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Abstract

Immunotherapy—particularly immune checkpoint blockade—has seen great success in many tumor types. However, checkpoint-based

therapies have not demonstrated high levels of success in prostate cancer, and there is much to be learned from both the successes and fail-

ures of these treatments. Here we review the evidence that composition of infiltrating immune cells in the tumor microenvironment is funda-

mental to the response to immunotherapy. Additionally, we discuss the emerging idea that the organization of these immune cells may also

be crucial to this response. In prostate cancer, the composition and organization of the tumor immune microenvironment are preeminent

topics of discussion and areas of important future investigation. � 2018 Elsevier Inc. All rights reserved.
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1. Introduction

Prostate cancer is the most common cancer diagnosis

made in men today, and while surgery, radiation therapy,

and expectant management strategies boast encouraging

survival outlooks (with the 10-year risk of death from

prostate cancer ranging from 3% to 18%, depending

on risk group), therapeutic advances are still needed,

especially for metastatic and hormone refractory patients

[1,2]. Accordingly, there is hope that immunotherapy

could fill this space—to be an effective therapeutic

option for castrate resistant disease—or even become an

earlier option, perhaps mitigating the undesired side

effects of currently employed therapies. Here, we will

review the successes and failures of using immunother-

apy to treat prostate cancer. We discuss the mechanisms

associated with immunotherapy response in other cancers

and why prostate cancer may be more refractory to this

approach.
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2. Lessons and successes in prostate cancer

immunotherapy

Since the Food and Drug Administration (FDA)

approval of Sipuleucel-T for prostate cancer and of

immune checkpoint therapies for melanoma, trials of

immunotherapies have proliferated across a multitude

of tumor types. The greatest success of immune check-

point therapies was found in densely immune-infiltrated

"hot" tumors, such as melanoma [3,4]. However, the tri-

als conducted in immunologically "cold" (i.e., poorly

immune infiltrated) tumors, such as prostate cancer, did

not match the impressive success of these treatments in

other tumor types [5-14]. This discrepancy begs the ques-

tion: why do most prostate tumors respond poorly to

immune checkpoint blockade? What is different about

tumors that respond more vigorously? Considering these

questions, here we review the impact of the tumor-

immune microenvironment on prostate cancer immuno-

therapy. We highlight the content and organization of

this microenvironment and its critical role in the response

to immunotherapy.
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2.1. Challenges in immune checkpoint therapy for prostate

cancer

Having seen great success in many other solid tumors

[8-14], immune checkpoint blockade also been investigated

in prostate cancer. These efforts have been particularly

focused on hormone refractory patients. While early trials

showed promising safety and efficacy for immune blockade

in prostate cancer, subsequent trials have failed to return

impressive results.

In early trials, cytotoxic T-lymphocyte associated pro-

tein 4 (CTLA-4) blockade (ipilimumab, tremelimumab)

demonstrated safety [15,16] and indicated some modest

clinical activity, particularly when combined with other

treatment strategies [5,6,15-19]. Anti-CTLA-4 treatment in

combination with administration of granulocyte-macro-

phage colony stimulating factor (GMCSF) was seen to

induce prostate-specific antigen (PSA) decline of > 50% in

2 patients and to induce expansion of activated, circulating

CD25- CD69+ CD8+ T-cells in metastatic castration resis-

tant prostate cancer (mCRPC), particularly in patients

receiving higher doses of iHilpilumumab and receiving

combination therapy [16,17]. Similarly, phase I/II studies

of mCRPC patients receiving ipilimumab in combination

with radiotherapy showed evidence of synergistic antitumor

activity, as suggested by declining PSA levels of > 50%,

one patient’s complete response, and 6 patients’ stabilized

disease [18]. However, in randomized phase III trials of ipi-

limumab + radiotherapy in mCRPC patients, no significant

difference in overall survival between the ipilimumab and

placebo groups was seen, though investigators noted that

there were signs of clinical activity which may warrant fur-

ther investigation, as more patients in the placebo group

had early disease progression (before 3 months) than those

in the ipilimumab group [6]. Similarly, in patients with

PSA-recurrent prostate cancer, a phase I trial of tremelimu-

mab in combination with short-term androgen deprivation

reported no favorable changes in PSA doubling time

soon after completion of treatment, but some patients saw

prolonged PSA doubling time at later time points [19].

Phase I and II trials of tremelimumab in combination

with other therapies are ongoing (NCT02788773,

NCT03204812, NCT02616185). In summary, while

some patients do respond to CTLA-4 blockade, the

inconsistent results seen in prostate cancer have precluded

its approval.

