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Abstract: Background: This prospective pilot study explored the potential of the innate immune
system’s response to cancer-related immuno-stimulants as a predictive biomarker for Immune
Checkpoint Inhibitor (ICI) effectiveness, using pembrolizumab-treated metastatic urothelial tract
cancer (mUTC) patients as the study population. Methods: We included ten mUTC patients and
assessed their innate immune responses before the first and second pembrolizumab cycles with
the TruCulture® immunoassay. We also executed survival analysis and compared cytokine release.
Results: R848-induced IFN« and HKCA-induced IL-10 values decreased in patients with disease
progression (n = 7), while these values increased in non-progressing patients (n = 3), denoting a
significant difference (p = 0.00192 and p = 0.00343, respectively). Further, an increased R848-induced
IFN« response correlated with extended survival (log-rank p-value of 0.048). Conclusion: Our small
study identified distinct immune response patterns following pembrolizumab’s first cycle in mUTC
patients, hypothesizing the potential of an increased R848-induced IFN« response for improved
survival outcomes. Further confirmatory studies are in progress.

Keywords: urinary tract carcinoma; bladder cancer; immunotherapy; response markers; innate
immune system; trueculture

1. Introduction

The advent of Immune Checkpoint Inhibitors (ICIs) has revolutionized the treat-
ment paradigm for patients with locally advanced, unresectable, or metastatic urothelial
tract cancer (mUTC), providing a new standard of care [1]. With ICI, durable responses
have been observed in both the first-line and second-line treatment settings for patients
with mUTC [2,3]. However, the efficacy of ICIs has been limited to roughly 20% of pa-
tients [4-7], highlighting the imperative need for predictive biomarkers to enhance clinical
decision-making [8,9]. Early and accurate identification of responders carries multifaceted
advantages: it prevents clinical deterioration due to disease progression during ineffective
treatment, mitigates unnecessary side effects, and potentially curtails healthcare costs by
enabling continued treatment solely for identified responders [9].
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PD-L1 immunohistochemistry presently serves as the only predictive biomarker for
pembrolizumab treatment selection and solely among cisplatin-ineligible patients in the
first-line setting [3,10-12]. Despite a positive association between PD-L1 expression and
treatment response [13], PD-L1 status alone cannot reliably predict treatment response [4,5],
as the ICI effect is seen in both PD-L1 positive and negative tumors [14]. This underscores
the necessity to discover new predictive biomarkers for application in mUTC and also for
emerging treatments [9,14-17].

Several candidate predictive biomarkers evaluating response to ICI have been or are
currently being investigated [9]. Mutation rates are high in mUTC, and tumor mutational
burden (TMB) has been associated with response to ICI in mUTC and across other can-
cer types [9]. TMB and PD-L1 expression do not correlate, suggesting their combined
use may improve efficacy [18]. Furthermore, mutational signatures affiliated with the
APOBEC family of cytidine deaminases commonly found in mUTC have been tied to ICI
response [19-21]. Other potential indicators, such as specific somatic mutations, gene ex-
pression signatures, and FGFR aberrations, have been scrutinized as potential ICI response
predictors in mUTC [9]. Despite these findings, none have yet been routinely incorporated
into clinical practice.

The innate immune system and tumor microenvironment are essential in produc-
ing cytokine-directing antigen-recognizing T-cells in the tumor. Cytokines are messenger
molecules of the immune system. An increased concentration of stimulatory cytokines
in tissue can result in inflammation, infiltration of macrophages and neutrophils, and
subsequent anti-tumor activity mediated by effector T-cells [22]. It has been shown that
exhausted lymphocytes with reduced cytokine production could provide part of the ex-
planation for poor response to ICI [23-25] and that both the intrinsic (cell—cell contact)
and extrinsic cytokine activation of T-cells play an essential role in producing an effective
anti-tumor T-cell response [26]. The extrinsic activation pathway is regulated by different cy-
tokines (including IL-6, IL-8, IL-10, IFN«, IFNYy, and TNF«) produced by tumor-infiltrating
T-cells [26]. The extent of cytokine production by tumor-infiltrating T-cells is correlated with
the peripheral T-cells’ extent of cytokine production [27,28], making the peripheral lym-
phocytes” ability to produce cytokines for regulating anti-tumor T-cell response a possible
predictive marker for ICI [27].

