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Abstract

Cancer immunotherapy induces a variety of auto-inflammatory responses, including those against
the thyroid gland, which can be exploited to predict clinical outcomes. Considering the paucity of
information about thyroid autoimmunity in patients receiving cancer vaccines, we designed the
present study to assess the development of thyroglobulin antibodies (TgAbs) in patients treated
with GVAX and/or ipilimumab and correlated seroconversion with survival.

Using both in house and commercial ELISA assays, we measured TgAbs in patients with
pancreatic (No. = 53), prostate (No.= 35), or colon (No.= 8) cancer, before and after treatment
with GVAX only (No= 34), GVAX plus ipilimumab (No = 42), or ipilimumab (No =20), and
correlated their levels with patient’s survival, disease status, and T cell surface markers.
Antibodies to thyroperoxidase, myeloperoxidase, proteinase 3, insulin and actin were also
measured.

TgAbs specifically developed after GVAX, independent of the underlying cancer (81% in
prostate, 75% colon cancer, and 76% pancreatic cancer) and co-administration of ipilimumab
(75% in GVAX only and 78% in GVAX plus ipilimumab). This TgAbs seroconversion could be
detected mainly by the in house assay, suggesting that the thyroglobulin epitopes recognized by
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the antibodies induced by GVAX are different from the epitopes seen in the classic form of
Hashimoto thyroiditis. Notably, TgAbs seroconversion was associated with significantly
prolonged survival (p=0.01 for pancreas and p= 0.005 for prostate cancer).

In conclusion, GVAX immunotherapy induces the appearance of TgAbs that recognize a unique
antigenic repertoire and associate with prolonged survival.
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INTRODUCTION

Cancer immunotherapy has the ultimate goal of boosting the patient’s own immune
responses against cancer antigens, as to control and eliminate neoplastic cells as well as
prevent recurrences. One of the approaches used to achieve this goal is to administer
allogeneic tumor cells to provide a source of multiple tumor antigens that have been
irradiated (to prevent replication) and transfected to express granulocyte-macrophage
colony-stimulating factor (GM-CSF, to recruit and activate tumor specific dendritic cells), a
cancer vaccine known as GVAX2. Another approach is to block cytotoxic T lymphocyte-
associated antigen 4 (CTLA-4), a receptor expressed mainly on T lymphocytes upon
activation that ultimately dampens T cell responses. When blocked, CTLA-4 induces a
generalized activation and unbridled proliferation of T cells, including not only the clones
responding to cancer cells but also those recognizing self-antigens. Ipilimumab (Yervoy®,
Bristol-Myers Squibb) is a humanized monoclonal antibody that blocks CTLA-4 by
preventing the binding to its natural ligands. Ipilimumab was approved by the FDA in
March 2011 for the treatment of advanced melanoma, and is now being tested in several
other types of cancer3. The two approaches of GVAX and ipilimumab have been recently
combined for the treatment of patients with prostate? or pancreatic cancer®. In both studies,
the combination was safe, tolerable, and associated with improved clinical outcomes and
survival.

Cancer immunotherapy is associated with a variety of auto-inflammatory responses,
collectively referred to as “immune-related adverse events” (irAEs)8. The most common
irAEs are those affecting skin, colon, liver, and pituitary gland’, but many other organs and
systems can be involved. For example, the development of autoimmune thyroiditis in this
patient population is increasingly reported, with an overall prevalence around 3%. This form
of secondary thyroiditis, recently reviewed by Torino et al. 8, can manifest as
hypothyroidism or hyperthyroidism, and occur in isolation or associated with other irAEs.

The development of irAEs, being a reflection of the patient’s immune activation, has been
used as a tool to predict more favorable clinical outcomes®. For example, in a study of
metastatic melanoma patients receiving ipilimumab and a vaccine based on the melanoma
associated antigen gp100, irAEs development was associated with durable and favorable
clinical responses?0. Although these findings await confirmation, they support the notion
that autoimmune manifestations are intimately related to anti-tumor activity.
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Responses to cancer immunotherapy can be monitored in the clinical laboratory using assays
that analyze T cell and/or B cell (antibody) responses. Examples of T cell assays are
ELISPOT for mesothelin in pancreatic cancer patients receiving GVAX!, and tetramer
staining for the 209-217 peptide from the melanoma gp100 antigen in the context of HLA-
A*020112. Antibody responses have been described for melanoma antigens such as NY-
ESO-113, prostate antigens like PSMA, and more broadly expressed antigens such as filamin
B*. No report to date has analyzed thyroid autoimmunity in cancer patients receiving
immunotherapy. Considering that thyroid autoimmunity is the most common autoimmune
disease in the general population!4, has never been evaluated in this cancer treatment
setting, and can be diagnosed relatively well with widely used antibody tests, we designed
the present study to assess the prevalence and significance of humoral responses to
thyroglobulin in cohorts of cancer patients treated with either GVAX only, GVAX plus
ipilimumab, or ipilimumab only.

