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ABSTRACT
Tumor immunologic microenvironment is strongly involved in tumor progression and the presence of
tumor infiltrating lymphocytes (TIL) with different phenotypes has been demonstrated to be of prognostic
relevance in different malignancies. We investigated whether TIL infiltration of tumor tissues could also
predict the outcome of prostate cancer patients. To this end, we carried out a retrospective analysis
correlating the outcome of locally advanced prostate cancer patients undergone salvage radiotherapy
upon relapse after radical surgery with the infiltration by different TIL populations. Twenty-two patients
with resectable prostate cancer, with a mean age of 67 (C/¡3.93) years, who received salvage
radiotherapy with a mean of 69.66 (C/¡ 3.178) Gy in 8 weeks, between June 1999 and January 2009 and
with a median follow up of 123 (C/¡ 55.82) months, were enrolled in this study. We evaluated, by
immunohistochemistry, the intratumoral (t) and peripheral stroma (p) infiltration by CD45, CD3, CD4, CD8,
CCR7, FoxP3 or PD-1-positive cells on tumor samples taken at the diagnosis (d) and relapse times (R). We
correlated these variables with patients’ biochemical progression free survival (bPFS), post-radiotherapy
progression free survival (PFS), and overall survival (OS). Substantial changes in the rate of TIL subsets
were found between the first and the second biopsy with progressive increase in CD4, CCR7, FoxP3, PD-1C

cells. Our analysis revealed that higher CD8p,RC and lower PD-1RC TIL scores correlated to a longer bPFS.
Higher CD8p,RC and CCR7t,RC TIL scores and lower CD45p,RC and FoxP3p,RC TIL scores correlated to a
prolonged PFS and OS. These results suggest that the immunological microenvironment of primary tumor
is strictly correlated with patient outcome and provide the rationale for immunological treatment of
prostate cancer.
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Introduction

Prostate cancer (PC) is the most common malignancy
among men worldwide, associated to a high morbidity and
mortality rate on the long term.1 At present, the best thera-
peutic option for the loco-regional disease is represented by
radical prostatectomy (RP) and/or radiotherapy (RT) even-
tually followed by androgen blockade.2 RT is often delivered
after RP, either in the adjuvant setting for PC patients at
high risk for local relapse (LR), or consequently to LR occur-
ring after wait-and-watch policy (salvage RT; SRT). The lat-
ter is frequently followed by biochemical relapse (BR)
defined by PSA value above 0.2 ng/ml, which often precedes
of almost 5 years the clinical onset and imaging evidence of
recurrence. Adjuvant RT, usually delivered on a standardized
elective volume, including the surgical bladder-urethral

anastomosis, has been shown to be more effective than wait-
and-watch option with SRT at the occurrence of local relapse
in achieving a better therapeutic outcome in 3 different ran-
domized trials.3-5 However, in common practice, SRT is
often adopted at relapse but it is also employed in the
absence of histological confirmation of recurrence for
patients whose PSA value increases by 0.2 ng/ml without
instrumental evidence of distant metastases and involvement
of locoregional nodes. Although SRT allows to achieve a sat-
isfactory long-term overall survival (OS) of 13.6 years, a sec-
ond BR may occur in 50% of patients.6 Therefore, it is
critical to identify patients undergoing SRT that necessitate
additional treatments. Analysis of the efficiency of second or
third line hormonal treatment for PC patients relapsed after
hormone therapy, revealed the effectiveness of nonsteroidal
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antiandrogens as alternative therapies, particularly for sec-
ond line responders, whose survival was significantly higher
than nonresponders, indicating a potential predictive prog-
nostic value for second line responsiveness and supporting
the concept that second line responders, although androgen
independent, are still hormonally sensitive.7,8 Taking into
account that hormone manipulation and chemotherapy in
this case may achieve only a transient therapeutic result,
while reducing patients’ quality of life, the research of new
markers able to identify high-risk patients who really need
these treatments is strongly required.

