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Abstract

Background: Immuno-suppressive cytokines have the potential to promote prostate cancer
progression. Assessing their longitudinal changes may implicate mechanisms of progression,
treatment resistance, and suggest new therapeutic targets.

Methods: Thirty-seven men with biochemically recurrent (BCR) prostate cancer who received 6
months of androgen deprivation therapy (ADT) and were monitored until the time to PSA
progression (TTPP) were identified from a completed phase 111 trial (). Serum samples were
archived at baseline, three months after ADT, and at TTPP. Cytokine concentrations were
quantified using a 36-parameter electrochemiluminescence assay. The Wilcoxon signed-rank sum
test was used to compare observations between time points. Kaplan-Meier analysis was used to
calculate TTPP dichotomized by cytokine values above or below the median. Pearson’s rank
correlation coefficient was used to compare continuous variables.
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Results: Median TTPP was 399 days (range, 114 — 1641). Median PSA at baseline and
progression were 8.5 ng/mL and 5.3 ng/mL, respectively. Twenty-three patients (62%) achieved
undetectable PSA with ADT. Castrate levels of testosterone (< 50 ng/dL) after three months of
ADT occurred in thirty-five patients (95%). TNF-a (P = 0.002), IL-23 (P = 0.002), and CXCL10
(P = 0.001) significantly increased from baseline to post-ADT. Certain cytokines correlated
longitudinally: TNF-a correlated with 1L-23 (r = 0.72, P < 0.001) and IL-8 (r = 0.59, P < 0.001)
from baseline to post-ADT and to PSA progression. NLR (Neutrophil to Lymphocyte Ratio)
correlated with IL-27 (r = 0.57, P < 0.001) and MIP-3a. (r = 0.56, P < 0.001). Patients with a
detectable PSA after ADT had elevated levels of IL-6 (P = 0.049) and IL-8 (P = 0.013) at PSA
progression as compared to those with an undetectable PSA. There was a trend toward shorter
TTPP in patients with TNF-a levels above the median (P = 0.042).

Conclusions: Several innate cytokines were associated with biochemical recurrent prostate

cancer.
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Introduction

Biochemical recurrence (BCR) in prostate cancer (PCa) is defined as a rise in prostate
specific antigen (PSA), in the absence of radiographically detectable metastatic disease after
definitive local therapy (e.g. radical prostatectomy or radiation) for primary disease.
Approximately 30-50% of patients will develop BCR at 10 years following surgery or
radiation.! Treatment options for BCR include surveillance, salvage radiation, androgen
deprivation therapy (either intermittent or continuous), and clinical trials. Patient-specific
factors such as PSA doubling time, Gleason score, and time to BCR can assist with risk-
stratification.2 However, predicting the duration of response to initial treatment remains
challenging and there are few clinical parameters to guide treatment in this setting.

Proinflammatory and immunosuppressive cytokines mediate intracellular communication,
regulate downstream gene transcription, and have been implicated in promoting
carcinogenesis in a variety of tumor types including prostate cancer.3-5 In addition to those
deleterious effects, certain cytokines can facilitate anti-tumor immunity by promoting
effector T cell function. In that regard, a prospective, nested-case control study demonstrated
an inverse relationship between the risk of developing prostate cancer and baseline levels of
Tyl cytokines (IFN-y and TNF-a), suggesting a potential role for cytotoxic T cells in tumor
cell elimination at early stages of disease, consistent with the cancer immunoediting
hypothesis.® Conversely, cytokines secreted by myeloid and other immunosuppressive
cellular compartments (e.g. IL-6 1L-23, IL-8, TNF-a) have been associated with progression
to androgen-independent prostate cancer and shorter survival.’-8

Emerging data in a range of solid tumor types suggest that cytokine levels at treatment
initiation, or changes during treatment, may be prognostic and/or predictive of outcomes
with certain therapies.? Additionally, elevated levels of cytokines, such as IL-8 and TNF-a.,
have been correlated with decreased survival in advanced prostate cancer.”-10-14 Cytokine

Prostate. Author manuscript; available in PMC 2021 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Hawley et al.

Page 3

data in intermediate stages of the disease, such as in men with BCR treated with ADT, are
comparatively sparse. To address that issue, we performed longitudinal analyses of cytokine
levels in men receiving a course of intermittent ADT as part of a clinical trial. Our initial
hypothesis was that some of the cytokine changes described in later castration-resistant
stages of disease might also be seen in earlier, hormone-sensitive stages. The overall goal of
this study was to identify potential circulating biomarkers of response and / or resistance that
might guide therapeutic decision-making.

