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Abstract Yeast-CEA (GI-6207) is a therapeutic cancer
vaccine genetically modified to express recombinant car-
cinoembryonic antigen (CEA) protein, using heat-killed
yeast (Saccharomyces cerevisiae) as a vector. In preclini-
cal studies, yeast-CEA induced a strong immune response
to CEA and antitumor responses. Patients received sub-
cutaneous vaccines every 2 weeks for 3 months and then
monthly. Patients were enrolled at 3 sequential dose levels:
4, 16, and 40 yeast units (107 yeast particles/unit). Eligi-
ble patients were required to have serum CEA > 5 ng/
mL or > 20 % CEA™ tumor block, ECOG PS 0-2, and
no history of autoimmunity. Restaging scans were per-
formed at 3 months and then bimonthly. Peripheral blood
was collected for the analysis of immune response (e.g.,
by ELISPOT assay). Twenty-five patients with metastatic

James L. Gulley and Ravi A. Madan have contributed equally to
this manuscript.

Electronic supplementary material The online version of this
article (doi:10.1007/s00262-013-1505-8) contains supplementary
material, which is available to authorized users.

M. Bilusic - P. M. Arlen - J. L. Gulley - R. A. Madan

Medical Oncology Branch, Center for Cancer Research, National
Cancer Institute, National Institutes of Health, Bethesda, MD,
USA

C. R. Heery - P. M. Arlen - M. Rauckhorst - K. Y. Tsang -

J. A. Tucker - C. Jochems - J. Schlom - J. L. Gulley (X)) -

R. A. Madan

Laboratory of Tumor Immunology and Biology, Center

for Cancer Research, National Cancer Institute, National
Institutes of Health, 10 Center Drive, Room 8B09, MSC 1750,
Bethesda, MD 20892, USA

e-mail: gulleyj@mail.nih.gov

D. Apelian
GlobeImmune Inc., Louisville, CO, USA

Published online: 07 December 2013

CEA-expressing carcinomas were enrolled. Median patient
age was 52 (range 39-81). A total of 135 vaccines were
administered. The vaccine was well tolerated, and the most
common adverse event was grade 1/2 injection-site reac-
tion. Five patients had stable disease beyond 3 months
(range 3.5-18 months), and each had CEA stabilization
while on-study. Some patients showed evidence post-vac-
cination of increases in antigen-specific CD8* T cells and
CD4" T lymphocytes and decreases in regulatory T cells.
Of note, a patient with medullary thyroid cancer had sub-
stantial T cell responses and a vigorous inflammatory reac-
tion at sites of metastatic disease. Yeast-CEA vaccination
had minimal toxicity and induced some antigen-specific T
cell responses and CEA stabilization in a heterogeneous,
heavily pre-treated patient population. Further studies are
required to determine the clinical benefit of yeast-CEA
vaccination.

Keywords Yeast-CEA vaccine - Immunity - Medullary
thyroid cancer - ELISPOT - Immunotherapy

Introduction

Therapeutic cancer vaccines are designed to stimulate the
immune system’s ability to detect and specifically lyse
cancer cells. One immunotherapeutic strategy employs
“off-the-shelf” vector-based vaccines that target tumor-
associated antigens (TAAs) that are overexpressed on
malignant cells [1]. Carcinoembryonic antigen (CEA) is
a 180,000-dalton glycoprotein that is overexpressed on
most adenocarcinomas of the colon, rectum, stomach, and
pancreas, as well as on breast cancers and non-small cell
lung cancer (NSCLC) [2-4]. CEA has also been impli-
cated in the metastatic process [5—10]. The CEA gene
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family belongs to the immunoglobulin superfamily. CEA,
which resides on the long arm of chromosome 19, has
been identified in the fetal gut and in lesser levels in nor-
mal adult colonic mucosa. There appears to be a degree
of immune tolerance to CEA, as demonstrated by the lack
of immune responses to CEA in patients bearing CEA-
expressing tumors. The ability to generate CEA-specific
T cell responses in humans has been demonstrated in sev-
eral clinical trials [11-15]. T cells capable of killing CEA-
expressing cancer cells were successfully generated post-
vaccination both in CEA-transgenic (CEA-Tg) animal
models and in humans [16, 17]. Furthermore, the degree
of CEA-specific T cell responses post-vaccination with a
poxviral-based vaccine has been associated with improved
survival in patients with CEA™ tumors [14].

