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Novel strategies for the therapy of recurrent ovarian cancer are warranted. We report a study of a combinatorial approach
encompassing dendritic cell (DC)-based autologous whole tumor vaccination and anti-angiogenesis therapy, followed
by the adoptive transfer of autologous vaccine-primed CD3/CD28-co-stimulated lymphocytes. Recurrent ovarian
cancer patients for whom tumor lysate was available from prior cytoreductive surgery underwent conditioning with
intravenous bevacizumab and oral metronomic cyclophosphamide, sequentially followed by (1) bevacizumab plus
vaccination with DCs pulsed with autologous tumor cell lysate supernatants, (2) lymphodepletion and (3) transfer of
5 x 10° autologous vaccine-primed T-cells in combination with the vaccine. Feasibility, safety as well as immunological
and clinical efficacy were evaluated. Six subjects received this vaccination. Therapy was feasible, well tolerated, and
elicited antitumor immune responses in four subjects, who also experienced clinical benefits. Of these, three patients
with residual measurable disease received outpatient lymphodepletion and adoptive T-cell transfer, which was well
tolerated and resulted in a durable reduction of circulating regulatory T cells and increased CD8* lymphocyte counts.
The vaccine-induced restoration of antitumor immunity was achieved in two subjects, who also demonstrated clinical
benefits, including one complete response. Our findings indicate that combinatorial cellular immunotherapy for the
treatment of recurrent ovarian cancer is well tolerated and warrants further investigation. Several modifications of this
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approach can be envisioned to optimize immunological and clinical outcomes.

Introduction

The overall five-year survival of patients affected by advanced
stage epithelial ovarian cancer is < 40%, highlighting the unmet
need for alternative therapies.! Recent studies have demon-
strated that ovarian cancer patients exhibit spontaneous antitu-
mor immune responses. Peripheral blood tumor-specific T-cell
precursors have been detected in 50% of subjects bearing ovar-
ian cancer.? Along similar lines, tumor-infiltrating lymphocytes
(TILs) have also been found in approximately 50% of ovarian
cancer patients, correlating with improved overall survival.*
This suggests that immunotherapy constitutes a meaningful
approach to improve disease outcome among ovarian cancer
patients.

*Correspondence to: George Coukos; Email: gcks@mail.med.upenn.edu
Submitted: 09/14/12; Revised: 10/25/12; Accepted: 10/25/12
http://dx.doi.org/10.4161/0nci.22664.

Ovarian cancers express numerous tumor-associated anti-
gens,”™ although it is unclear which of these can drive tumor
rejection. Molecular cancer vaccines have used peptide
sequences, full-length proteins, or nucleic sequences, to date
exhibiting limited success. An alternative approach is consti-
tuted by vaccines based on whole tumor cell lysates, which have
generally produced better clinical responses than highly spe-
cific tumor vaccines in various types of cancers.”” In principle,
whole tumor vaccines encompass all potential antigens of a spe-
cific tumor, including both major histocompatibility complex
(MHC) Class I and II-restricted epitopes and hence eliciting a
multivalent CD8* and CD4* antitumor response."'? Although
there are theoretical concerns that tumor lysates could dampen
the immunogenicity of dendritic cells (DCs), it has been shown
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that DCs pulsed with tumor lysates can expand tumor-reactive
autologous T cells in vitro.>"? However, significant improve-
ments are required to increase the potency of such DC vaccines.

Immunomodulation of the host represents one effective means
to augment the efficacy of vaccines. Among various targets of this
approach, regulatory T cells (Tregs) are known to accumulate
in ovarian tumors, where they promote immune dysfunction."
Hence, the elimination of Tregs could be an important prerequi-
site for successful anticancer vaccines. In addition, the tumor vas-
culature, under the influence of the vascular endothelial growth
factor (VEGF) and the endothelin systems, blocks the access of
T cells to tumors, implying that an attenuation of this barrier
could also enhance vaccine efficacy.”"" Another approach to
augment the activity of anticancer vaccines is represented by the
stimulation of effector T cells. Indeed, cancer vaccines normally
rely on endogenous low-avidity tumor-reactive T-cell precursors,
whose activity could be significantly enhanced by the provision
of co-stimulatory signals.’®*