Trials of programmed cell death protein 1 (PD-1) block-

ade (nivolumab, pembrolizumab) and programmed death

ligand 1 (PD-L1) blockade (durvalumab, atezolizumab)

have seen similar results in prostate cancer [20-28]. In a

phase I trial, nivolumab was tolerated in CRPC patients,

with 1 patient (of 17) having a reduction in measurable

lesions [20], and in phase I/II trials, pembrolizumab has

shown clinical activity in both heavily pretreated and less

pretreated prostate cancer patients and in both CRPC and

castration sensitive disease [21,22,24]. In KEYNOTE-028,
pembrolizumab was used for advanced prostate cancer and

provided an overall response rate of 13%, a stable disease

rate of 39%, and a 6-month progression-free survival rate

of 39% [21]. In another study of men with recurrent or

advanced prostate cancer, pembrolizumab treatment

returned a response rate of 19% and a stable disease rate of

35% [22]. In KEYNOTE-199, pembrolizumab was used

specifically in docetaxel-refractory mCRPC patients and

initially returned a disease control rate of 26% by RECIST

v1.1 criteria across all cohorts, but ultimately returned a

disease control rate > 6 months of only 11%, demonstrating

a lack of durable responses [24]. PD-1/PD-L1 blockade has

been trialed in combination with other therapies as well,

showing some limited activity alongside continued enzalu-

tamide treatment in CRPC patients who had progressed on

enzalutamide monotherapy. In this study, 3 of 10 patients

achieved a serum PSA response of < 0.1 ng/ml [25].

Interestingly, PD-L1 blockade in combination with

PARP inhibition (PARPi) has garnered recent attention in

the field. A study of enzalutamide/abiaterone pretreated

mCRPC patients with DNA repair defects reported a 59%

response rate (10 patients), where response was indicated

by PSA decline or radiographic response [29]. It is sug-

gested that PARPi may augment response to immunother-

apy via activation of the cGAS-STING pathway. PARPi

results in increased presence of DNA fragments in the cyto-

plasm, which can activate the cGAS-STING pathway [30].

This pathway results in induction of the interferon response,

which assists T-cell activation, ultimately augmenting the

antitumor T-cell response and the clinical response to

immunotherapy [31]. Alternative explanations for the suc-

cess of this combination therapy (PD-L1 block-

ade + PARPi) could include the notion that PARPi may

bolster neoantigen generation, and neoantigen expression

and tumor mutational burden have been previously associ-

ated with increased immunotherapy response rates in other

cancers [32,33]. However, prostate cancers are known to

harbor a relatively low mutational burden [34], suggesting

cGAS-STING activation may more likely account for the

promising results seen with this combination regimen.

Additional trials are arranged and ongoing to combine PD-1/

PD-L1 blockade with CTLA-4 blockade (NCT02601014), che-

motherapy (NCT03338790, NCT03170960, NCT03016312),

radiotherapy (NCT02814669), and therapeutic vaccines

(NCT02933255, NCT03024216). As with CTLA-4 block-

ade, these modest results seen with PD-1/PD-L1 inhibition

again suggest that prostate cancer is minimally responsive

to immune checkpoint blockade but may be augmented by

combination therapy strategies.

2.2. Therapeutic vaccination indicates immune infiltration

into the prostate tumor microenvironment is possible and

beneficial

While immune checkpoint blockade trials have been

largely disappointing in prostate cancer, therapeutic
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vaccines have been an exciting potential therapeutic strat-

egy in prostate cancer for some time, with the development

of various vaccines (e.g., Prostvac and GVAX) and the

eventual approval of Provenge in 2011.

Prostvac is a combination virally-based vaccine which

includes PSA, intracellular adhesion molecule 1 (ICAM1),

a costimulatory molecule for T-cells (CD80/B7-1), and

lymphocyte function associated antigen 3 (LFA-3) [35]. As

the viral vector infects antigen presenting cells, the expres-

sion of these molecules promotes interaction with and acti-

vation of T-cells, with the goal of cell mediated tumor

destruction. Prostvac saw success in Phase II trials—the

vaccine was well tolerated and provided improved overall

survival (8.5 months) in patients with minimally symptom-

atic castrate resistant prostate cancer (CRPC) [36-38].

However, phase III trials of Prostvac (PROSPECT) report

that Prostvac, Prostvac + GMCSF, and placebo arms result-

ing in similar median overall survival rates [39]. Ongoing

trials of this agent in combination with other agents are

ongoing.

