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Abstract

Context: The abysmal outlook of urothelial cancer (UC) has changed with the introduc-
tion of immunotherapy. Still, many patients do not respond and distinctive biomarkers
are currently lacking. The rise of this novel armamentarium of immunotherapy treat-
ments, in combination with the complex biology of an immunological tumor response,
warrants the development of a comprehensive framework that can provide an overview
of important immunological processes at play in individual patients.

Objective: To develop a comprehensive framework based on tumor- and host-specific
parameters to understand immunotherapy response in UC. This framework can inform
rational, biology-driven clinical trials and ultimately guide us toward individualized
patient treatment.

Evidence acquisition: A literature review was conducted on UC immunotherapy, clinical
trial data, and biomarkers of response to checkpoint inhibition.

Evidence synthesis: Here, we propose a UC immunogram, based on currently available
clinical and translational data. The UC immunogram describes several tumor- and host-
specific parameters that are required for successful immunotherapy treatment. These
seven parameters are tumor foreignness, immune cell infiltration, absence of inhibitory
checkpoints, general performance and immune status, absence of soluble inhibitors,
absence of inhibitory tumor metabolism, and tumor sensitivity to immune effectors.
Conclusions: Longitudinal integration of individual patient parameters may ultimately
lead to personalized and dynamic immunotherapy, to adjust to the Darwinian forces that
drive tumor evolution. Incorporating multiparameter biomarkers into quantitative
predictive models will be a key challenge to integrate the immunogram into daily
clinical practice.

Patient summary: Here, we propose the urothelial cancer immunogram, a novel way of
describing important immunological characteristics of urothelial cancer patients and
their tumors. Seven characteristics determine the chance of having an immunological
tumor response. Using this immunogram, we aim to better understand why some
patients respond to immunotherapy and some do not, to ultimately improve anticancer
therapy.

© 2018 European Association of Urology. Published by Elsevier B.V. All rights reserved.

* Corresponding author. Department of Medical Oncology, Netherlands Cancer Institute, Plesman-
laan 121, 1066CX, Amsterdam, The Netherlands. Tel. +31 20 512 2569; Fax +31 20-512 2572.
E-mail address: ms.vd.heijden@nki.nl (M.S. van der Heijden).

https://doi.org/10.1016/j.eururo.2018.09.022
0302-2838/© 2018 European Association of Urology. Published by Elsevier B.V. All rights reserved.

Check for
updates



https://doi.org/10.1016/j.eururo.2018.09.022
mailto:ms.vd.heijden@nki.nl
https://doi.org/10.1016/j.eururo.2018.09.022
http://crossmark.crossref.org/dialog/?doi=10.1016/j.eururo.2018.09.022&domain=pdf

436 EUROPEAN UROLOGY 75 (2019) 435-444

1. Introduction

The introduction of checkpoint blockade (CPB) has changed
the treatment landscape of metastatic urothelial cancer
(mUC) [1,2]. Still, many patients do not experience clinical
benefit to anti-PD-(L)1 alone. Although potentially impor-
tant associations between biomarkers and clinical
responses to CPB have been observed, these biomarkers
are not yet ready for clinical practice until prospectively
validated in clinical studies. Heterogeneity in prior thera-
pies and use of archival tissue for biomarker development
further cloud interpretation. In 2016, Blank and colleagues
[3] proposed the cancer immunogram, a theoretical
framework that integrates candidate biomarkers to ulti-
mately inform individualized treatment with multiparam-
eter biomarkers. The immunogram was constructed on the
assumption that T-cell activity is the ultimate effector
mechanism that is affected by seven unrelated immuno-
genic parameters: tumor foreignness, general immune
status, immune cell infiltration capacity, absence of
checkpoints, absence of soluble inhibitors, absence of
inhibitory tumor metabolism, and tumor sensitivity to
immune effector mechanisms. Recently, this concept has
been extended to non-small cell lung cancer (NSCLC)
[4]. Here, we propose a cancer immunogram specifically for
urothelial cancer (UC) patients. The main goals are to: (1)
better understand the complexity of the anticancer immune
response in UC and thus facilitate translational research,
and (2) help prioritize biomarkers that should be prospec-
tively tested in clinical studies, eventually leading to a
multifactorial model that can better predict clinical CPB
response in UC.