We report a pilot clinical study that tested the feasibility, safety
as well as immunological and clinical outcomes of a combinatorial
cell-based immunotherapy that translated the concepts described
above into the clinic. In a first part of the study, we treated sub-
jects bearing advanced ovarian cancer with commercially avail-
able drugs that suppress Treg functions and tumor angiogenesis,
then administered them with vaccines based on DCs pulsed with
autologous tumor cell lysate supernatants. Subjects who achieved
at least stable disease after the vaccine but failed to exhibit a
complete remission were enrolled in the second part of the trial,
involving lymphodepletion and adoptive transfer of autologous
vaccine-primed CD3/CD28-co-stimulated T cells. Our findings
indicate that this sequence of treatments is feasible, safe, and can
yield clinical benefits to advanced ovarian cancer patients.

Results

UPCC-11807. Seven subjects (age range 46—69, mean 55) were
enrolled in the UPCC-11807 trial (Table S1). One subject failed
to yield sufficient DCs and was not vaccinated. Vaccine products
met release criteria in six subjects (Table S2). The yield of DCs
weakly correlated with monocyte counts in the apheresis product
(Fig. S1). All 6 subjects completed bevacizumab and metronomic
cyclophosphamide courses as well as vaccine doses. A total of 22
intradermal vaccinations were administered. All vaccines were
well tolerated and there were no grade > 2 toxicities. The most
frequent adverse event was grade 1 or 2 hypertension (3 occur-
rences), which we attributed to bevacizumab (Table S3).

Two subjects exhibited partial responses (PR) according to
Response Evaluation Criteria In Solid Tumors (RECIST) 1.1
(Fig. 1A and B). Interestingly, one of these subjects progressed on
bevacizumab and metronomic cyclophosphamide prior to receiv-
ing the vaccine, but exhibited a PR afterwards. Two other sub-
jects exhibited stable disease (SD). One of these subjects entered
the trial with no evidence of disease (NED) after tertiary debulk-
ing surgery, remained in remission until end of study (EOS), and
continued to receive vaccine boosts every 4 weeks combined with
bevacizumab, remaining disease-free for 14 mo, until vaccine was
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exhausted (Fig. 1C). Interestingly, this subject had previously
failed to respond to bevacizumab. Two additional exhibited pro-
gressive disease, according to RECIST 1.1.

We measured the effect of therapy on the frequency of periph-
eral blood CD4*CD25* FOXP3* Tregs. Subjects had baseline
circulating Treg frequencies ranging from 4% to 10%, consis-
tent with previous reports of increased Tregs in cancer patients.?’
We did not observe a reduction in circulating Tregs following
the administration of bevacizumab and metronomic cyclo-
phosphamide (Fig. 2A). However, a modest reduction in Tregs
was observed in all subjects post-vaccination (mean = 6.02% at
EOS vs. 7.26 at baseline; p = 0.03).

We detected T cells specific for the Her2 . peptide in
subject S-02 following vaccination, but neither at baseline nor
between vaccination and bevacizumab and metronomic cyclo-
phosphamide courses (Fig. 3A). We also quantified tumor-spe-
cific T cells in baseline, pre-vaccine, and post-vaccine peripheral
blood lymphocytes (PBLs) using an interferon y (IFNvy) ELISpot.
We detected a significant increase in tumor-reactive T cells after
vaccination (but not after bevacizumab alone) in all four subjects
who exhibited clinical benefits (p < 0.05), but found no signs of
an immune response in the two subjects who experienced disease
progression (Fig. 3B). The frequency of tumor-specific T cells
ranged between ~1:500 and ~1:5,000.

We then tested the induction of humoral responses by pro-
tein array in the two subjects who exhibited T-cell and clinical
responses to the vaccine (S-01 and S-02). We detected IgG as
well as IgM seropositivity to a number of proteins that was mark-
edly higher in post-vaccine than in pre-vaccine sera, indicating
not only a significant boost in general immunity but also a prim-
ing of humoral responses (Fig. 3C). The targets recognized by
circulating IgM and IgG obtained from these two patients are
listed in Supplemental Tables 4 and 5.