Provenge (Sipuleucel-T) was the first therapeutic cancer

vaccine to be approved by the FDA. Sipuleucel-T is an

autologous dendritic cell vaccine, made by harvesting a

patient’s monocytes by leukapheresis, pulsing these cells

with a granulocyte-macrophage colony stimulating factor-

prostatic acid phosphatase (GMCSF-PAP) fusion protein

[40]. These cells, which then express GMCSF-PAP on their

surface, are reinfused to the patient [41,42]. The cells

mature and activate, and in turn activate CD8 T-cells to kill

tumor cells. Sipuleucel-T has provided an overall survival

benefit (+4.1 months) and a 22% relative risk reduction of

mortality in metastatic castrate resistant prostate cancer

(mCRPC) [43]. These results led to Sipuleucel-T’s land-

mark FDA approval for hormone refractory prostate cancer.

Notably, in a phase II study of neoadjuvant Sipuleucel-T in

treatment-na€ıve patients with localized prostate cancer,

Sipuleucel-T induced both a circulating T-cell response as

well as T-cell infiltration at the tumor interface [44]. These

infiltrating cells were predominantly CD3+ and CD4+

FoxP3- or CD8+, and most were PD-1+ and Ki67+, indicat-

ing their recent activation and proliferation [44]. These

infiltrating T-cells are the likely mediators of the antitumor

effects and subsequent survival benefits seen in various tri-

als of Sipuleucel-T. Importantly, this study illustrates that

immune infiltration into a stereotypically ‘immunologically

cold’ tumor can be achieved. The ability to incite this infil-

tration is critical, as activated and infiltrating immune cells

have been shown to predictive of the response to immune

checkpoint blockade in other tumor types [26,45-49]. Spe-

cifically, in a study of patients with metastatic melanoma,

patients who responded to pembrolizumab treatment had

increased CD8, PD-1, and PD-L1 expressing cells at the

invasive margin and inside the tumor, and proliferation of

intratumoral CD8+ T-cells correlated to radiographic

reduction of tumor size [26]. Indeed, as Sipulecuel-T incites

tumor immune infiltration [44] and as infiltrating immune
cells have been shown to be required for the response to

immune checkpoint blockade [26], the relatively modest

immune infiltration of prostate tumors may account for the

discouraging results seen with immune checkpoint block-

ade in these tumors. As such, moving forward, understand-

ing tumor immune infiltration and the tumor-immune

microenvironment may be prerequisite to explaining varia-

tion in patient and tumor-type response to immunotherapy.

In short, to establish the role of immunotherapy in prostate

cancer, the tumor-immune microenvironment need be

investigated.

3. The composition of the immune microenvironment is

prognostically valuable and functionally important

The tumor microenvironment (TME) includes numerous

immune cell subsets, which are crucial in the antitumor

immune response. Depending on the organization, location,

and phenotype of the cells, they can either promote or

impede the antitumor immune response (Fig. 1). In order to

understand how the immune system is responding to differ-

ent tumors, the cell populations must be analyzed and stud-

ied in order to understand the way these populations

interact. The fundamental cell populations in the tumor-

immune microenvironment are lymphocytes, antigen pre-

senting cells (e.g., dendritic cells and macrophages), and

stromal cells.

3.1. Tumor infiltrating lymphocytes are a positive

prognostic indicator and a predictor of immune checkpoint

blockade response

Tumor-infiltrating lymphocytes (TILs) are decidedly a

positive prognostic factor in many tumor types. This prog-

nostic significance of tumor-infiltrating immune cells has

been explored in various cancers, and many studies have

reported a survival benefit associated with the presence of

TILs [50]. For example, studies in colorectal cancer have

shown that the type, density, and location of TILs in pri-

mary colorectal cancer tumors are significant predictors

of disease-free and overall survival (DFS, OS) [51]. This

resulted in the creation of a scoring system—the

“Immunoscore”—based on the density of infiltrating CD8+

and CD45RO+ T-cells at the tumor core (CT) and invasive

margin (IM), with higher scores reflecting greater lympho-

cyte invasion [52]. Validation of “Immunoscore” reported

that patients with higher scores (i.e., higher T-cell densities

within primary tumors) had increased DFS and OS com-

pared to low scores, and that the “Immunoscore” was a bet-

ter predictor of survival than the current TNM staging

method [53]. Further study has indicated that patients with

dense CD8 T-cell infiltration of lung metastases colorectal

cancer also have improved overall survival [54]. T-cell

infiltration is also a positive prognostic indicator in mela-

noma, breast cancer, head and neck cancer, ovarian cancer,

non-small cell lung cancer, esophageal cancer, small cell



Figure 1. The tumor-immune microenvironment can support or thwart the anti-tumor immune response. Infiltrating lymphocytes can kill tumor cells via cyto-