2. Evidence acquisition

A PubMed/Medline search was conducted with terms
including urothelial cancer, bladder cancer, immunothera-
py, biomarkers, checkpoint inhibition, checkpoint inhibi-
tors, checkpoint blockade, anti-CTLA-4, anti-PD-1, and anti-
PD-L1. Additional literature was found using a snowballing
approach. Relevant data from recent conferences were
included.

3. Evidence synthesis
3.1. UC immunogram

The UC immunogram (Fig. 1) constitutes a theoretical
framework with multiparameter candidate biomarkers,
structured around seven axes, aiming to capture the most
important factors determining an anticancer immune
response. Available data for each axis, based on results
obtained in UC where available, are reviewed below.

3.2. Tumor foreignness

3.2.1.  Tumor mutations

The adaptive immune system can recognize tumor features
as “foreign” and elicit an immune response. Cancer antigens
include immune-privileged peptides or genetically altered
peptides (neoantigens) [5]. It has been postulated that high
tumor mutational burden (TMB) and neoantigen load are
associated with a higher likelihood of an immunotherapy
response. Consistently, pembrolizumab showed remarkable
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Fig. 1 - Urothelial cancer immunogram. The proposed cancer immunogram for UC patients reflects seven key immunological axes and their underlying
biomarkers (italic) that facilitate successful immunotherapy treatment. The immunogram is constructed on the assumption that T-cell activity is the
ultimate effector mechanism that is affected by these seven unrelated axes. The outer region of the plot depicts the most favorable immune status for
immunotherapy treatment. In the hypothetical patient example above, the line connects the seven parameters in a highly favorable situation for
immunological antitumor response. Several examples of cancer immunograms of UC patients who were treated with anti-PD-L1 in the IMvigor210
study can be found in Figure 2 and the Supplementary material (Applications of the urothelial cancer immunogram).

IDO = indolamine 2,3-dioxygenase 1; IFNg = interferon gamma; IL = interleukin; LDH = lactate dehydrogenase; NLR = neutrophil-to-lymphocyte ratio;
TGF-f3 = transforming growth factor beta; UC = urothelial cancer; VEGF = vascular endothelial growth factor; WHO = World Health Organization.
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activity in cancers with mismatch repair (MMR) deficiency
[6], which leads to very high mutation rates. Preliminary
analysis on MMR status in UC tumor samples revealed that
MMR deficiency was particularly observed in upper tract
urothelial cancer [7]. Interestingly, five of these MMR-
deficient patients were treated with CPB and all showed
robust responses, including three complete responses
[7]. After melanoma and lung cancer, UC has the highest
frequency of somatic mutations [8]. In clinical trials with
atezolizumab [9] and nivolumab [10,11], tumor response
was associated with TMB. Furthermore, APOBEC3A/3B
expression [12] and mutations in genes involved in DNA
damage response [13] were associated with TMB and
response to CPB.

3.2.2. Molecular subtypes

Transcriptome profiling in The Cancer Genome Atlas (TCGA)
project revealed that UC can be clustered into molecular
subtypes [8,14]. These molecular subtypes were associated
with a response to atezolizumab in the IMvigor210 trial
[9]. Gene expression signatures were used to discriminate
basal from luminal subtypes defined by TCGA in 195 UC
patients. The objective response rate (ORR) was highest in
luminal cluster II subtype (34%), compared with 10% for
cluster I, 16% for cluster III, and 20% for cluster IV [9]. By
contrast, in the Checkmate 275 trial with nivolumab, the
highest response rate (30%) was observed in basal cluster III,
whereas luminal cluster II showed a 25% response rate
[11]. Since it is unclear why some molecular subtypes
respond to treatment and some do not, larger data sets from
phase III trials are needed to better understand molecular
signatures as predictors of immunotherapy response.