Numerous characteristics of Saccharomyces cerevisiae,
a nonpathogenic yeast species, make it a desirable vector
for vaccines. Yeast can be readily engineered to express
antigens for infectious diseases or cancer. Heat-killed
yeast is extremely stable and therefore easy to transport
and store, and is generally easy to administer [18-20].
Recombinant heat-killed yeast has been shown to induce
maturation of murine dendritic cells (DCs), and the yeast-
CEA vaccine can efficiently activate murine CEA-spe-
cific T cells in vitro [21, 22]. Previous studies have also
shown that yeast-CEA can efficiently activate human DCs,
resulting in increased surface expression of costimulatory
molecules, MHC class I and II molecules, and increased
production by DCs of cytokines and chemokines such
as IL-12p70, TNF-a, IFN-y, and IL-8 [23]. Human DCs
treated with yeast-CEA can efficiently generate and acti-
vate CEA-specific T cell lines in vitro that are capable of
lysing CEA™ human tumor cells. Gene profiles of human
DCs treated with yeast-CEA showed increased expres-
sion of numerous genes involved in the production of
chemokines and cytokines and their receptors, as well
as genes related to antigen uptake, antigen presentation,
and signal transduction [23]. Furthermore, repeat admin-
istration of the vaccine in CEA-Tg mice demonstrated
enhanced T cell responses after each vaccination, indi-
cating that repeated vaccination could boost the immune
response [23]. In addition, since this is a killed vector and
does not actively infect cells, it is possible that an anti-vec-
tor antibody response could facilitate uptake by antigen-
presenting cells rather than a neutralizing response as may
be seen with live vectors. In sum, recombinant heat-killed
yeast serves as a delivery vehicle for a tumor antigen that
is efficiently taken up by DCs, resulting in the release of
protein in the cytoplasm for processing and MHC loading
for T cell activation [20, 24]. Heat-killed yeast vaccines
have demonstrated a good safety and tolerability profile
in multicenter trials in patients with hepatitis C [18, 19]
and in pancreatic cancer patients treated with yeast-ras
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(mutated) [25, 26] in combination with chemotherapy. An
added benefit is that heat-killed yeast can be administered
repeatedly without inducing host neutralizing activity [22].

In preclinical studies, vaccination of CEA-Tg mice bear-
ing CEA™ carcinomas with yeast-CEA vaccine resulted in
CEA-specific T cell responses, decreased tumor growth,
and increased survival with no evidence of autoimmunity
[22].

This phase I study evaluated the safety, tolerability, and
potential for clinical benefit of yeast-CEA vaccine and
analyzed CEA-specific immune responses in patients with
metastatic CEA-expressing carcinomas who had failed
standard treatments.

Patients and Methods
Eligibility

Eligible patients had histologically confirmed carcino-
mas whose CEA positivity was evidenced by either a
serum CEA level > 5 pug/L or positive staining for CEA
in > 20 % of tumor cells. This level of CEA expression
was selected based on a previous vaccine trial targeting
CEA antigen [14]. All patients had completed, or had dis-
ease progression on, at least one prior disease-appropri-
ate therapy for metastatic cancer, or were not candidates
for therapy of proven efficacy for their disease. Patients
were > 18 years of age, had ECOG performance status
of 0-2, had a negative yeast allergy skin test, and esti-
mated life expectancy of > 3 months. Any prior chemo-
therapy, radiation therapy, or surgeries must have been
completed > 4 weeks prior to starting the study. Stable
and treated brain metastases were acceptable as long as
the patient did not require systemic steroids. Concomitant
radiotherapy, chemotherapy, or hormonal therapy was not
permitted. Patients could have no history of autoimmune
disease. The study protocol was approved by the National
Cancer Institute’s Institutional Review Board, and all
patients gave written informed consent according to the
institutional and federal guidelines.

