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patient was given any chemotherapy previously and the type (pri-
mary/metastatic) or age (archive/fresh) of the tumor sample that will 
be tested.

There have been 4 available PD-L1 assays (VENTANA SP263, VENTANA 
SP142, PD-L1 IHC 22C3pharmDx, and PD-L1 IHC 28–8pharmDx) 
developed in conjunction with ICI drugs and approved by the FDA 

(Table 2). Studies evaluating the agreement between these assays 
reported that SP263, 22C3, and 28-8 were highly correlated, with the 
exception of SP142.68,69 The low agreement of SP142 with the other 
assays is explained by the difference in assessment method, as the 
SP142 assay only considers the PD-L1 expression in ICs and excludes 
the PD-L1 expression of TCs. Consequently, the number of patients 
found eligible for ICI therapy by using SP142 assay remains at a lower 

Figure 13.  Illustrations of PD-L1 scoring algorithms applied in urothelial carcinoma. PD-L1 testing in conjunction with atezolizumab 
(VENTANA SP142): Patients are eligible for atezolizumab treatment if PD-L1 positive ICs cover ≥5% of all the tumor area. PD-L1 testing in 
conjunction with nivolumab (PharmDx 28-8): Patients are eligible for nivolumab treatment if the proportion of TCs with PD-L1 staining to 
total TCs is ≥25%. PD-L1 testing in conjunction with durvalumab (VENTANA SP263): Patients are eligible for durvalumab treatment if the 
proportion of ICs with PD-L1 staining within the total IC area or the proportion of TCs with PD-L1 staining within the total TC area is ≥25%. 
PD-L1 testing in conjunction with pembrolizumab (PharmDx 22C3): Patients are eligible for pembrolizumab treatment if CPS (the proportion 
of TCs and ICs with PD-L1 staining to total TC area) is ≥25%. CPS, combined positive score; IC, immune cell; TC, tumor cell.

Figure 14.  High PD-L1 expression in urothelial carcinoma. 
Membranous PD-L1 immunostaining in tumor cells exceeding 
25%.

Figure 15.  Cytoplasmic, granular immunostaining of tumor cells, 
which is not considered, in the evaluation of PD-L1 status. Only 
membranous staining is considered positive in tumor cells.
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level than by using other tests. Actually, a PD-L1 assay that consid-
ers PD-L1 expression in TCs can yield more robust results as ICs does 
not include genetic alterations of TCs. Especially, the Ventana SP142 
assay cannot be used for tumor cell-based PD-L1 assessment algo-
rithms such as combined positive score (CPS). Therefore, the applica-
tion of the approved PD-L1 assay for the ICI drug that will be offered 
for the patient and the selection of an appropriate tumor block for 
this test are important points to be considered.

Practically, the development of a single harmonized PD-L1 test that 
can be applied commonly in patient selection for all ICI drugs will 
eliminate the difficulties of interpreting variable PD-L1 results and 
reduce the cost of these tests. For now, DAKO22C3, Ventana SP263, 
and, less commonly, DAKO 28-8 immunohistochemical assays seem 
to be interchangeably used. However, regardless of the type of PD-L1 
assay applied, a specifically developed algorithm for the ICI drug that 
will be used should be applied.

Sample Selection for PD-L1 Testing
There is no definite recommendation regarding sample selection for 
the PD-L1 test (Table 3). It can be performed on TUR material, cys-
tectomy, lymph node, or metastatic tissue. In order to come through 
intratumoral heterogeneity problems, the test can be done in more 
than one sample (e.g., 2 or more blocks of the same TUR) in some 
cases, but a high agreement has been reported between small biopsy 
specimens and cystectomy specimens.70 Intratumoral heterogeneity 

may also be associated with HS, if present (squamous differentiation 
areas in the tumor tend to show higher PD-L1 expression, whereas 
plasmacytoid differentiation tends to show lower, and the block 
selection should be done accordingly).71

The use of biopsies of metastatic sites, if present, should be pre-
ferred, since PD-L1 results differ between primary UC and its metas-
tasis.72 It is not recommended on decalcified specimens or smear 
samples, and specimens achieved shortly after chemotherapy or 
immunotherapy (e.g., cystectomy specimens of patients under-
taken NAC) should not be used for PD-L1 testing too. The selected 
tissue block for the test should contain an invasive component at 
least, as it is expected to represent the advanced-stage tumor bet-
ter. If there is not any sample containing the infiltrative component 
of the tumor, a new biopsy (ideally from a metastatic site) with 
invasive UC should be requested. When more than one tissue sam-
ple with invasive UC is available, the last tumor block containing 
adequate infiltrative component (at least 100 TCs) and the tumor 
block with the least amount of necrosis or cautery artifact should 
be preferred.

Adequate fixation in 10% neutral buffered formalin for 12-24 hours 
(1/5 to 1/10 tissue to formalin ratio) is important for the reliability of 
the test. Overfixation (>72 hours) or underfixation should be avoided 
as these reduce immunoreactivity. A positive control should be pres-
ent on the same slide, and tonsil tissue with sufficient amount of lym-
phoid tissue should be preferred as a positive control.