3.2.3. Viral integrations

Genomic data from UC were used by the TCGA consortium
to investigate viral integration in UC. These data showed
that 6% of the investigated bladder tumors contained viral
DNA and transcripts, including HPV and BK virus DNA
[15]. Viral integrations may contribute to increased tumor
foreignness by expressing viral oncogenes that may induce
an immune response [16]. The role of viral integrations in
UC immunotherapy treatment is currently unclear.

3.3. Immune cell infiltration

3.3.1. Intratumoral T cells

Tumor-infiltrating CD8+ T cells play a key role in antitumor
immunity, and their presence in the tumor-immune
microenvironment (TME) has been associated with longer
survival in several malignancies [17], including UC[18]. Data
from the IMvigor210 study showed that CD8+ density in the
tumor area was associated with response to atezolizumab in
mUC [9]. Intratumoral T-cell profiles can be characterized
by three histologically distinct phenotypes: (1) the immune
inflamed phenotype, marked by robust immune infiltrate
and PD-L1 expression, (2) the immune-excluded pheno-
type, where T cells are particularly present in the stroma,
and (3) the immune desert phenotype, characterized by the
absence of infiltrating lymphocytes [19]. In the UC

IMvigor210 cohort, 47% of tumors were classified as
immune excluded, 27% were classified as immune desert,
and 26% exhibited the inflamed phenotype [12]. The latter
demonstrated the highest response to atezolizumab and
correlated with PD-L1 signal and CD8 T effector signature in
gene expression analysis. Interferon gamma (IFNg)-stimu-
lated genes and the chemokines CXCL9 and CXCL10 were
significantly associated with PD-L1 positivity and response
to atezolizumab as well [9,12]. Expression of immune genes,
such as IFNg, CXCL9, and CXCL10, was also enriched in mUC
tumors responding to nivolumab in the Checkmate
275 study [11]. Transforming growth factor beta (TGF-3)
signaling was negatively associated with response in
immune-excluded tumors (described below).

Several signaling pathways activated in UC have been
associated with a lack of T-cell inflammation, including
peroxisome proliferator-activated receptor gamma (PPAR-
v) and fibroblast growth factor receptor (FGFR) [20]. These
signaling pathways promote tumor progression and anti-
inflammatory features, and are particularly active in
luminal I tumors [21-23]. Inhibition of the PPAR-y pathway
enhanced inflammatory chemokines and cytokines in
mouse models [22]. Recent data on erdafitinib (pan-FGFR
inhibitor) in mUC patients with prespecified FGFR altera-
tions demonstrated robust responses (ORR 70%) in patients
with prior CPB [24]. Whether FGFR inhibitors can resensi-
tize luminal I tumors to immunotherapy remains to be
explored.

Using another approach, the CD-122 (interleukin [IL]-2
receptor) biased agonist NKTR-214 plus nivolumab showed
preferential activation and expansion of effector T cells and
NK cells over T-regs, with remarkable response rates in
cancer patients [25]. Interestingly, robust responses were
also observed in PD-L1-negative tumors. These preliminary
data on PPAR-y modulators, FGFR inhibitors, and NKTR-214
show potential strategies to “ignite” immune-cold UC and
restore immunosurveillance, as has been shown with BRAF
inhibition in melanoma [26].

3.3.2.  Inhibitory immune cells

Besides the presence of antitumor immune cells, other
subpopulations of immune cells may facilitate cancer
progression through activity toward an immunosuppres-
sive environment. For example, T-regs inhibit CD8+ T-cell
function via release of immunosuppressive cytokines
including IL-10 [27]. In a small UC cohort, the ratio of
CD8+ to T-reg tumor-infiltrating lymphocyte (TIL) densities
was strongly associated with the response to neoadjuvant
chemotherapy (NAC) [28]. Still, the exact role of T-regs in UC
remains unclear. Macrophages are highly plastic cells, and
when accumulated in tumors, they are termed tumor-
associated macrophages (TAMs). Macrophages can become
polarized and impair CD8+ T-cell function after manipula-
tion by tumor-derived signals including angiopoietin-2, M-
CSF, CCL2, and vascular endothelial growth factor (VEGF)
[29-31]. Post-translational modification of cytokines and
chemokines induced by TAMs hinders T-cell infiltration into
the tumor, resulting in the trapping of CD8+ T cells in the
stroma, thus supporting immune-excluded and immune
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desert tumors [32]. Emerging data suggest that high
intratumoral TAM density is associated with tumor stage
and poor response to NAC in UC [33]. In addition, TAMs were
found to express PD-L1 upon tumor cytokine release in
bladder cancer [34]. Still, the precise role of suppressive
immune cells in the TME is not well established in UC. This
is needed, as depletion of inhibitory cells could potentially
enhance T-cell-mediated responses and optimization of
immunogram parameters, suggesting improved conditions
for CPB [35].