Vaccine administration

Yeast-CEA (GI-6207) vaccine was supplied by Globelm-
mune, Inc. (Louisville, CO), under a Cooperative Research
and Development Agreement with the Laboratory of Tumor
Immunology and Biology, Center for Cancer Research,
National Cancer Institute. Each vial of vaccine contained
12 yeast units (YU; 1 YU =1 x 107 heat-killed yeast cells).
The total dose, based on assigned dose level, was equally
divided and administered subcutaneously at 4 injection sites:
right and left inguinal area and right and left axillary chest
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wall. This strategy was based on preclinical data demonstrat-
ing that multiple-site vaccination more effectively induces T
cell immunity and antitumor responses than single-site vac-
cination [22]. Yeast-CEA was administered biweekly 7 times
(days 1, 15, 29, 43, 57, 71, and 85) and then monthly until
patients progressed clinically or by RECIST.

Assessment of toxicities

Toxicities were graded using the National Cancer Insti-
tute’s cancer clinical trials common toxicity criteria (ini-
tially CTCAE 3.0; CTCAE 4.0 after November 2010).
Toxicities were identified by medical history, physical
examination, and review of laboratory studies. A dose-
limiting toxicity was defined as any grade 3, 4, or 5 hema-
tologic or non-hematologic toxicity that was definitely,
probably, or possibly related to the administration of
vaccine.

Study design

This dose-escalation trial evaluated the maximum safely
tolerated dose of yeast-CEA. Standard dose escalation
was employed, whereby 3 patients on each study arm
were treated at each dose level and escalated to the next
higher dose if < 2 patients experienced a dose-limiting
toxicity. Patients were given 4 YU at dose level 1, 16 YU
at dose level 2, and 40 YU at dose level 3. Tumors were
assessed by CT scan of the chest, abdomen, and pelvis
at baseline and 3 months, and then every 2 months until
disease progression. Tumor responses were assessed by
RECIST 1.0.

Collection of PBMCs and immunoassays

Apheresis was performed at baseline and approximately
3 months after enrollment. Peripheral blood mononuclear
cells (PBMCs) were isolated by Ficoll (Amersham Bio-
sciences, Piscataway, NJ) density gradient separation,
washed 3 times, and cryopreserved in liquid nitrogen at a
concentration of 1 to 2 x 107 cells/mL until assayed.

A modification of a previously described procedure
[27, 28] was used to detect IFN-y production in response
to CEA peptide and/or tumor-associated antigen peptides
MUC-1 [29], brachyury [30], and HIV (as control peptide).
The assay was performed using K562/A*0201 as antigen-
presenting cells (APCs).

Cryopreserved PBMCs were analyzed by 5-color flow
cytometry for phenotypic characterization of CD4, CDS,
and regulatory T cells (Tregs), as previously described
[31]. For a given immune assay parameter, the actual
change and/or percent change from baseline was noted
and evaluated to determine whether it differed from zero

Table 1 Toxicities seen with GI-6207

Adverse event Grade 2 Grade 3 Grade 4
Abdominal pain 0 1 (<1 %) 0
Anemia 0 0 0
Back pain 0 1(<1 %) 0
Bruising 0 0 0
Chest wall pain 0 0 0
Chills 0 0 0
Dyspnea 0 1(<1%) 0
Edema 0 0 0
Elevated AST 1(<1 %) 0 0
Fatigue 0 0 0
Fever 1(<1%) 1(<1%) 0
Flu-like syndrome 1(<1 %) 0 0
Flushing 0 0 0
Headache 1(<1%) 0 0
Hypoxia 0 1(<1%) 0
Injection-site reaction 1(<1 %) 1(<1 %) 0
Myalgia 1(<1%) 0 0
Nausea 0 0 0
Pain 0 1(<1%) 0
Thrombocytopenia 0 0 0
Pleural effusion 1(<1%) 1(<1%) 0
Proteinuria 0 0 0
Pruritis 0 0 0
Rash 1(<1%) 0 0
Pneumonitis 0 1(<1%) 0

