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Abstract

Men with metastatic castration-resistant prostate cancer have multiple treatment options, and the
expanding palate of available therapies renders careful patient selection imperative. Men with
visceral (especially hepatic) metastases have a particularly poor prognosis, regardless of the
treatment selected. Retrospective analyses of datasets from large phase 111 randomized trials
showed that men with visceral metastases appear to derive clinical benefit from second-generation
antiandrogens as well as from docetaxel chemotherapy, but not from immunotherapy. The
mechanistic underpinnings of these observations are currently not clear, but could involve factors
that are intrinsic to the tumor cell, the tumor microenvironment, and/or systemic factors.
Regardless of the underlying mechanism(s), a better understanding of the basic biology of visceral
vs bone metastases will be critical in improving prostate cancer treatment in the setting of
advanced disease.

Introduction

Metastases to soft-tissue sites other than lymph nodes are common in men with prostate
cancer, occurring in approximately 20% of patients participating in first-line studies for
metastatic castration-resistant prostate cancer (MCRPC).[1,2] These data are consistent with
findings in later stages of disease; a large autopsy series of over 1,500 patients found liver
metastases in 25% of patients and lung metastases in 46%.[3] The importance of this
observation is highlighted by the fact that the presence of visceral metastases is an
independent, negative prognostic factor in men with bone metastases.[4]

Despite the negative implications of visceral metastases for overall survival (OS),
retrospective analyses of patients enrolled in clinical trials of either chemotherapy or
hormonal therapy showed evidence of clinical benefit in patients with both visceral and
bone-only disease. In sharp contrast, recent data from a large randomized phase 111 trial of
ipilimumab, an immune checkpoint-blocking antibody, showed that this may not be the case
for immunotherapy.[5] Here, similar retrospective analyses suggested that men with visceral
metastases may not derive a clinical benefit from immunotherapy. Because prior studies of
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immunotherapy for prostate cancer have generally excluded men with visceral metastases,
this finding had not been observed previously. Although the mechanism(s) underlying the
relatively poor prognosis of men with visceral disease have yet to be fully elucidated, these
new findings suggest that the microenvironment of bone lesions may be immunologically
distinct from those at other sites.

The Biology of Bone and Visceral Metastases in Prostate Cancer

Despite the high prevalence of visceral metastases in men with mCRPC, and the well-
documented association of visceral disease with poor outcomes (Figure 1),[6] few studies
have examined cell-intrinsic, tumor microenvironment, or systemic factors that might
contribute to the differences between visceral and bone disease in men with mCRPC. The
data accumulated thus far suggest that important differences are likely.

In one relevant study, Akfirat et al performed immunohistochemical (IHC) analysis of tissue
microarrays to examine the antiapoptotic pathways expressed in visceral vs bone metastases.
[7] The results were fascinating, showing that soft-tissue metastases are more likely to
express nuclear survivin, whereas bone lesions demonstrated relative overexpression of
cytoplasmic survivin, B-cell lymphoma 2 (BCL2), and myeloid cell leukemia 1 (MCL1).
Data such as these suggest that drugs aimed at inducing apoptosis in cancer cells may have
vastly different efficacies depending on the site of metastasis.

In terms of broader differences in the microenvironment, a small microarray study by
Morrissey and colleagues also revealed evidence for physiologically and clinically important
differences between bone, liver, and lymph node metastases.[8] Here, soft-tissue lesions
derived from liver and lymph nodes were found to express an angiogenic profile different
from that of liver metastases, with a significant relative overexpression of the proangiogenic
factor angiopoietin-2. These results were verified by IHC studies, which showed that the
differences occurred at the protein as well as the message level.

On a systemic level, serum cytokine levels have been associated with prognosis as well as
with the presence of liver metastases in several tumor types, including prostate cancer. For
example, one study in patients with colorectal cancer showed that systemic levels of
transforming growth factor beta 1 (TGF-p1)correlated with the presence of liver metastases
post resection.[9] In prostate cancer, a number of studies have examined levels of TGF- and
interleukin-6 (IL-6) as prognostic markers.[10] In particular, the addition of TGF- and
soluble IL-6 receptor levels to a preoperative nomogram significantly improved the ability to
predict biochemical progression of prostate cancer.[11] To date, though, no study has
comprehensively compared the serum cytokine profiles of prostate cancer patients with vs
without visceral metastases.