TruCulture® is a standardized immunoassay assessing the induced immune response
as a surrogate for immune function through an ex vivo stimulation of innate immunologic
signaling pathways on whole blood [29,30]. Using TruCulture®, the immune function has
been characterized in healthy individuals and across diseases and surgical and medical
procedures [29-37]. TruCulture® reveals the induced innate and adaptive immune response
in whole blood after 22 h of stimulation by quantifying the release of soluble immune
activation products (cytokines, chemokines, soluble receptors, etc.) in the supernatant.
Five stimuli (I-V) are applied to screen the function of different immunologic signaling
pathways, such as Toll-like receptors (TLRs) (Figure S1).

This pilot study aimed to investigate the innate immune system’s response to cancer-
relevant immuno-stimulants using TruCulture® in patients with mUTC before and after
one pembrolizumab cycle and examine if changes following one treatment cycle were
associated with tumor response at the first evaluation scan. With this approach, we hope to
identify predictive biomarkers for treatment effects in patients with mUTC.

2. Materials and Methods
2.1. Study Design

We performed a prospective, observational pilot study that included patients with
mUTC referred for pembrolizumab. The study is part of a large interdisciplinary prospec-
tive observational trial (Immuno-Mo) conducted in collaboration with PERSIMUNE, Center
of Excellence for Personalized Medicine of Infectious Complications in Immune Deficiency.
Immuno-Mo was approved by The Regional Ethics Committee (project no: H-17024315).
All patients provided written informed consent.
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2.2. Patients and Data Collection

Patients with histologically verified mUTC referred for first-line or second-line pem-
brolizumab at the Department of Oncology, Rigshospitalet, Denmark, were eligible for
study inclusion. Patients were included as a convenience sample of the first ten patients
consenting to study participation after recruitment started in October 2019.

Patients had whole blood sampled immediately before the first cycle and the second
cycle. Patients previously treated with ICI were excluded.

Data on age, gender, primary tumor location, histology, PD-L1 expression determined
via combined positive score (CPS), location of metastases, European Cooperative On-
cology Group performance status (ECOG PS), number of treatment cycles, reasons for
pembrolizumab discontinuation, and date of death were collected from electronic medical
records (EMRs). Tumor responses were assessed on computed tomography (CT) scans
performed as part of routine treatment evaluation and analyzed by local radiologists spe-
cialized in urologic oncology using iRECIST as guideline. According to local practice,
the first CT scan is performed after three treatment cycles or earlier in case of treatment
discontinuation, and responses are categorized as complete response (CR), partial response
(PR), stable disease (SD), or progressive disease (PD) according to radiologist’s assessment.
Baseline CT scan should be as close to treatment start as possible, and a maximum of 4
weeks before treatment start. For the present study, we define non-progressive disease as
CR, PR, or SD and progressive disease as PD.

2.3. TruCulture®

TruCulture® (Myriad RBM; Austin, TX, USA) was conducted per the manufacturer’s
instructions. The method is implemented at Rigshospitalet Copenhagen for clinical and
research use, as described in detail [35]. In brief, whole blood was sampled in lithium
heparin tubes and transferred to prewarmed TruCulture tubes one hour (+15 min) after
blood sampling. Next, we applied a custom-designed TruCulture® panel with the following
immune stimuli: (1) polyinosinic: polycytidylic acid (POLY IC), a double-stranded RNA
analog and TLR3 agonist; (2) heat-killed Candida Albicans (HKCA), a whole microbe
inducing a complex immune response through Toll-like receptor (TLR) 1, TLR2, TLR4, TLRé,
and Dectin-1; (3) resiquimod (R848), a synthetic TLR7/8 agonist of TLR7/8 mimicking
single-stranded RNA; (4) lipopolysaccharide (LPS), an endotoxin from Escherichia coli
O111:B4 and TLR4 agonist; and (5) no stimulation/NULL, containing only cell culture
medium Next, TruCulture® tubes were incubated in a digital dry block heater (WWE
International A/S, Stamford, CT, USA) at 37 °C for 22 h (£30 min). Following incubation,
centrifuged supernatants were harvested and frozen at —20 °C for 1-7 days, and after
that at —80 °C until analyses for the following cytokines (9-plex Luminex assay, Luminex
200 instrument (R&D Systems, BIO-Techne LTD, Minneapolis, MN, USA)): interferon
(IFN)-«, IEN-y, interleukin (IL)-10, IL-12, IL-17A, IL-1, IL-6, IL-8, and tumor necrosis
factor-oe (TNF«) (process described in Figure S1). An in-house reference interval from
healthy individuals was provided based on the 2.5% to 97.5% percentile range.

