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BRIEF REPORT

Tumor-associated autoantibodies correlate
with poor outcome in prostate cancer patients
treated with androgen deprivation and external
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Standard cancer treatments trigger immune responses that may influence tumor control. The nature of these
responses varies depending on the tumor and the treatment modality. We previously reported that radiation and andro-
gen-deprivation therapy (ADT) induce tumor-associated autoantibody responses in prostate cancer patients. This follow-
up analysis was conducted to assess the relationship between autoantibody responses and clinical outcome. Patients
with non-metastatic prostate cancer received external beam radiation therapy (EBRT) plus neoadjuvant and concurrent
androgen deprivation. Treatment-induced autoantibodies were detected in almost a third of patients receiving combi-
natorial ADT and EBRT. Unexpectedly, patients that developed autoantibody responses to tumor antigens had a signifi-
cantly lower 5-year biochemical failure-free survival (BFFS) than patients that did not develop an autoantibody response.
Thus, tumor-reactive autoantibodies may be associated with increased risk of biochemical failure and immunomodula-
tion to prevent autoantibody development may improve BFFS for select, high-risk prostate cancer patients receiving

both ADT and EBRT.

Introduction

Prostate cancer is the most common cancer in North American
men. For patients with clinically localized disease, the primary
treatment options are surgery or radiation therapy in the form of
external beam radiation (EBRT) or brachytherapy. Patients with
high-risk disease (e.g., clinical stage = T3, Gleason score = 8 or
prostate-specific antigen (PSA) > 20) are typically offered radia-
tion therapy in combination with androgen deprivation therapy
(ADT)."? In these patients, treatment with ADT and EBRT is
associated with a 20% rate of biochemical failure (BF) at 5 v,
increasing to 50% at 10 y.>* Thus, improved treatments for
patients with high-risk prostate cancer are required.

Intriguingly, ADT and EBRT appear to work synergistically
to improve patient outcomes, whereas ADT does not improve
outcomes when combined with radical prostatectomy.’ ADT is
thought to increase tumor cytoreduction and promote cancer cell
apoptosis while decreasing tumor hypoxia, which may enhance
the tumoricidal effects of radiation.® ADT also has immuno-
logic effects, such as promoting thymopoiesis, which may in
turn facilitate infileration of T cells into the prostate to exert
antitumor effects.”® Radiation treatment can improve the abil-
ity of the immune system to recognize tumors through several
mechanisms, including increased expression of the death recep-
tor Fas and enhanced antigen presentation through upregulation
of major histocompatibility complex class I molecules on tumor
cells.” Additionally, there is increasing evidence that the response
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Table 1. Clinicopathologic characteristics of subjects included in the study

Number of subjects 23

. 69.7
Age, years; median (range) (513-81.2)
Gleason Score, n (%)
6 7 (30.4)
7 11(47.9)
8-10 5(21.7)
Stage, n (%)
T 8(34.8)
T2 12 (52.2)
T3 3(13.0

Prostate-specific antigen at diagnosis; | 11.0

median, ng/mL (range) (3.1-100)
Risk group, n (%)

Low 1(4.3)
Intermediate 6(26.1)
High 16 (69.6)

to radiation treatment involves a form of immunogenic cell death
incurred through a mechanism that depends on recognition of
necrotic tumor cells via toll-like receptor 4 (TLR4)."° This may,
in part, also explain the abscopal effect, in which tumor regres-
sion occurs outside the radiation field."! Although the precise
mechanisms underlying the abscopal effect have yet to be deter-
mined, it has been proposed that inflammation and tumor cell
death at the radiation site promotes anticancer immune responses
that can spread to nonirradiated lesions. The combination of
immunogenic tumor cell death, inflammation, and enhanced
antigen presentation at the tumor site may provide the prim-
ing and activation signals necessary for sustained T-cell-medi-
ated antitumor responses. Consequently, ADT and EBRT may
act synergistically to activate immune responses against prostate

cancer'>?

such that the concept of treatment-induced immune
responses remains an important research topic meriting further
investigation.

A central component of the humoral immune response is anti-
body production by B cells, which is dependent on T helper type
2 (Th2) cytokines produced by CD4* T cells. Studies have shown
that tumor-specific humoral immune responses are induced by
ADT, radiation, or vaccine approaches in some prostate cancer
patients.””'* We have previously reported that the incidence of
tumor-associated autoantibodies in patients receiving ADT and
EBRT is increased compared with those receiving other treatment
modalities, such as brachytherapy or radical prostatectomy.” As
the development of new seroreactivities suggests antigen spread,
we anticipated that the presence of treatment-induced autoanti-
bodies would correlate with improved clinical outcomes. In this
study, we assessed the relationship between treatment-associated
autoantibody responses and biochemical failure in a cohort of
patients receiving ADT and EBRT with median follow-up of
more than 5 y. Unexpectedly, the results of our study indicate
that treatment-associated autoantibody responses might be asso-
ciated with unfavorable patient outcomes. While striking, these
observations need to be validated in a larger cohort of patients.
Nonetheless, these data raise the possibility that standard
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treatments for prostate cancer could have important conse-
quences regarding anticancer immunity, particularly as we move
into an era when combinatorial radiation and immunotherapeu-
tic regimens are being actively deployed in the clinic.