MATERIALS & METHODS

Patients

The study analyzed 96 patients (82 from the original cohort and 14 from a validation cohort)
with pancreatic, prostate, or colon cancer who received GVAX only, GVAX plus
ipilimumab, or ipilimumab only (Table 1). Patients were included in the study only if they
had sera available from both before and after treatment time points.

The GVAX only group included 8 patients with metastatic colon adenocarcinoma, and 26
patients with resected pancreatic adenocarcinoma (12 from the original and 14 from the
validation cohort) who had no radiographic evidence of pancreatic cancer disease recurrence
(Table 1). The colon GVAX vaccine consisted of two allogeneic colon cancer cell lines
(SW620 and SW837, irradiated and mixed in a 1:1 ratio) that were then mixed in a 5:2 ratio
with irradiated K562/GM-CSF cells, a chronic myeloid leukemia cell line engineered to
secrete GM-CSF. Patients received intravenous low dose cyclophosphamide one day prior to
intradermal administration of the colon GVAX vaccine for a total of 4 cycles, 28 days apart.
The pancreas GVAX vaccine has been previously described!! and was administered
intradermally monthly for three priming vaccinations followed by boost vaccinations every
six months.

The GVAX plus ipilimumab group consisted of 15 patients with previously treated
metastatic pancreatic adenocarcinoma, and 27 patients with castration resistant, metastatic
prostate cancer (Table 1). The pancreas cancer patients received GVAX given concurrently
with ipilimumab (10 mg/kg). The treatments were administered every 3 weeks for 4 doses,
then regularly every 12 weeks for the duration of the study®. The prostate cancer patients
received 13 doses of GVAX prostate (one every two weeks) plus 6 doses of ipilimumab (one
every month) at a dose comprised between 0.3 mg/kg and 5 mg/kg®*. Prostate cancer patients
did not receive any boosting treatment dose after the initial 6 months of treatment.

The ipilimumab only group comprised 12 patients with previously treated metastatic
pancreatic adenocarcinoma, and 8 patients with castration resistant metastatic prostate
cancer (Table 1). The pancreas cancer patients received ipilimumab (10 mg/kg) every 3
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weeks for 4 doses, then every 12 weeks for the duration of the study®. The prostate cancer
patients received 4 doses of ipilimumab (at a dose between 3 and 10 mg/kg) in combination
with radiotherapy?®.

Serum samples (No. = 434) were collected at baseline (No. = 96) and at several time points
after initiation of immunotherapy (No. = 338), then aliquoted and stored at —80 °C until use.

Detection of serum thyroglobulin antibodies

Thyroglobulin antibodies (TgAbs) were measured using both in house and commercial
assays to allow a more comprehensive representation of the epitope repertoire that, given the
large size of thyroglobulin, can be altered in commercial preparations whereas is more
completely represented in fresh thyroglobulin purifications.

The in house ELISA assay was performed in all 434 serum samples, as previously
described18. Briefly, we purified thyroglobulin from a human thyroid gland collected at
autopsy using gel filtration chromatography with Sephacryl S-300. After verification of
purity and integrity by gel electrophoresis, thyroglobulin was diluted in carbonate/
bicarbonate buffer pH 9.6 at a concentration of 2 pg/ml, and then used to coat Immunolon-2
ELISA plates (Thermo Scientific, Rochester, NY), at an amount of 100 ng per well. After
blockade of non-specific antibody binding with 5% normal goat serum and proper washing,
patient sera were diluted 1:100 in phosphate buffered saline and incubated overnight at 4 °C.
Antibody binding was detected by the addition of a goat anti-human 1gG conjugated to
alkaline phosphatase (Jackson ImmunoResearch Laboratories, PA) for 1 hour at room
temperature. Color development was induced by the addition of the pNPP substrate
(BioRad) and read at 405 nm in a Emax microplate reader (Molecular Devices, Sunnyvale,
CA). Each plate included a standard curve of serial dilutions of a pool of sera with known
high WHO units of TgAbs. Using this assay in a cohort of 47 healthy volunteers, we
established a value of 145 WHO U/ml as the cutoff above which sera were considered
positive for TgAbs. To assess the linearity and detection limit of the in house assay, serum
samples from baseline and post treatment time points were tested at 1:25, 1:50, 1:100, and
1:200 dilutions, using thyroglobulin concentrations of 2, 0.2 and 0.02 pg/ml (Supplementary
Fig 1).