2.4. Statistics

To compare the change in TruCulture-induced cytokine release from the pre-first
cycle to the pre-second cycle between the progression and non-progression groups, we
applied an unpaired two-sided Welch t-test. Normal distribution was assessed through
a visual inspection of histograms and Q-Q plots. Results were adjusted for family-wise
error with the Bonferroni-Holm method and presented as adjusted and unadjusted values
(unadjusted in text). Survival curves were constructed using the Kaplan-Meier method,
and groups were stratified by increase or decrease in cytokine release from the first to
second measurement (positive vs. negative delta). A non-parametric log-rank test was
performed to compare the groups.

A p-value of <0.05 was considered statistically significant. Statistical analysis and plots
were made using R software version 4.02.
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3. Results
3.1. Patients

Between October 2019 and September 2020, 10 patients were included in the study:
nine men and one woman. The median age was 68 (range 54-76) (Table 1). One patient
received pembrolizumab in the first-line treatment setting, and nine in the second-line
following platin-based chemotherapy (all cisplatin/gemcitabine).

Table 1. Table showing patient characteristics.

Cycles

DA Gt Pamaine Tl Deme oo Repwedt Nbeof o Remlor o Temel g Dastewe DU
1 male 1 None LbD,Car,Adr PD 2 Decline in PS uc <10
2 male NA Vinflunine St PR 9 PD uc <10
3 male 1 None LbD, Pen PD 3 PD ucC NA
3 male 1 EV,Vinflunine LbD PD 3 PD uc NA
5 female 0 None LbD SD 24 EOT (2 years) scC >10
6 male 1 None LbD PD 3 PD uc NA
7 male 1 None Adr PD 2 PD uc >10
8 male 0 None St, Lu PD 3 PD ucC >10
9 male 1 None LbD PR 8 Decline in PS uc NA
10 male 0 None Lu, Bo PD 3 PD ucC >10

PS = ECOG performance status; EOT = end of treatment; PD = progressive disease; SD = stable disease;
PR = partial response; UC = urothelial carcinoma; SCC = squamous-cell carcinoma; NA = not available.
LbD = Lymph nodes below diaphragm. Car = Peritoneal carcinosis. St = Soft tissue metastasis pelvis.
Adr = Adrenal metastasis. Lu = Lung metastasis. Bo = Bone metastasis. Pen = Penile metastasis.

The median time interval between the first and the second blood sampling was 21 days
(20-28 days), with pembrolizumab being administered at day O for all patients.

3.2. Tumor Responses

The first CT evaluation was performed after a median of three treatment cycles (range
1-3 cycles). Seven patients had progressive disease and discontinued treatment, and
three had non-progressive disease (two PR, one SD). Patients with progression received a
median of three cycles (range 2-3 cycles), and non-progression received a median of nine
cycles (range 8-24 cycles). All patients with progression also had clinical worsening of
their disease.

3.3. Stimulated Innate Immune Responses

Blood samples were collected from all patients for TruCulture® analysis, both im-
mediately before the first treatment cycle and immediately before the second. In the
unstimulated TruCulture® tubes, cytokine responses were negligible (near zero) for all
ten patients at both time points. Consequently, there was no significant difference in the
levels of unstimulated cytokine release between the measurements taken before the first
and second cycles (p = 1.0), as indicated in the data not shown (refer to Figure 1).

