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Abstract
Human tumor cells express antigens that serve as targets for the host cellular immune system. This phase 1 dose-escalating 
study was conducted to assess safety and tolerability of G305, a recombinant NY-ESO-1 protein vaccine mixed with glu-
copyranosyl lipid A (GLA), a synthetic TLR4 agonist adjuvant, in a stable emulsion (SE). Twelve patients with solid tumors 
expressing NY-ESO-1 were treated using a 3 + 3 design. The NY-ESO-1 dose was fixed at 250 µg, while GLA-SE was 
increased from 2 to 10 µg. Safety, immunogenicity, and clinical responses were assessed prior to, during, and at the end of 
therapy. G305 was safe and immunogenic at all doses. All related AEs were Grade 1 or 2, with injection site soreness as 
the most commonly reported event (100%). Overall, 75% of patients developed antibody response to NY-ESO-1, including 
six patients with increased antibody titer ( ≥ 4-fold rise) and three patients with seroconversion from negative (titer < 100) 
to positive (titer ≥ 100). CD4 T-cell responses were observed in 44.4% of patients; 33.3% were new responses and 1 was 
boosted ( ≥ 2-fold rise). Following treatment, 8 of 12 patients had stable disease for 3 months or more; at the end of 1 year, 
three patients had stable disease and nine patients were alive. G305 is a potent immunotherapeutic agent that can stimulate 
NY-ESO-1-specific antibody and T-cell responses. The vaccine was safe at all doses of GLA-SE (2–10 µg) and showed 
potential clinical benefit in this population of patients.
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Introduction

Harnessing the cellular immune system to kill tumor cells 
holds promise for treating a variety of human malignan-
cies [2, 3]. Tumor cells express tumor-associated antigens 
(TAAs) that differentiate them from normal cells. These 
TAAs provide accessible targets that the host’s immune sys-
tem can use to destroy tumors. New York Esophageal Squa-
mous Cell Carcinoma 1 (NY-ESO-1), which is expressed in 
melanoma, certain sarcomas, and in ovarian, non-small cell 
lung cancer (NSCLC), and other types of carcinoma, is one 
such TAA [4–6]. As a cancer-testis antigen, it is an ideal 
target for cancer immunotherapy because the only anatomi-
cal sites where NY-ESO-1 is expressed under physiological 
condition are testes and placenta, which are immunologi-
cally privileged [7], and, in addition, spermatogonia are 
devoid of human leukocyte antigen (HLA)-class I mol-
ecules and are thus not able to present antigens to T cells. In 
patients with various NY-ESO-1-positive solid tumors, the 
presence of spontaneous or induced anti-NY-ESO-1 anti-
bodies in association with NY-ESO-1-specific CD8 or CD4 
T-cell responses has been shown to correlate with clinical 
benefit in subsets of patients after immunotherapy [8–14]. 
Although NY-ESO-1 recombinant protein alone can induce a 
CD4 T-cell response in many patients following vaccination, 
administration of the protein together with an adjuvant, such 
as imiquimod or Bacillus Calmette–Guerin (BCG) and gran-
ulocyte–macrophage colony stimulating factor (GM-CSF), 
resulted in the generation of stronger NY-ESO-1-specific 
antibody and CD4 T-cell responses and can also induce CD8 

T cells, when compared with unadjuvanted NY-ESO-1 pro-
tein [8, 14].