Lastly, we examined the expression of MHC Class I molecules
and infilcration by CD3* cells in tumor tissues harvested prior to
vaccination. There was a positive correlation between the expres-
sion of MHC-I and the number of tumor-infiltrating lymphocytes
(TILs) (Spearman rank correlation = 0.84, p = 0.04). In addition,
there was an association between the abundance of TILs and immu-
nological or clinical responses to vaccine, although this did not
reach the threshold for statistical significance (p = 0.06) (Fig. 3D).

UPCC-10808. Following the completion of UPCC-11807
trial, three of the four subjects (S-01, -02 and -03) who had at
least SD after vaccination but did not achieve complete remission,
were eligible for and were enrolled in UPCC-10808. Post-vaccine
elutriated T cells expanded efficiently in response to CD3/CD28
beads (Fig. 4A). Lymphocytes from patient S-01, S-02 and S-03
underwent ~29-, ~48 and ~31-fold expansion, respectively, by day
11 of culture, and were harvested for infusion thereafter. Post-
expansion T cells retained tumor-reactive clones, as documented
by the reactivity to HLA-A2-restricted HER2/neu peptides or to
shared epitopes from SKOV3 cells (Fig. 4B).

The infusion of 5 x 10° T cells after lymphodepleting chemo-
therapy was well tolerated, the most frequent toxicity being myelo-
suppression (Table S3). Absolute lymphocyte counts (ALCs)
recovered to pre-treatment levels by day 2—7. Absolute neutrophil
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Figure 1. Radiological response in UPCC-11807. (A) Radiological assessments were performed by CT (CT) at enrollment or baseline (BL), and at the end
of study (EOS). Two subjects also had evaluation after completing bevacizumab and metronomic cyclophosphamide and before starting vaccine (pre-
vac). Volumes of all individual tumor metastases are shown. Estimated tumor volumes were calculated based on the formulaV="S*" S * L, where
Lis the longest and S is the shortest tumor diameter. Tumors were measured on the CT section that had the biggest tumor dimensions. Subject (S)-01
and -02 achieved partial response. S-02 demonstrated disease progression on bevacizumab and metronomic cyclophosphamide, although her lesions
regressed after vaccine administration. S-03 had overall bulky disease, while S-04 had stable no evidence of disease. Subjects S-05 and S-06 exhibited
disease progression. (B) Example of a left para-aortic lymph node regressing in S-01 post-vaccination CT (right) relative to pre-vaccination CT (left).

(C) S-04 experienced remission inversion with progression-free survival (PFS3) being twice as long as PFS2.
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reactive T cells by (IFN+y) ELISpot in S-01, S-02 and S-03 during UPCC-10808.

Figure 2. Lymphocyte changes during UPCC-11807 and UPCC-10808. (A) CD4*CD25*FOXP3* regulatory T cell (Treg) frequency during therapy. No Treg
reduction was seen following bevacizumab and metronominc cyclophosphamide. A mild (statistically significant) reduction in Treg frequency was
seen after vaccine plus bevacizumab relative to pre-vaccine. Two out of three subjects exhibited marked and sustained reduction in circulating Tregs
after T -cell transfer. (B) Circulating CD4:CD8 T-cell ratio as measured at baseline and at the end of the study (EOS). Longitudinal assessment of tumor-

counts (ANCs) recovered to baseline levels in all subjects by day
7 (Fig. 4C). At the EOS, patient S-01, who exhibited a PR during
UPCC-11807, achieved a complete response (CR). Patient S-02,
who also exhibited a PR during UPCC-11807, progressed, while
patient S-03, achieving a SD in UPCC-11807, remained stable.
We followed T-cell subsets in the peripheral blood upon the
T-cell transfer. The frequency of circulating Tregs decreased sig-
nificantly in patients S-01 and S-02 but not in S-03 (Fig. 2A). In
addition, following adoptive T-cell transfer, reconstituted PBLs
were skewed toward CD8* T-cells, the CD4:CD8 ratio being
decreased 2—4-fold (Fig. 2B). Finally, we tested whether tumor-
reactive T cells would reconstitute in vivo after adoptive trans-
fer. We quantified these cells by IFNvy ELISpot using autologous
DCs pulsed with autologous tumor lysate as the antigen-pre-
senting platform. At the time of apheresis, there were detectable
tumor-reactive T-cells in all subjects (0.5 to 2.6 spots per 1,000
PBLs) (Fig. 2C). Tumor-reactive T cells were detectable after
hematologic reconstitution in S-01 and S-03, who experienced
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CR and SD, respectively, but were not detectable in S-02, who
experienced disease progression.