Immunological manipulation has proven to induce a severe
immune response against several tumors, with encouraging
results especially in combination with other drugs or therapeu-
tic agents. This is the case of human recombinant IL-2 plus
Lanreortide, whose effectiveness in the treatment of MTC was
described in in vitro, in vivo and clinical studies by Vitale et al.9

Interestingly, the combination of low-dose IL-2 and Lanreotide
was able to induce valuable responses in advanced and symp-
tomatic MTC patients refractory to previous treatments.9 The
same authors also demonstrated the synergistic antiprolifera-
tive activity of combined IFN-b and troglitazone treatment on
pancreatic cancer cell lines10 and the antitumor activity of IFN-
b in human neuroendocrine cancer cells, mainly counteracting
the IGF-II autocrine/paracrine growth loop.11 The current
development of cancer immunotherapy and the relative success
of immune-check point inhibitors such as Ipilimumab (anti-
CTLA-4) and Nivolumab/Pembrolizumab (anti-PD-1) in the
treatment of different malignancies has prompted the design of
multiple studies aimed to test this kind of treatment also in PC
patients.1,12,13 At this aim, it has already been shown that PC
cells can be recognized and killed by activated cytotoxic T lym-
phocyte (CTL) precursors sensitized to recognize PTHrP- or
PSA-derived epitopes in vitro and in vivo.14,15 It has also been
shown that several vaccine constructs derived from these anti-
gens may be used to sensitize PBMCs derived from PC patients
and are under investigation in clinical trials enrolling PC
patients.14,15 On the other hand, there is poor knowledge con-
cerning the immunological microenvironment associated with
a better outcome in PC patients. The results of several studies
have already shown that occurrence of autoimmunity, a sys-
temic chronic inflammation profile, as well as the level of tumor
infiltration by different lymphocyte subsets and macrophages,
may indeed predict the outcome of patients with different dis-
ease including non small cell lung cancer (NSCLC), colorectal
carcinoma (CRC), breast cancer, melanoma and other malig-
nant diseases.16-25 In particular, the results of previous studies
by our group showed that primary tumor infiltration by
immune-regulatory T cells (CD25CFoxP3C, namely Tregs) and/
or central memory T cells (CD8CCD45RA¡CCR7C, namely
Tcm) are associated to a prolonged PFS and OS in patients with
metastatic colorectal carcinoma undergone frontline chemo-
therapy.26-28 On these bases, we investigated whether infiltra-
tion of the primary tumor by different lymphocyte subsets may
predict the outcome of PC patients. In order to avoid possible
interferences and biases related to frequent cancer co-morbid-
ities, multiple medications, aging, and massive bone marrow
infiltration associated with metastatic prostate cancer, we
focused our retrospective study to a well-defined PC patient

population, already treated with radical prostatectomy, with a
good performance status, who received RT upon BR. We also
took advantage by the fact that for this selected patient popula-
tion we had availability of tumor tissues derived from biopsies
performed at the time of diagnosis (d) and BR (r) (before RT).
Therefore, we performed an immune-histochemical analysis on
these tissues by scoring the rate of tumor infiltrating lympho-
cytes (TIL) positive for the expression of CD45, CD3, CD4,
CD8, CCR7, FoxP3 or PD-1 inside the tumor (t) and in its
periphery (p). Subsequently, these scores were statistically cor-
related with patients’ biochemical progression free survival
(bPFS, before RT), progression free survival (PFS) and overall
survival (OS).

Patient and methods

Patient characteristics

This retrospective study includes 22 patients, among those
referred for SRT for BR after prostatectomy form June 1999 to
January 2009, whose minimal local relapse was confirmed by
an ultrasound-guided biopsy. In these patients, local nodal
involvement and systemic tumor progression were enrolled
before RT. These patients had undergone the first diagnostic
biopsy from 1985 to 2004, before prostatectomy, in our institu-
tion, and both the biopsy samples of each patient were avail-
able. Conversely, in the majority of these cases the
prostatectomy was performed elsewhere. Therefore, any evalua-
tion here reported is based on trans-perineal needle core-biopsy
performed before prostatectomy (d) and after BR (r), just before
the SRT was performed. Mean age at enrollment for BR was 67
(C/¡ 3.93) years while the other features of the patients
enrolled in the study are reported in Table 1. All the patients
received SRT in our center, with a mean dose of 69.66
(C/¡3.178) Gy, delivered with a 6-15 MeV linear accelerator
photon beams and 3-dimensional or intensity-modulation
techniques, over 7/8 weeks.29 Pelvic MRI findings (available in
any case) were also considered, while no hormonal manipula-
tion was administered, unless further PC progression was diag-
nosed after SRT. All these patients were included in a follow-up
program, consisting of periodical (q. Six months) physical
examination (including rectal palpation), serum PSA dosage,
blood count and chemistry, and imaging studies. bPFS repre-
sented the time between the 2 subsequential biopsies performed