toxic granules containing granzymes and perforin. Dendritic cells and lymphocytes can organize, with the support of lymphoid-like stromal cells, to form ter-

tiary lymphoid structures—dynamic aggregates that fuel the anti-tumor immune response. Alternatively, a dense, immunosuppressive stroma can limit T-cell

activity, and pro-tumorigenic macrophages can support tumor growth and suppress cytotoxic T-cell activity.
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lung cancer, hepatocellular carcinoma, and renal cell carci-

noma [50,55-58].

In addition to signaling a positive prognosis, TILs are

also predictive of the response to immune checkpoint

blockade [26,45,48,49]. In a study of melanoma patients,

patients who responded to PD-1 inhibition showed prolifer-

ation of intratumoral CD8 T-cells in accordance with radio-

graphic reduction in tumor size [26]. Pretreatment analysis

of samples from responding patients indicated higher den-

sity of CD8, PD-1, and PD-L1 expressing cells in and near

the tumor, suggesting that a pre-existing T-cell response

predicts the potential for response to immune checkpoint

blockade [26]. Similarly, in a study of desmoplastic mela-

noma patients, patients with more CD8 T-cells at the tumor

margin were found to gain the most clinical benefit in

response to PD-1 blockade [45]. Furthermore, while PD-L1

expression status is often suggested to predict the response

to immunotherapy [59,60], classic immunohistochemistry

evaluation of expression level fails to comprehensively des-

ignate all patients who should receive antiPD-1/PD-L1

therapy [30,59]. Indeed, it has been suggested that TIL

presence in the TME plays an additionally critical role pre-

dicting immunotherapy response than PD-L1 status [30].

Thus, as PD-L1 expression is rare in prostate cancers [61],

and as prostate cancers are known to be scarcely T-cell

infiltrated [62], these factors may contribute to the low

response rate of immunotherapy in prostate cancers.
Altogether, these studies suggest that, while TILs are a pos-

itive prognostic factor, their presence and the existence of

pre-existing antitumor immunity may also be a requirement

for clinical response to immune checkpoint blockade.

Increased TILs have also been reported to be a positive

prognostic indicator in prostate cancer [55,63-66], though

prostate TILs have been reported to be “unresponsive” and

terminally differentiated [67]. Additionally, prostate tumors

are reported to have decreased TILs compared to adjacent

normal tissue or prostate intraepithelial neoplasia

[58,62,67]. Higher CD8 T-cell infiltration has been inde-

pendently associated with improved survival after radical

prostatectomy, and of note, this study found no significant

differences in age, Gleason score, PSA, or TNM staging

between the densely CD8 infiltrated cases and the poorly

infiltrated cases [65]. Similarly, in a study reporting low

numbers of TILs to be a negative predictor of survival, the

infiltrating lymphocyte density was independent of prostate

tumor differentiation [64]. These observations beg the ques-

tions: if tumor stage and differentiation do not correlate

with lymphocyte infiltration, what factors might predict

lymphocyte infiltration instead? And what explains the

scarcity of TILs in some patients and some tumor types, but

not others? Conceivably, variation in the activation of

tumor specific T-cells or in the tumor-immune microenvi-

ronment may account for the dense lymphocyte infiltration

seen in some patients and some tumor types, but not in
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others. Testing hypotheses such as these will be critical to

understanding the mechanisms of immunotherapy and to

predicting which patients will respond.

3.2. Antigen presentation in the immune microenvironment

The antigen presenting cell (APC) environment is a cru-

cial part of the TIL response. Without proper antigen pre-

sentation and CD8 T-cell activation, there cannot be a CD8

T-cell response [68]. Accordingly, the composition of the

APC compartment is an essential part of the TME. This

APC compartment can include several cells from the mye-

loid lineage, such as dendritic cells and macrophages.

These cells help control how the immune system responds

to the tumor and are important for both patient survival and

the response to immunotherapies.

