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ABSTRACT

Introduction. Angiogenesis and inflammation are both
important to the pathogenesis of malignancies. Andro-
gen deprivation therapy (ADT) for prostate cancer
causes drastic hormonal changes that alter both disease
and host factors. We measured inflammatory and angio-
genic biomarkers in ADT-treated and control groups of
men with prostate cancer.

Materials and Methods. Baseline and 12-week plasma
samples were collected from 37 ADT-naïve men with lo-
cally advanced or recurrent prostate cancer. Of those,
23 initiated ADT with a gonadotropin-releasing hor-
mone (GnRH) agonist and 14 served as nontreatment
controls. Samples were tested for a panel of angiogenic
and inflammatory biomarkers.

Results. The treatment group had significantly higher
concentrations of the inflammatory biomarkers inter-
leukin (IL)-1�, IL-6, IL-8, tumor necrosis factor
(TNF)-�, and stromal cell– derived factor (SDF)-1�.

None of the angiogenic biomarkers were significantly
different between the groups at baseline. Among pa-
tients with a short prostate-specific antigen (PSA) dou-
bling time (<6 months), the proangiogenic factor basic
fibroblast growth factor (bFGF) was lower at baseline.
In the treatment group, plasma placental growth factor
(PlGF) increased and IL-6 decreased after 12 weeks of
ADT. Moreover, the treatment group continued to have
significantly higher concentrations of the inflammatory
biomarkers IL-1�, IL-8, and SDF-1� as well as bFGF
than controls.

Discussion. These men were characterized by elevations
in several traditional markers of aggressive disease and
also by higher levels of several inflammatory biomarkers.
Although ADT decreased IL-6 levels, IL-1�, IL-8, and
SDF-1� remained significantly higher than in controls.
The role of these biomarkers should be further explored.
The Oncologist 2012;17:212–219

INTRODUCTION
The natural history of prostate cancer varies greatly. Some
prostate cancers are indolent and patients are not likely to ben-
efit from treatment [1]. Others metastasize and progress de-
spite available systemic therapies, making prostate cancer the
second leading cause of cancer death among men [2]. Better

biomarkers of disease biology and pathogenesis are clearly
needed because they would have the potential to improve risk
stratification among men with localized disease and to reveal
potential therapeutic targets.

Angiogenesis is important to the pathogenesis of a vari-
ety of cancers. Vascular endothelial growth factor (VEGF)
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is a proangiogenic factor that has been validated as a thera-
peutic target and is known to be present in prostate cancer
tissue but not normal prostate tissue or benign prostatic hy-
pertrophy (BPH) [3–5]. Bevacizumab is a monoclonal anti-
body that inhibits VEGF and has produced benefits for
patients with several types of solid tumor [6]. The addition
of bevacizumab to conventional chemotherapy for meta-
static prostate cancer was initially promising [7] but did not
produce a significant benefit in phase III study [8]. Addi-
tional insights into the role of antiangiogenesis in prostate
cancer therapy are needed.

Inflammation has long been hypothesized to play an im-
portant role in the pathogenesis of malignancy [9]. Despite this
long-standing knowledge of an association between inflamma-
tion and cancer, the mechanisms responsible for this associa-
tion are not yet well understood. Immunotherapy using
sipuleucel-T for advanced prostate cancer has produced clini-
cal benefit [10]. However, a complete mechanistic understand-
ing of the interplay among inflammation, immune function,
and prostate cancer is still lacking.

Finally, androgen deprivation therapy (ADT) is the corner-
stone systemic therapy for prostate cancer patients. ADT-
associated changes in the hormonal environment strongly
affect both host and tumor. Previously, we showed that ADT in
mice bearing androgen-dependent tumors lowers the level of
VEGF in these tumors and “normalizes” their vessels [11]. Lit-
tle is known about changes in inflammatory cytokines and an-
giogenic factors during ADT for prostate cancer. Our objective
was to better define these changes. Here, we conducted an ex-
ploratory analysis of a number of inflammatory and angio-
genic biomarkers among men with locally advanced or
recurrent prostate cancer.