Visceral Disease: Effects on Response to Hormonal Therapy

Data from a recently published study, COU-AA-302, confirm the findings of multiple
previous studies showing that the presence of visceral metastases is associated with
decreased OS in the absence of second-generation hormonal treatment. This comprehensive,
post-hoc exploratory analysis of men treated in a randomized phase 11 trial compared
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abiraterone acetate vs placebo in men with mCRPC who had received docetaxel treatment
(Figure 2).[12] In the group that received prednisone alone, median OS was 12.3 months in
men without visceral disease vs 8.3 months in men with visceral metastases. However, in
terms of treatment benefit, these retrospective analyses showed that abiraterone acetate
mediated a similar benefit in men with or without visceral disease: in men without visceral
disease, median OS was 17.1 months in the abiraterone-plus-prednisone group, vs 12.3
months for men treated with prednisone alone, corresponding to an increase in median OS of
4.8 months. A strikingly similar OS benefit was noted in men with visceral disease (4.6
months), with survival in both treatment groups less than that in men without visceral
metastases (12.9 months for abiraterone acetate vs 8.3 months for placebo). Additional
analyses showed that liver metastases were associated with a particularly poor outcome, with
an OS of only 6.7 months in the abiraterone-plus-prednisone arm.

Although retrospective analyses such as these must be interpreted with a sufficient degree of
caution, they are consistent with data from the AFFIRM trial, a post-docetaxel study of the
second-generation antiandrogen enzalutamide.[13] Here, multivariate analyses also showed
that the presence of liver metastases was an independent predictor of OS (£ < .0002), with
treatment showing evidence of benefit regardless of whether or not visceral disease was
present. Taken together, these two analyses show that second-line hormonal therapy is a
reasonable treatment option for men with mCRPC who have visceral metastases; they also
support the notion that the phenotype of prostate cancer metastatic to the liver may be more
lethal than that metastatic to the bone.

Visceral Disease: Effects on Response to Chemotherapy

Docetaxel is a standard chemotherapy treatment option for men with mCRPC, as established
by two pivotal trials comparing treatment with intravenous docetaxel every 3 weeks vs
placebo; treatment in each arm also included prednisone.[1,2] Using data from one of those
trials, TAX 327, Armstrong et al performed retrospective analyses aimed at determining the
association of baseline factors such as visceral metastases with prognosis.[14] In the
docetaxel treatment arm, median OS was 20.8 months for men with bone-only disease vs
13.8 months for men with liver disease. These data are notable in that they are in broad
agreement with a prior study[15] showing that the presence of liver metastases was an
independent prognostic factor for OS by univariate Cox analysis (hazard ratio [HR] = 2.28;
95% confidence interval [CI], 1.73-3.00, A< .001) but not in a multivariate model (HR =
1.66; 95% ClI, 1.09-2.54; P=.19). Interestingly, neither visceral metastases nor liver
metastases were associated with prostate-specific antigen (PSA) doubling time,[14]
suggesting that the association between visceral metastases and OS is not likely to be a
simple reflection of the pace of disease progression. Similar to the data on hormonal therapy
discussed above, docetaxel treatment appears to convey clinical benefit in men with and
without visceral disease, with an OS benefit of approximately 2 to 3 months in both groups
(Figure 3).[Andrew Armstrong, MD, unpublished data.] A recently presented meta-analysis
of patients treated in several clinical trials of docetaxel chemotherapy strongly confirms the
notion that disease site correlates with survival: in an analysis of five docetaxel
chemotherapy trials in mCRPC, Halabi et al showed that median OS was approximately 20
months for bone-only disease, 17 months for patients with lung metastases, but only 12
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months for men with liver metastases.[6] So, as is the case for second-generation hormonal
therapy, men with liver disease likely benefit from chemotherapy treatment, but clearly have
a less favorable overall prognosis.

Visceral Disease: Effects on Response to Immunotherapy

Cancer immunotherapy is an emerging treatment option that encompasses multiple
modalities, including cancer vaccines and immune checkpoint blockade, as well as the
intratumoral or systemic administration of immunostimulatory agents.[16-18]

Cancer vaccines

In prostate cancer, the personalized cancer vaccine sipuleucel-T was approved in 2010 by
the US Food and Drug Administration for the treatment of men with asymptomatic or
minimally symptomatic mCRPC.[19] This trial excluded men with visceral metastases.
Another vaccine regimen for prostate cancer, PROSTVAC-VF,[20] is currently undergoing
phase I11 testing in a large, multinational randomized trial (ClinicalTrials.gov identifier:
NCT01322490); that trial also excludes men with visceral disease.