Results

Detection of tumor-associated autoantibodies

We collected sera samples from a total of 56 patients with
non-metastatic prostate cancer who were treated with ADT
and EBRT. Since it was crucial to examine treatment-induced
responses, patients were excluded if they received ADT prior
to their first blood collection. In addition, some patients were
lost to follow-up, leaving a small but well-controlled sample of
23 patients for further analysis (Table 1). To assess treatment-
associated immune responses, patient sera were immunoblotted
against whole cell lysates from the human prostate cancer cell
line LNCaP as previously described.” All results were confirmed
by at least 2 independent immunoblots. Sera were scored as posi-
tive if they showed the appearance of 1 or more bands by western
blotting either during treatment or within 1 y following. For all
cases, we tested all available time points wherever possible. Seven
of the 23 (30.4%) patients developed one or more seroreactivities.
Of the 16 high-risk patients, 6 (37.5%) developed autoantibody
responses, as did 1 (16%) of the intermediate-risk patients. The
low-risk patient that was treated with ADT and EBRT did not
develop an autoantibody response. In 4 of these patients (57.1%),
new seroreactivity was observed after ADT but before EBRT.
Figure 1 shows western blot results for 2 healthy donor controls
(Fig. 1A), 1 representative patient who did not develop autoanti-
bodies (Fig. 1B), and 2 representative patients who scored posi-
tive for treatment-associated autoantibodies (Fig. 1C and 1D).

Autoantibody responses are associated with poor prognosis
following ADT and EBRT

The median follow-up time (the time from the end of treat-
ment to the last available PSA value or death) was 73 mo (range
18-108 mo). Nine patients (39.1%) experienced biochemical fail-
ure. Specifically, 5 of 7 autoantibody-positive patients (71.4%)
experienced BF compared with 4 of 16 autoantibody-negative
patients (25%). By Kaplan-Meier analysis, patients who devel-
oped autoantibody responses during treatment showed a signifi-
cantly higher rate of BF (Fig. 2; P = 0.025, hazard ratio [HR]
=5.99, 95% confidence interval [CI] 1.25-28.75). Multivariate
analysis with risk group and autoantibody status indicated that
neither risk group (P = 0.704, HR 1.342, 95% CI 0.294-6.126)
nor the development of autoantibodies (2 = 0.058, HR 4.283,
95% CI 0.954-19.224) was a significant independent predictor
of BF (Table 2), although this is most likely due to the small
number of patients in this study cohort.

Discussion
Tumor-associated autoantibodies are detectable in patients

with a variety of cancer types, including prostate cancer, and
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may have prognostic value.'® The current study was undertaken
to investigate whether standard therapies for prostate cancer
resulted in tumor-associated humoral responses and whether
these changes correlate with treatment outcomes in patients
receiving ADT and EBRT. For high-risk patients and selected
patients with intermediate-risk disease, the combination of ADT
and EBRT is a standard treatment option but is associated with a
greater than 20% rate of biochemical failure at 5 y in patients with
more aggressive disease."” In our study, 30.4% of patients treated
with ADT and EBRT developed an autoantibody response dur-
ing or within 1 y of treatment. Among the autoantibody-posi-
tive patients, 71.4% experienced BF compared with only 25%
of patients without autoantibody responses. Although it would
have been preferable to perform the sera analysis on autologous
tumor tissue, biopsy collection for this group of prostate cancer
patients is not a standard of care at our institution. The presence
of different autoantibody reactive bands among patients suggests
that the target antigens are patient-specific rather than common
autoantigens. Indeed, our previous serologic screening using
SEREX identified a diverse repertoire of recognized antigens,
among which only a small subset were known to be common
autoantigens."” A major limitation in our study is the sample size,
and further studies are needed to validate these original findings
in large well-defined cohorts with longitudinal blood samples.
Nonetheless, our findings provide a rationale to investigate simi-
lar mechanisms in other settings where hormone therapy and
radiation are used in combination, such as breast cancer.