Discussion

In this study, we demonstrated that whole tumor cell-based vac-
cination, using lysate-pulsed autologous DCs in combination with
bevacizumab and metronomic cyclophosphamide, followed by
autologous adoptive T-cell therapy using vaccine-primed CD3/
CD28-co-stimulated whole PBLs, is feasible and well tolerated by
advanced recurrent ovarian cancer patients. Four of six patients
(66%) achieved clinical benefits with the combination of beva-
cizumab, metronomic cyclophosphamide and the vaccine, which
included two objective PRs and two SDs. One subject experiencing
SD had NED at study entry, and her post-vaccine remission lasted
for 14 mo in spite of a prior progression-free interval of 7 mo. These
observations are suggestive of an effective therapy. Although one
cannot dissect the contribution of bevacizumab and metronomic

Volume 2 Issue 1



A S-02

DC pulsed
DC unpulsed
Media
H2N689
H2N369 W Post DCVax
O Post Cy/Bev
hTERT O Pretreatment
0 100 200 300 400 500
IFN-y spots/1e6 lymphocytes
B S-01 S-02 S-03 S-04 S-05 S-06
40001 4007 5000+ 2004 200+ 600+
]
2 500-
J 40004
§ 24 3001 150 150-
g 400
2 24001 3000-
8 2001 100+ 100- 3001
gteoo- 2000+
a 2004
1001 50+ 50
Z 8007 b 1001
[
0 0 0 0 0 0
BL EOS BL EOS BL EOS BL EOS BL EOS BL
2 807 s-01
§ 60: -e-IgM
w 40- —A-1gG
= A
2 20-
E | /
0
2 -
2] s.02
5 300
2 200
£ 100-
0
BL EOS

) fpdhe W
b6
E IHC Marker S-01 S-02 S-03 S-04 S-05 S-06
CD3" TlLs 4 2 3
MHC-I 4 4 4 3 2
Figure 3. For figure legend, see page e22664-5.
www.landesbioscience.com Oncolmmunology €22664-5