Although the reasoning behind exclusion of these patients from phase Il immunotherapy
trials has not been made explicit, one logical rationale might involve the generally poor
prognosis of such patients; since an antitumor immune response typically takes weeks to
months to induce, it seems likely that men with progressive visceral disease may simply not
have adequate survival time for a clinically meaningful antitumor immune response to
develop.

Immune checkpoint blockade

In addition to cancer vaccines, cancer immunotherapy using immune checkpoint blockade is
an attractive treatment modality that capitalizes on the observation that many, if not most,
cancer patients have generated endogenous tumor-reactive T cells, but that those cells are
held in “check” by a series of cell surface molecules that act like a brake on the immune
system.[21] Blocking these negative checkpoints with specific monoclonal antibodies is thus
analogous to a driver taking his/her foot off the brakes, allowing an antitumor immune
response to proceed. This strategy has been shown to have clinical activity in patients with
several tumor types: blockade of the immune checkpoint molecule cytotoxic T-lymphocyte—
associated protein 4 (CTLA-4)[22,23] and, more recently, programmed cell death 1 (PD-1)
[24,25] have resulted in objective responses.

In the case of MCRPC, immune checkpoint blockade using the CTLA-4 blocking antibody
ipilimumab showed reasonable tolerability in a series of phase | and 1 studies,[26] and a
recent provocative case report documented a complete response in one treated patient.[27]
Based on these data, CA184-043, a large randomized phase Il trial, (ClinicalTrials.gov
identifier: NCT00861614) was launched in 2009, comparing ipilimumab with placebo in
men with mCRPC who had progressed on or after docetaxel chemotherapy. This trial
included a small dose (8 Gy) of radiation therapy to one or more sites of metastasis, in an
attempt to induce immunogenic antigen release as had been demonstrated in an animal
model.[28] Perhaps because the trial focused on patients with late-stage disease, patients
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with visceral metastases were not excluded from participation. Overall, the trial failed to
meet its primary OS endpoint, with an OS of 11.2 months in the ipilimumab group vs 10.0
months in the placebo group (HR = 0.85; 95% CI, 9.5-12.7 for ipilimumab and 8.3-11.0 for
placebo; £=.53). There was a statistically significant improvement in progression-free
survival (a prespecified secondary endpoint) in the immunotherapy group compared with the
placebo group: 4.1 months vs 3.0 months, respectively (HR = 0.70; 95% CI, 3.6-4.3 for
ipilimumab and 2.9-3.4 for placebo; £ < .0001). Based on stratification factors (alkaline
phosphatase level, hemoglobin level, Eastern Cooperative Oncology Group performance
status, treatment region) several preplanned post-hoc analyses were conducted. As is the
case for any retrospective analysis, the results of such studies must be considered
hypothesis-generating rather than definitive. Nevertheless, even in these relatively
underpowered analyses, one variable emerged as strongly associated with a lack of benefit
from ipilimumab immunotherapy: the presence of visceral metastases. Indeed, as shown in
Figure 4, men with visceral metastases appeared to derive no benefit from the treatment,
whereas men with no visceral metastases had a median OS of 14.4 months in the treatment
group vs 10.3 months in the placebo group. These data are fascinating, suggesting that,
unlike hormonal therapy (Figure 2) or chemotherapy (Figure 3), this immunotherapy may
not confer benefit in men with mCRPC with visceral metastasis. In terms of future
development of CTLA-4 blockade as a therapy for prostate cancer, a second randomized
phase 11 study of ipilimumab (ClinicalTrials.gov identifier: NCT01057810) has completed
accrual; this trial enrolled men with earlier-stage (prechemotherapy) disease and specifically
excluded men with visceral metastases. Results are expected sometime in 2015.

Potential Mechanisms of Immunotherapy Resistance in Prostate Cancer
Patients With Visceral Metastases