Dendritic cells (DCs) are professional antigen presenting

cells that are necessary to activate CD8 T-cells. Importantly,

these cells are present in the TME (Fig. 1). DCs are vital both

at the tumor site (to activate na€ıve TILswhich are recruited to
the tumor), as well in the draining lymph nodes (to present

tumor antigens to na€ıve CD8 T-cells). In NSCLC, infiltration
of mature DCs was associated with favorable clinical out-

comes, and tumors which had fewer infiltrating mature DCs

also had fewer infiltrating T-cells [69]. Notably, this study

illustrates that the number and phenotype of DCs in the TME

play a significant role in the CD8 T-cell response to tumors

and can impact clinical outcomes.

CD8 T-cells need to recognize antigen presented on

MHC-I, and typically, cells afflicted with an intracellular

pathogen process and present antigen on MHC-I. Accord-

ingly, DCs that can cross-present exogenous antigens on

MHC-I are necessary to mount a CD8 T-cell response to

cancer [70]. This cross-presenting subset of DCs (known as

cDC1 cells) is crucial in presenting tumor associated anti-

gens to activate tumor-specific CD8 T-cells and has been

characterized in both humans and mice [71]. In a mouse

model of melanoma, cross-presenting CD103+ cDC1s have

been shown to activate intratumoral CD8 T cells. cDC1

cells were also shown to migrate to draining LN to activate

na€ıve CD8 T cells specific for tumor antigens [72]. This

study affirms the importance of having a cDC1 population

within the TME both to induce a local T-cell response, as

well as to migrate to draining LNs for further antitumor T-

cell activation. Patients with higher levels of cDC1 related

transcripts in their tumors (e.g., CD141, IRF8, FLT3) tend

to have superior clinical outcomes in 12 different cancers

[73]. This demonstrates the importance of cross presenting

cDC1s in human tumors in addition to in previously

described mouse models.

Importantly, studies in a mouse model of melanoma

reveal that tumor infiltrating DCs can become less efficient

in activating CD8 T-cells, induce less proliferation, express

less co-stimulatory molecules, lose the ability to efficiently

present antigens, and produce less IL-12 [74]. These studies

show that the microenvironment can have a suppressive
effect on DCs and that the functionality of DCs—rather

than merely their presence in the tumor—is fundamental in

the antitumor immune response. Thus, it is important to

understand what differentiates tumors with effective,

mature DC responses and those with inefficient or dysfunc-

tional DCs. Undoubtedly, DCs are a crucial part of the

TME that both influences CD8 T-cell infiltration and acts

as a clinically prognostic factor in the tumor.

Macrophages are another principal aspect of the TME

and are particularly important in the immune response to

prostate cancer (Fig. 1). Due to their highly plastic pheno-

type, macrophages can be skewed by environmental factors

to either a pro-inflammatory phenotype (M1) or to a

“wound repair” alternative-activation phenotype (M2). The

macrophages that reside in the TME are often referred to as

Tumor Associated Macrophages (TAMs) and frequently

acquire an M2-like phenotype due to the cytokines present

in the TME. These M2-skewed TAMs are thought to pro-

mote tumorigenesis. They secrete anti-inflammatory cyto-

kines such as IL-10 and TGF-B, which suppress CD8 T-

cell activation. M2 macrophages also secrete growth fac-

tors, such as EGF, that can promote tumor growth and

metastasis [75]. Importantly, they can downregulate CD8

T-cell activity, through anti-inflammatory cytokines, the

release of arginase-1, and the expression of checkpoint

ligands such as PD-L1/2 [75].

Macrophages in the stroma of lung squamous-cell

carcinomas prevent T-cells from migrating in the TME

and can prevent their interaction with stimulating APC

populations (e.g., DCs) [57]. This demonstrates that the

localization of macrophages, in addition to their pheno-

type, can affect the CD8 T-cell response to tumors. In a

study that incubated macrophages with conditioned

media from prostate cancer cells, the macrophages

became M2-like and produced IL-10 [76]. This study

also showed that the same prostate cancer conditioned

media can re-program M1-polarized macrophages to an

M2-like phenotype [76]. These M2-skewed macrophages

act as poor APCs, preventing efficient CD8 T-cell acti-

vation and suppressing already activated CD8 T-cells.

Together, this suggests that, in prostate cancer, the mac-

rophage population size, phenotype, and localization

could deter an effective CD8 T-cell response and sup-

press activated CD8 T-cells that are present in the

microenvironment.

Another prominent population of immune cells in the

TME are myeloid-derived suppressor cells (MDSCs).