The results presented here are consistent with our laboratory
findings in the Shionogi tumor model, in which the detection
of autoantibodies specific for poly(A) binding protein correlated
with tumor recurrence after androgen deprivation by castration.'®
Another study evaluating autoantibody responses in patients
receiving a poxvirus-based vaccine and EBRT found that overall
autoantibody responses had no impact on survival, although when
stratified according to antigen specificity a trend toward worse out-
comes for certain autoantibodies was observed.”® Thus, the speci-
ficity of the antigen response may determine whether autoantibody
responses are beneficial or detrimental. Smith and colleagues
noted that autoantibody responses to specific tumor antigens var-
ied among individuals as well as with the type of treatment.'? We
found that the majority of autoantibody responses were coincident
with BF, suggesting that this type of immune response might pro-
mote disease recurrence. In this case, autoantibodies could serve
as a surrogate marker of an underlying T-cell response, in which
a strong Th2-mediated autoantibody response skews the pattern
away from Th1-driven cytolytic T-cell responses. However, valida-
tion of these conclusions in a larger cohort of patients is required,
in addition to further investigation to uncover the underlying
mechanism of these autoantibody responses.

The increased rate of BF in patients with tumor-associated
autoantibodies indicates that B-cell activation may promote
tumor aggressiveness. It is possible that the combination of ADT
with EBRT promotes a tumor microenvironment wherein stimu-
lation of prostate-resident B cells promotes chronic production
of inflammatory cytokines that, in turn, leads to tumor progres-
sion.” Consistent with this alternative hypothesis, a previous
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Figure 1. Treatment-associated responses to prostate tumor antigens.
Western blot analysis of serum from 2 healthy donor controls and 3
patients with prostate cancer probed against LNCaP cell lysate. The tim-
ing of sample collection for each patient is indicated. New seroreactivi-
ties are indicated with arrows. (A) Two healthy donor controls showing
no seroreactivity. (B) Patient 052, who did not develop an autoantibody
response throughout treatment. (C) Patient 054, who was treated with
androgen-deprivation therapy (ADT) plus external beam radiation ther-
apy (EBRT) and developed a new response 8 mo post-EBRT. (D) Patient
170, who developed two new responses 1 mo post-EBRT. Each blot was
re-probed with actin without the multichannel device to ensure equal
protein loading across each lane. The lines indicate the original slot-blot
lane for each sample.
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Figure 2. Treatment-associated autoantibody responses correlate with
increased likelihood of biochemical failure. Kaplan-Meier analysis of bio-
chemical failure-free survival according to development of an autoan-
tibody response. Sera from prostate cancer patients (n = 23) receiving
androgen-deprivation and external beam radiation bimodal therapy
were evaluated for the presence of autoreactive antibodies and plot-
ted according to biochemical failure, as indicated by elevated prostate
specific antigen (PSA). Autoantibody-positive subjects are indicated
with a solid line and autoantibody-negative subjects are indicated with
a dashed line. Check marks indicate censored subjects. A log-rank test
was performed to determine the P value.

report demonstrated that autoantibody production in the K14-
HPV16 model of squamous carcinogenesis recruits and regulates
tumor-associated macrophages and mononuclear phagocytes
through interaction of IgG with Fcy receptors, suggesting that the
detection of autoantibodies in the serum of patients may represent
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Table 2. Cox multivariate analysis of biochemical failure according to risk-related patient parameters and autoantibody status

Variable Hazard Ratio 95% confidence interval P value
Risk Group 1.342 0.294-6.126 0.704
Autoantibody Status 4,283 0.954-19.224 0.058

an immunosuppressive tumor environment.”® Moreover, a recent
finding by Karin and colleagues showed that tumor-infiltrating B
cells can directly promote progression of androgen-independent
prostate cancer via the production of pro-inflammatory cyto-
kines, specifically lymphotoxin-a..?! In another study of colon
cancer, depletion of B cells augmented antitumor responses and
suppressed metastasis.”> Taken together, these data suggest that B
cells may contribute to tumor pathogenesis in prostate cancer and
that immunomodulation through B-cell depletion or blockade of
inflammartory cytokines produced by B cells could be therapeuti-
cally beneficial in a subset of prostate cancer patients that receive
ADT plus EBRT. Studies to determine the contribution of B cells
to autoantibody responses and prostate cancer outcome are cur-
rently underway in mouse models.

Patients receiving ADT plus EBRT represent those with the
highest risk for recurrence, and within this high-risk patient
population we have identified a sub-group of patients with a del-
eterious immune response that has an even higher risk of recur-
rence. Randomized clinical trials have demonstrated that the
addition of ADT to EBRT enhances, rather than compromises,
prostate cancer control and survival, despite the apparent associa-
tion between this bimodal therapy and high rates of biochemical
failure.? Understanding the immunologic profile of patients with
unfavorable prognosis may help to stratify patients that would
benefit most from additional treatments, such as B-cell deple-
tion. Longitudinal monitoring of our prostate cancer patients
is needed to shed light on the interactions between B and T
cells and their respective contributions to treatment-associated
immune responses.

