High 47 32 (68.1) 15 (31.9) 8 (17) 39 (83)

Table 3 Correlation Between HER2 Immunohistochemical Staining and Probabilities of Recurrence and Progression of the Primary 
Tumor

Outcome No Expression (0) Weakly Expressed (1+) Strongly Expressed (+2) Total

No Coefficient p-value No Coefficient p-value No Coefficient p-value

No recurrence 38 0.85 <0.001 11 0.83 0.001 3 0.15 <0.001 52

Recurrence 10 0.04 0.01 6 0.2 0.005 4 0.13 <0.001 20

Progression 14 0.01 0.02 3 0.14 0.002 11 0.74 <0.001 28

Total 62 20 18 100

Table 4 Correlation Between c-KIT Immunohistochemical Staining and Probabilities of Recurrence and Progression of the Primary 
Tumor

Outcome No Expression (0) Weakly Expressed (1+) Strongly Expressed (+2) Total

No Coefficient p-value No Coefficient p-value No Coefficient p-value

No recurrence 27 0.92 <0.001 13 0.67 0.009 2 0.24 <0.001 42

Recurrence 12 0.04 0.05 7 0.16 <0.001 5 0.19 <0.001 24

Progression 14 0.03 0.88 7 0.16 0.3 13 0.55 <0.001 34

Total 53 27 20 100
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is consistent with our results. Utilization of tissue sections 
rather than tissue microarray in the latter study, with its 
reduced potential sampling errors, may explain the over-
expression of HER2 in all cases of urothelial carcinoma. 
Nevertheless, these results highlighted the significant cor-
relation between HER2 overexpression and the worse 
prognosis of invasive urothelial carcinoma.

Of interest, our results show no score different expres-
sion patterns for HER2 and c-KIT at the time of recurrent 
lesions but in progression. Low-grade tumor cells show 
a decrease in the expression of both proteins with progres-
sion from lamina propria to muscle-invasive carcinoma. 
With high-grade urothelial lesions, however, there are 
different expression patterns of markers among tumor 
cells when progressed to muscle-invasive disease. In 
NMIBC, tumor cells showed weak and focal expression 
of HER2 when invades the lamina propria, while the 
reaction to c-KIT was very weak. With progression to 
muscle-invasive neoplasms, tumor cells maintain strong 
overexpression for HER2, but the expression to c-KIT 
becomes undetectable This would highlight the significant 
overexpression of the HER2 rather than c-KIT in progres-
sive high-grade bladder cancer.

Similar to our results, Gandour et al previously con-
firmed that high-grade, muscle-invasive bladder cancer has 
a significant rate of 71% of HER2 expression.25 On the 
other hand, Tsutsui et al found that loss of the c-KIT 
expression is associated with an advanced stage of breast 
cancer,26 which is consistent with our finding in bladder 
cancer, in contrast to what has been observed by others.27 

This may highlight the consistency of HER2 expression in 
advanced high-grade bladder cancer, rather than the c-KIT 
which still controversial. The question now whether 
HER2-targeted therapies would be efficient for selected 
patients with high-grade NMIBC during adjuvant 

treatment after TURBT. This would be of utmost impor-
tance, especially with the current proven high prognostic 
sensitivity of the test in the current study. In addition, 
studies of HER2–targeting agents have not shown defini-
tive clinical efficacy if used in unselected bladder cancer 
patients.28

The multivariable logistic regression in a recent study 
demonstrated the epidermal growth factor cell overexpres-
sion to be a significant independent prognostic factor of 
disease recurrence and progression.29 These results could 
identify patients who may be unresponsive to adjuvant 
intravesical therapy after TURBT and may need early 
more aggressive management. Besides, overexpression of 
this protein on the NMIBC might represent an adverse 
prognostic marker of biologically aggressive disease, 
with an increased risk of tumor recurrence and 
progression.29,30 Similarly, it has been reported that high 
HER2 expression on tumor cells is considered an adverse 
prognostic factor of tumor recurrence and progression in 
NMIBC and thus these patients should be followed 
carefully.11

Unlike previous studies which have evaluated banked 
specimen for HER2 and c-KIT protein expression in blad-
der cancer,23–25 the current study focuses on prospectively 
managed patients in a standardized fashion. Up to our 
knowledge, this is the first study of its nature to evaluate 
and compare the resected primary bladder tumors with all 
the follow-up (at the time of recurrence and progression) 
TURBTs. Moreover, we showed that overexpression of 
HER2 rather than c-KIT proteins significantly correlated 
with progressive high-grade bladder cancer, and thus our 
results could identify patients who may be unresponsive to 
adjuvant intravesical therapy and may need early more 
aggressive management, with possible anti-HER2- 
targeted therapies.

Despite its prospective nature, the current study is not 
without limitations. The studied patients’ sample received 
BCG, which has a cytotoxic effect, and epirubicin, which 
inhibits the protein synthesis process, and thus the 
obtained results of the current study does not reflect 
the natural course of malignancy, but rather represents 
the findings with such treatment regimen. Selection bias 
may limit the interpretation of HER2 and c-KIT expression 
in bladder cancer. The IHC staining used to assess the 
expressions of these proto-oncogenes may influence the 
outcomes by affecting methodological factors, with con-
sequent variability in the protein expression assessment, 
which would be considered another potential source of 

Table 5 Multivariate Regression Analyses of Recurrence and 
Progression of the Primary Tumor and the Possible Risk Factors

Recurrence/Progression OR (95% CI) p-value

Age of patients > 60-year 1.01 (0.84–1.04) 0.589

Male gender 1.45 (0.92–1.63) 0.067

Number of tumors >2 1.26 (0.98–1.56) 0.070

Tumor size > 3 cm 6.60 (4.8–7.2) 0.004

HER2 expression 6.25 (3.41–8.13) <0.001

c-KIT expression 4.88 (2.65–4.06) <0.001
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bias. Furthermore, the impact of HER2 and c-KIT expres-
sion on the overall survival was not assessed in the current 
study, which may represent another source of controversy.

Abbreviations
AUC, area under the curve; BCG, Bacillus Calmette- 
Guérin; CIS, carcinoma in situ; HER2, human epidermal 

Figure 2 Receiver operating characteristic (ROC) curves for the impact of HER2 and c-KIT expression on recurrence (A) and progression (B).
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