Table 1. Characteristics of the patients series.

Patients’ Characteristics Mean Standard deviation Frequency

Age 67.00 years 3.93 years
Gleason Score
6 6 (27%)
7 14 (64%)
8 2 (9%)

TNM
T2 13 (59%)
T3N0 6 (27%)
T3N1 3 (14%)

PSA (pre-irradiation) 2.60 2.57
Radiation Therapy Dose 6966 cGy 455 cGy
Follow up (months) 123 months 55.82 months

TNM: TNM Classification of Malignant Tumors; T: primary tumor; N: regional lymph
nodes; M: distant metastasis.
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at diagnosis and at the BR time. Outcome analyses were based
on standard progression-free survival (PFS) and overall survival
(OS) since they completed SRT.

Pathology study

Tumor tissue samples were fixed in 10% buffered formalin and
embedded in paraffin. From each block, 4mm thick sections
had been cut and stained with haematoxylin and eosin (H&E).
All the slides were independently reviewed by 2 expert uropa-
thologists (MTdV, and MRA). Tumor grading was established
according to updated Gleason grading system.30

Immunohistochemistry

The most representative tumor blocks were selected on the
basis of the morphological features and the Gleason score.
Immunohistochemical stainings were performed on 4 §
0.5mm thick sections of each block employing the Ultravision
Detection System Anti-poly-valent HRP (Ultra V Block) (Lab-
Vision, Fremont, CA, USA, Bio-Optica). All the procedures
were carried out automatically by using the Bond-III machine.
Slides were incubated with anti-human CD45 (ready to use-
RTU, Novocastra, Firenze, Italy, CD3 (RTU, Menarini, Firenze,
Italy), CD4 (RTU, Menarini, Firenze, Italy), CD8 (RTU, Dako,
Milan, Italy), CCR7 (dilution: 1:50, RD Systems, Minneapolis
USA), FoxP-3 (dilution: 1:50, Abcam, Cambridge, UK), PD-1
(dilution: 1:50, Dianova, Hamburg, Germany) antibodies, and
the reaction revealed using DAB (Dako, Milan, Italy) as
chromogen. Sections were weakly counterstained with Harris’
haematoxylin and examined under a light microscope. Non-
immune serum immunoglobulins were used as negative
control. Adequate positive controls were added along the
respective antibody. Immune staining was examined with a Zeiss
Axioplan 2microscope (Carl ZeissMicroscopy, Jena, Germany).

Staining assessment

The samples were independently evaluated and scored by 2
investigators (BJR and AB). Five different fields (at least 200
cells/field) were evaluated at £400 magnification (i.e. high
power field). In PC samples, protein expression level of all the
antibodies was evaluated and recorded both in the tumor area (t)
and in non-neoplastic peripheral area (p). The agreement
between the 2 pathologists was about 90%. Cases with discrep-
ancies were reviewed and discussed to reach 100% concordance.
CD45, CD3, CD4, CD8, CCR7, FoxP3 and PD-1 positive TILs
were scored as it follows: 0D no positive lymphocytes; 1D 1-10
positive lymphocytes; 2D 11-20 positive lymphocytes; 3D> 21
positive lymphocytes as reported elsewhere.26

Statistical analysis

We carried out a Wilcoxon signed Rank test to compare the
differences among TIL scores between the 2 consecutive biop-
sies. Subsequently, the Pearson’s test was used to correlate these
scores to known PC prognostic factors such as disease stage,
PSA value at BR and Gleason’s score in biopsies performed at
the time of diagnosis (d) and BR (r) (before RT). In order to

perform a survival analysis we divided the different TIL scores
into 2 subgroups with low (A) and high (B) infiltration rate,
according to their respective median value. Kaplan Meier’s
method and Log-Rank test were used to evaluate bPFS, PFS
and OS and correlate them with patients’ associated variables.
All analyses were performed using SPSS statistical package, ver-
sion 17.0.