All toxicities possibly, likely, or definitely attributable to vaccine,
based on CTCAE 3.0/4.0

Percentages are based on total number of events from 135 vaccine
administrations

using a Wilcoxon signed rank test. A 95 % confidence
interval was formed about the fraction of patients with an
immune response. Antibodies to yeast in sera (1:50 dilu-
tion) were analyzed using the Quanta Lite (S. cerevisiae)
ASCAIgG ELISA kit from INOVA Diagnostics, Inc. (San
Diego, CA).

Results

Of the 25 patients enrolled, 20 had colon adenocarcinoma,
2 had rectal adenocarcinoma, one had pancreatic adenocar-
cinoma, one had NSCLC, and one had medullary thyroid
carcinoma (Supplemental Table 1). Median patient age was
52 (range 39-81; 10 males and 15 females). All patients
were ECOG status 0 (n = 9) or 1 (rn = 16). All patients had
progressive treatment-refractory disease and had undergone
a median of 4 prior chemotherapy regimens (range 1-6).
Median baseline CEA was 107 ng/mL (5.7-10,982 ng/mL).
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Table 2 Clinical outcomes Disease progression

Number of patients Dose level (patients)

* One patient was considered
unevaluable for CEA response
due to the removal of ascites

Baseline CEA levels were < 20 ng/mL (n = 6), 20-100 ng/
mL (n = 5), 101-1,000 ng/mL (n = 8), and > 1,000 ng/
mL (n = 6). Patients were enrolled at 4 YU (n = 4), 16 YU
(n = 3), and 40 YU (rn = 18, which included the expansion
phase) (Supplemental Table 1).

Toxicity

The treatment was well tolerated, with no dose-limiting
toxicities (Table 1). The most common side effect was a

Disease progression within 3 months 13 of 25 DL 1 (20f4)
DL 2 (2 of 3)
DL 3 (9 of 18)
Disease progression at 3-month restaging 7 of 25 DL 1 (1 of 4)
DL 2 (1 of 3)
DL 3 (5 of 18)
Stable disease at beyond 3 months (patients had stable disease 5 of 25 DL 1 (1 of4)
for 4.6, 8.2, 8.2, and 18.1 months, respectively. One patient DL 3 (4 of 18)
was removed at 3.5 months for potential toxicity)
Patients with on-study CEA declines after treatment 7 of 24* DL 1(10of4)
DL 3 (6 of 18)
60 = Treatment
40 - Initiation \/\
20 - l
E 154
)
£
z"’ 10
w
<) /
5 -
0 T L] L] L] L] T L] T
-90 0 90 180 270 360 450 540

grade 1 or 2 injection-site reaction, typically manifested
as erythema and induration. These reactions were self-
limiting, rarely lasting > 2-3 days after vaccination. One
grade 3 injection-site reaction was reported but rapidly
resolved. One patient with medullary thyroid carcinoma
(patient 21, dose level 3) developed grade 3 pneumoni-
tis with hypoxemia plus pleural and pericardial effusions
after 7 doses of vaccine. Treatment for this patient was
halted as a precaution; however, the toxicities responded
rapidly to high-dose steroids, suggesting that they may
have been an immune response to pleural and/or peri-
cardial tumors (see further discussion of this patient
below). A patient with colorectal cancer developed grade
3 abdominal and back pain after the second dose of vac-
cine (day 15). Given the advanced stage of his disease, it
was not immediately clear whether the pain represented
symptomatic progression or was associated with the vac-
cine. The patient was taken off study after one month for
disease progression. The recommended phase II dose is
40 YU, administered in divided doses of 10 YU injections
at 4 sites.