34. Absence of inhibitory checkpoints

3.4.1. PD-L1

In phase II trials with atezolizumab (Imvigor210) and
nivolumab (Checkmate 275), numerically higher ORR and
longer overall survival (OS) were observed in PD-L1-
positive UC patients [9,11], whereas conflicting results exist
for pembrolizumab [1,36]. Recent data demonstrated that
PD-L1 relies on CMTM6/4 (molecule found to stabilize
surface PD-L1 expression) to efficiently execute its immu-
nosuppressive role. CMTMG6 blockage reactivated effector T
cells and may represent a novel strategy to target the PD-1/
PD-L1 axis [37]. Beyond limited knowledge on PD-L1
regulation, variability in PD-L1 assays, accompanied by
spatiotemporal dynamics in expression, explains the
weakness of PD-L1 as a single-analyte biomarker and the
need for a comprehensive multiparameter approach.

3.4.2. Other immune checkpoints

Besides PD-1/PD-L1, many other immune checkpoints are
studied in mUC. As shown for melanoma [38], combining
anti-PD-(L)1 with anti-CTLA-4 treatment may induce
higher response rates compared with anti-PD-1/PD-L1
alone [39]. Other interesting targets studied in clinical
trials (Supplementary Table 1) include T-cell immunoglob-
ulin and mucin-domain containing-3 (TIM-3), T-cell immu-
noreceptor with Ig and ITIM domains, lymphocyte-
activation gene 3 (LAG-3), and NKG2A. These checkpoints
can be expressed at baseline or may be induced by
treatment targeting PD-1/PD-L1, indicating acquired resis-
tance [40,41]. Recent data on anti-LAG-3 demonstrated that
anti-PD-1 refractory melanoma patients had a 16% response
rate to anti-PD-1/LAG-3 combination therapy [42,43]. Even
higher response rates were observed in patients with LAG-3
positivity on intratumoral immune cells, suggesting that
expression of LAG-3 might be a resistance mechanism to
anti-PD-1 therapy. In patients with a previous response to
anti-PD-1 monotherapy, LAG-3 upregulation may be a
mechanism of acquired resistance, as described in preclini-
cal models [44,45]. In an apparent contradiction to a model
of acquired resistance by upregulation of inhibitory
checkpoints, gene expression analysis in on-treatment
biopsies showed increased expression of immune check-
points (ie, TIGIT, LAG-3, and TIM-3) upon treatment with
anti-PD-1/PD-L1, particularly in responders [46,47]. NKG2A
is an inhibitory receptor expressed by both T and NK cells
binding HLA-E, often exploited by tumors to evade
immunosurveillance [48]. The introduction of anti-NKG2A

in early-phase clinical trials introduced strategies to
simultaneously activate both effector cells and broaden
antitumor responses [49,50]. Studies testing combination
immunotherapy and strategies that target multiple effector
cells will hopefully increase immunotherapy response.