Materials and Methods

Study Design and Patient Population

Patients were enrolled in a randomized, double-blinded trial examining the effect of adding
thalidomide to a short-course (six months) of androgen deprivation therapy (ADT) in
prostate cancer patients with biochemical recurrence (). Detailed methods and findings of
the clinical trial have been previously published.1®> Samples from the ADT + placebo group
(prior to thalidomide crossover) were selected for this analysis. This multi-institutional IRB-
approved study accrued 159 patients at eight academic centers (National Cancer Institute,
Louisiana State University, University of Washington, Columbia University, Wayne State
University, University of Minnesota, University of Pittsburgh, and Holy Cross Hospital, Fort
Lauderdale, Florida). Eligible patients had previously received local definitive therapy for
prostatic adenocarcinoma with radical prostatectomy, radiation, or cryosurgery. Eligible
patients had an increasing PSA above their post-primary therapy PSA-nadir on two separate
occasions, two weeks apart, with an absolute value greater than 1.0 ng/ml. Prior ADT was
allowed if given more than 1 year prior to enrollment. Patients were required to have
adequate hematologic, hepatic, and renal function as well as an ECOG performance status <
2. Patients were excluded if there was radiographic evidence of metastatic disease or
significant medical comorbidities. All enrolled patients received ADT, either leuprolide
(22.5mg every three months) or goserelin (10.8mg every 3 months), for 6 months, after
which they were randomized to receive either placebo or thalidomide 200mg daily until PSA
progression. Patients were followed with clinical and laboratory assessments monthly. At the
time of PSA progression, defined by the protocol as a return to on-study PSA value
(minimum 1.0 ng/ml) or increased greater than 5 ng/ml, subjects received an additional 6
months of ADT followed with crossover to placebo or thalidomide, depending on initial
randomization. Study assessments were continued until subsequent PSA progression,
development of metastatic disease, or intolerable toxicity.

Cytokine analyses

Sera from patients enrolled at the National Cancer Institute were available for analysis.
Samples were prospectively collected at monthly clinic visits with appropriate permissions
as part of the clinical trial protocol. Each specimen was collected in a red top tube and
underwent serum separation per standard protocol. Specimens were stored in aliquoted
cryogenic vials without preservative at —80°C at The Frederick Central Repository. The
specimens were transported on dry ice and thawed just prior to cytokine analysis. The
MesoScale Discovery (MSD) multiplex electrochemiluminescence (MesoScale Diagnostics,
Rockville, MD) assay was used to simultaneously quantify concentrations of 36 cytokines at
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baseline, after three months of androgen deprivation therapy, and at the time of PSA
progression. All specimens were run in duplicate, using the V-PLEX Human Cytokine 36-
plex kit according to the manufacturer’s directions. Concentrations were determined based
on standard curves generated per plate. Sixteen cytokines were excluded from statistical
analysis due the majority of samples (>60%) being below the lower limit of detection
(IL-12p70, IL-1B, IL-2, IL-4, IL-8 (HA), GM-CSF, IL-17A, IL-21, IL-22, IL-23, IL-31,
IL-1a, IL-5, TNF-B, IL-13, and Eotaxin-3). The following twenty cytokines were included
in the final analysis: IFN-vy, IL-10, IL-6, IL-8, TNF-a,, IL-12/IL-23p40, IL-15, IL-16, IL-7,
VEGF, MCP-1, MCP-4, Eotaxin, CXCL10, MDC, TARC, MIP-1a, MIP-1B, IL-27, and
MIP-3a.

Statistical Analysis

Results

The primary statistical endpoints analyzed were treatment-related changes in cytokine levels
after a short-course of ADT and the association of cytokine level changes with PSA
progression. Principal component analyses did not reveal significant batch effects. A
rescaling approach was utilized for cytokines that contained one or more data points below
the lower limit of detection (LLD), including IFN-vy, IL-10, IL-6, MIP-1a, and TARC.
Concentrations that registered below the LLD were treated as zero. The LLD value was
subtracted from remaining data points accordingly, such that the analyses reported here may
underestimate the degree of change. To facilitate comparisons between patients, percent-
change in concentration of each cytokine between time points was used in analyses (i.e. a
correlation matrix) to account for variability.

Descriptive statistics were used to describe the study population (Table 1), cytokine
concentrations, and the percent change in cytokines between time points (Supp. Table 1).
The Wilcoxon signed-rank sum test was used to compare paired observations between time
points. All outliers were included in the analysis due to our limited sample size. Pearson’s
rank correlation coefficient was used to compare continuous variables. False discovery rate
(FDR) adjustment was used for multiple comparisons. The Kaplan-Meier method was used
to calculate PSA progression dichotomized by cytokine values above or below the median.
Statistical analysis and figure preparation were performed with Rstudio statistical software
package version 1.1.463 (Rstudio, Boston, MA) and GraphPad Prism version 8.0 (GraphPad
Software, San Diego, CA).