MATERIALS AND METHODS

Participants
Study participants were recruited with institutional review
board approval at the Massachusetts General Hospital (MGH)
in March 2003 to May 2005. Treatment group patients had lo-
cally advanced or recurrent prostate cancer. Men with bone
metastases on radionuclide bone scan were excluded. Men
with a Karnofsky performance status score �90, a history of
diabetes mellitus or glucose intolerance, treatment with medi-
cations known to alter glucose or insulin levels, or a serum cre-
atinine concentration �2.0 mg/dL were also excluded. Control
group participants had prostate cancer and were recruited from
the same hospital in the same time frame but were not planned
for gonadotropin-releasing hormone (GnRH) agonist therapy.
No participant received radiation therapy (RT) during study
participation.

Study Design
Treatment group patients were evaluated at the General Clin-
ical Research Center at MGH at baseline and after 12 weeks of
treatment. Blood samples were collected on the morning of
each visit. Plasma samples were stored at �70°C for subse-
quent batch measurements. Control group patients were tested

in the same way but did not receive prostate cancer treatment
during the 12-week interval.

After the baseline visit, treatment group patients re-
ceived leuprolide 3-month depot (LupronDepot�; TAP
Pharmaceuticals Inc., Deerfield, IL; 22.5 mg i.m.). Patients
also received bicalutamide (Casodex�; AstraZeneca PLC,
London, U.K.; 50 mg by mouth daily) for 4 weeks to prevent
the clinical effects of the androgen flare associated with the
initiation of a GnRH agonist. The Institutional Review
Board of Dana Farber/Harvard Cancer Center reviewed and
approved the study and all participants gave written in-
formed consent.

Circulating Biomarker Evaluations
Circulating angiogenic and inflammatory biomarkers were
measured in plasma (Table 1). Analysis was carried out for cir-
culating VEGF, placental growth factor (PlGF), soluble VEGF
receptor 1 (sVEGFR-1), sVEGFR-2, basic fibroblast growth
factor (bFGF), interleukin (IL)-1�, IL-6, IL-8, tumor necrosis
factor (TNF)-�, C-reactive protein (CRP), soluble intercellular
adhesion molecule 1, soluble vascular cell adhesion molecule
1, and serum amyloid A using multiplex enzyme-linked immu-
nosorbent assay (ELISA) plates from Meso-Scale Discovery
(Gaithersburg, MD). Soluble c-Kit and stromal cell–derived
factor (SDF)-1� were similarly analyzed using ELISA plates
from R&D Systems (Minneapolis, MN). Every sample was
run in duplicate.

Statistical Analysis
The objective was to perform an exploratory analysis of the
changes in a panel of inflammatory and angiogenic biomarkers
in men with prostate cancer managed with or without ADT.
Data are reported as medians and interquartile ranges (IQRs)
for continuous variables and as percentages for discrete vari-
ables. p-values for comparison between groups were deter-
mined using the Wilcoxon exact test.

RESULTS

At Baseline, Treatment-Group Patients Had Higher
Prostate-Specific Antigen Levels, a Higher Rate of
Prostate-Specific Antigen Doubling Time <6
Months, and Higher Levels of IL-1�, IL-6, IL-8,
TNF-�, and SDF-1�
We analyzed plasma samples from all 37 patients enrolled (23
ADT-treated and 14 control participants). The median age for the
cohort was 67 years. We measured the plasma concentration of
prostate-specific antigen (PSA) and 15 angiogenic and inflamma-
tory biomarkers (Table 2) in patients from the ADT and control
groups at baseline. The treatment group featured a higher median
PSA level—5.4 ng/mL (IQR, 3.7–19.5 ng/mL) versus 2.0 ng/mL
(IQR, 0.3–5.5 ng/mL) (p � .022)—and a higher proportion of pa-
tients with a PSA doubling time (PSAdt) �6 months (63.6% ver-
sus 0%; p � .0001). In addition, participants in the ADT group
had significantly higher levels of the following circulating inflam-
matory biomarkers in plasma: IL-1�, IL-6, IL-8, TNF-�, and
SDF-1� (Table 2). There was no significant difference in the lev-

213Saylor, Kozak, Smith et al.

www.TheOncologist.com



els of other inflammatory or angiogenic biomarkers between the
groups at baseline.