Glucopyranosyl lipid A (GLA) is a synthetic, detoxi-
fied derivative of the lipid A moiety of lipopolysaccharide 
(LPS), which is the prototypic activator of toll-like recep-
tor 4 (TLR4) [15]. In TLR4-expressing antigen presenting 
cells, such as macrophages and dendritic cells, GLA in 
stable oil-in-water emulsion (GLA-SE) induces Th1-type 
proinflammatory cytokines via myeloid differentiation 
primary response 88 (MyD88)/NF-kB signaling, type-1 
interferons via the TIR-domain-containing adapter-induc-
ing interferon-β (TRIF) pathway, and activation markers 
CD40, CD83, CD86, CCR7, and HLA-DR [15–17]. In 
addition, it was recently shown that GLA-SE also activates 
the NACHT, LRR and PYD domains-containing protein 3 
(NLRP3) inflammasome, which results in the secretion of 
the potent innate immune activators IL-18 and IL-1β [18, 
19]. The authors speculated that engagement of both TLR 
and inflammasome pathways to promote strong and durable 
adaptive immune responses is a universal feature of effec-
tive adjuvants. GLA, particularly in a stable oil-in-water 
emulsion (GLA-SE), can potently activate the innate and 
adaptive immune system in several preclinical models as 
a vaccine adjuvant [20–24]. Importantly, the stimulatory 
effect of GLA-SE on both Th1-type antibody and CD4 T-cell 
responses resulted in increased titers and breadth of pro-
tection, which has been shown both preclinically and clini-
cally in Phase 1 and 2 trials with different vaccine antigens 
[25–27]. In addition, we have shown preclinically that GLA-
SE can also prime cytotoxic CD8 T cells that can be recalled 
and are protective in a viral challenge model [28]. Over 2000 
patients have been injected with vaccines containing GLA-
SE as an adjuvant in doses ranging from 0.5 to 20 μg, with 
an excellent safety record [25–27].

G305, Immune Design’s novel immunotherapy agent, is 
composed of bacterially expressed full-length NY-ESO-1 
protein adjuvanted with GLA-SE. NY-ESO-1 has been pre-
viously studied in over 20 vaccine trials using different adju-
vants, including cytosine phosphate–guanine (CpG) [29], 
montanide, iscomatrix [30, 31], polyinosinic-polycytidylic 
acid–poly-l-lysine–carboxymethylcellulose (poly-ICLC) 
[32], BCG which activates both TLR2 and TLR4 [14], and 
OK-432 which is a streptococcal preparation that activates 
TLR4 [33]. However, the combination of NY-ESO-1 with 
GLA, a novel TLR4 agonist as an adjuvant has not been 
reported in the human setting.

This first-in-human phase 1 study evaluated the clinical 
safety and immunogenicity of repeat injections of G305 in 
patients with advanced NY-ESO-1-expressing malignan-
cies. The cancer types chosen for study (melanoma, ovar-
ian cancer, synovial sarcoma, NSCLC, and breast cancer) 
included not only those known to express NY-ESO-1 at a 
reasonably high frequency, but also those with a history of 
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responsiveness to NY-ESO-1 immune-based approaches [9, 
34].

Patients and methods

Study design

It was planned to enroll up to 18 evaluable patients with 
unresectable, relapsed, or metastatic cancer expressing the 
NY-ESO-1 cancer antigen in this phase 1, open-label, mul-
ticenter, dose-escalating trial at three centers in the United 
States. The sample size was chosen to provide preliminary 
data for subsequent clinical studies rather than to assure a 
given level of statistical power. Doses of NY-ESO-1 and 
GLA-SE were determined based on results of prior pub-
lished vaccine studies. Patients were assigned to treatment in 
a 3 + 3 sequential dose-escalation design. G305, comprising 
GLA-SE doses of 2, 5, or 10 µg and a fixed dose of 250 µg 
NY-ESO-1, was administered intramuscularly (IM) on Days 
0, 21, and 42. It was planned to enroll a minimum of 12 
patients, with a minimum of 6 patients in the final cohort. 
One subject in each cohort received the first G305 injection, 
then at least 24 h later, the next two patients in each cohort 
could be dosed. Dose escalation was contingent upon assess-
ment of safety data. A dosing cohort was to be expanded 
to six patients if any 1 of the first 3 enrolled patients in a 
given cohort experienced a dose-limiting toxicity (DLT). 
If two or more patients in a dose-level cohort developed an 
AE that was considered a DLT, then the maximum toler-
ated dose (MTD) would have been exceeded and further 
administration at that dose level was discontinued. The dose 
was increased to the next level when less than one-third of 
patients in a cohort experienced a DLT and the Safety Moni-
toring Committee (SMC) concurred with escalation.