Results

Patients’ characteristics

This study included 22 PC patients (Table 1) who presented a
pre-irradiation median PSA value of 2.60 (C/¡ 2.62) ng/dl
with an average age of 67 (C/¡ 3.93) years and a median follow
up of 123 (C/¡ 55.82) months. Along the follow up, 8 patients
experienced disease progression and 5 died.

Immune-infiltrate differences between tumor tissues at the
diagnosis and relapse

Our immunohistochemical analysis first scored the rates of
infiltration of TILs expressing CD45, CD3, CD4, CD8, CCR7,
FoxP3 and PD-1 positive phenotype in tumor samples taken at
the diagnosis and at the biochemical relapse. By comparing the
2 subsequent biopsies, we found a statistically significant
progressive increase in the rate of TIL expressing CD45(t/p)

(p < 0.001); CD3(t/p) (p < 0.002); CD4(t) (p < 0.001); CD8(t)

(p D 0.013); CCR7(t) (p < 0.001), CCR7(p) (p D 0.038);
FoxP3(t/p) (p < 0.025) and PD-1 (p D 0.034) (Fig. 1). No
significant differences were observed for the other evaluated
parameters.

Figure 1. Change in infiltration rate of CD45(t/p); CD3(t/p); CD4(t); CD8(t); CCR7(t/p);
FoxP3(t/p) and PD-1 positive cells in the tumor at the time of diagnosis and at
relapse. Statistical analyses were performed using SPSS statistical package, version
17.0.
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Tumor immune-infiltrate correlation with patients’
outcome

Kaplan Meyer’s curves and log-rank test were performed to
evaluate patients’ bPFS, PFS and OS in the presence of a low
(subgroup A) and high (subgroup B) tumor infiltration score
by different lymphocyte subsets. Our analysis revealed a whole
group median bPFS, PFS and OS of 47 months, 115 months
and 140 months respectively, which were in line with those
reported in the literature.3-5 On these bases, our patients may
be considered a good representative series for our study. We
found only PD-1 tumor infiltration score significantly associ-
ated with patients’ bPFS. Specifically, a low PD-1 infiltration
score in the first biopsy was significantly correlated with a lon-
ger bPFS [subgroup A vs. subgroup B: 56.067 C/¡8.33 (95%CI
39.73-72.403) vs. Twenty-two.5 C/¡ 8.52 (95%CI5.78-39.21)
months, P D 0.01] (Fig. 2). Tumor immune-infiltrate evaluated
at the relapse, was then correlated with both PFS and OS. We
found that a low FoxP3p infiltration score was predictive of lon-
ger PFS [subgroup A vs subgroup B: 119.37 C/¡9.67 (95%CI
100.41-138.33) vs. 34.0 C/¡ 9.20 (95%CI 15.96-52.03) months,
P D 0.004] and OS [subgroup A vs subgroup B: 129.44 C/¡
7.86 (95%CI 114-144) vs. 78.33 C/¡14.62 (95%CI 49-107)
months, P D 0.021] (Fig. 2). Additionally, we also found that a
high CCR7t tumor infiltration score was predictive of longer
OS [subgroup A vs. subgroup B : 90.123 C/¡6.25 (95%CI 76-
103) vs 135.08 C/¡ 8.53 (95%CI 118-151) months, P D 0.010].
A high CCR7t tumor infiltration score also showed a trend to
significance in predicting a longer PFS [subgroup A vs. sub-
group B: 74.4 C/¡ 11.57 (95%CI 51.71-97.09) vs. 122.89 C/¡
11.4 (95%CI 100.53-145.25) months, P D 0.057] (Fig. 2). In our
series, the score of tumor infiltration by CD45C, CD3C and

CD4C cells did not show any correlation with either PFS and
OS of these patients (data not shown).