MDSCs can suppress T-cell activity by inhibiting CD8 T-

cell activation and via expression of arginase 1 and reactive

oxygen species (ROS) [77]. It is currently thought that there

are 2 main subsets of MDSCs: monocytic MDSCS

(mMSDCs, originating from monocytes) and polymorpho-

nuclear MDSCs (PMN-MSDCs, arising from a granulocytic

PMN precursor) [77]. In prostate cancer, PMN-MDSCs

have been suggested to promote CRPC, as PMN-MDSCs

are enriched CRPC biopsies when compared to castration
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sensitive prostate cancers [78]. Additional investigation

into the phenotype of PMN-MDSCs and how to delineate

these suppressive cells from traditional PMNs will be nec-

essary to better understand the role of these cells in the

TME [77]. Similarly, mMDSCs share many markers and

characteristics with monocytes and macrophages [77], and

further study will be required to distinguish these cell popu-

lations and their influence on the TME and on clinical out-

comes.

Further study of the APC populations and phenotypes

present in prostate cancer may be vital to understanding

why some immunotherapy approaches have less effective

than in other cancers. The largely M2-skewed macrophages

that infiltrate prostate tumors could prevent CD8 T-cells

from becoming properly activated, rendering CD8 T-cell

focused therapies ineffective [76]. When DCs pulsed with a

tumor antigen are introduced to the environment, such as

with Sipuleucel-T, CD8 T-cell infiltration increases [44],

and clinical outcomes are improved [41-43]. Altering APC

populations in the tumor can directly influence the CD8 T-

cell response and is crucial to consider for future immuno-

therapy approaches. By understanding the APC populations

and how they affect the CD8 T-cell responses, future immu-

notherapies can focus on promoting a more effective CD8

T-cell response.

3.3. Stromal cells in the tumor microenvironment may

support or limit antitumor T-cell activity

Another important player in the TME is the stromal cell

(Fig. 1). Stromal cells, such as fibroblasts, pericytes, and

reticular cells, form a functionally supportive network for

various tissues and organs. Stromal cells are typically

thought to support cancer growth and progression, but have

also been described as supportive in hematopoiesis and

inflammatory processes [79,80]. Indeed, stromal cells in

lymphoid tissue—known as fibroblastic reticular cells—
form conduits to support T-cell trafficking, secrete chemo-

kines that modulate T-cell and dendritic cell migration, and

produce cytokines that maintain T-cell homeostasis [79].

Accordingly, there is precedent for stromal cells to be either

supportive or inhibitory of T-cell activity, and this is cer-

tainly true of tumor stromal cells as well. In lung adenocar-

cinoma, tumor stromal cells have been shown to modulate

intratumoral T-cell motility and migration [57]. More

densely packed fibronectin and collagen containing stroma

is thought to inhibit T-cell motility, but more loosely

arranged stroma may promote T-cell migration and func-

tion [57]. Conversely, densely stromal tumors, such as des-

moplastic melanoma, harbor dense lymphoid aggregates

and can be exceptional responders to immune checkpoint

therapy [45]. Stromal cells have also been shown to aid in

generating and maintaining the immune response and in

recruiting T-cells to the tumor site in melanoma, breast,

and lung tumors [81-83]. In prostate cancer, tumor adjacent

stroma is suggested to limit antitumor immunity by
secreting TGF-b, which induces M2 macrophage polariza-

tion and recruits T-regulatory cells [84,85]. Together, these

findings indicate that the stromal compartment of the TME

may be either immunosuppressive or immunostimulatory,

and further investigation is needed to determine how this

balance is controlled. Specifically, as the prostate cancer

stroma seems to be generally immunosuppressive, investi-

gation into manipulation of this stroma may represent a

promising approach to boost response rates to immunother-

apy in prostate cancer.

4. Organization in the immune microenvironment

The association between tumor T-cell infiltration and

improved survival and response to immunotherapy has

resulted in the categorization of various tumors as either

immunologically ‘hot’ or ‘cold.’ In addition, others have

further delineated phenotypic categories of immune infiltra-

tion—immune-inflamed, immune-excluded, and immune-

desert—in attempts to explain the variation seen clinical

behavior [86]. Immune-inflamed tumors are generally

thought to carry a positive prognosis, while immune-

excluded and immune-desert tumors are typically thought

to be less favorable and less responsive to immunotherapy

[87-93]. This suggests that both the organization, as well as

the composition, of the TME are critical to building and

maintaining a productive antitumor immune response. In

short, inflamed, organized "hot" tumors seem to be a favor-

able environment for antitumor T-cell activation and expan-

sion. But what determines whether a tumor is "hot" or

"cold"—"immune-inflamed" or "immune-excluded" or

"immune-desert?" And what are the functional consequen-

ces of these phenotypes?