Patients were monitored for AEs and serious adverse 
events (SAEs) every 7 days, either during a clinic visit or 
by telephone follow-up. Disease status was assessed on day 
70 with computed tomography (CT) imaging or magnetic 
resonance imaging (MRI). Patients with ovarian cancer were 
also assessed using CA-125 measurements at baseline and 
on days 0, 21, 42, and 70. Follow-up was continued every 
12 weeks for 1 year after enrollment to assess survival, AEs, 
disease status, and current cancer treatments.

Selection of study population

Inclusion criteria included having a projected life span of 
6 months or more and an Eastern Cooperative Oncology 
Group (ECOG) Performance Status of 0 or 1. All patients 
had a confirmed histologic or cytologic diagnosis of mela-
noma, ovarian cancer, synovial sarcoma, bladder cancer, 
breast cancer, or NSCLC with demonstration of NY-ESO-1 

positivity in at least 1% of the cells using a qualified immu-
nohistochemistry (IHC) assay (Mosaic Laboratories, Lake 
Forest, CA, USA) in a previous biopsy. The cancers had 
to be unresectable, relapsed, and/or metastatic with mini-
mal- or low-disease burden and not rapidly progressive. 
Patients could be enrolled if they had histories of inadequate 
response, relapse, and/or unacceptable toxicity with one or 
more prior systemic, surgical, or radiation cancer therapies. 
Women of child-bearing age were tested for pregnancy 
before enrollment and before administration of each vac-
cine; G305 was not administered until a negative pregnancy 
test was confirmed. Both female patients of child-bearing 
age and male patients with female sexual partners of child-
bearing age had to agree to use a highly effective form of 
contraception during the study and for at least 3 months after 
the study. In patients with melanoma, serum lactate dehydro-
genase (LDH) levels had to be less than or equal to the upper 
limit of normal (ULN) of the local laboratory.

Exclusion criteria included age under 18 years, currently 
pregnant, previous NY-ESO-1 therapy, cancer chemotherapy 
within 3 weeks prior to start of G305 dosing, or immunosup-
pressive treatments within 4 weeks of starting. Patients with 
severe psychiatric disorders were excluded, as were patients 
with severe autoimmune disease or heart disease, abnormal 
hematologic parameters, clinically significant infections, 
or evidence of metabolic dysfunction, including significant 
kidney disease or liver disease. Other exclusionary criteria 
included a history of another cancer within 3 years (except 
early-stage non-melanoma skin cancers and cervical intraep-
ithelial neoplasia). Patients with uveal melanoma or unstable 
brain metastases were not included in the study.

Vaccine administration

The investigational drug products included recombinant 
NY-ESO-1 antigen, a full-length, purified, 180-amino acid-
native protein with a 12-amino acid 5′ His6-tag region, 
whose cDNA was cloned in Escherichia coli (Ludwig 
Institute for Cancer Research, New York, NY, USA), and 
GLA-SE, a stable oil-in-water squalene-based emulsion for-
mulation containing GLA made by high-pressure microflu-
idization (provided by the manufacturing group of Immune 
Design, Seattle, WA, USA). The components were mixed 
and then administered as a 1-mL IM injection in the deltoid 
region on days 0, 21, and 42 using alternating arms for each 
dose. Each injection consisted of 250 µg NY-ESO-1 antigen 
mixed with 2 µg, 5 µg, or 10 µg GLA in 2% SE, depending 
on the cohort.