3.5. General performance and immune status

To date, most of the data around prediction of response to
immunotherapy have focused on intratumoral character-
istics. Despite getting less attention, accessibility of a
patient's blood makes blood-based biomarkers an attractive
approach that might contribute to patient selection for
immunotherapy treatment. A retrospective study on
720 metastatic melanoma patients treated with ipilimumab
demonstrated that increased absolute neutrophil levels
significantly decreased OS and progression-free survival
(PFS) [51]. High CD4+/CD8+ lymphocyte counts were
associated with improved survival upon anti-CTLA-4
treatment in melanoma, whereas decreased lymphocyte
counts correlated with poor outcome [52]. Several other
immune status-related biomarkers have been associated
with ipilimumab response in melanoma patients, including
a high absolute eosinophil count [53], enhanced peripheral
T-cell levels, and high baseline peripheral FoxP3+ T-reg
counts [53,54].

In UC, data on general immune status are sparse.
Neutrophil-to-lymphocyte ratio (NLR) appears to be a
prognostic marker in UC [55]. Recent preliminary analyses
suggest that low NLR and high albumin are associated with
tumor shrinkage and higher OS following treatment with
durvalumab in UC patients [56]. Other adverse prognostic
clinical parameters, such as low baseline performance
status or presence of bone or liver metastases, are indicators
of poor prognosis and a lack of response to CPB in UC
[9]. Interestingly, Sharma et al (Sharma et al, AACR 2018)
recently showed that low baseline levels of circulating
myeloid-derived suppressor cells (MDSCs) were associated
with longer OS in the Checkmate 275 trial testing
nivolumab for mUC [57]. In addition, MDSCs in peripheral
blood were negatively associated with pathological stage at
cystectomy, most notably in patients treated with NAC
[58]. Future research will unravel whether composite
biomarkers derived from pretreatment and on-treatment
blood have biomarker potential in UC, enforcing the
immunogram framework and increasing our understanding
of antitumor responses to ultimately predict clinical
response.

3.6. Absence of soluble inhibitors

Soluble immunosuppressive factors (ie, cytokines and
growth factors) can create a hostile and immunosuppres-
sive TME. Immunosuppressive cytokines such as IL-10 and
TGF-f3 are often released by tumor cells, T-regs, MDSCs, or
fibroblasts, and are crucial regulators of T-cell exhaustion in
resistant tumors [29,59]. Elevated IL-10 can induce immu-
nosuppression by promoting T-reg polarization [60] and
enhancing PD-L1 expression on dendritic cells and TAMs,
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resulting in PD-L1-mediated T-cell exhaustion [61]. In UC,
higher levels of serum IL-10 were found in high-grade
tumors compared with lower-grade tumors, whereas
higher IL-10 urine levels were associated with poor
recurrence-free survival.

TGF-B plays an important role in angiogenesis and
immunosuppression [62,63]. Recent data demonstrated that
TGF-3 can directly impair CD8+ T-cell function by down-
regulation of functional effector proteins (ie, granzymes and
perforins) [62], and high TGF-8 levels were shown to be an
indicator of poor prognosis in resectable muscle-invasive
bladder cancer (MIBC) [64]. In an in-depth analysis of the
IMvigor210 study, unresponsiveness to atezolizumab was
associated with TGF-f signaling in fibroblasts, particularly in
patients with immune-excluded tumors [12]. In a mouse
model exhibiting the immune-excluded phenotype, treat-
ment with anti-TGF- plus anti-PD-L1 lowered TGF-R
signaling in stromal cells, enhanced intratumoral T-cell
trafficking and induced T-cell-mediated tumor rejection [12].

T-cell function can also be impaired by adenosine.
Adenosine binds the A2A receptor on T cells and inhibits
T-cell proliferation and cytolytic function [65], while it is
also known to promote metastasis via A2B signaling on
tumor cells [66]. Moreover, CD73 converts AMP to adeno-
sine and is known to be an indicator of poor prognosis in UC
[67]. Interestingly, PD-L1-/CD73+ tumors showed lower
TILs compared with PD-L1+/CD73-tumors, suggesting that
CD73 might play a role in excluding T cells and promoting
immune desert tumors [67].