Treated Patients Had Higher PlGF Levels and
Lower Levels of IL-6 in Plasma During ADT
Next, we evaluated biomarker changes at 12 weeks on study.
Levels of PSA were significantly lower at 12 weeks than at
baseline in treated patients, consistent with the effect of ADT
(p � .0001) (Table 3). Plasma PlGF significantly increased
during ADT (p � .01), whereas plasma IL-6 decreased (p �

.05). In the control group, the levels of bFGF decreased after 12
weeks on study (p � .05). None of the other biomarkers had
changed at 12 weeks in the two groups.

Higher Baseline bFGF Was Correlated with Longer
PSAdt (>6 Months)
We next evaluated biomarker changes after stratifying patients
from the ADT group based on treatment outcome. PSA at base-
line did not significantly correlate with any of the examined mark-
ers of disease (i.e., percentage with PSAdt �6 months, node

Table 1. Summary of examined inflammatory cytokines and angiogenic factors

Factor Name Description

Angiogenic

VEGF Vascular endothelial growth factor Glycoprotein important to the promotion of tumor
angiogenesis [34]; VEGF family ligands include
VEGF-A, VEGF-B, VEGF-C, VEGF-D, and PlGF;
VEGF is VEGF-A; bevacizumab inhibits VEGF-A

PlGF Placental growth factor Angiogenic protein belonging to the VEGF family;
important to angiogenesis and vasculogenesis; its
receptor is VEGFR-1 [35, 36]

sVEGFR-1 Soluble vascular endothelial growth factor
receptor 1

Endogenous inhibitor of VEGFR-1 signaling;
among other proposed mechanisms, sequesters the
VEGFR-1 ligands PIGF and VEGF [6, 37]

sVEGFR-2 Soluble vascular endothelial growth factor
receptor 2

Potential endogenous inhibitor of VEGFR-2
signaling [38]

bFGF Basic fibroblast growth factor Also known as FGF-2; member of FGF family and
important mediator of angiogenesis [39]

Inflammatory

CRP C-reactive protein Marker of systemic inflammation

sICAM-1 Soluble intercellular adhesion molecule 1 Soluble members of the cell adhesion molecule
class; thought to be biomarkers for inflammatory
processes involving activation of platelets and the
endothelium; ICAM-1 and VCAM-1 are cell
adhesion molecules that play an important role in
monocyte adhesion [40]

sVCAM-1 Soluble vascular cell adhesion molecule 1

SAA Serum amyloid A Acute-phase protein expressed in response to
inflammation and tissue injury [41, 42]

IL-1� Interleukin 1� (catabolin) Inflammatory cytokine produced by macrophages;
also involved in cell proliferation, differentiation,
and apoptosis

IL-6 Interleukin 6 Cytokine that functions in inflammation and the
maturation of B cells; produced at sites of acute and
chronic inflammation [43]

IL-8 Interleukin 8 Inflammatory chemokine, member of the CXC
chemokine family; functions as a chemoattractant
and angiogenic factor [6]

TNF-� Tumor necrosis factor � Inflammatory cytokine mediates the acute phase
reaction and regulates immune cells

SDF-1� Stromal cell–derived factor 1� Chemokine ligand to CXCR4 and CXCR7; SDF-1�
is a chemoattractant for myeloid bone marrow–
derived cells and cancer cells [6]

Soluble c-Kit Soluble stem cell growth factor receptor
(CD117)

Soluble c-Kit may act as a natural, competitive
antagonist for the transmembrane receptor, and
may mobilize hematopoietic stem cells from bone
marrow [44–46]

214 Inflammatory and Angiogenic Biomarkers During ADT



status, Gleason score) or with any of the measured angiogenic or
inflammatory biomarkers. When treatment-group patients were
dichotomized as baseline PSAdt �6 months versus baseline
PSAdt�6 months, the baseline plasma bFGF level was signifi-
cantly higher in patients with a longer PSAdt—83 pg/mL (IQR,
48–97 pg/mL) versus 39 pg/mL (IQR, 24–55 pg/mL) (p � .05).