Safety measures and adverse events

All patients were evaluated at screening, baseline, and at 
regular intervals throughout the study. Safety assessments 
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included symptoms, physical examination findings, vital 
signs, AEs, electrocardiograms (ECGs) (as applicable), and 
clinical laboratory evaluations (hematology, blood chemis-
try, and urinalysis). AEs were classified using the Medical 
Dictionary for Regulatory Activities (MedDRA) Version 
16.0 and their severities classified using the National Cancer 
Institute (NCI) Common Terminology Criteria for Adverse 
Events (CTCAE) v4.03.

The DLT assessment period was 28 days from vaccine 
administration and was defined as an AE considered Grade 
3 or higher that was possibly, probably, or definitely related 
to G305. Exceptions were made for diarrhea ≥ Grade 3, 
provided the symptoms responded to treatment; elevated 
bilirubin levels in patients with Gilbert’s disease, provided 
bilirubin elevation was ≤ 3 × the baseline value and lasted 
less than 5 days; fatigue Grade < 4; and systemic reactions, 
including fever, malaise, headache, and nausea, that returned 
to baseline or Grade 1 within 3 days of vaccination. Before 
enrollment of both the second and third cohorts, the SMC 
reviewed data from the previous cohort to assess the occur-
rence of DLTs.

Immunogenicity measurements

Blood was collected on days 7, 0, 21, 28, 42, and 70 for the 
isolation of peripheral blood mononuclear cells (PBMC) and 
plasma to measure cellular and humoral immune response 
to the vaccine. Cellular immunogenicity was measured 
by enzyme-linked immunospot (ELISPOT) in all patients 
and by intracellular cytokine staining (ICS) in a subset 
of patients. T-cell subset-specific cultured ELISPOT pro-
vided the primary immunogenicity assessment. While it is 
less sensitive, ICS complemented these measurements in 
selected patients to show the production and accumulation 
of cytokines in PBMCs and to assess in vitro NY-ESO-
1-specific peripheral blood T-cell cytokine release. Enzyme-
linked immunosorbent assay (ELISA) measurement of anti-
body response to NY-ESO-1 was performed in all patients.

CD4 and CD8 T‑cell ELISPOT

ELISPOT was used to detect levels of NY-ESO-1-specific 
CD4 and CD8 T cells after in vitro stimulation of T cells 
[13, 30]. Briefly, CD4 and CD8 cells were sequentially posi-
tively selected from PBMC using magnetic beads (Milte-
nyi Biotec, Bergisch Gladbach, Germany). The remaining 
T-cell-depleted cells containing autologous target cells were 
pulsed overnight with a pool of overlapping 20mer peptides 
(1 µM, Multiple Peptide Systems, San Diego, CA, USA) 
that covered the entire NY-ESO-1 sequence or a control 
irrelevant target, influenza nucleoprotein (NP). The peptide 
pulsed cells were irradiated, mixed with isolated CD4 or 
CD8 T cells and placed in culture (50,000 T cells/well) with 

interleukin 2 (IL-2) (Roche) and interleukin-7 (IL-7) (R&D 
Systems, Minneapolis, MN, USA) until testing by IFN-γ 
ELISPOT. In vitro culture of CD8 T cells was performed 
for 10 days prior to ELISPOT; culture of CD4 T cells was 
performed for three weeks prior to ELISPOT. Dimethyl sul-
foxide (DMSO) and influenza nucleoprotein (NP) peptide 
pools were used as negative and positive controls, respec-
tively, along with phorbol 12-myristate 13-acetate (PMA)/
ionomycin. Responses were counted as positive if at least 50 
spots/50,000 seeded cells were present and were greater than 
2 × above the irrelevant control. Responses were considered 
increased if they were more than twofold over baseline.