Another mechanism utilized by tumor cells to impair T-
cell function is the secretion of VEGF [68]. VEGF promotes
tumor angiogenesis, directly impairs T-cell function, and
contributes to tumor progression in UC [68,69]. Ramucir-
umab, an antibody targeting VEGF receptor-2, showed
improved PFS when added to docetaxel in second-line UC
[70]. In kidney and lung cancer, atezolizumab plus
bevacizumab (anti-VEGF) showed clinical benefit in meta-
static patients [71], and this strategy is currently being
investigated in patients with advanced UC. Recent work
demonstrated that inflammatory tumors are marked by
high expression of cyclooxygenases (COX), prostaglandin E2
(PGE2), and IL-6, which are known for their immunosup-
pressive potency [72,73]. Particularly, IL-6 stimulates
hepatocytes to synthesize CRP and, thus, marks CRP as a
surrogate for immunosuppressive tumors [73]. A retrospec-
tive analysis of 88 patients with MIBC treated with
chemoradiotherapy showed that elevated CRP prior to
treatment predicts a poor prognosis [74]. No studies have
linked CRP levels to clinical outcome upon CPB in UC.

3.7. Absence of inhibitory tumor metabolism

Recently, Renner et al. [75] published a review on metabolic
hallmarks of cancer that described the metabolic interplay
between tumor cells and immune cells as a dynamic system
that can be re-educated by cancer therapies. High energy
demand and antitumor immunity drive tumor cells, MDSCs,
or granulocytes to highly express lactate dehydrogenase
(LDH), indolamine 2,3-dioxygenase 1 (IDO1), COX, glucose

transporters, glutaminase, arginase, and oxidative phosphor-
ylation [75,76]. As a result, essential fuel for efficient T-cell
functioning, such as glucose and amino acids, becomes
depleted in the TME and consequently impairs antitumor T-
cell function [77]. Moreover, lactate and other metabolic
products such as kynurenines and PGE2 further impair
antitumor T-cell function [75]. IDO1 is an enzyme that
converts tryptophan into kynurenine and is often upregulated
by tumors to exhaust antitumor T cells [78]. In bladder cancer
tissue, IDO1 was expressed in 57% of cases, while in healthy
bladder tissue only 18% expressed IDO1. Higher IDO1
expression was associated with poor histological grade
(tumor invasiveness) and poor clinical outcome in bladder
cancer [79]. In a murine bladder cancer model, IDO1 was
targeted with siRNA, resulting in enhanced antitumor
immunity [80]. Epacadostat [81] and BMS-986205 [82], both
selective blockers of IDO1, were recently tested in combina-
tion with anti-PD-1 in single-arm studies and showed efficacy
in mUC [82]. However, recent randomized data in melanoma
failed to show benefit of epacadostat, casting doubt on the
validity of this strategy in unselected patients [83]. Reasons
for failure may include a lack of appropriate biomarkers for
patient selection. Despite the negative epacadostat trial in
melanoma, randomized trials testing combinations of anti-
IDO1 with CPB are ongoing in UC, based on efficacy signals in
single-arm trials and preclinical rationale.

Other amino acids essential for T-cell and tumor cell
metabolism and function are arginine and glutamine.
Preclinical data demonstrated that arginine depletion
inhibits T-cell and NK-cell activation and function, and
promotes in vivo generation of MDSCs [84], whereas
glutamine deprivation particularly promotes T-reg polari-
zation [85]. CB-1158 targets arginase to prevent deprivation
of arginine and is being currently tested with or without
pembrolizumab in mUC. A drug that targets glutaminase
(CB-839) is being currently tested in a phase I/II clinical trial
evaluating CB-839 in combination with nivolumab in
patients with melanoma, renal cell carcinoma, and NSCLC.
High LDH levels are correlated with poor prognosis and
lower ORR to CPB in melanoma [86]. In UC, patients with
high serum lactate were found to have poor prognosis
[87]. Additionally, LDH is incorporated in the six-factor
prognostic model developed by Pond et al. [88]. This model
was designed to predict OS in platinum-refractory mUC
patients treated with atezolizumab, but needs further
refinement and validation in larger datasets, including
datasets with other agents targeting PD-1/PD-L1. Thus, the
exact association between LDH levels and response to CPB
warrants further investigation.