Clinical outcomes and tumor markers

Serum CEA levels were monitored at baseline (median
107 ng/mL; range, 5.7-10,982 ng/mL) and then monthly.
Median time to progression was 70 days (range 27—
529 days) in this population with advanced cancer. With
limited follow-up in 19 of 25 patients, median survival after
enrollment was approximately 7 months. Of 24 patients
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Fig. 1 A patient (#16) with colon cancer with CEA decline/stabili-
zation after treatment with yeast-CEA vaccine GI-6207. The figure
shows the log of CEA values for a 67-year-old man initially diag-
nosed with stage IIIC colon cancer in January 2007 who was treated
with surgery and adjuvant FOLFOX. When he developed metastatic
disease, treatments included metastasectomy, FOLFIRI with beva-
cizumab, then cetuximab, and lastly another regimen of FOLFIRI
with bevacizumab. His disease progressed and CEA continued to rise
through the last 2 chemotherapy regimens prior to enrollment. At the
time of enrollment, he had relatively small disease burden (4 mes-
enteric lymph nodes measuring < 2.5 cm). He remained on-study at
dose level 3 for 17.4 months with stable disease and CEA levels, and
tolerated treatment without any adverse effects

evaluable for CEA declines, 7 (4 colon cancer, one rectal
cancer, one medullary thyroid carcinoma, and one NSCLC)
had declines in serum CEA after treatment (Table 2). For
example, patient 16 (metastatic colorectal cancer) had sta-
ble CEA and remained on-study for 17.4 months (Fig. 1).
(The CEA decline in one other patient is difficult to inter-
pret because it coincided with ascites drainage. This patient
was thus considered unevaluable for CEA response.) The
5 patients with stable disease beyond 3 months all had
CEA declines while on-study and remained on trial for 3.5,
4.6, 8.2, 8.2, and 18.1 months, respectively (Table 2). The
medullary thyroid carcinoma patient was taken off study at
3.5 months for potential toxicity that was possibly a mani-
festation of strong immune response and not for disease
progression (see below).
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Table 3 Antigen-specific T cell response in evaluable patients after treatment with GI-6207

Patient # Days after treatment initiation CEA response MUC-1 response Brachyury response HIV

2 (dose level 1) Baseline <1/200,000 <1/200,000 n/a <1/200,000
14 1/100,000 <1/200,000 n/a <1/200,000
28 <1/200,000 <1/200,000 n/a <1/200,000

7 (dose level 2) Baseline <1/200,000 <1/200,000 <1/200,000 <1/200,000
15 <1/200,000 <1/200,000 <1/200,000 <1/200,000
29 <1/200,000 1/27,273 <1/200,000 <1/200,000
84 <1/200,000 1/13,636 1/60,000 <1/200,000

9 (dose level 3) Baseline <1/200,000 <1/200,000 <1/200,000 <1/200,000
15 1/41,667 <1/200,000 <1/200,000 <1/200,000
57 <1/200,000 1/75,000 <1/200,000 <1/200,000

16 (dose level 3) Baseline <1/200,000 <1/200,000 n/a <1/200,000
83 <1/200,000 <1/200,000 n/a <1/200,000
229 <1/200,000 1/100,000 n/a <1/200,000
321 <1/200,000 <1/200,000 n/a <1/200,000

21 (dose level 3) Baseline <1/200,000 <1/200,000 <1/200,000 <1/200,000
69 1/9,677 1/17,143 1/12,766 <1/200,000
84 1/15,152 1/35,294 1/20,000 <1/200,000
163* 1/20,000 1/26,316 <1/200,000 <1/200,000

T cell responses to flu and HIV served as positive and negative controls, respectively

Brachyury is a transcription factor that has been implicated in epithelial-mesenchymal transition and the metastatic process