Cancer cell intrinsic factors: the ‘die hard’ hypothesis

Although it is unwise to draw conclusions from a retrospective analysis, it is tempting to
consider the potential implications of the data from the CA184-043 ipilimumab
immunotherapy trial—ie, “If this is true, what does it imply?” Viewed in that light, one
possible explanation for the resistance of visceral prostate cancer lesions to immunologic
attack could be the differential up-regulation of relevant antiapoptotic pathways in visceral
vs nonvisceral metastases. This hypothesis postulates that intrinsically resistant cancer cells
preferentially home to or thrive in the liver and/or lungs (the possibility that the liver
microenvironment—the “neighborhood”—mediates resistance is discussed below). Indeed,
the published data provide some preliminary support for this “die hard” hypothesis,[7]
although additional analyses of a larger number of cases with an expanded scope of
antiapoptotic pathway members would be required to more fully determine the role of that
mechanism. To examine this hypothesis on a functional level, one could also envision
employing standard cytotoxic T-cell assays, in which antigen-specific T-cell clones are
incubated with patient-derived target tumor cells and lysis of target cells is quantified for the
induction of apoptosis. Indeed, such assays can be performed in patients with melanoma, but
in prostate cancer the lack of an obvious tumor antigen makes such studies more
challenging. Animal studies of prostate cancer are similarly hampered by lack of a model
that reliably metastasizes to bone.
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A second set of cell-intrinsic factors that could be involved are those relating to the doubling
time of visceral prostate cancer cells compared with those in the bone. Because antitumor
immune responses take weeks to months to develop, tumors with more rapid doubling times
would be expected to be relatively resistant to immunotherapy. Indeed, Ki67 staining, an
approximate correlate of cell division, has shown promise as a prognostic biomarker in
prostate cancer.[29] Arguing against doubling time as a potential mechanism for resistance
to immunotherapy are the data of Armstrong et al, showing that the overall PSA doubling
time was not grossly different between men with bone-only vs visceral disease. [14]

Factors in the tumor microenvironment: the ‘tough neighborhood’ hypothesis

Although not comprehensively investigated thus far, studies published in the peer-reviewed
literature[8] and presented at meetings[30] support the notion that the local
microenvironment of liver metastases could prove to be vastly different from that of bone
lesions. Early studies[8] suggested differences in the angiogenic pathways up-regulated in
these disparate locales, with bone metastases preferentially up-regulating angiopoeitin-2.
From an immunologic perspective, these data may be more relevant than they first appear,
because proangiogenic factors such as vascular endothelial growth factor (VEGF) have been
directly demonstrated to down-modulate an antitumor immune response. In patients with
melanoma who were treated with ipilimumab, high pretreatment levels of VEGF were
associated with poorer OS.[31] Mechanistically, the association between elevated VEGF
levels and impaired immunity could be explained by data showing that VEGF inhibits
dendritic cell migration, attenuating the initiation of an adaptive immune response. Indeed,
blockade of VEGF signaling with monoclonal antibodies improved the efficacy of
immunotherapy in an animal model,[32] and a recent study in patients with melanoma
showed that the addition of the anti-VEGF antibody bevacizumab to ipilimumab improved
T-cell trafficking to tumors.[33]

Other potentially relevant local (“neighborhood”) resistance mechanisms include stromal
factors: in pancreatic cancer models, resistance to immunotherapy has been associated with
expression of fibroblast activation protein-alpha by cancer-associated fibroblasts.[34]
Immunosuppressive cell populations such as regulatory T cells and/or myeloid-derived
suppressor cells[35] could also play a role in resistance. Neither of these cell types has been
investigated for differential expression in bone vs visceral metastases, although multiple
studies showed the expression of regulatory T cells in primary prostate tumors.[36,37]

Systemic cytokines : the ‘evil humors’ hypothesis

Cytokines are small signaling molecules that for the most part are secreted locally but later
access the circulation, where they may be detectable in the serum and mediate diverse
effects throughout the entire organism. A large number of cytokines have been identified and
characterized, and an in-depth discussion of this plethora of molecules is beyond the scope
of this review. Among serum cytokines with the potential to mediate systemic
immunosuppression in men with prostate cancer and visceral metastases, several are worth
considering. Perhaps most extensively investigated in this respect is IL-6, which can be
directly secreted from prostate tumor cells as well as macrophages and other cells in the
tumor microenvironment. The immunologic role of IL-6 is complex, but one of its major
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jobs is to steer the adaptive immune response away from a tumoricidal Tyl response and
toward an immune response associated with chronic inflammation and tumor growth
promotion.[38] Elevated systemic IL-6 levels have been described in a number of studies of
prostate cancer patients,[39] and may correlate with the development of cachexia.[40]

Tumor necrosis factor alpha is another systemic proinflammatory cytokine associated with
the kind of chronic inflammation that promotes tumor growth[41]; it has also been
associated with cachexia in prostate cancer patients.