Figure 3 (see previous page). Inmune responses in UPCC-11807. (A and B) Thawed peripheral blood mononuclear cells (PBMCs) obtained at baseline
(BL) and at the end of study (EOS) were co-incubated, in the absence of additional stimulation, with autologous DCs pulsed with autologous tumor-
cell lysates or control DCs for ~18 h and evaluated by interferon vy (IFNy) ELISpot. (A) Representative data of T-cell responses. Tumor-specific responses
are not detectable among PBMCs collected prior to therapy or after two doses of bevacizumab and metronomic cyclophosphamide, demonstrating
the requirement for vaccine to elicit antitumor immunity. S-02 was HLA-A0201, allowing for the detection of immune responses to HER2 (H2N)- or
hTERT-derived epitopes. A response is seen against HER2 . . (B) Summary of vaccine-induced T cell responses. A positive response was detected in
S-01, -02, -03 and -04. (C) Humoral responses induced by the vaccine. Sera from S-01 and S-02 were profiled on ProtoArray” Human Protein Microarrays
v. 4.1, containing more than 8,000 human proteins. Increased IgG and IgM seropositivity is detected against human proteins post-vaccine as compared
with pre-vaccine. Y-axes indicate the number of proteins recognized by serum antibodies. (D) CD3* tumor-infiltrating T-cells (top) and MHC Class |
expression levels (bottom) in tumors at BL. (E) Scoring system.
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Figure 4. Hematopoietic reconstitution in UPCC-10808. (A) Lymphocytes purified from peripheral blood mononuclear cells (PBMCs) by elutriation
were stimulated and expanded for ~11 d using Dynal microbeads coated with anti-CD3 and anti-CD28 antibodies. Expansion of three subjects and
two normal donors is shown. A population doubling level (PDL) average of 5.14 is seen for three subjects with ovarian cancer. (B) Expanded T cells
from S-02 were tested by interferon -y (IFN+y) ELISpot for cross-reactivity against non-transduced or HLA-A2-transduced SKOV3 cells, T2 cells pulsed
with HER2/neu 369 or 689 peptides or unpulsed T2 cells, autologous dendritic cells (DCs) pulsed with SKOV3-cell lysates or unpulsed DCs, or media (T
cells only). Prior to assessments, T cells were incubated for 7 d with autologous DCs pulsed with SKOV3-cell lysates prepared either by freeze-thawing
(FTL) or UV B (UVB) irradiation. Results are means of the number of IFN+y spots per 10 T cells + SEM of triplicates (p < 0.001; paired Student’s t-test) (C)
Absolute lymphocyte count (ALC), white blood cells (WBC) and absolute neutrophil count (ANC) in subjects receiving adoptive T-cell transfer. S-02
(black) and S-03 (gray) received pedfilgrastim on the day of T-cell transfer.
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cyclophosphamide to the clinical response in this small pilot study,
it is worth noting that one of the subjects exhibiting a PR and the
14-mo remission were observed in subjects who had previously
failed this chemotherapy, indicating that the observed clinical ben-
efits could be (at least in part) attributed to the elicitation of an
antitumor immune response. In support of this hypothesis, clini-
cal responses closely correlated with the detection of cellular and
humoral immune response against tumor antigen upon vaccina-
tion. Along similar lines, the absence of immune responses to the
vaccine correlated with clinical progression.

All subjects exhibited a dampened T-cell response to the
diphtheria carrier protein CRM__, a potent xeno-neoantigen of
Prevnar™, which was given along with the first vaccination to
monitor immune responsiveness. Interestingly, myeloma patients
have previously been shown to exhibit robust T-cell responses to
CRM,,, suggesting that ovarian cancer patients may be char-
acterized by a profound level of systemic immunosuppression.
Nevertheless, DC vaccination induced an immune response
against whole tumor-cell lysates and specific immune responses
against peptides of known tumor-associated antigens such as
HER2. Furthermore, we detected increased IgM seropositivity
post-vaccine, indicating effective de novo B-cell priming.

The frequency of tumor-specific T cells elicited by our vaccine
was quite low (< 1 tumor reactive T cell per 500 PBLs). Under
these conditions, it is quite encouraging to see some clinical bene-
fits. It is possible that the observed benefits were due to a synergistic
effect of vaccine with anti-angiogenesis therapy. Tumor vascula-
ture not only directly supports increased tumor growth, but also
can also provide a barrier to the extravasation of T cells into the
tumor.>* Anti-VEGF therapy normalizes tumor vasculature and
increases tumor infiltration by T cells, and in the mouse this has
been shown to improve the outcome of adoptive immunotherapy.?
Metronomic cyclophosphamide also suppresses tumor angiogen-
esis and reduces the number of circulating endothelial progenitor
cells in subjects with metastatic cancer.”® Cyclophosphamide also
has a dose-dependent immunomodulatory effect.” Metronomic
cyclophosphamide has been reported to decrease Tregs in sub-
jects with advanced cancer, restore T-cell and NK-cell effector
functions,” and enhance the efficacy of anticancer vaccines and
anti-HER?2 targeted therapy.”® Interestingly, we did not observe
a decrease in circulating Tregs frequency after bevacizumab and
metronomic cyclophosphamide, as previously reported.” Perhaps
this reflects the fact that we employed a comparatively lower dose
of cyclophosphamide. Alternatively, the lack of Treg depletion may
not necessarily preclude a positive effect of metronomic cyclophos-
phamide on the immunogenicity of DC vaccines.

