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Patients with advanced urothelial cancer (aUC) have
primarily been treatedwith platinum-based chemotherapy.
Patients who experience disease progression on first-line
chemotherapy have limited options, and there was no US
Food and Drug Administration (FDA)-approved salvage
treatment for platinum-refractory aUC until 2016. Better
understanding of tumor and host biology, and of mecha-
nisms of immune surveillance evasion, has led to the
development of novel immunotherapies such as immune
checkpoint inhibitors (ICIs). These agents have revolution-
ized the treatment landscape for several solid tumors and
five ICIs have received FDA approval for platinum-refractory
aUC, two of them for cisplatin-unfit patients in the frontline
setting [1–3]. Although ICIs have shown significant activity,
only a subset of patients [2_TD$DIFF]achieve response based on
Response Evaluation Criteria in Solid Tumors (RECIST)
v.1.1, and some experience severe adverse events [1–
3]. Therefore, there is an unmet need for biomarker-
enrichment strategies that enable better patient selection.

Several clinical and molecular biomarkers that might
predict ICI response are under investigation, including
tumor tissue PD-L1 expression, tumor mutational burden,
gene expression profiling signatures (molecular subtypes),
alterations in DNA damage response genes, and the host
microbiome, among others [1–3]. However, prospective
validation and clinical utilization of putative biomarkers
face challenges such as reproducibility, accuracy, dynamic
tumor tissue requirement, tumor heterogeneity, and
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sampling variability [4]. It is also plausible that a single
biomarker might not represent the very complex tumor
microenvironment and numerous host-tumor interactions.
Therefore, a combination of biomarkers might better meet
the above stipulations.

In this issue of European Urology, van Dijk et al. [5]
propose the concept of a cancer immunogram as a
framework for personalized immunotherapy in aUC and
future biomarker research. The authors should be com-
mended on this important and elegant manuscript, which
can provide overarching principles towards harmonization
and alignment for immune-related biomarker evaluation.
This theoretical model is based on original work by Blank
et al. [6], who proposed this conceptual framework under
the fundamental assumption that T-cell activity is the
ultimate mechanistic mediator of ICI activity. However, it
can be affected by several tumor- and host-specific
parameters, including tumor foreignness, immune cell
infiltration capacity, checkpoints, soluble inhibitors, inhibi-
tory tumor metabolism, general immune status, and tumor
sensitivity to immune effector mechanisms [6].

The authors pursued a well-designed extension of the
cancer immunogram concept to aUC, using an extensive
literature search and synthesizing existing data for each
parameter. It appears to be a very comprehensive and
cohesive framework that attempts to incorporate multiple
important immune-related aspects, stepping away from the
more limited single-biomarker approach. Moreover, it
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provides a visual representation of the seven axes on a radar
plot to facilitate potential evaluation of individual patients
with discordant characteristics. The data and conclusions
presented can inform novel clinical trial designs and
contribute towards a collaborative mindset for data sharing
and standardization of biomarker assessment across clinical
trials. This is very relevant, especially considering the
significant variability in the methods, assays, types, time
points, and endpoints of correlative studies explored across
the spectrum of aUC studies. Furthermore, such a compre-
hensive paradigmmay serve as a guide for the development
of prospective biorepositories and registries that support
UC-specific biomarker discovery and validation. Similar
approaches could be pursued for other tumor types,
considering that some biomarkers may be independent of
tumor type and more related to the homeostasis, structure,
and function of the host immune system.

As discussed by the authors, there are challenges
regarding the feasibility of potential application in clinical
practice and the incorporation of data points into quantita-
tive predictive models. The relative significance and impact
of each axis (and its constituents) might not be easy to
define. Therefore, it might be hard to measure precisely the
predictive value of amultifacetedmodel regarding response
to specific therapeutic interventions. The authors properly
consider the immunogram dynamic over time as we gain
further understanding of complex immunologic processes.
The high degree of tumor and host heterogeneity, as well as
the dynamic evolving nature of tumor biology, could pose
further hurdles in successful implementation of a UC-
specific immunogram. For example, acquisition of serial
tumor tissue over time (before, during, and after immuno-
therapy) can be difficult for clinical and logistic reasons. The
development and inclusion of circulating biomarkers might
somewhat circumvent this challenge. Moreover, some
factors, such as the gut microbiome, can be relevant across
multiple axes of the immunogram, and thus itmight be hard
to categorize such factors appropriately [7]. Practical issues
related to intellectual property and data ownership also
frequently temper the enthusiasm for productive collabora-
tions and data sharing across different immunotherapy-
based clinical trials, and thus biomarker validation.

Notably, there are a plethora of immunotherapeutic
combinations and sequences, disease spaces, and treatment
settings, as well as diagnostic tools and follow-up time
points, that can also contribute to the complexity and
variability of biomarker development. The combination of
ICI with other treatment modalities might often be
synergistic and is under investigation in aUC [8]. Therefore,
biomarkers with discriminatory ability to predict differen-
tial responses to monotherapy and/or combination thera-
pies can be helpful. As we pursue various
immunotherapeutic approaches, accurate measurement
of responses and clinical benefits is also critical. The
limitations of conventional response criteria (RECIST) in
the context of immunotherapy are well known and formed
the basis for the modified immunotherapy-based iRECIST
criteria [9]. However, iRECIST implementation in clinical
practice faces challenges, while various treatment combi-
nations might also impact selection of the most relevant
and appropriate metrics of response.

An additional consideration is the ongoing progress in
multiple fields such as proteomics, metabolomics, epige-
netics, radiomics, radiogenomics, and functional imaging, to
name a few. Such developments might help towards more
granular evaluation of the tumor microenvironment and its
spatial and temporal heterogeneity via longitudinal inva-
sive and noninvasive approaches [10]. Similarly, the role of
functional imaging in detecting CD8 T cells and PD-L1
expression status is also being explored [10]. Furthermore,
growth in the fields of big data, bioinformatics, and
artificial/augmented intelligence can certainly impact
information acquisition and processing. Milestones and
breakthroughs formultiple parameters could be included in
future deliberations of the cancer immunogram and
contribute to its dynamic nature.

In conclusion, single-agent ICIs have brought a paradigm
shift in aUC treatment by inducing rapid and durable
responses; however, the relatively low response rates and
potential toxicity underline the need for optimal patient
selection. Therefore, comprehensive, multiparametric, dy-
namic, and robust biomarker development strategies, such
as the cancer immunogram elegantly described by van Dijk
and colleagues, can help in achieving the goal of precision
immunotherapy. Suchmultidisciplinary approaches require
close and dynamic collaboration among multiple stake-
holders, as well as rapid implementation of relevant
policies.
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