Clinical characteristics

Clinical and pathologic characteristics of the study population are summarized in Table 1.
The most common Gleason score was 7 (16/37 patients, 43%). Ten subjects received prior
hormonal therapy (27%) as part of their primary therapy regimen. Median time from study
enrollment to PSA progression was 399 days (range, 114-1641). Twenty-three (62%)
subjects achieved an undetectable PSA after three months of ADT, the other fourteen did
not. Castrate-levels of testosterone (< 50 ng/dL) after three months of treatment with ADT
occurred the majority of patients (35/37 =95%).
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ADT is associated with changes in cytokine concentrations

Nine cytokines demonstrated statistically significant changes between time points (Figure
1). Between baseline and 3 months after ADT, significant increases were seen in the tumor-
promoting cytokines, TNF-a and IL-23, as well as in the anti-tumor cytokine, CXCL10. The
pleiotropic cytokine IL-27 decreased over this time period (Supp. Table 1). From three
months after ADT administration until PSA progression, increases in IL-27 and the
angiogenic cytokine, VEGF, were observed. Curiously the pro-tumorigenic cytokine 1L-6
was decreased at the time of PSA progression. Finally, in all cases, increases were observed
in IL-23, IL-6, IL-7, CXCL10, VEGF, MDC, and MIP-1p from initial on-study baseline
through 6 months of ADT until subsequent PSA progression. Although the potent and
polyfunctional cytokine, IL-8, which mediates tumor cell proliferation and recruitment of
increased inflammatory cells into the TME was numerically increased from baseline
throughout all time points, those increases were not statistically significant (Supp. Table 1).
The constellation of changes observed in circulating cytokines after ADT administration
suggest that pro-tumorigenic changes may be occurring within the TME, ultimately tilting
the balance in favor of tumor cell promotion. Further, these changes observed are unlikely to
be result of generalized systemic inflammation as the NLR did not change significantly
between time points and numerically decreased (1% change in median) from baseline to
PSA progression (Supp. Table 1).

Innate cytokines correlate longitudinally in BCR

In the context of inflammation, cytokine and chemokine levels are orchestrated in a
coordinated manner, Ze. in a Ty1 response IL-2, TNF-a and IFN-y are co-regulated.6 We
therefore tested whether serum cytokine levels showed evidence of co-regulation over the
course of ADT in BCR prostate cancer patients. For these analyses, we also included the
neutrophil-to-lymphocyte ratio (NLR) and absolute neutrophil count given their
demonstrated role as poor prognostic indicators in solid tumors, including prostate cancer.
17-19 As shown in Figures 2A-2C, cluster analyses revealed a series of coordinately
regulated cytokines, with clusters that varied over the time course of the study. For example,
from baseline to 3 months post ADT, TNF-a was strongly correlated with 1L-23 (r =0.72, P
< 0.001), CXCL10 (r=0.70, P <0.001), and IL-8 (r = 0.59, P < 0.001) (Figure 2A). At later
time points (from 3 months post ADT to PSA progression), changes in TNF-a associated
with those in the Tyl cytokine IFN-vy, the memory T cell promoting cytokine IL-15, and
with IL-27 (Figure 2B). Between baseline and PSA progression, a dominant cluster of innate
cytokines was consistent, this cluster includes IL-8, TARC, MDC and VEGF (Figure 2C).
Interestingly, 1L-8, which plays a major role in neutrophil recruitment and migration, was
not significantly associated with the NLR in any of the clustering analyses performed. Taken
together, these data support the notion that cytokines are coordinately regulated, and suggest
it may be challenging to develop useful biomarkers based on measurements of a single
cytokine or chemokine.
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A Detectable PSA after ADT is associated with elevated levels of IL-8 and IL-6 at

Progression

In prostate cancer, the depth of PSA response after ADT has been shown to be an
independent predictor of survival.20-22 Corroborating those data, cytokines involved in
disease progression and metastasis (IL-6, IL-8, IL-23, and TNF-a.) were associated with
shorter progression and survival.”8:10.12.23.24 \We hypothesized that levels of these innate
cytokines would be relatively elevated in subjects who did not achieve a PSA response, /.e.
patients who have a detectable PSA nadir after ADT. To test this hypothesis, median
concentrations of IL-6, IL-8, IL-23, and TNF-a were compared between subjects with and
without a PSA response (undetectable < 0.2 ng/mL vs. detectable > 0.2 ng/mL PSA) after 3
months of ADT. Pairwise comparisons between cytokine levels were performed at 3 time
points: baseline, 3 months post ADT and at the time of PSA progression (Figure 3A-B). As
per methods, adjustment for multiple comparisons was applied. Consistent with our
hypothesis, IL-6 and IL-8 were both elevated at the time of PSA progression in patients who
had a detectable PSA level after 3 months of ADT. These differences were significant at the
time of PSA progression but not earlier. The other cytokines tested (IL-23 and TNF-a) did
not show significant associations with PSA response to ADT at any of the three time points
evaluated.