Two commercial assays, ELISA QUANTA Lite (INOVA Diagnostics, Inc., San Diego, CA)
and RIA KRONUS thyroglobulin antibodies (Kronus Inc., Star, ID), were used in a subset
of 23 of the 96 patients (24%) to ensure reproducibility of the findings. The 23 patients were
randomly selected to represent different cancer types and treatment combinations: resected
pancreatic cancer treated with GVAX only (No. = 12), metastatic colon cancer treated with
GVAX only (No. = 8), and metastatic pancreatic cancer treated with GVAX plus
ipilimumab (No. = 3). Patient sera were analyzed both at baseline (No. = 23) and after
treatment (No. = 73) for a total of 96 sera. Commercial assays, performed according to the
manufacturer’s recommendations, considering positive values >100 WHO units per ml in
the INOVA Kkit, and >1 unit in the Kronus kit.

To assess the presence of non-immunoglobulin substances in the serum that could interfere
with the TgAbs assays, we purified immunoglobulins from 3 patients treated with GVAX by
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affinity chromatography using protein G columns (Protein G cartridges from Pierce). The
purified immunoglobulins were then tested for TgAbs in both the in house and commercial
ELISA assays, and results compared with those obtained using whole serum.

Detection of serum antibodies to thyroperoxidase, insulin, myeloperoxidase proteinase 3,
actin, and measurement of serum TSH

To evaluate the presence of pre-existing but clinically silent autoimmune thyroid condition,
we measured thyroperoxidase antibodies in 58 of the 96 (60%) patients, both at baseline and
at several time points after cancer immunotherapy (No = 239 sera), using a commercial
ELISA kit (QUANTA Lite from INOVA Diagnostics, Inc., San Diego, CA).

To assess the specificity of autoimmune responses toward the thyroid gland, we measured
antibodies against five additional autoantigens, using both commerical and in house assays.
Commercial assays included antibodies to insulin (No. = 71 sera, Kronus RIA),
myeloperoxidase (No. = 311 sera, QUANTA Lite MPO from INOVA), proteinase 3 (No. =
311 sera, QUANTA Lite PR3 from INOVA), and actin (No.= 82, QUANTA Lite actin 1gG
from INOVA). In house assays included antibodies to insulin (No. = 71), myeloperoxidase
(No.= 88), and actin (No.= 82). Proteins were purchased from Sigma (human insulin
91077C, human myeloperoxidase M6908, and bovine actin A3653), reconsituted in
carbonate/bicarbonate buffer and used to coat Immunolon-2 ELISA plates at an amount of
500 ng per well. ELISA was then performed and interpreted as indicated above for the in
house thyroglobulin assay.

Serum TSH, the best marker to evaluate thyroid function, was assessed using a automated
analyzer and a third generation immuno-chemiluminescent assay, with a normal reference
range between 0.45 and 5 mIU/L. TSH was measured in 196 serum samples corresponding
to patients treated with GVAX plus ipilimumab or with ipilimumab only. It was not
measured in patients treated with GVAX only because the evaluation of thyroid function is
not included in current clinical protocols.