In conclusion, interfering with metabolic pathways
might provide ways to eliminate tumor cells directly, or
indirectly by reprogramming metabolic pathways to
enhance CD8+ T-cell function.

3.8. Tumor sensitivity to immune effectors
3.8.1. Antigen presentation and recognition

CD8+ T-cell activation depends on several simultaneous
signal interactions, including T-cell receptor (TCR)
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binding to the MHC-antigen complex on tumor cells and
costimulatory signaling [89]. Tumors can evade CD8+ T-
cell immune surveillance through genetic and epigenetic
alterations in the antigen-presenting machinery. Early
studies with epigenetic modifiers resulted in re-expres-
sion of tumor-associated antigens and MHC-antigen
complexes, whereas potential synergy was observed
when epigenetic modifiers were combined with CPB
[90,91]. Likewise, point mutations and deletions in beta-
2-microglobulin (B2 M), a crucial building block required
for MHC class I assembly, were found in almost 30% of
melanoma tumors upon CPB resistance [92]. Analysis of a
progressive tumor lesion obtained from a patient with
colorectal cancer treated with TIL therapy (anti-KRAS
G12D presented by HLA-C*08:02) showed a loss of HLA-
C*08:02 in the relapsing lesion [93]. In UC, early data
suggest that HLA loss by mutations in 32-microglobulin
genes was not the underlying cause of low HLA class I
presence. Instead, coordinated transcriptional downre-
gulation of the HLA components B2 M and APM was found
to be a key element of irreversible HLA loss [94]. While
evidence is currently lacking, it is likely that immuno-
therapy-induced alterations in the antigen-presenting
machinery also occur in UC.

3.8.2. TCR repertoire

The TCR repertoire is also involved in antigen recognition. In
a retrospective analysis in melanoma and prostate cancer,
patients responding to ipilimumab showed TCR clonotype
stability in PBMCs 4 wk after treatment start [95]. In mUC,
durable responses with atezolizumab treatment were
associated with lower baseline TCR clonality in peripheral
blood [96], suggesting that a higher variety of TCR receptors
might increase the probability that a tumor-specific T-cell
population is present. Recent provocative data showed that
neoadjuvant treatment with ipilimumab plus nivolumab
induced higher numbers of expanded and newly detectable
TCR clones in the peripheral blood compared with the
adjuvant setting in stage 3 melanoma [97].

3.8.3.  IFNg signaling

CD8+ T-cell effector function can be impaired despite
successful binding of tumor cells. Loss of IFNg signaling has
been associated with resistance to anti-CTLA-4 immuno-
therapy [98]. In melanoma, mutational analysis showed
that primary resistance to ipilimumab was associated with
mutations in IFNg receptors 1 and 2 (IFNGR1 and IFNGR2),
interferon regulatory factor 1, and JAK1 and JAK2, allowing
cancer cells to escape from IFNg-mediated Kkilling

A. Unfavorable PD-L1 score

B. Low tumor mutational burden

Tumor foreignness

Mutational load

Tumor sensitivity to
immune effectors
IFNg expression
profile

Infiltrating immune cells
Intratumoral T cells,
myeloid cells

Absence of inhibitory

checkpoints
PD-1,CTLA-4

Absence of inhibitory
tumor metabolism
LDH,IDO

Absence of soluble
inhibitors
TGF-B, IL-10, VEGF
*

Desirable general performance
and immune status
NLR, WHO score

Absence of inhibitory

Tumor foreignness
Mutational load

Tumor sensitivity to
immune effectors
IFNg expression
profile

Infiltrating immune cells
Intratumoral T cells,
myeloid cells

Absence of inhibitory
checkpoints
PD-1,CTLA-4

tumor metabolism
LDH, IDO

Absence of soluble
inhibitors
TGF-B, IL-10, VEGF
w

Desirable general performance
and immune status
NLR, WHO score

Fig. 2 - Example immunograms of urothelial cancer patients treated with second-line anti-PD-(L)1 checkpoint inhibition. In the UC immunograms,
outer region of the plot depicts the most favorable status for a T-cell-mediated anticancer immune response, which is affected by seven unrelated
axes. Immunogram scores are based on available data from individual patients on that specific axis. Orange arrow: shift of the immunogram upon