A third cytokine potentially involved in the association between visceral metastases and poor
responsiveness of such patients to immunotherapy is IL-8, a pleotropic cytokine produced by
several cell types. Immunologically, IL-8 has a well-documented role in neutrophil
recruitment.[42] With regard to this role, it is interesting to note recent data showing that the
ratio of neutrophils to lymphocytes has prognostic value in prostate cancer[43] as well as in
other malignancies. In addition to a potential role in inflammation-associated tumor
promotion, a second mechanism by which IL-8 might promote immunosuppression involves
angiogenesis; binding of IL-8 to specific receptors on endothelial cells promotes
angiogenesis,[44] which, as described above, is associated with an impaired adaptive
immune response.

Finally, TGF-p has a well-documented role in immunosuppression[45] and is systemically
elevated in patients with prostate cancer.

Quantifying circulating cytokine levels is reasonably easy, and can be performed using
multiplexed arrays with only miniscule amounts of serum. To date, though, no study has
specifically examined cytokine levels as a function of the site of metastasis in prostate
cancer patients. This is unfortunate, because small molecule and/or antibody inhibition of
each of these molecules is achievable and has the potential to work synergistically with other
treatment modalities in men with advanced mCRPC.

Clinical Implications, Conclusions, and Clinical Trial Design

From a clinical perspective, the short-term implications of these data are straightforward,;
men with mCRPC and visceral metastases should not be treated with immunotherapy with
sipuleucel-T. If additional immunotherapy agents such as PROSTVAC-VF and/or
ipilimumab are granted approval for the treatment of mMCRPC, they should not be
administered to men with visceral metastases. This conclusion is not challenging to support,
because those patients were specifically excluded from the pivotal phase 111 study of
sipuleucel-T,[19] as well as the ongoing studies of the other two immunotherapy agents
(Clinical-Trials.gov identifiers: NCT01322490 and NCT01057810). /mmunotherapy agents
for prostate cancer should be used “on-label.”

In terms of clinical trial design, it would seem prudent for randomized phase 1l or phase 11l
trials in men with mCRPC to consider including disease site as a stratification factor, so that
a preponderance of patients with poor-prognosis visceral metastases is not inadvertently
assigned to one arm. Further basic research testing the “die hard” and “tough neighborhood”
hypotheses is ongoing and has the potential to identify targetable metabolic and signaling
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pathways relatively unique to bone vs visceral disease. However, of the three hypotheses
presented, the “evil humors™ hypothesis is by far the simplest to explore, requiring
investigators only to collect pretreatment serum and determine cytokine levels using one of
the many reliable and readily available multiplex cytokine analysis platforms. Those studies
could possibly identify a predictive serum biomarker to help select patients for treatment,
but in a broader sense they have the potential to identify a targetable mechanism underlying
the poor performance of immunotherapy in prostate cancer patients with visceral disease.
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Figure 1. Overall Survival (OS) asa Function of the Site of Metastasesin Men With mCRPC
Data are from a meta-analysis of 5 randomized trials of docetaxel-containing regimens.[6]
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Figure 2. Overall Survival asa Function of the Presence or Absence of Visceral Metastasesin
Men With mCRPC Treated With Abiraterone Acetate With or Without Prednisone

Kaplan-Meier estimates of overall survival. The study was a post-hoc exploratory analysis of
data from the COU-AA-301 trial.[12] Patients who had been treated with docetaxel were
randomized to AA 1,000 mg (n = 797) or to placebo (n = 398), each with 5 mg prednisone
twice a day. AA = abiraterone acetate; mCRPC = metastatic castration-resistant prostate

cancer; OS = overall survival; P = prednisone; VD = visceral disease. Adapted from

Goodman et al. Prostate Cancer Prostatic Dis. 2014.[12] Used with permission.
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Figure 3. Overall Survival asa Function of the Presence or Absence of Visceral Metastasesin
Men With mCRPC Treated With Docetaxel Plus Prednisone or Mitoxantrone Plus Prednisone

Kaplan-Meier estimates of overall survival. Data are from the TAX 327 study. DP =
docetaxel plus prednisone; MP = mitoxantrone plus prednisone. Courtesy of Andrew
Armstrong, MD, Duke University. Used with permission.
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Figure 4. Overall Survival asa Function of the Presence or Absence of Visceral Metastasesin

Men With mCRPC Treated With I pilimumab

Kaplan-Meier estimates of overall survival. Data are from the CA184-043 study. Ipi =

ipilimumab; OS = overall survival; Pbo = placebo.[46]
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