We sought to enhance antitumor immune responses generated
by the vaccine by lymphodepletion followed by the adoptive trans-
fer of post-vaccine ex vivo co-stimulated T cells. The theoretical
advantages of this approach mainly lie in the co-stimulatory sig-
nals delivered to T cells during ex vivo CD3/CD28 bead-driven
expansion and in the host conditioning through lymphodeple-
tion. We used this approach in patients who developed antitumor
immune responses to the vaccine, but did not achieve a CR in the
first part of our study. Our pilot study demonstrates the feasibilicy
of ex vivo T-cell expansion even in this heavily pretreated patient
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population, and the tolerability of outpatient lymphodepletion
followed by T-cell transfer. The hematologic recovery was rapid
and resulted in two important changes in circulating T cells:
(1) it reduced the relative frequency of Tregs over total CD4*
cells, and (2) it decreased the CD4 to CDS8 ratio by 2—4-fold. In
two subjects, we documented a restoration of antitumor immu-
nity and a durable decline of circulating Tregs, which was associ-
ated with clinical benefit (one subject achieved CR, while the
other one—with bulky disease—was stable at the EOS). In the
third subject, adoptive T-cell transfer did not restore antitumor
immunity, and disease progression was observed. Interestingly,
Tregs returned to pre-treatment levels in this patient.

In summary, we treated a population of patients affected by
recurrent ovarian cancer (who have few effective therapeutic
options) and obtained an overall clinical benefit of 50%, including
one CR and one remission that lasted 14 mo. The latter patient was
subsequently enrolled in a second vaccine study, using improved
lysate-pulsed DCs'? without bevacizumab, and remained in remis-
sion for one additional year (not shown). Importantly, this patient
and another who achieved PR had previously failed bevacizumab
and metronomic cyclophosphamide, indicating that therapeutic
success cannot be attributed solely to anti-angiogenic therapy, at
least in this setting. Although these data are considered encourag-
ing, a number of opportunities may be pursued to optimize the
efficacy of this approach. Importantly, we observed a marked sys-
temic immunosuppression, which was also reported in patients
with ovarian cancer in remission receiving vaccines.”’ Hence,
therapeutic maneuvers that effectively reduce Tregs, activate innate
immunity and stimulate antigen presentation (e.g., TLR agonists),
enhance T-cell activation (e.g., IL-2, IL-7) or block inhibitory
checkpoints (e.g., anti-CTLA-4 and anti-PD-1 anitbodies) could
markedly enhance immune activation and vaccine efficacy. In
addition, we used supernatants from freeze-thawed tumor lysates.
Alternative ways to prepare lysates may be preferable. Furthermore,
we used DCs that were not matured with any exogenous stimuli.
Although lysate pulsing can induce DC maturation, additional
stimulation with exogenous cytokines and TLR agonists could sig-
nificantly enhance vaccine potency. Whether the adoptive transfer
of vaccine-primed co-stimulated T-cells is an effective way to boost
the efficacy of cancer vaccines still remains an important question.
In our study, the only CR was observed in the one patient who
had high numbers of reactive T-cells in the T cell preparation and
whose ALC was 0 on the day of transfer. Adoptive T-cell therapy
could be improved in the future by an intensification of lymphode-
pleting regimens as well as by an enrichment of the preparation
with tumor-reactive T-cells. The depletion of Tregs from the apher-
esis product and systemic administration of cytokines in support
of T cells following transfer could further enhance the efficacy of
therapy. Future trials are required to address these issues.

Materials and Methods
Overall design and subjects. We performed two linked open-label
pilot studies in subjects with recurrent ovarian cancer. The first

(UPCC-11807) assessed the feasibility, safety and immunological as
well as clinical effects of a DC-based autologous whole-tumor lysate
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vaccination in combination with anti-angiogenesis therapy. The
second (UPCC-10808) tested the adoptive transfer of autologous
vaccine-primed CD3/CD28-co-stimulated lymphocytes. Subjects
completing UPCC-11807 had the option of enrolling immediately
into UPCC-10808, if study eligibility criteria were met.