4.1. Lymphoid organization precedes the productive

immune response

One variable which may help answer these imminent

questions is that of the organization and structural composi-

tion of the immune microenvironment. Undoubtedly, the

intricate organization of secondary lymphoid organs (e.g.,

lymph nodes) illustrates that structural components of the

microenvironment are important for productive immune

responses [94,95]. For example, lymph nodes serve as a

crucial depot for blood-circulating lymphocytes to encoun-

ter antigens and APCs, which have drained from the periph-

eral tissues via the lymphatic system [94,95]. This allows

rare populations of antigen specific lymphocytes to encoun-

ter their target antigen, which is critical to effective immu-

nosurveillance. Circulating lymphocytes enter the lymph

nodes via the high endothelial venules (HEVs), and drain-

ing APCs, such as dendritic cells, enter lymph nodes via the

lymphatics [94,95]. Once the immune cells arrive in the

lymph nodes, stromal cell networks—fibroblastic reticular

cells and follicular dendritic cells—assist in cell trafficking

[96]. Fibroblastic reticular cells (FRCs) serve to recruit
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T-cells, guide them to the paracortex, and maintain their

survival [97]. FRCs are known to secrete T-cell chemoat-

tractants (e.g., CCL19 and CCL21), as well as CXCL12,

which helps retain T-cells in the paracortex [96,98,99]. To

assist in T-cell survival, FRCs secrete IL-7 [100]. The FRC

network serves both as a scaffold for T-cell navigation and

as support for maintaining HEV integrity [96,101]. Taken

together, these studies indicate that both the structural and

functional contributions of FRCs are critical to the T-cell

response. Indeed, genetic ablation of lymph node FRCs

impairs T-cell localization, survival, and priming [97,101].

This central role for FRCs in the T-cell response suggests

that in addition to the canonical signals required for T-cell

activation [68], a productive immune response requires

structural and organizational assistance as well.

4.2. Peripheral lymphoid organization in tertiary lymphoid

structures supports the immune response

The presence of highly organized immune structures

similar to lymphoid tissue in inflamed, infected, and

tumoral tissues illustrates the importance of organization

in the peripheral immune microenvironment environ-

ment [102,103]. Importantly, these inducible, tertiary

lymphoid structures (TLS) structures are known to posi-

tively alter the clinical course of pulmonary infection

but have also been shown to be pathogenic in the setting

of autoimmune disease (e.g., Crohn’s disease) and trans-

plant rejection [104-106]. While exactly how these

structures function in the system immune response is

incompletely understood, these clinical associations

demonstrate the importance of peripheral lymphoid

organization in both therapeutic and pathogenic immune

responses. This invites further study into the role of

TLS in the systemic immune response.

TLS seem to hold functional similarity to aspects of

lymph node biology. TLS are known to harbor T-cell

zones with mature dendritic cells, germinal centers with

follicular dendritic cells and proliferating B-cells, and

HEVs [103,107-109]. TLS and lymph node genesis and

maintenance are incited by similar signals—lymphotoxin,

TNFa, CCL19/CCL21, CXCL13, and others [103,110].

For example, in a transgenic mouse model, ectopic

expression of lymphotoxin induces formation of TLS,

which delineated T and B-cell areas, primary and second-

ary follicles, and HEVs [109]. Similarly, in a mouse

model of influenza, bronchiole associated lymphoid tis-

sue, which is analogous to TLS [111-113], is induced, but

disintegrates when lymphotoxin signaling is inhibited

[114]. This induced bronchiole associated lymphoid tis-

sue (iBALT) also requires dendritic cell function, as

iBALT dissolves when DCs are depleted and antiviral

immunity is impaired [114, 115]. T-cell areas of iBALT

are also known to contain reticular cells, which function

as FRCs do in the lymph node [112]. Interestingly, these

structures are not unique to lung tissue, as TLS have also
been noted in chronic gastritis, heliobacter-induced hepa-

titis, isolated lymphoid follicles in the gut, and chronic

transplant rejection [106,116-120]. Taken together, these

features of TLS and iBALT demonstrate both the impor-

tance of organization in the immune microenvironment

and the ability for this organization to take place in an

assortment of tissues in response to a variety of stimuli.