Intracellular cytokine staining

PBMC were seeded in 96-well plates at 1.5 million cells per 
well and treated with medium alone, NY-ESO-1 overlapping 
15mer peptides (2.5 µg/mL, from JPT Peptide Technologies, 
Berlin, Germany), or the positive control, Staphylococcus 
aureus enterotoxin type B (SEB). After 1 h of stimulation, 
a Golgi plug was added to prevent cytokine secretion. The 
cells were cultured for another 16 h before they were stained 
for intracellular cytokines [IFN-γ, IL-2, and tumor necro-
sis factor alpha (TNFα)] and surface markers. The panel of 
antibodies included CD3-BV786 (clone SP34-2, BD Bio-
sciences, San Jose, CA, USA), CD4-PerCP-Cy5.5 (clone 
RPA-T4, BD Biosciences), CD8a-BV650 (clone RPA-T8, 
BD Biosciences), CD27-BV605 (clone O323, BioLegend, 
San Diego, CA, USA), CD45RA-APC-Cy7 (clone HI100, 
BioLegend), IL2-Alexa 700 (clone MQ1-17-H12, BioLe-
gend), TNF-α-APC (clone 6401.1111, BD Biosciences), 
IFNγ-FITC (clone B27, BD Biosciences), CD154-BV421 
(clone TRAP1, BioLegend), CD107a-PE (clone H4A3, BD 
Biosciences), CD56-BV711 (clone HCD56, BioLegend), 
Granzyme B-PE-CF594 (clone GB11, BD Biosciences). A 
live/dead dye (V500, Life Technologies, Grand Island, NY, 
USA) was also included. The stained samples were analyzed 
on a 14-color flow cytometer and the list mode files were 
analyzed in FlowJo (Tree Star, Ashland, OR, USA).

ELISA

Humoral immunogenicity was measured as reciprocal 
titers of serum anti-NY-ESO-1 immunoglobulin G (IgG) 
in ELISA testing. Briefly, sera from each time point were 
tested in 2–6 replicates in each patient using serial 4 × dilu-
tions from 1/100 to 1/100,000 for reactivity to full-length 
NY-ESO-1 recombinant protein (1 µg/mL, different source 
from vaccine protein), NY-ESO-1 overlapping peptide pools 
(1 µmol/L), and negative control antigens (p53 and SSX2) 
as described [14]. Titers were extrapolated based on a cutoff 
established from a pool of healthy donor sera, and assays 
were validated using positive control sera for each antigen 
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present on each plate. Results were considered significant if 
titers were ≥ 100, and changes were considered significant 
if increased from baseline by at least a fourfold or a new-
positive geometric mean titer (GMT) ≥ 1:100.

Efficacy assessment

Tumor staging was performed at baseline and at the day 70 
visit by physical examination and imaging (CT or MRI). 
Investigators also assessed patients as indicated, as part of 
ongoing care. Tumor response was assessed according to the 
Response Evaluation Criteria in Solid Tumors (RECIST) 
v1.1. Peripheral blood CA-125 levels were serially measured 
in patients with ovarian cancer on days 0, 21, 42, and 70.

Statistical methods

The design of this study did not include hypothesis test-
ing. In general, categorical variables were summarized as 
the number and percentage of patients in each category. 
Continuous variables were summarized using the mean, 
range, and standard deviation (SD). Safety analyses were 
performed using data from all patients receiving at least 1 
dose of G305. Treatment-emergent adverse events (TEAEs) 
were summarized within each dose-level cohort. Abnormal 
hematology and clinical chemistry values obtained during 
the study were assigned CTCAE grades, and shifts in the 
CTCAE grade from baseline grade to the post-baseline grade 
were summarized as counts and percentages.

Results

Patient disposition, demographics, and baseline 
characteristics of the safety population

Thirteen patients who had melanoma, ovarian cancer, syno-
vial sarcoma, or urothelial carcinoma were enrolled in the 
study starting in February 2014. One patient with ovarian 
cancer withdrew from the study without receiving treatment 
at her physician’s discretion and was excluded from subse-
quent analysis. The majority of patients were female (75%) 
and white (100%) with a mean age (SD) of 60.8 (17.1) years 
(range 19–78 years); tumor types and disease status were 
approximately evenly distributed among the dose-escalation 
cohorts with a total of seven (58.3%) patients with ovarian 
cancer, three (25.0%) patients with synovial sarcoma, one 
(8.3%) patient with melanoma, and one (8.3%) patient with 
advanced urothelial carcinoma (Table 1).