Detection of thyroglobulin RNA and protein in pancreatic GVAX cell lines

To determine whether GVAX cancer cell lines ectopically expressed thyroglobulin, we
selected, based on availability, the pancreatic cancer cell lines PANC 10.05 and PANC 6.03,
and evaluated them by short tandem repeat analysis at the Johns Hopkins Fragment Analysis
Facility. These cell lines were found to match Leibniz Institute DSMZ German Collection of
Microorganisms and Cell Cultures cell line CRL-2547 and CRL-2550 respectively (EV 1.13
and EV 1.06). The cell lines were then grown in the appropriate culture medium, transfected
with GM-CSF or left untreated!’, and then used to extract total RNA by TRIzol® (Life
Technologies, Grand Island, NY). Total RNA was reverse transcribed using oligo-d(T)
primers and iScript cDNA Synthesis Kit (BioRad). The resulting cDNA was amplified by
PCR using thyroglobulin primers 5-GAGCCTACCTCTTCTGGCA-3’ (forward) and 5’-
GAGGTCCTCATTCCTCAGCC-3 (reverse), which yielded an amplicon of 320-bp
corresponding to region 2590-2270 on thyroglobulin cDNA. Experimental controls included
RNA extracted from human thyroid (positive control) and HEK 293 cells (negative control),
as well as amplification of a housekeeping gene (GADPH forward 5'-
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GAGCCACATCGCTCAGACAC-3' and reverse 5’
CATGTAGTTGAGGTCAATGAAGG-3, yielding a 150-bp DNA product), and a RNA
sample not incubated with reverse transcriptase. A HEK293 cell line served as negative
control, and human thyroid gland as positive control.

We also purified proteins from the same pancreatic cancer cell lines indicated above,
separated them by SDS-PAGE on 4-12% gradient gels, and then transferred them to
nitrocellulose membranes. After blockade of aspecific binding in 5% nonfat dry milk,
membranes were incubated overnight with a commercial antibody specific for thyroglobulin
(Santa Cruz Biotechnology, Inc., Santa Cruz, CA, sc-7836 diluted 1:100). Antibody binding
was detected by the addition of a secondary anti-human IgG antibody conjugated to
horseradish peroxidase, and the signal revealed by a chemiluminescent substrate (Novex®
ECL Reagent Kit, Invitrogen). A non-transfected COS-7 cell line served as negative control,
and purified human thyroglobulin as positive control.

Subset profiling of CD4 and CD8 T cells

The prostate cancer patients treated with GVAX plus ipilimumab have been previously
characterized for the expression of peripheral blood T cell markers, identifying the CD4+/
CTLA-4+ subpopulation as the strongest predictor of survivall®, Using the same dataset we
assessed by cluster analysis whether serum thyroglobulin antibodies associated with T cell
parameters, using the statistical tools described by Santegoets et al8.

Statistical analysis

The study analyzed two main outcomes: the levels of TgAbs among time points, types of
immunotherapy, and types of cancer, and the association between TgAbs development and
overall survival.

Differences in the levels of TgAbs were assessed by longitudinal data regression analysis
with generalized estimating equation. Here, repeated measures for each patient are clustered
and the status or changing value of the covariates at each time point was accounted for.

Association between TgAbs development and survival (expressed in months after the first
dose of immunotherapy) was assessed separately for pancreatic cancer patients receiving
GVAX only (No.= 26), pancreatic cancer patients treated with GVAX plus ipilimumab
(No.= 15), and prostate cancer patients treated with GVAX plus ipilimumab (No.= 27). The
survival analysis was also performed in these three groups after exclusion of the 9 patients
who had positive TgAbs at baseline (Table 1). Survival analysis was not done in the two
patient groups that received ipilimumab only since they did not develop TgAbs, and in the
colon cancer patients receiving GVAX only because the sample size was too small and the
majority of them (5 of 8, 62.5%) were still alive. Differences in survival between patients
who developed TgAbs and those who did not were assessed by log-rank testing.

Ancillary outcomes were the comparisons of antiboby to myeloperoxidase, insulin and actin
measured by commercial and in house assays.

Int J Cancer. Author manuscript; available in PMC 2016 January 01.
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P values < 0.05 were considered statistically significant. All analyses were performed using
Stata 13 (Stata Corporation, College Station, TX).

RESULTS

TgAbs develop after GVAX immunotherapy, either when administered alone or in
combination with ipilimumab

TgAbs developed after cancer immunotherapy in the majority of patients who did not have
them at baseline (46 of 81, 57%, Table 1). This seroconversion depended upon the use of
GVAX. TgAbs, in fact, appeared in 3 of 4 (75%) GVAX colon cancer patients, 16 of 21
(76%) GVAX pancreas cancer patients (10 of 10 in the original cohort and 6 of 11 in the
validation cohort), 9 of 12 (75%) GVAX plus ipilimumab pancreas cancer patients, and 21
of 26 (81%) GVAX plus ipilimumab prostate cancer patients (Figure 1). On the contrary,
none of the patients receiving ipilimumab only, either with pancreatic cancer (0 of 10) or
prostate cancer (0 of 8), developed TgAbs (Figure 1).