Elevated TNF-a levels associated with shorter time to PSA progression

To determine whether levels of any of the cytokines studied have potential value as a
positive or negative prognostic biomarker for disease progression (time to PSA progression),
we performed Kaplan-Meier analyses for all 20 cytokines. As shown in Figure 4, time to
PSA progression was shorter in patients with TNF-a levels above the median level prior to
ADT administration (P = 0.042). There were also trends toward shorter time to PSA
progression noted in subjects with VEGF and IL-7 above the median (P=0.084 and P=0.069,
respectively) prior to ADT administration, but those were not statistically significant in
relatively small sample set.

Discussion

This analysis utilized archived serum samples from a previously conducted clinical trial to
assess changes in circulating cytokines in men with BCR treated with a short course of ADT,
using a state-of-the art analysis platform. These analyses were reasonably comprehensive,
20 analytes as well as NLR and absolute neutrophil count were included at three time points
(baseline, post-ADT, and at PSA progression). As mentioned previously,
immunosuppressive cytokines have been hypothesized to be causative in driving prostate
cancer progression throughout all stages - from early tumor cell eradication, to driving
benign prostatic hyperplasia through castration-resistant disease, and later to the
development of resistance to cytotoxic treatments.8:13:14.25.26 Qur initial hypothesis was that
peripheral cytokine changes might be evident earlier, in the hormone-sensitive setting. And
that similar to the CRPC setting, these changes might also correlate with survival. Our
results support this hypothesis and add to this body of literature demonstrating that TNF-a
may serve as a potential negative prognostic biomarker for PSA progression in patients
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treated with ADT, despite castrate-levels of testosterone. This finding requires validation in a
second, likely larger, dataset.

We found that a number of serum cytokines significantly vary over a cycle of intermittent
ADT. In particular, IL-23 was elevated post ADT, potentially consistent with a recently
described role for this cytokine in mediating ADT resistance.” 1L-23 is generally perceived
to be favorable to the growth of tumors as it drives the proliferation of IL-17 secreting T
cells (Tw17), and leads to downstream production of IL-6, TNF-a., GM-CSF, and 1L-17.27
The innate cytokines TNF-a and CXCL10 were similarly elevated three months post ADT,
potentially consistent with a model in which TNF-a. plays a role at the forefront of a
complex cytokine cascade mediated through nuclear factor-xB signaling.28 At the time of
PSA progression, relative elevations (as compared to the three month time point) were noted
in IL-6, VEGF and IL-27. These data are consistent with copious literature implicating IL-6
as a pro-inflammatory driver of prostate cancer progression.102%-32 However these data
show an association and do not prove causality.

We also found that the cytokines under study appear to be co-regulated to a large degree, for
example IL-23 levels strongly correlated with those of CXCL10, TNF-a,, IFN-y. Although
those data are in good agreement with the concept that orchestration of an immune response
involves coordinated changes in multiple cytokine and chemokines, they highlight the notion
that the implication of a single cytokine in inflammation-mediated prostate cancer
progression is challenging. To our knowledge, this is the first report describing those
correlations in the BCR setting.

In terms of clinical relevance, our data suggest TNF-a as a potential negative prognostic
biomarker for patients receiving intermittent ADT. This finding suggests that patients with
high TNF-a. at baseline might require upfront treatment intensification or a continuous
course of ADT. We were unable to identity a corresponding positive predictive biomarker,
this may stem from the relatively small sample size, from inherent variability in cytokine
levels, or from the relative heterogeneity of the subjects under study.

At the time of PSA progression, elevated levels of both IL-6 and IL-8 were significantly
associated with a lack of PSA response. These findings were not seen at earlier time points.
These data may reflect disease burden, or could implicate these cytokines as emerging
inflammatory factors preventing an optimal response to ADT. In patients on ADT, the
decision to initiate another cycle of therapy is frequently driven by a PSA “trigger” level,
with a wide variation in the levels chosen in Phase 111 studies.33-3% From a patient
perspective, a longer time off ADT is a favorable outcome, enabling the avoidance of side
effects. In that regard, we found that TNF-a levels above the median were associated with a
decreased time to PSA progression. Those data are broadly consistent with the notion that
innate inflammation may play a role in PSA progression.