At screening, no subject had an ECOG performance 
status higher than 1. The average amount of NY-ESO-1 
expression in tumors was lowest in Cohort 3. All patients 
had undergone prior cancer-related surgeries and all but 1 

patient, who had urothelial carcinoma, had also received 
radiation, immunotherapy, or chemotherapy.

Safety

All patients (100%) reported at least one TEAE. No deaths 
occurred during the treatment period, no patient was 
withdrawn from the study because of a TEAE, no DLTs 
occurred, and no TEAE was considered an AE of special 
interest (AESI). No patient stopped treatment with the study 
drug or had a modified dose of the study drug administered 
because of a TEAE. SAEs were reported in two patients 
(16.7%), both patients were in Cohort 3 (10 µg GLA-SE) 
and both events required hospitalization. One subject expe-
rienced abdominal pain (Grade 3, unrelated to study drug) 
and the other patient had a pleural effusion (Grade 2, unre-
lated to study drug). The most common TEAE was injec-
tion site pain, which was reported by 12 (100%) patients. 
Other TEAEs reported in more than 10% of patients overall 
included fatigue and nausea [each reported by 4 (33.3%) 
patients], vomiting [3 (25.0%) patients], and pain, diarrhea, 
and hyperkalemia [each reported by 2 (16.7%) patients] 
(Table 2).

No Grade 4 or 5 TEAEs were reported. One (8.3%) 
patient reported a Grade 3 TEAE (abdominal pain), which 
was also considered an SAE and was unrelated to the study 
drug. Grade 2 events were reported by 4 (41.7%) patients 
and Grade 1 events were reported by 6 (50.0%) patients. Of 
the total 97 TEAEs reported, most [88/97 (90.7%)] were 
assessed as Grade 1. Of the eight events assessed as Grade 2, 
six events occurred in patients in Cohort 3 and involved the 
respiratory, nervous, or gastrointestinal systems, were infec-
tions, or were the result of an investigation. Of all TEAEs 
reported, a total of 32/97 (33.0%) were classified as injection 
site reactions and included events with the preferred terms 
of injection site pain, myalgia, injection site reaction, and 
fatigue; all of these events were considered Grade 1.

All TEAEs that were considered related (possibly, prob-
ably, or definitely) to the study drug were Grade 1 or 2 
in severity; no Grade 3, 4, or 5 treatment-related TEAEs 
occurred. TEAEs that were considered related to the study 
drug and that were reported by 2 or more patients overall 
included injection site pain [12 (100%) patients] and fatigue, 
pain, and nausea [each reported in 2 (16.7%) patients]. 
The incidence rates of related TEAEs were similar across 
cohorts; no correlation between TEAEs and the dose of 
GLA-SE was noted. No TEAEs were reported after the day 
70 visit.

Hemoglobin and white blood cell counts dropped slightly 
with treatment, but no consistent or clinically significant 
changes were noted. Although some changes from baseline 
were noted for several blood chemistry parameters, including 
transient decreases in potassium, LDH, alkaline phosphatase 
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(ALP), sodium, and amylase, and transient increases in ALP, 
the findings were not considered to be clinically significant 
and no differences were noted among cohorts. Some sig-
nificant laboratory findings, such as elevated glucose levels, 
were assessed as unrelated to study treatment.

Three deaths occurred during the follow-up period; all 
were due to disease progression. A 60-year-old female 

with ovarian cancer in Cohort 2 (5 µg) died 226 days after 
the first dose, a 77-year-old female with ovarian cancer in 
Cohort 3 (10 µg) died 296 days after the first dose, and a 
62-year-old male with melanoma in Cohort 3 (10 µg) died 
84 days after the first dose.