Circulating TgAbs became detectable approximately one month after the first GVAX
administration and remained elevated thereafter, although at different levels related to the
different protocol regimens. In particular, TgAbs increased progressively in patients with
resected pancreatic cancer receiving GVAX only, becoming significantly higher than
baseline at 216-290 days, the mean WHO units was 406 (p=0.04 versus baseline) (Figure
2A, closed squares). Thereafter, the mean WHO units for TgAbs were 546 at 291-478 days
(p< 0.001 versus baseline); 667 at 479-667 days (p< 0.001), and 834 at 847 days (p< 0.001,
Figure 2A, closed squares). A similar trend was observed in patients with metastatic colon
cancer: mean WHO units of 306 at 96-130 days (p= 0.03 versus baseline, Figure 2A, open
diamonds). In the validation cohort TgAbs also increased significantly over time, reaching
the treshold for positivity at 216-290 days (Figure 2A open squares) and further increasing
at 291-478 days, with mean values of 166 (p=0.004 versus baseline) and 168 (p=0.001
versus baseline), respectively.

In the GVAX plus ipilimumab combination treatment, patients with metastatic pancreatic
cancer developed TgAbs that began to rise above baseline on days 1-35 and reached a zenith
of 460 WHO units at 60-75 days (Figure 2B, closed triangles). Similarly, in patients with
metastatic prostate cancer TgAbs rose progressively, reaching a 15-fold increase (323 versus
21 mean WHO units, Figure 2B, open circles) at days 177-215 after immunotherapy
initiation. TgAbs then decreased, still remaining significantly higher than baseline (Figure
2B, open circles). This late decrease is likely explained by the fact that these patients did not
receive additional GVAX boosting after the initial 6 months of treatment, but were
monitored for disease progression and survival.

TgAbs remained negative at all time points in patients treated with ipilimumab only (Figure
2C).

Baseline serum TSH levels did not differ among the four treatment groups where this
analyte was assessed (Supplementary Table 1), and did not change significantly after
immunotherapy (Supplementary Table 1).
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Overall, our results show that TgAbs develop after immunotherapy only when GVAX is
administered, independently of the underlying cancer type.

TgAbs development or enhancement is associated with improved overall survival in
patients receiving GVAX only or GVAX plus ipilimumab

We next analyzed the association between TgAbs development and survival (months after
the first treatment) in patients receiving either GVAX only or GVAX plus ipilimumab. In
both pancreatic and prostate cancer, patients who developed TgAbs at any of the time points
(Figure 3, solid lines) lived longer than those who did not (Figure 3, dashed lines). In
particular, the median overall survival in patients with or without TgAbs seroconversion was
63 versus 21 months in the resected pancreatic cancer group receiving GVAX only (Figure
3A, p=0.01), 7 versus 3.3 months in the metastatic pancreatic cancer group receiving
GVAX plus ipilimumab (Figure 3B, p=0.01), and 41 versus 15 months in the in the
metastatic prostate cancer group receiving GVAX plus ipilimumab (Figure 3C, p= 0.005).

Exclusion of the patients with TgAbs positive at baseline did not change the overall
findings. The median overall survival in patients with or without TgAbs seroconversion was
65 versus 21 months in the resected pancreatic cancer group receiving GVAX only (p=
0.009, data not shown), 5.9 versus 3.2 months in the metastatic pancreatic cancer group
receiving GVAX plus ipilimumab (p= 0.05, data not shown), and 37 versus 15 months in the
metastatic prostate cancer group receiving GVAX plus ipilimumab (p= 0.007, data not
shown).

TgAbs seroconversion did not associate with specific T cell differentiation/activation
(Supplementary Figure 2), such as the CD4+/CTL-4+ T cell subset that have been
previously associated with survival in the prostate GVAX/ipilimumab-treated patients?8,
indicating that these two immunological events are independently regulated. In addition, we
found no relationship between clinical response and TgAbs titers: the development of
TgAbs showed similar trends in patients with progressive, stable disease or partial response
in the prostate cancer group treated with GVAX plus ipilimumab (Supplementary Figure 3).

Detection of TgAbs seroconversion is assay dependent

The measurement of TgAbs, thus far carried out using the in house ELISA assay, was also
performed using two commercial assays (Quanta Lite ELISA from INOVA and KRONUS
RIA).