4.3. Tertiary lymphoid structures are found in tumors and

are associated with favorable clinical outcomes

TLS have been noted in a variety of tumor types, and

interestingly, the specific organization of infiltrating

immune cells has been linked both to increased recruitment

and retention of tumor-infiltrating lymphocytes and to

improved clinical outcomes in non−small-cell lung cancer

and colorectal cancer [69,102,121]. This suggests that both

immune infiltration and organization may be required for a

productive antitumor immune response and a strong

response to immunotherapy. In other words, the TME of

immunologically ‘cold’ tumors may lack sufficient immune

cells [44,89]—or sufficient immune cell organization—to

mount a response to existing immunotherapies. Accord-

ingly, it is necessary to further investigate the role of TLS

in antitumor immunity.

TLS in tumors, as in infection and autoimmunity,

harbor T-cell zones with mature DCs, germinal centers

with follicular dendritic cells and proliferating B-cells,

and HEVs [102,103,107,108,122]. The presence of TLS

in human lung tumors are associated with increased

expression of chemokines (e.g., CCL19/21, CXCL13),

adhesion molecules (e.g., ICAM1, VCAM1), and integ-

rins [102]. In a mouse model of melanoma, CCL21

highly expressing tumors were found to contain lym-

phoid-like reticular stromal networks [123]. Taken

together, this evidence suggests that tumor TLS repre-

sent a similar phenomenon to those seen in the setting

of infection and autoimmunity.

Importantly, studying these tumor TLS may further

inform currently appreciated observations regarding ‘hot’

and ‘cold’ tumors and their prognostic influence. Tumor

TLS are associated with extensive lymphocytic infiltration

into tumors and with improved disease-free survival in

tumors such as breast and colorectal cancer

[54,103,124,125]. Specifically, the density of HEVs and

mature dendritic cells is found to decrease as breast cancer

patients experience progressive disease [125]. These find-

ings suggest that dendritic cells are critical to the functional

capacity of these structures, and thus to the infiltration and

maintenance of antitumor T-cells. Similarly, TLS-associ-

ated mature dendritic cells are correlated with infiltration of

CD8 T-cells and with improved survival in non−small-cell

lung cancer [69,103,121]. Furthermore, “lymphoid neo-

genesis” has also been demonstrated in the lung metastases

of melanoma and colorectal cancer patients, indicating that

this immune organization can be present at various stages
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of disease and in various tissue types [54,108,122]. This

demonstrates that regardless of disease stage, grade, or

location, the organization of infiltrating immune cells (i.e.,

TLS) could be a critical step in the generation of the antitu-

mor immune response.

TLS have also been documented in prostate cancer.

In some prostate tumors these structures seem to be a

center of immune suppression, harboring T-regulatory

cells and other immunosuppressors [126]. Conversely,

patients experiencing spontaneous tumor regression are

found to undergo a shift in cellular composition of pros-

tate TLS. TLS in these evanescent tumors were found to

contain less T-regulatory cells, more Th1-type cells, and

more CD8 T cells [126]. Interestingly, TLS—termed

prostate associated lymphoid tissue (PALT)—have also

been documented in healthy prostate [127], raising ques-

tions as to whether the immunologically ‘cold’ nature of

prostate may be due to the functional or physical disrup-

tion of this “PALT.” Could gaining understanding of

lymphoid organization in prostate tumors explain the

low response rate seen with checkpoint therapy in pros-

tate cancer? Undoubtedly, further investigation is

required to understand the role of lymphoid structures in

both the benign and malignant prostate, as well as the

general role of TLS in antitumor immunity.
5. Future perspective

Here we have reviewed the use of immunotherapy in

prostate cancer and the mechanisms that support responses

to immunotherapy. Additionally, we have specified poten-

tial explanations for why immunotherapy has delivered

lower response rates than in some other cancers. Based on

the evidence presented here, it is clear that immune infiltra-

tion and organization in the TME—such as in the formation

of TLS—plays an important role in antitumor immunity

and in the response to immunotherapy. Specifically, this

suggests that insufficient immune infiltration (e.g., TILS),

suboptimal antigen presentation, lack of adequate immune

organization, or some combination of these facts may

explain the low response rates to immunotherapy in pros-

tate cancer. Accordingly, understanding the status of

immune infiltration and organization in the prostate may

hold the key to improving immunotherapy response rates in

prostate cancer patients.

Without a doubt, the ideas presented here spur further

investigation, as many critical questions remain. How is are

TLS formed? What is required for maintenance of TLS? Is

stromal density and composition necessarily inhibitory to

the antitumor immune response? Is tumor stroma plastic

enough to mimic a reticular-like network, ultimately facili-

tating immune organization in the tumor? Both biologically

interesting and clinically translatable, seeking answers to

these questions holds promise for improving outcomes in

both prostate cancer and other tumor types.
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