Weaknesses of this study include the relatively small sample size and the inherent
heterogeneity in BCR PCa patients (Table 1). Strengths are that samples were archived at
precise time points and carefully archived under controlled conditions. Another strength is
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the cytokine analysis platform utilized here, as well as the extensive spectrum of cytokines
analyzed.

In future studies, we plan to validate these findings by a targeted interrogation of a larger
sample set. Additionally, more /n vitroand in vivo work focusing on the interaction between
cytokines in the presence or absence of androgens might inform whether or not the changes
observed were a result of androgen withdrawal or were reflective of underlying tumor
biology. In pts with metastatic castration-sensitive recurrence, tumor lysates could be
analyzed to assess the changes at the tissue and tumor microenvironment level and to
determine the degree to which they correlate with those in the periphery.

Conclusions

In PCa patients on intermittent ADT, serum cytokines change over time in a coordinated
manner. At the time of progression, elevated levels of the innate cytokines IL-6 and IL-8 are
associated with failure to achieve a complete PSA response - despite castration-levels of
testosterone. Further supporting a potential role for innate inflammation in prostate cancer
progression, TNF-a levels above the median are associated with a foreshortened time to
PSA recurrence.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. ADT isassociated with changesin cytokine levels.
Cytokine concentrations at baseline, three months after ADT, and at time of PSA

progression in all 37 analyzed patients. Horizontal lines represent the median, boxes the
interquartile range (IQR), and whiskers the upper and lower quartiles. Wilcoxon signed-rank
sum test was used to compare paired observations between different time points. Horizontal
bars denote statistical significance between time points (P < 0.05 *, < 0.01 **). Outliers
represented by black dots.
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Figure 2. Innate immunosuppressive cytokines correlate longitudinally.
Correlation matrices of serum cytokine concentrations between time points, including A)

from baseline to three months after ADT, B) from three months after ADT to time of PSA
progression, and C) from baseline to time of PSA progression. Color intensity and the size
of the circle are proportional to the strength of the correlation coefficient. Blue represents a
positive correlation with darker colors approaching r = 1 and red represents a negative
correlation with darker colors approaching r = —=1. Only correlations with significance of <
0.05 are shown. Empty spaces reflect correlations with p-value > 0.05. Clustering analysis
was performed using H clust for 3 clusters. Pearson’s rank correlation coefficients were
calculated and controlled for multiple comparisons using false discovery rates.
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Figure 3. Lack of PSA Responseto ADT isassociated with elevationsin immunosuppressive
cytokines.

Violin plots depicting the frequency of distribution for IL-8, IL-6, IL-23, and TNF-a
concentrations at baseline, three months after ADT, and at time of PSA progression in 37
patients dichotomized by PSA response after three months of ADT (undetectable, <0.2
ng/mL; detectable, > 0.2 ng/mL). Solid horizontal lines represent the median, dashed lines
the upper and lower quartiles, width of the violin plot represents the proportion of the data
located there. Wilcoxon signed-rank sum test was used to compare observations between
different groups. Horizontal bars denote statistical significance between groups (P < 0.05 *).
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Figure 4. Elevated levels of immunosuppressive cytokines at baseline associated with shorter
timeto PSA progression.

Kaplan-Meier analysis of time to PSA progression-free survival in men with BCR treated
with 6 months of ADT (n = 37) dichotomized by above or below median of TNF-a, IL-7,

and VEGF concentrations at baseline.
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Table 1.

Clinicopathologic characteristics of cohort (n = 37).

Parameter

Number

Age at enrollment, median (range)

68 (65 — 70) years

Caucasian 33
African American 4

Prior definitive therapy

Radical prostatectomy only 8
Radiation only 6

Radical prostatectomy and radiation 13
Radiation and hormonal blockade 5

Radical prostatectomy, radiation, and hormonal blockade 5
Gleason score at diagnosis

5 2

6 10

7 16

8 6

9 3

Mean PSA levels (SD)

PSA at baseline (ng/ml) 8.5(13.44)
PSA after ADT 0.4 (0.73)
PSA at progression 5.3(3.71)

Mean Testosterone levels (SD)

T at Baseline 343.96 (187.97)
T at PSA progression 348.09 (142.25)
Mean DHT levels (SD)

DHT at Basline 272.06 (186.42)

DHT at PSA progression

224.20 (107.12)

Number of Patientswith T suppression after ADT

<50 ng/dL

35

> 50 ng/dL
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