Bold signifies a two fold or greater increase in antigen-specific T cells compared to baseline

n/a data not available because response to this antigen was not evaluated

% This analysis was performed after the patient received a course of high-dose steroids to treat an intense inflammatory reaction that was poten-

tially related to an intense immune response, as depicted in Fig. 3

Immune analyses

An ELISA performed before and after vaccination detected
no antibodies to CEA. Antibodies to S. cerevisiae were
evaluated in sera pre-treatment and around day 29 (after
2 vaccinations) and after subsequent vaccinations when
sera were available. Twenty-two of 25 patients showed no
increases in anti-yeast IgG > 1.5-fold over pre-treatment
values at any time points. One patient each who received
4 YU, 16 YU, and 40 YU showed titers 1.9-, 2.3-, and
1.6-fold, respectively, over pre-treatment levels, suggest-
ing modest post-vaccine increases. Venous access difficul-
ties and progressive disease limited the ability to perform
apheresis in some patients. IFN-y ELISPOT assays directed
against 9 mer peptides were performed in 11 HLA-A2" and
-A3" patients pre- and post-vaccination. Antigen-specific T
cell responses of > twofold over baseline to either CEA or
the cascade TAAs MUC-1 and brachyury were detected in
5 of 11 patients (Table 3). The medullary thyroid carcinoma
patient with the possible inflammatory response (discussed
below) had a > 20-fold increase over baseline in antigen-
specific T cell responses to CEA, MUC-1, and brachyury.
All samples were negative to HIV peptide by ELISPOT

pre- and post-vaccine. As mentioned above, 5 patients had
stable disease beyond the 3-month restaging. Immune-cell
subsets of PBMCs from 4 of these patients were available
for comparison to the other 20 patients receiving vaccine.
CD4, CD8, and Tregs (CD4*/CD25"¢"/CD127 /FOXP3")
were evaluated pre-vaccination and at day 29 (post 2 vac-
cinations). We also evaluated CTLA-4" Tregs (CD4%/
CD25"e"/CD127-/FOXP3"/CTLA4"), which have previ-
ously been shown to have more suppressive activity than
CTLA-4" Tregs [31]. There was no difference between the
2 groups at baseline in CD4%1 T cells as percent of lym-
phocytes (P = 0.29), with a trend (P = 0.04) of a higher
percent of CD4 in the 4 patients with stable disease versus
others at day 29 (Fig. 2a, b). Nor was there a difference in
the 2 groups at baseline in the percent of Tregs expressing
CTLA-4 (P = 0.26). There was, however, a weak trend
(P = 0.098) in the stable disease group having a lower per-
cent of CTLA-4" Tregs at day 20 (Fig. 2c, d). There was
also a slight trend of a higher CD8/Treg ratio in the sta-
ble disease group at baseline and at day 29, which did not
reach significance. It must be emphasized that not only are
these numbers small, but also that this is a heterogeneous,
heavily pre-treated patient population.
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Fig. 2 Five patients on study
were stable beyond the 3-month 80 -
staging. PBMCs from 4 of these
5 patients were available for

the comparison of immune-cell
subsets to the other 20 patients
receiving vaccine at baseline
and on day 29. a Frequency of
CD4* T cells at baseline for

the 4 stable patients compared
to the other 20 patients. There
was no difference between the 2
groups at baseline. b Frequency
of CD4™" T cells on day 29 for
the 4 stable patients compared
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Individual case report