After 12 Weeks of ADT, Prostate Cancer Patients
Had Lower PSA Levels but Higher Circulating
Levels of bFGF, IL-1�, IL-8, and SDF-1�
We compared the on-study levels of biomarkers between pa-
tients from the treatment group and those from the control
group. On-study levels of PSA were lower in treated patients

Table 2. Summary of baseline variables

Variable Treated Control All p-value

PSA, ng/mL 5.4 (3.7–19.5) (n � 23) 2.0 (0.3–5.5) (n � 14) 4.9 (2.1–14.6) (n � 37) .022

PSAdt �6
mos

63.6% (n � 22) 0.0% (n � 14) 38.9% (n � 36) .0001

cT n � 23 n � 14 n � 37 .0004

cT 0 0.0% 28.6% 10.8%

cT 1c 4.3% 28.6% 13.5%

cT 2a 0.0% 7.1% 2.7%

cT 3 13.0% 0.0% 8.1%

cT R 82.6% 35.7% 64.9%

cN �0 21.7% (n � 23) 0.0% (n � 14) 13.5% (n � 37) .13

Gleason score n � 21 n � 14 n � 35 .26

Gleason 6 38.1% 57.1% 45.7%

Gleason 7 38.1% 28.6% 34.3%

Gleason 8 14.3% 14.3% 14.3%

Gleason 9 9.5% 0.0% 5.7%

Positive cores 40% (32%–62%) (n � 3) 17% (17%–42%) (n � 5) 32% (17%–47%) (n � 8) .38

Age, yrs 69 (64–74) (n � 23) 63 (62–71) (n � 14) 67 (63–74) (n � 37) .12

VEGF 175 (107–245) (n � 23) 135 (92–177) (n � 14) 154 (104–217) (n � 37) .26

PlGF 13 (11–15) (n � 23) 12 (10–15) (n � 14) 13 (11–15) (n � 37) .65

sVEGFR-1 66 (55–106) (n � 23) 81 (66–98) (n � 14) 76 (55–101) (n � 37) .57

sVEGFR-2 6,979 (5,816–8,882) (n � 23) 6,946 (6,232–8,084) (n � 14) 6,979 (6,156–8,441) (n � 37) .63

bFGF 44 (28–78) (n � 23) 25 (16–43) (n � 14) 36 (19–59) (n � 37) .053

CRP 2,164 (931–6785) (n � 23) 1,207 (457–3201) (n � 14) 1,895 (598–3818) (n � 37) .30

sICAM-1 171 (96–379) (n � 23) 295 (185–371) (n � 14) 263 (122–376) (n � 37) .23

sVCAM-1 316 (232–700) (n � 23) 754 (300–896) (n � 14) 580 (240–845) (n � 37) .16

SAA 785 (203–2185) (n � 23) 715 (257–1039) (n � 14) 774 (215–1154) (n � 37) .38

IL-1� 0.61 (0.52–0.97) (n � 23) 0.36 (0.28–0.44) (n � 14) 0.54 (0.39–0.88) (n � 37) .0001

IL-6 2.5 (1.9–5.8) (n � 23) 1.4 (1.1–1.8) (n � 14) 2.0 (1.3–3.1) (n � 37) .0051

IL-8 6.1 (4.7–7.2) (n � 23) 2.3 (1.6–2.8) (n � 14) 3.6 (2.3–6.8) (n � 37) �.0001

TNF-� 9.2 (7.1–10.4) (n � 23) 7.2 (6.1–8.2) (n � 14) 8.3 (6.5–9.4) (n � 37) .014

SDF-1� 2,119 (1,882–2,520) (n � 23) 1,848 (1,608–2,210) (n � 14) 2,004 (1,788–2,485) (n � 37) .046

Soluble c-Kit 14,647 (12,163–18,501)
(n � 23)

13,435 (12,053–14,932)
(n � 14)

14,398 (12,124–16,638)
(n � 37)

.20

Continuous variable statistics are reported as median (IQR). Discrete variable statistics are reported as percentages. Plasma
cytokine levels are shown in pg/mL. p-values are for comparisons of treatment groups. The Wilcoxon exact test was used
for numerical variables and ordinal variables (Gleason score) and Fisher test was used for categorical variables.
Abbreviations: bFGF, basic fibroblast growth factor; cN, clinical nodal stage; CRP, C-reactive protein; cT, clinical tumor
stage; IL, interleukin; IQR, interquartile range; PlGF, placental growth factor; PSA, prostate-specific antigen; PSAdt, PSA
doubling time; SAA, serum amyloid A; SDF-1�, stromal cell–derived factor 1�; sICAM-1, soluble intercellular adhesion
molecule 1; sVCAM-1, soluble vascular cell adhesion molecule 1; sVEGFR, soluble VEGF receptor; TNF-�, tumor
necrosis factor �; VEGF, vascular endothelial growth factor.
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than in the control group, an expected effect of ADT. Plasma
bFGF, SDF-1�, IL-1�, and IL-8 levels were all significantly
higher in the treatment group (Table 4). There was no differ-
ence between the two groups in any of the other biomarkers at
week 12, including VEGF.