Some studies on various cancer types have revealed that digital 
image analysis increases the accuracy of PD-L1 testing; therefore, if 
there is an opportunity for a digital analysis system, it should be pre-
ferred for the evaluation of PD-L1 expression.73

Fibroblast Growth Factor Receptor Inhibition
The Fibroblast Growth Factor Receptor (FGFR) is a family of tyrosine 
kinase receptors consisting of 4 transmembrane receptors, FGFR1-4. 
It stimulates cellular proliferation and angiogenesis by induction of 
the PI3K-AKT, PKC, and Ras/MAPK paths. Abnormal FGFR signaling 
directly contributes to tumor development by stimulating cancer cell 
growth and angiogenesis.74 A wide variety of cancers harbor FGFR 
aberrations with UCs being the most common at a rate of 32%75 and 
the most common FGFR aberrations in UCs are mutations (18.3%); 
followed by copy number amplifications (8.7%) and translocations 
(7.1%).75 Detection of genetic alterations involving the FGFR3 gene 
(mutations or gene fusions) provides guidance to predict response 
to FGFR inhibitors.

Erdafitinib, which is an FGFR (FGFR1-4) tyrosine kinase inhibitor, has 
recently been accepted by the FDA for locally advanced or meta-
static, platinum-resistant UCs harboring FGFR2/3 mutation or fusion. 
The response rate to this drug has been reported as about 40% and 
increases up to 59% after the administration of immunotherapy.65 
Four point mutations (p.R248C, p.S249C, p.G370C, and p.Y373C) 
and 2 fusions (TACC3v1 and TACC3v3) in the FGFR3 gene, detected 
in RNA samples of carcinoma tissues, provide prediction in terms of 
the responsiveness to FGFR inhibitors. There are some other aber-
rations of FGFR2 and FGFR3 genes (FGFR3:BAIAP2L1, FGFR2:BICC1, 
and FGFR2:CASP7) in UCs, which are not considered in determin-
ing appropriate patients for erdafitinib therapy, as the clinical util-
ity of them have not been demonstrated yet. Particularly, LumP 

Figure 16.  High PD-L1 expression in urothelial carcinoma. PD-L1 
immunostaining (any type of staining—cytoplasmic or 
membranous) in immune cells exceeding 25%.

Figure 17.  Complete and strong membranous HER2 
immunostaining in tumor cells of urothelial carcinoma, exceeding 
10% (3 +).
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molecular subtype of UC is rich in FGFR3 gene abnormalities and has 
high responsiveness to erdafitinib.76

As we know, platinum-based chemotherapy comes first in NAC and 
AC in UC and in the treatment of metastatic disease. Low response 
rates to platinum-based systemic chemotherapy have been reported 
for UCs with FGFR3 aberrations. According to the study by Teo et al, 
none of the patients with FGFR3 aberrations had a complete treat-
ment response or shorter RFS after platinum-based NAC.77 FGFR3 
gene changes in UCs have also been related to poorer response to ICI 
therapy, possibly due to the immune-deprived phenotype, through 
stimulation of the PI3K/AKT pathway.65

Antibody-Drug Conjugates
Antibody-drug conjugate (ADC) is a novel, promising therapeutic 
approach which consists of a target-specific monoclonal antibody 
and a cytotoxic anticancer agent covalently bound to each other 
via a linker. The antibody targets specific antigens expressed on the 
tumor surface, providing the cytotoxic agent delivered selectively 
to TCs.78 enfortumab vedotin is an ADC, consisting of an antibody 
against nectin 4, which is a cell adhesion molecule highly expressed 

in UC cells and conjugated antineoplastic payload [mono-methyl 
auristatin E (MMAE)]. Nectin-4 antibody mediates the antineoplastic 
agent to specifically target TCs.

Locally advanced or metastatic UCs, especially those who previously 
received platinum-based chemotherapy and ICI, are considered incur-
able due to the lack of a successful treatment option for this patient 
group. Treatment with enfortumab vedotin provided a 44% objective 
response rate (12% complete response rate) and a 7.6-month dura-
tion of response in those patients.79 Based on these findings, the FDA 
has accepted the use of enfortumab vedotin for patients who have 
previously received a combination of platinum-based chemotherapy 
and immunotherapy with a PD-1/PD-L1 inhibitor, or for cisplatin 
inappropriate patients who have been administered one or more 
therapy choices.

Her-2 Testing
HER2 testing is implemented in routine practice for gastric/breast 
cancers, with established guidelines. But the importance or preva-
lence of HER2 expression in UCs has not been clarified yet, and HER2 
testing in UCs is not applied in routine clinical practice.