anti-PD-(L)1 treatment. Immunogram axes with no available data are marked by an orange star (*) and have been qualified as favorable
(hypothetically) in the immunogram. (A) A patient with a high mutational burden, favorable TCGA class II, and substantial CD8+ T-cell infiltration. The
patient had favorable CD8-effector and IFNg immune activation signatures, while the PD-L1 score (IC2) was unfavorable and may have impaired
natural antitumor response. The patient had a WHO performance score of 1, had no visceral metastases, and had favorable NLR ratio and LDH. All
parameters, except high PD-L1 expression, were favorable for an immune response. Treatment with anti-PD-L1 corrects the only unfavorable
parameter that may have prevented T cells from executing an antitumor response, and led to a complete response, which is still ongoing (0OS currently
1230 d). (B) A patient with unfavorable tumor foreignness (low TMB, TCGA IV) with dramatic intratumoral CD8+ T-cell infiltration and favorable CD8-
effector and IFNg immune activation signatures. The tumor environment showed high PD-L1 IC expression (PD-L1 IC2), which may have prevented T
cells from eliminating tumor cells. This patient had WHO 1 with no visceral metastases and favorable NLR ratio and LDH. While this patient had
dramatic intratumoral CD8+ T-cell infiltration with a favorable immune gene signature, treatment with anti-PD-L1 did not result in a tumor response
and OS (117 d) was limited. In this case, involvement of other inhibitory checkpoint pathways, regulatory T cells, or presence of soluble inhibitors (ie,
TGF-3) may explain anti-PD-L1 resistance. Furthermore, despite having sufficient CD8+ T-cell infiltration, a limited tumor-specific T-cell repertoire may
explain nonresponse despite having sufficient CD8+ T-cell infiltration. Treatment with anti-PD-(L)1/CTLA-4 might hypothetically have resulted in a
broader and more effective immune response. More examples can be found in the Supplementary material (Applications of the urothelial cancer
immunogram).

IC = immune cell; IDO = indolamine 2,3-dioxygenase 1; IFNg = interferon gamma; IL = interleukin; LDH = lactate dehydrogenase; NLR = neutrophil-to-
lymphocyte ratio; OS = overall survival; TCGA = The Cancer Genome Atlas; TGF-3 = transforming growth factor beta; TMB = tumor mutational burden;
UC = urothelial cancer; VEGF = vascular endothelial growth factor; WHO = World Health Organization.
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[98]. Additionally, TGF-B-mediated downregulation of
granzymes and perforins has been shown to impair CD8+
T-cell-mediated antitumor killing [62].

4. Conclusions

In recent years, several biomarkers for immunotherapy
response have been proposed. Still, these biomarkers are
not ready for incorporation into clinical practice due to
insufficient discriminatory power. Tissue acquisition for
biomarker analyses has been heterogeneous (eg, trans-
urethral resection vs cystectomy vs biopsy of a metastatic
site), with variability in preceding treatments. A more
homogeneous collection of tissue in prospective trials and
incorporation of this bias into the interpretation of
biomarkers are warranted. Additionally, some biomarkers
may be more dynamic than others and should be monitored
closely [99]. The UC immunogram provides a constantly
evolving theoretical framework that incorporates multidi-
mensional candidate biomarkers that should be measured
and validated in clinical studies, ultimately informing
clinical decision making. An individual patient can be
assessed on each of the seven axes, to estimate the
likelihood of a response to occur and to assess which
factors may still prevent a response. We have provided such
an assessment for several patients treated with CPB (Fig. 2
and Supplementary material, Applications of the urothelial
cancer immunogram). Individualized data on immunogram
parameters may be obtained by tumor genomics, immune
gene signatures, immunohistochemistry, and blood-based
assays, and could be monitored during the course of disease,
to adjust treatment accordingly. A key challenge for the near
future will be to explore whether data on the UC
immunogram parameters can be incorporated into quanti-
tative predictive models that can be used in clinical practice.
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