The in house assay performed similarly to the commercial ELISA assay when using a set of
positive controls with an established clinical diagnosis of Hashimoto thyroiditis (No. = 20)
and a set of healthy controls (No. = 47). The two assays, in fact, showed similar sensitivity
(95% for both assays) and specificity (93 and 91%, respectively), yielding areas under the
ROC curve of 0.985 and 0.992, respectively (Supplementary Figure 4). The in house ELISA
also yielded similar intra- and inter-assay variability to those reported for the commercial
ELISA and RIA assays: 6%, 9%, 12% intra-assay and 2%, 2%, 4% inter-assay variability
using a panel of negative, moderate positive, and strong positive controls (data not shown).
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The assays, however, varied greatly when used in a randomly selected subset of 23 patients
before (No. 23 sera) and at several time points (No.= 73 sera) after GVAX administration. A
good proportion of the sera, 59 of the total 96, were discordant because because positive in
the in house but negative in the commercial assay (No. 58), or viceversa (No. = 1, Figure
4A, inset). The remaining 37 of the total 96 sera (38%) were concordant because either
positive (No. = 19) or negative (No. = 18) in both assays (Figure 4A, inset). A similar low
concordance was obtained when compared in house assay to the commercial RIA: 31 sera
were positive and 16 negative in both assays (Figure 4B, inset), yielding a percent
agreement of 49% (47 of 96). Concordance was higher but not perfect (82 of 96, 85%) even
when the two commercial assays were compared (Figure 4C, inset).

To provide an explanation for this incomplete concordance, we took into account the
presence of pre-existing, albeit clinically latent, thyroid autoimmunity at baseline, as
assessed by the presence of positive thyroperoxidase antibodies. Interestingly, TgAbs were
detected equally well by all three assays in patients with pre-existing thyroid autoimmunity
(Figure 4A, B, and C, open circles). In contrast, TgAbs were detected mainly by the in house
assay (Figure 4A and B, filled squares in the lower right quadrant) when patients developed
them after GVAX treatment. These findings suggest that GVAX induces antibodies against
region(s) of thyroglobulin different from the one(s) recognized by patients with an
established clinical diagnosis of Hashimoto thyroiditis.

To assess whether the negative TgAbs values obtained with the commercial assays were
caused by interfering substances present in the sera of patients receiving GVAX, we purified
immunoglobulins G from 6 serum samples that had yielded positive (No. = 3) or negative
(No. = 3) results in the in house assay and all negative results in the commercial ELISA
assay. Using the in house assay, the purified immunoglobulins gave nearly identical results
to those obtained with whole serum (Supplementary Figure 5A). Using the commercial
ELISA assay, all purified samples remained negative as they were with whole serum
(Supplementary Figure 5B), thus ruling out assay interference.

GVAX immunotherapy induces antibodies to other autoantigens but less frequently and at
lower titers than TgAbs

To assess whether the antibody response observed after GVAX immunotherapy was
generalizable or rather specific to the thyroglobulin antigen, we measured the presence and
development of antibodies to five additional autoantigens, representative of both systemic
and organ-specific autoimmunity: thyroperoxidase (TPO), proteinase-3 (PR-3),
myeloperoxidase (MPO), insulin, and actin, using both commercially available assays and in
house ELISA assays. For PR-3 (Supplementary Table 2), MPO (Supplementary Table 2 and
Figure 5A), and insulin (Supplementary Table 2 and Figure 5B), no autoantibodies were
found before treatment and no serconversion was observed upon cancer immunotherapy
(Supplementary Table 2). For TPO, 11 of the 58 patients tested (19%) were already positive
before immunotherapy but their TPO titer did not change significantly after treatment (data
not shown). The remaining 47 were negative before treatment and remained negative
thereafter (Supplementary Table 2). For actin (Figure 5C), autoantibodies were present at
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baseline in 3 of 26 tested patients (12%), increased in these 3 patients after GVAX, and
developed in 2 additional patients (Figure 5 C, left bar).

To evaluate whether these results depended upon the detection method, as presented above
for the TgAbs, we compared commercial to in house assay for MPO, insulin, and actin
antibodies. In all 3 cases, no differences were found in the development frequenceis (Figure
5, A, B, abd C), and significant correlation was observed between commercial and in house
assays (Figure 5, D, E, abd F).