Patients with prostate cancer frequently receive radiation
therapy, with or without androgen-deprivation therapy. We show
that treatment-associated autoantibodies correlate with poor
outcome in patients receiving both androgen deprivation and
external beam radiation therapies. Thus, current treatments for
some prostate cancer patients could elicit undesirable immune
responses. Our findings suggest that immunomodulation during
hormone and radiation therapy to divert tumor immunity away
from autoantibodies toward more beneficial cytolytic responses
warrants further investigation.

Materials and Methods

Subjects

This study received approval by the Research Ethics Board of
the British Columbia Cancer Agency and University of British
Columbia. Fifty-six patients with non-metastatic prostate can-
cer who had elected to receive androgen deprivation and external
beam radiation therapy with curative intent were recruited at the
British Columbia Cancer Agency - Vancouver Island Centre in
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Victoria, British Columbia, between December 2003 and May
2006. The majority of patients (n = 16) had high-risk disease
(defined as stage = T3a, Gleason Score = 8-10, or PSA > 20),
6 patients had intermediate risk (stage T2b-T2c¢ or Gleason
Score = 7 or PSA 10-20), and one patient had low-risk disease
but received ADT and EBRT because of bulky disease. Some
patients were excluded from further analysis because they had
received ADT prior to the first blood collection or were lost to
follow up. Of the 56 patients recruited, 23 met the inclusion cri-
teria for this study (Table 1).

Patients received neoadjuvant and concomitant ADT as
single-agent or combination regimens at the discretion of the
treating physicians. Regimens were typically a combination of
a luteinizing hormone-releasing agonist and an anti-androgen.
Neoadjuvant ADT was typically given for 1 y before and con-
currently with EBRT. EBRT was planned and treated with 3D
conformal EBRT techniques using CT simulation and multi-
field beam arrangement to target the prostate gland and seminal
vesicles. The prescribed dose of EBRT was 74 Gy, delivered in
2-Gy daily fractions over a period of 7.5 wk.

Blood Collection

Blood samples were collected with informed written consent
from study participants. Serum was collected at the first visit, and
subsequent serum samples were collected at approximately 3-mo
intervals during treatment and then at 6-mo intervals for the first
year after treatment, timed to coincide with clinical assessment of
PSA. Blood was collected in serum separator tubes, centrifuged
at 2,500 rpm for 10 min, aliquoted, and stored at -80 °C. PSA
values were obtained from patient records. Biochemical failure
was defined as nadir +2 ng/mL per the Phoenix definition.?

Detection of autoantibodies by immunoblotting

Western blotting was performed as previously described.”” The
human prostate cancer cell line LNCaP was obtained from the
American Type Culture Collection. Briefly, 400 pg of protein
isolated from LNCaP cells was separated in a single lane by stan-
dard SDS-PAGE (Invitrogen, NP0336BOX) and transferred to
nitrocellulose (VWR, CA27376-991) using a Trans-Blot® SD
Semi-Dry Electrophoretic Transfer Cell (BioRad, 170-3940).
Sera were diluted 1:500 in Blotto (5% dry milk powder, 0.1%
Tween 20, 50 mmol/L Tris, 150 mmol/L NaCl) and incu-
bated for 1 h at room temperature using the Mini Protean II
MultiScreen multichannel immunoblotting device (Bio-Rad,
170—-4017). Membranes were incubated for 1 h at room tempera-
ture with horseradish peroxidase-conjugated goat anti-human
IgG secondary antibody (1:10,000; Heavy and Light chains;
Jackson ImmunoResearch, 109-001-003) and visualized by
enhanced chemiluminescence. All serum samples were assessed
by immunoblot analysis at least twice. Autoantibody responses
were considered positive if they developed within 1 y of complet-

ing EBRT.
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Detection of actin by immunoblotting

Nitrocellulose membranes were rehydrated in water for
10 min. To remove the primary human sera and secondary IgG,
blots were incubated for 10 min at room temperature with gentle
shaking in Restore™ Western Blot Stripping Buffer (Thermo
Scientific, 21059) and washed thoroughly (five times for 5 min
each at room temperature) in TBST. A 5% milk solution was
used to block the blots before reprobing with mouse anti-actin
(Sigma #A2228) antibody at a 1:50,000 dilution overnight at
4 °C with gentle shaking. Blots were washed five times for 5 min
at room temperature in TBST followed by incubation with anti-
mouse IgG IR800 secondary antibody (Rockland #610-132—
121; 1:20,000) for 1 h. Blots were washed and imaged using a
Li-Cor Odyssey Imager.

Statistical analysis

Log-rank tests were performed to determine significance
for biochemical failure in autoantibody-positive and -negative
patients. The relationship between risk (which incorporates stage,
Gleason score, and PSA level) and the development of autoanti-
bodies was analyzed by Cox regression analysis.
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