Differential Changes in Circulating VEGF and
sVEGFR-1 When Patients Were Dichotomized by
Baseline PSAdt
Finally, we dichotomized patients by baseline PSAdt and ex-
amined ADT-induced changes in inflammatory and angio-
genic biomarkers. We found that VEGF and sVEGFR-1 rose
among men with a long PSAdt (median percent of baseline:
VEGF, 119%; sVEGFR-1, 111%) and fell among men with a
short PSAdt (median percent of baseline: VEGF, 75%;
sVEGFR-1, 88%) (p � .013 for VEGF, p � .006 for sVEGFR-
1). Changes in other examined biomarkers did not differ be-
tween the two groups.

DISCUSSION
Existing data on changes in inflammatory cytokine levels be-
fore and during treatment for prostate cancer are limited. Much

of the literature is focused on patients undergoing RT. Lopes
et al. [12] found that, when inflammatory cytokines (IL-2,
IL-4, IL-5, IL-6, TNF-�, microphage inhibitory protein [MIP]-
1�, and leukemia inhibitory factor) were measured in patients
with localized disease planned for radiotherapy, only IL-2 was
significantly elevated at baseline and during treatment. Kovacs
et al. [13] found that pretreatment IL-1, macrophage colony-
stimulating factor, and transforming growth factor (TGF)-�
levels were elevated in patients with prostate cancer and rose
during RT. Others found that RT was associated with signifi-
cant increases in IL-6 [12, 14–16] and TNF-� [15]. Johnke et
al. [16] tested IL-1�, IL-6, and TGF-� levels in men undergo-
ing RT with and without ADT and found that IL-1� and IL-6
rose and TGF-� fell after initiation of RT. This pattern was ob-
served with and without ADT, though the ADT group was ob-
served to have greater magnitudes of all three treatment-
induced changes.

Both androgens and the prostate cancer disease state have
previously been found to influence cytokine levels. Maggio et
al. [17] found, in a cross-sectional study, that testosterone
levels were inversely associated with soluble IL-6 receptor
(sIL-6r) levels but not with levels of the other inflammatory
markers they examined (IL-6, TNF-�, IL-1�, and CRP). Mal-
kin et al. [18] found that testosterone supplementation in hy-
pogonadal men caused significant decreases in TNF-� and
IL-1� as well as an increase in IL-10. Khosla et al. [19] found
that initiation of GnRH agonists in healthy elderly men led to
increased levels of TNF-�, IL-1�, and sIL-6r in the short term.
In contrast, Maggio et al. [20] found that 12 months of ADT
did not affect cytokine levels in men with prostate cancer. They
compared men who had received at least 12 months of contin-
uous ADT with age-matched controls with and without a his-
tory of prostate cancer and found no difference in serum levels
of MIP-1�, TNF-�, IL-7, IL-8, IL-12, IL-13, and IL-10. Sim-
ilarly, Smith et al. [21] found, in a prospective study, that 12
weeks of ADT did not cause a significant change in the CRP
level. Wise et al. [22] compared men with castration-resistant
prostate cancer (CRPC) with men with hormone-sensitive
prostate cancer and with men with BPH. They found that IL-6,
IL-4, and IL-10 were elevated in men with CRPC. George et al.
[23] reported that the plasma IL-6 level at baseline was prog-
nostic among men with metastatic CRPC treated in a cooper-
ative group trial, Cancer and Leukemia Group B (CALGB)
9480. The survival time was 19 months (95% confidence in-
terval [CI], 17–22 months) among those with a below-the-
median IL-6 level and 11 months (95% CI, 8–14 months) for
those with an above-the-median IL-6 level [23].