Table 1   Patient demographics 
and baseline characteristics in 
the safety population

a One patient was enrolled, but was not treated and discontinued due to physician decision
b Safety population included those all enrolled patients who receive at least 1 dose study drug. All patients 
in the safety population received the three planned doses of the study drug

Cohort 1:2 µg 
GLA-SE(N = 3)

Cohort 2:5 µg 
GLA-SE(N = 3)

Cohort 3:10 µg 
GLA-SE(N = 6)

Total(N =12)

Enrolleda, n (%) 3 (100) 3 (100) 6 (100) 13 (100)
Safety populationb, n (%) 3 (100) 3 (100) 6 (100) 12 (92.3)
Age (years)
 Mean (SD) 61.7 (13.0) 50.0 (27.4) 65.8 (13.2) 60.8 (17.1)
 Median 61.0 60.0 67.5 62.0
 Range 49–75 19–71 43–78 19–78

Sex, n (%)
 Female 3 (100) 2 (66.7) 4 (66.7) 9 (75.0)
 Male 0 (0.0) 1 (33.3) 2 (33.3) 3 (25.0)

Tumor type, n (%)
 Melanoma 0 0 1 (16.7) 1 (8.3)
 Ovarian 2 (66.7) 2 (66.7) 3 (50.0) 7 (58.3)
 Synovial sarcoma 1 (33.3) 1 (33.3) 1 (16.7) 3 (25.0)
 Urothelial carcinoma 0 0 1 (16.7) 1 (8.3)

Stage, n (%)
 Stage III 2 (66.7) 1 (33.3) 1 (16.7) 4 (33.3)
 Stage IV 1 (33.3) 2 (66.7) 5 (83.3) 8 (66.7)

NY-ESO-1 (% positive cells)
 Mean 71.0 73.0 48.7 60.3

Completed day 70, n (%)
 Yes 3 (100.0%) 3 (100.0%) 6 (100.0%) 12 (100.0%)

Table 2   Treatment-emergent 
adverse events in > 10% of 
patients

TEAE treatment-emergent adverse event
Multiple occurrences of the same TEAE in one individual are counted only once

System organ class
Preferred term

Cohort 1
N = 3

Cohort 2
N = 3

Cohort 3
N = 6

All patients
N = 12

n (%) n (%) n (%) n (%)

General disorders and administration
 Injection site pain 3 (100) 3 (100) 6 (100) 12 (100)
 Fatigue 1 (33.3) 2 (66.7) 1 (16.7) 4 (33.3)
 Pain 1 (33.3) 1 (33.3) 0 2 (16.7)

Gastrointestinal disorders
 Nausea
 Vomiting
 Diarrhea

1 (33.3)
0
0

1 (33.3)
1 (33.3)
1 (33.3)

2 (33.3)
2 (33.3)
1 (16.7)

4 (33.3)
3 (25.0)
2 (16.7)

Metabolism and nutrition disorders
 Hyperkalemia 1 (33.3) 0 1 (16.7) 2 (16.7)
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Immunogenicity and efficacy of G305 treatment

One or two baseline samples and up to four samples col-
lected during treatment (days -7, 0, 21, 28, 42, 70) were 
tested. While antibody data were available from all patients, 
T-cell data were only available from 9/12 (75%) patients. 
The kinetics of antibody response to NY-ESO-1 protein and 
peptide pools and two control proteins, p53 and SSX2, from 
all patients are shown in Fig. 1. As shown in Fig. 1a, b, 9 
of 12 (75%) patients developed antibody responses to NY-
ESO-1 (protein or peptide pool), including 6 patients with 
a ≥ 4-fold rise in titers and 3 patients who were negative 
at baseline that became antibody positive after treatment; 
only 1 patient who had no anti-NY-ESO-1 antibodies prior 
to treatment failed to mount an antibody response follow-
ing treatment (Fig. 1a and Table 3). Antibody responses to 
p53 and SSX2 showed no increase over time, indicating 
G305-induced antibody response was specific to NY-ESO-1 
(Fig. 1c, d). 