Overall, these results indicate that the increase in antibody titers induced by GVAX is
preferentially directed toward thyroglobulin but not restricted to it.

DISCUSSION

This study reports that TgAbs develop upon GVAX administration and are associated with
improved overall survival.

Using patients with different cancer types and exposed to different immunotherapy
regimens, we showed that GVAX was required for TgAbs induction. The rationale of
GVAX is to induce at the site of injection a potent immune response against tumor (as well
as self) antigens, which then amplifies to target the patient’s own cancer (as well as self)
antigens. Local inflammation can be achieved by forcing the injected cancer cells to express
a cytokine, such as GM-CSF, that is capable of recruiting and activating dendritic cells!®. It
is interesting to speculate on the mechanisms underlying the development of TgAbs upon
GVAX administration, in particular referring to multiple tumor antigens and GM-CSF.

Being composed of whole cancer cells, GVAX theoretically challenges the patient’s
immune system with multiple tumor antigens, rather than a single one. Cancer cells are
known to express a variety of tumor antigens that can be recognized by the patient’s T and B
cells. Some are proteins normally expressed by the cell from which the cancer originates,
such as tyrosinase for melanoma?C. Others are proteins abnormally modified at the post-
translational level, such as MUC-1 for breast cancer?, or proteins typically expressed only
in male germ cells, such as the NY-ESO-1 in melanoma?2. Additional tumor antigens are
proteins not existing in the human genome, such as the oncoviral protein HPV E6 in cervical
carcinoma23, or the chimeric BCR/ABL fusion protein in 2%, In keeping with this ectopic
scenario, we assessed whether the GVAX pancreatic cancer cell lines used in this study
expressed thyroglobulin, but found no evidence of it, either at the RNA (Supplementary
Figure 6A) or protein level (Supplementary Figure 6B). Although these results render the
hypothesis of molecular mimicry unlikely, the negative findings could be related to the
methodology used. For example, mass spectrometry recently revealed that peptides from
thyroid-restricted antigens such as thyroglobulin and thyrotropin receptor were present in a
patient with synovial sarcoma receiving NY-ESO-1 vaccine?S.

GM-CSF, naturally produced by macrophages and T cells, stimulates the growth and
differentiation of myelomonocytic lineage cells, especially dendritic cells. It thus acts as an
adjuvant and is capable of eliciting immune responses directed not only toward tumor but
also non-cancerous self-antigens. Previous clinical studies have shown that periodical
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intravenous injections of GM-CSF to patients with breast cancer or sarcomas induced the
appearance of TgAbs in 1 of 25 patients (4%) and primary hypothyroidism in 2 of 25
(8%)?7, suggesting that broad activation of dendritic cells by GM-CSF is capable of
targeting the thyroid gland. Similar findings were described in a thyroid patient with acute
myeloid leukemia28, as well as in patients with other autoimmune diseases2®. Considering
that GM-CSF produced by GVAX cells can be detected in the circulation up to 4 days after
the injection3, we postulate that GM-CSF plays a major role in the observed development
of TgAbs. These findings are consistent with studies showing the development of thyroid
autoimmunity secondary to injection of other cytokines, such as interleukin-231 or interferon
a-2b32,

Thyroid autoimmunity can be assessed by measuring serum autoantibodies to
thyroperoxidase and thyroglobulin, traditionally requested as a pair to confirm a diagnostic
suspicion of autoimmune thyroiditis. Since TgAbs are found not only in autoimmune
thyroiditis but also in other thyroid diseases and even in healthy controls (albeit at lower
frequencies), investigators have long hypothesized that antibodies in different diseases are
directed toward different epitopes on the same antigen. We previously showed that TgAbs in
patients with overt Hashimoto thyroiditis have a unique recognition profile, as assessed by
competitive inhibition of a panel of monoclonal antibodies raised against human
thyroglobulin33. Similarly, Latrofa and colleagues reported that TgAbs found in
autoimmune thyroiditis bind to different regions than those found in multinodular goiter or
differentiated thyroid cancer34. Our study supports the notion that TgAbs recognize different
epitopes in different disease states.