Table 2.  Details of Administration of Immune Checkpoint Inhibitor Agents for Patients with Advanced Urothelial Carcinoma

Approved ICI 
Agents

Approved 
PD-L1 Assay

Evaluated 
Component

Cut-off for 
PD-L1 Positivitiy Details US, FDA-Indication Europe, EMA-Indication

Atezolizumab VENTANA 
PD-L1 
(SP142)

IC 5% (PD-L1 
stained IC 
covering ³5% of 
the tumor area)

All ICs are included 
except plasma cells

Locally advanced or 
metastatic UCs

Locally advanced or 
metastatic UCs

a.	 a. Cisplatin ineligible and 
PD-L1 positive (detected 
by an FDA approved 
PD-L1 assay)

a.	 b. Cisplatin ineligible and 
PD-L1 positive (detected 
by Ventana SP142 PD-L1 
assay)

OR OR
a.	 c. Ineligible for platinum-

based therapy or 
progressed during or 
after (within 12 months) 
platinum-based therapy, 
regardless of PD-L1 status

a.	 d. Previously received 
platinum-based 
chemotherapy

Durvalumab VENTANA 
PD-L1 
(SP263)

IC, TC 25% (Both IC 
and TC)

All ICs are included 
except plasma cells

Locally advanced or 
metastatic UCs, progressed 
during or after (within 12 
months) platinum-based 
chemotherapy

Pembrolizumab PD-L1 IHC 
22C3 
pharmDx

IC, TC CPS³ 10 PD-L1 stained slide 
must have at least 
100 viable TCs

Locally advanced or 
metastatic UCs

Locally advanced or 
metastatic UCs

a.	 Cisplatin ineligible and 
PD-L1 positive (CPS ³ 10)

a.	 Cisplatin ineligible and 
PD-L1 positive (CPS ³ 10)

CPS=[PD-L1 
positive cells  
(TC, IC) / Total 
number of viable 
TCs × 100]

Only staining in 
lymphocytes and 
macrophages is 
considered as IC+

OR OR
a.	 Ineligible for platinum-

based therapy or 
progressed during or 
after (within 12 months) 
platinum-based 
chemotherapy Regardless 
of PD-L1 status

a.	 Previously received 
platinum-based 
chemotherapy

Nivolumab PD-L1 
IHC 28–8 
pharmDx

TC 5% Locally advanced or 
metastatic UCs, progressed 
during or after (within 12 
months) platinum-based 
chemotherapy

CPS, combined positive score; IC, immune cell; ICI, immune check point inhibitory; TC, tumor cell; UC, urothelial carcinoma.
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HER2 testing for UCs is applied in 2 situations. One is to investigate 
HER2 gene amplification to determine the probability of getting ben-
efits from HER2-targeted therapies such as trastuzumab and tyrosine 
kinase inhibitors (apatinib, neratinib, and lapatinib). The therapeu-
tic value of these agents for breast and gastric carcinomas is clear, 
whereas they do not seem to be so effective in UCs.80 The second and 
more recent indication is to investigate any level of HER2 expression 
in TCs, to determine the eligibility of patients for novel treatments, 
recently developed to target HER2+ UC cells, such as ADCs.80,81 For 
example, disitamab vedotin (RC48) is an ADC composed of an anti-
HER2 antibody bound to a cytotoxic agent with antineoplastic 
activity. The use of RC48 has recently been accepted by FDA for HER2-
positive, locally advanced/metastatic UCs, in which prior platinum-
based chemotherapy has failed.82,83

There is a great need to develop a standardized HER2 test to deter-
mine patients who may get benefit from HER2-targeted therapies in 
UCs. Studies in the literature show variability regarding the definition 
of the HER2(+) status in UCs. American Society of Clinical Oncology 
(ASCO) / the College of American Pathologists (CAP) scoring guide-
lines developed for breast and gastric carcinomas are widely used for 
UCs. Accordingly, an IHC score of 3+ is described as HER2(+) status 
(Figure 17). On the other hand, carcinomas that are +2 positive with 
IHC and show HER2 gene amplification by in situ hybridization (ISH)+/ 
fluorescence in situ hybridization (FISH) method are also considered 
HER2 (+). The administration of anti-HER2 therapies, such as trastu-
zumab, requires HER2(+) status, whereas carcinoma cells with any 
level of HER2 expression may be a potential target for HER2-targeted 
ADCs. Therefore one more category—“HER2-low” is reported in 
the literature and described as an IHC score of 2+ and a negative  

ISH/FISH or IHC score of 1+.84 And HER2-negative status is described 
as the absence of any membranous expression in TCs. Therefore, the 
interpretation of HER2 expression varies according to the treatment 
agent to be used.

Conclusion

It seems that significant progress has been achieved in the clini-
cal approach to UCs, but there still seems to be a long way to go, 
especially for locally advanced or metastatic UCs. Patients should be 
managed with close communication between the pathologist and 
the clinician by being aware of all the data we currently have and 
using them in the most appropriate way. Current risk stratification 
models of patients with UC are based on clinical and histopathologi-
cal parameters, and since molecular differences seem to be the main 
factor leading to clinical variations, there is a need for a sufficiently 
validated gene expression profiling model in which molecular fea-
tures are also integrated. But mRNA-based profiling models are too 
expensive to apply for routine practice, and immun​ohist​ochem​istry-
base​d models should definitely be emphasized.
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