Upon stratifying the patients based on tumor response (progression versus non-
progression), distinct cytokine release patterns emerged between the samples taken before
the first and second cycles. In patients experiencing tumor progression, the R848-induced
IFN o response decreased in all seven cases. Conversely, in patients without progression,
an increase in R848-induced IFN« was observed (see Table S1 and Figure 1B). Notably,
the variation in R848-induced IFN« release between the two sampling points differed
significantly between patients with and without progression, being more pronounced in
the latter group (p = 0.00192) (refer to Table S2 and Figure 2B). However, no other significant
differences were noted in the R848-induced response between the two sampling times.
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Figure 1. Absolute concentration values of cytokines by stimuli (A) PolyIC, (B) R848, (C) HKCA,
(D) LPS at first and second measurement grouped by response state at first CT scan. The light-gray
area shows the reference area. Colored lines show concentration for individual patients. Non-
parametric paired Wilcoxon test, unadjusted for family-wise error. Gray-shade marks reference
area. Adjusted p-values in Table S2. NP = Non-progression; p = progression. Pre = Pre-treatment
measurement; Post = post first-cycle treatment measurement.

In the case of the HKCA-induced IL-10 response, a decrease was observed from the
first to the second sample in patients with progression (p = 0.0156), whereas an increase
was noted in patients without progression (p = 0.25) (refer to Table S1 and Figure 1C).
Additionally, the mean change (delta) in IL-10 levels was significantly different between
the progressed and non-progressed groups, being more elevated in the latter (p = 0.00343)
(see Table S2 and Figure 2C).
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Figure 2. Showing the four different stimuli (A) PolyIC, (B) R848, (C) HKCA, (D) LPS, with the
difference (delta) between first and second measurement of the different cytokine concentrations,
grouped by the response at the first CT scan at the x-axis (non-progression (0) and progression (1)).
Paired two-sided Welch T-test obtained p-values to examine for difference (delta) between the groups.
The delta for each patient is also plotted individually according to the response group. NP = Non-
progression. P = Progression. Adjusted p-values in Table S2.

The POLY-IC-induced IL-8 response showed a borderline significant difference in
mean change (delta) between patients with and without progression, with a higher increase
observed in patients without progression (p = 0.0325) (refer to Table S2 and Figure 1A).

No significant differences were observed in the LPS-induced immune responses be-
tween patients with progression and those without (see Figures 1D and 2D).

Furthermore, survival analysis, considering the induced immune response (increased
or decreased) as a dependent variable, revealed that an increased R848-induced IFNo
response correlated with a higher likelihood of survival (log-rank p-value of 0.048) (refer to
Figure 3).
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Figure 3. The Kaplan-Meier curve shows the survival probability of all ten patients divided by
the decline or increase in IFNa after the first cycle. Non-parametric Mantel-Cox test is performed
comparing incline vs. decline (p = 0.048) on the difference in survival.

4. Discussion

In this preliminary exploratory study, we focused on the innate immune response in
patients with metastatic urothelial-cell carcinoma (mUTC) before and after a single cycle of
pembrolizumab treatment. Utilizing the TruCulture® system, we examined the absolute
values and the variations in cytokine release induced by the first treatment cycle. Patients
were stratified based on tumor response (progression vs. non-progression) as determined
by the initial evaluation CT scan. Our findings revealed notable differences between the
groups: non-progressors exhibited a higher R848-induced IFN&, HKCA-induced IL-10,
and marginally increased POLY-IC-induced IL-8 levels. Additionally, survival analysis
indicated a potential survival advantage in patients exhibiting an augmented R848-induced
IFNo response (Figure 3).
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To the best of our knowledge, this investigation is the inaugural study to assess both
the alterations in and the prospective predictive value of the innate immune response,
as measured via the TruCulture® system, following Immune Checkpoint Inhibitor (ICI)
therapy in mUTC patients.

We noted that patients demonstrating progression at the first evaluation CT scan
exhibited a diminished R848-induced IFN« response (n = 7) and a decreased HKCA-
induced IL-10 response (n = 5). Conversely, patients showing non-progression experienced
an increased R848-induced IFN« response (1 = 3) and an augmented HKCA-induced IL-10
response (1 = 3). The observed fluctuations in cytokine release within the TruCulture®
system could serve as surrogates for immune function [36] and may, therefore, qualify
as potential predictive markers for the efficacy of ICI treatment. However, peripheral
immune markers encompass various cytokines, and the immunogenic pattern of cytokine
release could be disease-specific, influenced by the stimuli used [38]. Consequently, the
replicability of our observed pattern in other cancer types remains uncertain.