An index patient with a particularly interesting clinical
course was a 39-year-old woman diagnosed in July 2002
with metastatic medullary thyroid carcinoma in the thorax
and pericardial space (Fig. 3a, b). She underwent several
surgeries and participated in a vandetanib clinical trial prior
to starting this protocol. She went on protocol with pro-
gressive disease and was treated with yeast-CEA vaccine at
dose level 3 and tolerated the treatment well for 3 months
for a total of 7 vaccinations. The last vaccine dose occurred
after her 3-month restaging CT, which demonstrated sta-
ble disease. Within this time period, the patient’s CEA and
calcitonin, which had been rising prior to enrollment, had
stabilized. Six days later, the patient was admitted with
shortness of breath. A subsequent CT scan showed new
right-sided pleural and pericardial effusions (Fig. 3c). The
patient was treated with supportive measures and empiric
antibiotics for presumed infection. A bronchoscopy with
lavage and biopsy did not reveal any evidence of infec-
tion or lymphangitic spread of disease. When the symp-
toms continued, empiric treatment with high-dose steroids
was administered and the patient had rapid resolution of
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her symptoms within 2 days and subsequent improve-
ment on CT scan (Fig. 3d). It is important to note that this
patient was re-evaluated for yeast allergies and found to be
negative.

The exact etiology of this patient’s pneumonitis is not
clear. It is possible that the fluid buildup was secondary
to a vigorous vaccine-induced immune response gener-
ated against the tumor. Large tumor masses in the thorax
and pericardial space could also explain the fluid buildup in
these areas; however, the prompt resolution with corticos-
teroids is more consistent with an inflammatory response
than a steroid-unresponsive tumor. It is interesting to note
that the patient’s only pleural-based lesion was on the right
side, which was the only side to have a pleural effusion.
Alternatively, the patient could have had a slowly resolv-
ing uncultured infection that rapidly resolved with ster-
oids, or a vigorous response to an undefined environmental
allergen. This was the only patient on the study with large
tumors in the thorax and pericardial space. As a precaution,
the patient received no more vaccine. Notably, an immune
analysis of this patient performed 5 months after enroll-
ment and about 6 weeks after administration of high-dose
steroids continued to show significant T cell responses
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Fig. 3 Inflammatory response in a patient with medullary thyroid
cancer who was treated with vaccine. a, b Baseline computed tomog-
raphy (CT) of a patient with medullary thyroid cancer who had a
pericardial-based lesion (a, arrow) and a right-sided pleural-based
lesion (b, arrow). ¢ Six days after the seventh vaccine (approximately
13 weeks after initiating therapy), the patient developed shortness of
breath and was admitted to a local hospital. CT showed a right-sided
pleural effusion and a pericardial effusion. A biopsy evaluating lym-
phangitic spread, bronchoscopy with lavage, and empiric antibiotic
therapy yielded no clear etiology. With no clear diagnosis, high-dose
steroids were started to treat a potential immune-related reaction.

compared to baseline (Table 3, patient 21, day 163). The
patient was subsequently treated with sunitinib. She had
significant declines in CEA and calcitonin, along with
extended stable disease.

Discussion

In April 2010, the United States Food and Drug Adminis-
tration (FDA) approved sipuleucel-T, the first therapeu-
tic cancer vaccine, for the treatment of asymptomatic or
minimally symptomatic castration-resistant prostate can-
cer, based on studies showing improved overall survival
[32]. Sipuleucel-T production requires obtaining a patient’s
PBMCs via apheresis, processing these cells at a central
facility where they are pulsed with an antigen and then

The patient’s symptoms resolved within 48 h. d CT image obtained
18 days after the image in (c) and approximately 2 weeks after start-
ing steroids. Notably, this patient was re-evaluated for yeast aller-
gies and found to be negative, and the magnitude of antigen-specific
T cell response to multiple tumor antigens increased 10- to 20-fold
after vaccine. Based on the clinical course and absence of an alterna-
tive diagnosis, it is possible that this was a vigorous immune-medi-
ated antitumor response. Interestingly, in image (c), the effusion was
only on the right side (arrow), the same location of the pleural-based
lesion seen in (b)

infusing the antigen-pulsed PBMCs back into the patient
biweekly 3 times over 1 month [32]. While sipuleucel-T
marks an important advance in the field of immunotherapy,
the expense and logistical complications of ex vivo cellular
processing make off-the-shelf vaccines of proven efficacy
more appealing [33]. In this phase I study, the “off-the-
shelf” recombinant yeast-CEA vaccine GI-6207 was shown
to be safe and well tolerated. The most common toxicity
was grade 1/2 injection-site reaction. Only 3 grade 3 toxici-
ties were reported: an injection-site reaction, pain possibly
confounded with progressing disease, and a possibly vigor-
ous immune response that resolved with high-dose steroids.