To gain additional insight into the systemic changes after
hormonal therapy for prostate cancer patients, we measured
circulating inflammatory and angiogenic biomarkers in
plasma. We found that, at baseline, the ADT treatment group
was characterized by conventional markers of more aggressive
disease as well as elevated levels of several inflammatory cy-
tokines (IL-1�, IL-6, IL-8, TNF-�, and SDF-1�). We also
found that PlGF rose and IL-6 fell during ADT. We found that,
after 12 weeks of ADT, the treatment group featured higher
levels of the proangiogenic factor bFGF as well as the inflam-

Table 3. Comparison of on-study and baseline
measurements of PSA and angiogenic and
inflammatory biomarkers

Biomarker
p-value
(treated group)

p-value
(control group)

PSA �.0001 (n � 23) .38 (n � 14)

VEGF .68 (n � 22) .68 (n � 13)

PlGF .0059 (n � 22) .19 (n � 14)

sVEGFR-1 .42 (n � 23) .84 (n � 13)

sVEGFR-2 .92 (n � 22) .46 (n � 14)

bFGF .36 (n � 23) .020 (n � 14)

CRP .33 (n � 23) .27 (n � 13)

sICAM-1 .31 (n � 23) .89 (n � 13)

sVCAM-1 .41 (n � 23) .95 (n � 14)

SAA .82 (n � 23) .15 (n � 14)

IL-1� .23 (n � 23) 1.0 (n � 14)

IL-6 .048 (n � 23) .81 (n � 14)

IL-8 .87 (n � 23) .63 (n � 14)

TNF-� .43 (n � 23) 1.0 (n � 14)

SDF-1� .87 (n � 23) .12 (n � 14)

Soluble c-Kit .34 (n � 22) .63 (n � 14)

p-values are for comparisons of on-study with baseline
levels, separately for the treatment and control groups.
p-values are from paired exact Wilcoxon tests.
Abbreviations: bFGF, basic fibroblast growth factor;
CRP, C-reactive protein; IL, interleukin; PlGF, placental
growth factor; PSA, prostate-specific antigen; SAA,
serum amyloid A; SDF-1�, stromal cell–derived factor
1�; sICAM-1, soluble intercellular adhesion molecule 1;
sVCAM-1, soluble vascular cell adhesion molecule 1;
sVEGFR, soluble VEGF receptor; TNF-�, tumor necrosis
factor �; VEGF, vascular endothelial growth factor.

216 Inflammatory and Angiogenic Biomarkers During ADT



matory cytokines IL-1�, IL-8, and SDF-1�. Finally, we found
that patients who progressed faster (i.e., had a shorter PSAdt)
had drops in the antiangiogenic molecule sVEGFR-1 and, sur-
prisingly, also in the proangiogenic molecule VEGF. Collec-
tively, these data indicate that elevation in inflammatory
biomarkers may reflect characteristics of more aggressive
prostate cancers and should be explored as prognostic bio-
markers in larger experimental cohorts.

Among biomarkers of angiogenesis, VEGF has been most
extensively examined in men with prostate cancer. Prostate tu-
mors stain positively for VEGF, but normal prostate tissue
does not [3–5]. The intensity of VEGF staining appears to cor-
relate with Gleason score and to be lower among men who re-
ceive ADT prior to surgery [4]. Pallares et al. [24] evaluated
prostatectomy specimens for microvessel density, VEGF,
bFGF, VEGFR-1, and VEGFR-2 expression by immunohisto-
chemistry. They found statistically significant higher mi-
crovessel density and expression levels of VEGF, bFGF, and
the receptors Flk-1/KDR and Flt-1 within high-grade prostatic
intraepithelial neoplasia and prostate cancer than within nor-
mal tissue. Matsumoto et al. [25] found that gene expression
levels of PlGF-1 and PlGF-2 were significantly lower in un-
treated prostate cancer than in BPH or in treated prostate can-
cer specimens. The accessibility of circulating angiogenic
biomarkers makes them more attractive than tissue. Duque et

al. [26, 27] found that plasma VEGF levels were significantly
higher in men with metastatic disease than in men with local-
ized prostate cancer and in healthy controls. In men with CRPC
treated on CALGB protocol 9480, pretreatment urine [28] and
plasma [29] VEGF levels were each significantly negatively
correlated with survival time.