In a study by Gjeerde et al., in which TruCulture® was used to measure induced
cytokine response pre- and post-hematopoietic stem-cell transplantation, they generally
observed an increase in most cytokines post-therapy [35]. Notably, this observation was
performed in patients with a hematological disease undergoing extensive therapy, changing
the immune system. This might explain why we did not observe this general increase in
our cohort.

The mean variation in cytokine release between the initial and subsequent samples
demonstrated significant differences in response groups, specifically for R848-induced IFN
and HKCA-induced IL-10 releases. A decrease in immune response was noted in patients
exhibiting tumor progression, contrasting with an increase in those without progression.
R848, a potent synthetic TLR7/8 agonist, is known to elevate cytokine release, including
TNFe, IL-6, and IFN«, from target cells, thereby exhibiting significant antiviral and anti-
tumor effects [39-42]. The augmented R848-induced cytokine release in non-progressors
could suggest a rejuvenation of the immune system facilitated by ICI, potentially restoring
some capacity for an anti-tumor response. Conversely, despite ICI treatment, the decrease
in R848-induced IFN« in progressors might be attributed to persistent lymphocyte and
overall immune cell exhaustion, reflecting an inadequate anti-tumor response [23,43].

HKCA, mimicking fungal microbial presence, activates the 3-glucan-specific dectin-1
receptor and several extracellular TLRs on phagocytes. This activation leads to reactive
oxygen species generation and NF-«B activation, culminating in pro-inflammatory cytokine
secretion [44,45]. The attenuated pathway in HKCA-induced unspecific pro-inflammatory
cytokine production could account for the less-pronounced difference between progressors
and non-progressors compared to the R848-induced IFN« response.

The predictive value of peripheral cytokines in ICI responses has been the subject of
several studies, yet the findings remain inconsistent and inconclusive. Generally, higher
baseline circulating cytokine levels correlate with improved survival or response [46]. Re-
search in non-small-cell lung cancer and malignant melanoma has identified a link between
pre-treatment IFNYy levels and ICI response, with elevated plasma IFNYy levels associated
with better response and prolonged survival [22,47-49]. Regrettably, our study could
not establish a relationship between pre-treatment-induced cytokine levels and treatment
response in mUTC patients, possibly due to the small sample size and methodological
differences, as other studies focused on circulating levels rather than induced cytokine
release. Notably, the only patient with SCC had long-term response. It could be interesting
to see a larger cohort of both SCC and UC histology and their cytokine release patterns.

The principal limitation of this exploratory study is the small patient cohort. Nonethe-
less, a consistent pattern and difference in the R848- and HKCA-induced IFN& and IL-10
releases, respectively, were observed between progressors and non-progressors. Pseudo-
progression at the initial CT scan is a potential concern; however, the clinical deterioration
and short survival observed in all patients experiencing progression render this unlikely.
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Therefore, while the results are exciting and hypothesis-generating, they should be
interpreted cautiously due to the limited sample size. Further investigations in larger
cohorts are essential to validate these findings, potentially serving as early response markers
to ICI in clinical practice, contingent upon successful validation studies.

5. Conclusions

Our study identified consistent differences in the mean changes of R848-induced IFN«
and HKCA-induced IL-10 following the initial cycle of pembrolizumab treatment in patients
with metastatic urothelial-cell carcinoma (mUTC). Specifically, progressors exhibited lower
levels of these cytokines, while non-progressors demonstrated higher levels. Furthermore,
our analysis suggests a higher survival probability in patients experiencing an increase
in R848-induced IFN« response compared to those with a decline in IFN« release. Based
on these preliminary findings, we are conducting a more comprehensive study to explore
the potential of these cytokine responses as early biomarkers for the efficacy of Immune
Checkpoint Inhibitor (ICI) therapy further.

Supplementary Materials: The following supporting information can be downloaded at: https:
/ /www.mdpi.com/article/10.3390 /uro4010001/s1, Figure S1: TruCulture® principle and stimuli;
Table S1: Absolute value—p-value; Table S2: p-values of difference(delta) between progression vs
non-progression.
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