Tumor immune-infiltrate correlation with differentiation
grade and PSA levels at relapse

By performing a Pearson correlation we evaluated the potential
correlation of the immune-infiltrate with the most conventional
prognostic parameters in PC patients represented by differenti-
ation grade according to the Gleason’s scale, disease stage and
PSA at the BR (Table 2).

Tumor immune-infiltrate evaluated at the diagnosis was
correlated with Gleason score in the diagnosis biopsies (d) and
disease stage, whereas tumor immune-infiltrate evaluated at the
BR was correlated with PSA level and Gleason score in the BR
biopsies (r) (Table 2).

A lower TIL LCAt (p D 0.017), as well as a lower CD3t

(p D 0.011) and a lower CD8t (p D 0.027) were significantly
associated with an higher Gleason score at the diagnosis,
whereas no TIL parameter was associated with disease stage.

A lower CCRTt (p D 0.029) resulted to be significantly asso-
ciated with a lower Gleason score at the BR.

Discussion

Our analysis, comparing the immune-infiltration at the diagno-
sis and at the relapse, showed a significant increase in the rate
of almost all the rates of TILs investigated, both intratumoral
(t) and in the peripheral stroma (p). It’s noteworthy to under-
line that the tumor immunologic microenvironment represents
a dynamic process, affected in our analysis only by the surgery

Figure 2. Kaplan Meier curves related to survival analysis according to lymphocyte infiltration scores. Blue line: low infiltration score group (� 10 marker positive cells/
HPF). Red line: high infiltration score (> 10 marker positive cells/HPF). Representative immunohistochemical pictures for each different parameters are reported in A-F.
Statistical analyses were performed using SPSS statistical package, version 17.0.
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(i.e., tumor debulking), as the patients did not receive any hor-
monal manipulation.

The TILs differences, consequently, are an epiphenomenon
of the mutations of the cancer cells gathered at the recurrence.

The results of this study also revealed that tumor infiltration
by different lymphocyte subsets predicts the outcome of PC
patients showing only local relapse after primary surgery and
subsequently receiving SRT. This observation allowed us to
establish a premise for a possible immunological therapy asso-
ciated with RT for selected patients in this setting. Recently, in
fact, several authors highlighted that a synergistic interaction
between chemotherapy/radiotherapy and host immune
response, is mandatory to achieve long-lasting responses.31

Indeed, both treatments could induce DNA double-strand
breaks that, in turn, produce mutations and neo-antigens gen-
eration, promote immunological danger signals 32 and reduce
tumor infiltrating immunosuppressive cell populations, such as
inhibitory myeloid cells.23-25,33-40 All these events are necessary
to trigger antigen-specific CTLs (CD3CCD8C), able to recog-
nize and destroy tumor cells presenting altered and/or over-
expressed molecular structures recognized as tumor-associated
antigens.41,42 On these bases, several studies in PC patients
have investigated, with contrasting results, the prognostic role
of the basal inflammatory status and lymphocytes density in
the primary tumor.43-45 However, all these studies are limited
as they have been performed on elderly patients with bone
metastases, who had undergone several years of hormone-
manipulation and more or less severe prostate-cancer associ-
ated co-morbidities, all together potentially affecting the
immune response. Conversely, our analysis has been performed
on a homogeneous patients’ population with minimal disease
and a very long follow-up. This set of patients was considered
suitable for immunological studies because of a low risk of bias
related to the presence of co-morbidities commonly associated
to metastatic disease. Anyway, a clear evidence exists that an
efficient immune-surveillance may prevent and eventually
antagonize tumor development and growth.12,13,33,34 Accord-
ingly, in our study, we observed that increased infiltration of
CCR7C lymphocytes and reduced presence of FoxP3C or PD-
1C cells was associated with a better patients’ outcome. Specifi-
cally, CTLs expressing the homing chemokine receptor (CCR)-
7 include at least 2 different populations of immune-effectors
which, depending on CD45 isoform expression, can be distin-
guished in na€ıve (CD45/CD45RaC) and central memory T cells
(CD45/CD45Ra¡, namely Tcms). Once engaged by its chemo-
kine ligands (CCL)-19 and 21, produced by activated dendritic
cells and other inflammatory cells,46-48 CCR7 regulates the