In our study, in contrast to inflammatory biomarkers, on-
treatment angiogenic biomarkers were not different in the
treatment and control groups. This is in apparent contrast with
preclinical findings, wherein ADT led to a decrease in intratu-
moral VEGF [11]. Besides the limited sample size, there are
several possible explanations for this finding. First, angiogen-
esis and circulating biomarkers may not differ significantly
prior to therapy in indolent versus aggressive prostate cancers.
Alternatively, angiogenesis in prostate cancer might be medi-
ated by alternative pathways that were not evaluated in this
study. Finally, changes in intratumoral VEGF may not be re-
flected by changes in circulating VEGF.

The effects of ADT on prostate cancer perfusion were pre-
viously examined using an ultrasound-guided transrectal pola-
rographic Eppendorf needle electrode. Measurements before
and during treatment with the antiandrogen bicalutamide re-
vealed baseline hypoxia as well as a therapy-induced reduction
in tumor hypoxia, indicative of normalization of tumor vascu-
lature [11, 30]. In another study, multiparameter magnetic res-

Table 4. PSA and biomarkers of angiogenesis and inflammation compared after 12 weeks on study

Biomarker Treated group Control group All p-value

PSA 0.0 (0.0–0.4) (n � 23) 1.6 (0.3–2.2) (n � 14) 0.2 (0.0–1.8) (n � 37) .0097

VEGF 146 (111–208) (n � 22) 117 (83–195) (n � 13) 132 (101–201) (n � 35) .24

PlGF 15 (13–18) (n � 22) 13 (12–14) (n � 14) 14 (13–17) (n � 36) .068

sVEGFR-1 70 (55–91) (n � 23) 84 (60–102) (n � 13) 75 (56–97) (n � 36) .60

sVEGFR-2 7,428 (6,026–8,534) (n � 22) 6,284 (5,889–8,313) (n � 14) 6,942 (5,850–8,327) (n � 36) .47

bFGF 32 (25–71) (n � 23) 11 (8–14) (n � 14) 25 (11–44) (n � 37) .0006

CRP 2,546 (862–3,580) (n � 23) 2,108 (903–5,468) (n � 13) 2,248 (881–4,266) (n � 36) .90

sICAM-1 258 (118–397) (n � 23) 288 (207–391) n � (13) 276 (133–395) (n � 36) .49

sVCAM-1 512 (261–777) (n � 23) 641 (379–853) (n � 14) 560 (270–829) (n � 37) .43

SAA 1,285 (325–2,154) (n � 23) 908 (436–1,363) (n � 14) 1,001 (352–1,754) (n � 37) .55

IL-1� 0.56 (0.45–0.90) (n � 23) 0.34 (0.25–0.52) (n � 14) 0.51 (0.30–0.86) (n � 37) .026

IL-6 1.9 (1.4–3.9) (n � 23) 1.3 (1.2–1.9) (n � 14) 1.7 (1.2–3.5) (n � 37) .077

IL-8 5.7 (3.8–7.7) (n � 23) 2.2 (1.6–2.8) (n � 14) 3.8 (2.4–6.5) (n � 37) .0001

TNF-� 8.4 (7.3–9.8) (n � 23) 6.5 (5.8–8.6) (n � 14) 7.9 (6.4–9.5) (n � 37) .067

SDF-1� 2,294 (1,775–2,671) (n � 23) 1,736 (1,577–1,842) (n � 14) 1,879 (1,703–2,447) (n � 37) .023

Soluble c-Kit 15,285 (13,030–16,904)
(n � 22)

15,085 (11,491–16,466)
(n � 14)

15,285 (12,787–16,828)
(n � 36)