The study also emphasizes that assays used to detect TgAbs are highly discordant35-38,
Using an experimental model induced by the administration of GVAX, we were able to
show that, in patients who did not have thyroid autoimmunity at baseline, TgAbs developed
after GVAX and could be detected mainly by an assay that employs an intact form of human
thyroglobulin. Given that the in house assay performed similarly to the commercial assays
when used for patients with established thyroid autoimmunity, it is reasonable to assume
that the TgAbs induced by GVAX recognize epitope(s) on thyroglobulin that are not found
on the thyroglobulin used in the commercial assays. More broadly, our results suggest that
in this human model of thyroiditis initiation there is a unique pattern of epitope recognition,
which could be exploited for clinical purposes. Once thyroiditis is established, either in a
clinically overt or latent fashion, the immune recognition spreads to other more numerous
and dominant epitopes, so that the type of assay used for the detection of TgAbs has
minimal influence. In support of this hypothesis are the findings that the assays for TgAbs
were in agreement when testing patients with positive thyroperoxidase antibodies.

An additional finding of this study was the association between TgAbs seroconversion and
prolonged survival. The development of autoimmune phenomena in cancer patients
receiving immunotherapy has been associated with better outcomes83940, for example the
appearance of vitiligo in melanoma patients who were vaccinated with their own tumor cells
transduced with GM-CSF#1, overall emphasizing the importance of a robust immune
activation for cancer control. More recently, antibodies to prostate specific membrane
antigen, measured in a subset of our patient population, were associated with improved
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overall survival®. Similarly, the appearance of thyroid autoimmunity in patients with
melanoma or renal cell carcinoma treated with interferon a—2b or interleukin-2 has been
correlated with longer relapse-free survival and overall survival®42, This study reveals the
utility of measuring TgAbs in the clinical setting as an additional tool to predict survival
benefit.

In conclusion, we report that GVAX induces the appearance of TgAbs that recognize unique
antigenic epitopes, likely a fingerprint of the initiation stages of thyroiditis, and that this
seroconversion is associated with improved overall survival.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Development of thyroglobulin antibodies (% prevalence) in 81 (original and validation

cohort) cancer patients after treatment with GVAX only (No. = 25), GVAX plus ipilimumab
(No. = 38), or ipilimumab only (No. = 18).
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Levels of thyroglobulin antibodies over time in 81 cancer patients after treatment with either
GVAX only (panel A), GVAX plus ipilimumab (panel B), or ipilimumab only (panel C).
Panel B, prostate cancer patients did not receive any boosting dose of GVAX + ipilimumab

after the initial 180 days. The symbol * indicates p<0.05 over baseline.
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or metastatic prostate cancer patients receiving GVAX plus ipilimumab.
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Figure 4.
Comparison of thyroglobulin antibodies between in house and INOVA TgAbs ELISA assay

(panel A), between in house and KRONUS RIA (panel B) and INOVA TgAbs ELISA and
KRONUS RIA (panel C) in a subset of 96 sera obtained from cancer patients receiving
immunotherapy. Open circles indicate sera from patients who already had thyroid
autoimmunity at baseline, whereas closed squares indicate those without.

Two by two table has been inserted in each panel to indicate concordant and discordant
samples.
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Table 1

Distribution of the 96 patients used in the study according to the type of cohort (original versus validation),
adenocarcinoma (colon, pancreas, prostate), and immunotherapy treatment (Tx: GVAX only, GVAX plus
ipilimumab, or ipilimumab only). The clinical setting, trial number, and presence or absence of thyroglobulin
antibodies at baseline are also shown.

yduasnuel Joyny Yd-HIN

Type of Type of Type of Clinical Clinical trial Total Total Patients Patients
cohort adenocarcinoma  immunotherapy setting number serum  patients  without who
samples TgAbsat developed
baseline TgAbs
after Tx
original Colon GVAX only Metastatic  NCT00656123 16 8 4 3
original Pancreatic GVAX only Resected ~ NCT00389610 71 12 10 10
validation Pancreatic GVAX only Resected  NCTO00389610 48 14 11 6
original a, . GVAX + Ipi Metastatic  NCT00836407 74 15 12 9
ancreatic
original b GVAX + Ipi Metastatic  NCT01510288 126 27 26 21
Prostate
original b ancreatic Ipi only Metastatic  NCT00836407 47 12 10 0
-, . . .
original Cprostate Ipi only Metastatic  NCT00323882 52 8 8 0
434 96 81 46

Patients published by

aLe DT et al. in J Immunotherapy 2013;
b

van den Eertwegh AJ et al. In Lancet Oncology 2012;
“Slovin SF et al in Ann Oncol 2013,

*
Patients who also received radiotherapy.
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