homeostatic recirculation through body cavities and primes an
intracellular process in the Tcms that drives their chemotactic
homing to lymph nodes, tumor/infected tissues and target
cells.49 Once achieved their target sites, these cells may differen-
tiate in long-term memory cells (CD27C) or may lose CCR7
expression thus becoming highly efficient effector-memory
CTLs.50 Thus, an increased number of CCR7C T-cells in the
tumor sites indicates a greater amount of freshly mobilized
resource of immune-effectors. In a previous study, we already
showed that a greater infiltration by CD8CCCR7C T-cells in
the primary tumors is predictive of better outcome in meta-
static colorectal carcinoma patients 27,28 and similar results
were also achieved by others in different malignancies.51-54

Conversely, Tregs (CD3
CCD4CCD25CFoxP3C) are an immune-

suppressive T lymphocyte subset which expresses the high
affinity IL-2 receptor (CD25), the FoxP3 fork-head transcrip-
tion factor controlling immunosuppressive gene expression
and the inhibitory co-accessory molecule CTLA-4. This
immune-suppressive lymphocyte subset represents a powerful
inhibitory feedback to hyperactive CTLs, specifically aimed to
avoid dangerous over-reactions or autoimmunity during acute
viral infections, chronic inflammatory diseases and cancer.55-58

The prognostic role of tumor infiltrating Tregs concerns a con-
troversial scenario in cancer patients. Accordingly, Treg over-
expression has been considered detrimental for cancer patient
survival, even though, we and others have described that a high
Treg primary tumor infiltration score represents a good prog-
nostic factor for colorectal cancer patients.18,26,52,59 Even
though our results have a major limitation in the low number
of patients enrolled, we showed for the first time, to the best of
our knowledge, a potential inverse correlation between PD-1C

TIL score and prostate patient bDFS. PD-1 is an inhibitory
immune checkpoint receptor which is expressed on activated
antigen specific CTLs during the efferent phase of the immune
response. Its binding to specific ligands (PD-1 ligands),
expressed on inhibitory cell lineages and tumor cells, promotes
reversible CTL anergy and, on the long term, induces antigen-
specific CTL exhaustion.12,60-62 This event represents a major
mechanism of tumor escape and acquired tumor cell resistance
to the immune-effectors. More recently, the clinical develop-
ment of mAbs to PD-1, such as Nivolumab and Pembrolizu-
mab, has given a strong pulse to the design of cancer
immunotherapy trials also outside the malignant melanoma
area.63-65 On the wave of the first positive trial results, in terms
of both response and survival, these mAbs have been approved
for the treatment of NSCLC and are currently under active
investigation for different malignancies.63-65 Since both mAbs
act on a pre-existing immune-response, the positive results of
these trials demonstrated: i) the presence of active and efficient
immune-effectors also in patients with advanced malignant dis-
eases; ii) that anergic CTLs may be rescued by anti-PD-1
agents; iii) that these effector cells may really counteract tumor
development and consequently, prolong patient survival.

In conclusions, we observed that CTL and Tcm tumor infil-
tration scores represent a positive prognostic factor for locally
advanced PC patients, while a high score of Tregs and PD-1C

TILs have a detrimental effect for patients’ outcome. These
data underline the critical role of the tumor immunologic
microenvironment in conditioning both tumor development

Table 2. Tumor immune-infiltrate correlation with differentiation grade and PSA
levels at relapse.

Tumor infiltration scores Prognostic factor Correlation (p-value)

First biopsy
LCAt Gleason Score 0.017
CD3t Gleason Score 0.011
CD8t Gleason Score 0.027

Recurrence Biopsy
CCRTt Gleason Score 0.029

(Pearson Correlation).
t: intratumoral
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and survival and offer the rationale to design new immunother-
apeutic strategies for PC patients, possibly associated with radi-
ation treatment. In particular, our findings support the
potential activity of immune-checkpoint inhibitor mAbs to
PD-1, such as Nivolumab and Pembrolizumab, currently under
investigation for the treatment of PC patients.66
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