All eligible subjects were = 18 y old; had recurrent advanced-
stage ovarian cancer; had undergone prior cytoreductive surgery
for recurrent disease, with sufficient tumor harvested for obtain-
ing a lysate; had undergone physician’s choice post-operative
chemotherapy; had residual tumors at study entry < 4 cm; and
had a baseline Eastern Cooperative Oncology Group perfor-
mance status < 2. Enrollment was allowed = 4 weeks after sur-
gery or = 3 weeks after any post-operative chemotherapy. Both
studies (NCT01312376 and NCT00603460) were approved
by the Food and Drug Administration and the University of
Pennsylvania Institutional Review Board. Both studies are now
closed for accrual.

UPCC-11807. Subjects underwent leukapheresis on day -35
to -29, followed by at least two cycles of intravenous bevacizumab
(10 mg/kg, on days -28 and -14) and oral metronomic cyclophos-
phamide (50 mg daily for 7 d after bevacizumab) (Fig. 5A), fol-
lowed by three doses of intradermal DCs (-5-10 x 10°) every
two weeks in combination with intravenous bevacizumab. EOS
was set to day 42. If subjects demonstrated clinical benefit by
RECIST 1.1 but still had measurable disease (i.e., PR or SD),
then they were eligible to enroll in protocol UPCC-10808.

UPCC-10808. Subjects underwent apheresis on day -13, fol-
lowed by outpatient non-myeloablating lymphodepleting chemo-
therapy with intravenous cyclophosphamide (300 mg/m?*/day)
and fludarabine (30 mg/m?/day) on days (-3 to -15); infusion of
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5 x 107 ex vivo CD3/CD28-co-stimulated T-cells on day 0; and
DC vaccine boost on day 2 (Fig. 5B). All subjects were managed
as outpatients and received antibiotic and antifungal prophylaxis.
EOS was set to day 70.

Cell manufacturing. Vaccine was manufactured at Cognate
Bioservices as described in Supplemental Materials and elsewhere.?®
DCs were cryopreserved at -140°C and shipped to the University of
Pennsylvania on dry ice. T cells were manufactured at the Cell and
Vaccine Production Facility, University of Pennsylvania, as detailed
in Supplemental Materials and administered fresh.

Evaluation. Subjects were evaluated every two weeks in
UPCC-11807; and twice a week until hematologic recovery, and
weekly thereafter, in UPCC-10808. Safety was determined using
the NCI Common Terminology Criteria for Adverse Events
(CTCAE) version 3.0. Subjects underwent CT at enrollment and
at EOS. Clinical response was determined using RECIST 1.1.
Clinical benefit was defined as CR, PR or SD.

Immunological assessments. Immunological assessments were
performed at the time of enrollment (baseline), after completion
of bevacizumab and metronomic cyclophosphamide (pre-vaccine),
and at EOS in UPCC-11807; and at enrollment, before lymphode-
pletion, before T-cell infusion, and at EOS in UPCC-10808. T-cell
responses to tumor antigens were assessed by interferon y (IFNvy)
ELISpot assays following incubation of peripheral blood lympho-
cytes (PBLs) with autologous DCs that were either left untreated

or pulsed with autologous tumor cell lysates. CD8* responses to
HER2/neu were also measured by IFNy ELISpot in HLA-

369-377
A*0201 subjects. CD4*CD25* FOXP3* Tregs were quantified
by flow cytometry. Serum IgG and IgM were assessed using the

ProtoArray® Human Protein Microarrays v. 4.1 (Invitrogen).
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We assessed pre-vaccine tumor-infiltrating CD3* T cells and
tumor MHC Class I expression levels by immunohistochemistry.

Hematologic recovery was followed with blood cell analysis every
1-3 d after chemotherapy, until blood populations returned to

normal values. Details are reported in Supplemental Materials.

t-test, and p values < 0.05 were considered statistically significant.
Pearson’s correlation was employed to test the correlation between
two interval-scaled variables, while Spearman’s rank correlation

Statistical analysis. Data were analyzed by paired Student’s

Initiative.

was employed to test the correlation between two ordinal-scaled

variables. The non-parametric Wilcoxon rank sum test was used

to compare immunologic outcomes (e.g., CD3* TILs) between
clinical responders and non-responders. These analyses were con-

ducted in SPSS 19 (SPSS, Inc.).
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