This typical phase I patient population was heavily
pre-treated with a median of 4 previous chemotherapy
regimens. They also had rapidly progressing disease (13
of 25 had disease progression before the first restaging
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at 3 months). Furthermore, median survival after enroll-
ment was approximately 7 months. Each of these factors
could have significantly limited patients’ ability to gener-
ate an immune response to vaccine. A previous study with
a poxvirus-based CEA-targeting vaccine demonstrated
an inverse relationship between vaccine-specific immune
response and number of previous chemotherapy regimens
[34]. Additionally, several studies, including those with the
FDA-approved sipuleucel-T and ipilimumab, have sug-
gested delayed effects for immunotherapeutics, based on
their lack of impact on short-term disease progression, but
ultimate ability to extend survival [35, 36].

The majority of patients in this study were in the final
months of a long disease course. They likely had heavy
tumor burden, which has been associated with increased
levels of immunosuppressive cytokines such as TGF-g and
IL-10 and increased numbers of immunosuppressive Tregs
[37, 38]. In spite of these factors, some patients demon-
strated evidence of immunologic response (Table 3; Fig. 2).
T cell responses seen only post-vaccination to MUC-1, a
tumor antigen, and brachyury, a transcription factor asso-
ciated with epithelial-mesenchymal transition and the
metastatic process, suggest that the vaccine was able to
break tolerance and induced antigen spreading, a process
whereby a dynamic immune response leads to the targeting
of tumor antigens not initially targeted by the vaccine [30,
39-41]. In other trials, an association has been established
between antigen spreading and antitumor responses [42,
43]. Subsequent clinical trials with this vaccine will evalu-
ate the extent of antigen spreading/T cell response, and any
associations with antitumor responses or changes in tumor
growth rates will be evaluated.

Carcinoembryonic antigen level is a common marker of
overall disease burden in CEA-expressing adenocarcinoma
and can be used to evaluate response to therapy [44]. Thus,
all patients in this phase I trial had serial CEA measure-
ments during the course of treatment. Although there were
no complete or partial responses based on RECIST, stable
disease was observed in 5 of 25 (20 %) patients at 3 months,
including 3 with stable disease lasting > 8 months (2 with
metastatic colon cancer and one with NSCLC). Notably,
all 5 patients with stable disease also showed stabilization
of CEA levels. Responses did not seem to be dose-related,
although this was difficult to determine since the majority
of patients (n = 18) were treated at the highest dose level.

The most intriguing results were seen in the patient with
medullary thyroid carcinoma. The development of a possible
inflammatory process in the area of large tumors that resolved
only with high doses of steroids is suggestive of an antitumor
immune response. The patient also had stabilization of CEA
and calcitonin after treatment and 20-fold increases in anti-
gen-specific T cell responses to all antigens evaluated. This
patient, who had an indolent tumor and was far removed from
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her only cytotoxic therapy, may represent the type of patient
who should be evaluated in future vaccine trials.

A study of yeast-CEA GI-6207 in minimally sympto-
matic medullary thyroid carcinoma patients (who are thus
less ideal candidates for toxic therapies such as vandetanib
or cabozantinib) is currently enrolling at the National Can-
cer Institute (NCI-13-C-0095). Additional trials are also
being contemplated in the adjuvant setting for colorectal
cancer patients. Since this heat-killed agent can be safely
given with chemotherapy, combination trials with stand-
ard chemotherapy regimens are also being considered.
The findings in these and other studies will help define the
clinical potential of yeast-CEA vaccine GI-6207 in this and
other CEA-expressing malignancies.
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