.36

The treated group received 12 weeks of androgen deprivation therapy with a gonadotropin-releasing hormone agonist
whereas the control group did not receive therapy for prostate cancer. Plasma cytokine levels are shown in pg/mL. Values
are reported as median (interquartile range). p-values are for comparisons of treatment and control groups using the
Wilcoxon exact test.
Abbreviations: bFGF, basic fibroblast growth factor; CRP, C-reactive protein; IL, interleukin; PlGF, placental growth
factor; PSA, prostate-specific antigen; SAA, serum amyloid A; SDF-1�, stromal cell–derived factor 1�; sICAM-1, soluble
intercellular adhesion molecule 1; sVCAM-1, soluble vascular cell adhesion molecule 1; sVEGFR, soluble VEGF receptor;
TNF-�, tumor necrosis factor �; VEGF, vascular endothelial growth factor.
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onance imaging was used to measure tumor blood flow before
and during combined androgen blockade with a GnRH agonist
and bicalutamide. The study showed that tumor blood flow fell
79% (p � .0001) during the first month of therapy, suggesting
that treatment had potent antivascular effects at that time point
[31]. Although neither of those studies measured concurrent
levels of intratumoral or circulating VEGF, these data suggest
that circulating levels of VEGF might have dropped with
ADT-induced reductions in tumor hypoxia and then in blood
flow. We observed stable circulating VEGF levels after 12
weeks of ADT. This is in apparent contrast to the clinical ob-
servation of ADT-induced declines in tumor blood flow and
hypoxia. Potential explanations include a limited sample size,
the absence of a true change in VEGF at that time point, and the
presence of a change in VEGF that is not reflected in circulat-
ing VEGF levels.

In the treatment group, baseline PSA did not correlate with
any of the examined markers of disease or with any of the an-
giogenic or inflammatory markers. It is possible that the sam-
ple size was too small to see correlations of modest magnitude.
Alternatively, PSA may not significantly correlate with in-
flammation or angiogenesis. Cohort baseline PSAdt �6
months was only correlated with lower baseline levels of the
proangiogenic factor bFGF. Although the reason underlying
this correlation is unclear, this finding indicates that bFGF may
not be critical for tumor angiogenesis in this setting.

Comparison of baseline and 12-week cytokine levels
among those receiving ADT revealed that PlGF rose and IL-6
fell. PlGF is well described to be a proangiogenic cytokine, and
its upregulation during ADT may have biologic implications.
Several groups have found that circulating IL-6 levels rise in
men treated with RT for localized prostate cancer [12, 14–16].
The observation that ADT lowers IL-6 levels stands in intrigu-
ing contrast to the reported upregulation of IL-6 with RT. The
clinical observation that concurrent ADT improves outcomes
in higher risk prostate cancer patients treated with definitive
RT suggests that this finding warrants further exploration as
potential mechanistic explanation for the clinical efficacy of
combined therapy.

Finally, we found that VEGF and sVEGFR-1 rose among
men with a long PSAdt and fell among men with a short PSAdt.
This finding suggests a differential impact of treatment on an-
giogenic biomarkers based on more versus less aggressive dis-
ease. Retrospective data have suggested that the PSAdt prior to
treatment is clinically meaningful. Shulman et al. [32] found
that, among men treated with an antiandrogen for CRPC, the
median PSAdt at the time of antiandrogen initiation was longer
among those who responded (12.7 months for responders ver-
sus 7.5 months for nonresponders; p � .037). Keizman et al.
[33] found that a short PSAdt before treatment with intermit-
tent ADT was associated with disease progression. Given that
a short PSAdt seems to reflect biologically aggressive disease,
differential ADT-induced changes in VEGF and sVEGFR-1
among men with a short PSAdt merit further investigation.

The present study features several limitations. First, the

conventional disease characteristics of the treatment and con-
trol groups differed significantly at baseline, a reflection of the
fact that participants had not been randomized to treatment and
control groups. This limits the conclusions that can be drawn
regarding comparisons between the groups during the on-
study interval. Second, the sample sizes are relatively small,
thereby limiting the statistical power to detect differences and
increasing the risk for chance observations. Despite these lim-
itations, our observations are hypothesis generating and merit
validation within larger cohorts. Further study should be done
to better define important biomarkers of inflammation and
their clinical implications among prostate cancer patients. In
particular, the roles of the angiogenic factor PlGF and the pro-
inflammatory cytokine IL-6 in men receiving ADT warrant
further clarification.

CONCLUSION
The objective of our study was to preliminarily characterize
profiles of several inflammatory and angiogenic biomarkers
among men with locally advanced or recurrent prostate cancer.
The ADT treatment group featured conventional markers of
more aggressive disease and higher baseline levels of several
inflammatory markers. Treatment with ADT was associated
with a rise in PlGF and a decline in IL-6. Further work is
needed to better define the dynamics of these markers and their
clinical implications in this population.
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