The CD4 and CD8 T-cell ELISPOT data from all 
patients with available PBMC is shown in Fig. 2. The 
presence or absence of baseline CD4/CD8 T-cell response 
and vaccine-induced increase ( ≥ 2-fold induction) is 

summarized in Table 3. Overall, CD4 T-cell increases 
were observed with vaccination in 4 of 9 (44.4%) evaluable 
patients. Two additional patients had no pre-existing anti-
bodies and they seroconverted; their CD4 T-cell responses 
were not evaluable at baseline but they had CD4 T-cell 
responses after vaccination, implying they responded as 
well, suggesting that a total of 6 of 11 patients (54.5%) 
may have developed CD4 T-cell responses with vaccina-
tion (Table 3). CD8 T-cell responses were boosted in 4 of 
11 (36.4%) patients following injections (Table 3). No cor-
relation between dose of GLA-SE and immune response 
induction was observed and there was no association 
between induction of immune response and clinical benefit 
in this small cohort of patients.

Pre-treatment and post-treatment leukapheresis samples 
on day 70 were also collected from some patients and used 
for ICS evaluation. As shown in Supplemental Fig. 1A, 
antigen-specific CD4 T-cell responses, as measured by 
CD40L expression, were increased in three out of the five 
patients who were tested. Further evaluation showed that 
the expanded CD4 T cells after vaccination with G305 
were multi-functional, secreting IL-2, TNFα, and IFN-γ, 
in addition to increased CD40L expression (Supplemental 

Fig. 1   Antibody responses to 
NY-ESO-1 (protein and pep-
tides), p53, and SSX2 protein in 
patients vaccinated with G305. 
a The kinetics of antibody 
response to NY-ESO-1 protein 
in all 12 patients. Each line rep-
resents the antibody response 
from an individual patient at 
the given time points (days -7, 
0, 21, 28, 42, 70). Y-axis (log 
scale) shows the end-point 
titers of anti-NY-ESO-1 total 
IgG in plasma as measured 
by ELISA. X-axis shows the 
time points. b The kinetics of 
antibody response to NY-ESO-1 
peptide pool in all patients. 
Patients with significantly 
increased antibody responses 
are labeled in the graphs. The 
“*” after patient ID indicates 
seroconversion, from seron-
egative (titer < 100) to positive 
(titer ≥ 100); “#” after patient 
ID indicates ≥ 4 fold increase in 
titer in response to NY-ESO-1 
protein or peptide pool. c The 
kinetics of antibody response 
to p53 protein in all patients. 
d The kinetics of antibody 
response to SSX2 protein in all 
patients
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Fig. 1B and 1C). Enhanced CD8 T-cell response to IFN-γ 
was also augmented in this patient (Supplemental Fig. 1C).

Overall, 8 of 12 (67%) patients were stable for 3 months 
or more, including all patients in Cohort 1, 2 of 3 patients 
in Cohort 2, and 3 of 6 patients in Cohort 3. At the end of 
1 year, 3 of 8 (38%) patients remained stable, which included 
1 patient in each cohort. One patient had a CA-125 response 
on Day 70 based on Gynecological Cancer Intergroup 
criteria.

Discussion

In this first-in-human Phase 1 study in 12 patients with 
unresectable metastatic solid tumors expressing NY-ESO-1, 
G305 was shown to be safe and immunogenic at all doses 
of GLA-SE studied. The most common AEs were mild 
(Grade 1) and were typical for GLA-containing vaccines, 
based on prior experience with other antigens, and included 
fever, fatigue, chills, myalgia, and injection site reactions. 
Except for injection site reactions, most AEs were consid-
ered unrelated to study treatment. Preclinical studies have 
shown that GLA-SE induces inflammatory cytokine and 
chemokine genes at injection sites [16] and not surprisingly, 
the most common AE in this study, which was reported in 
all patients, was injection site reaction. Three deaths and two 

SAEs occurred, all of which were unrelated to study treat-
ment. There were no DLTs or AEOSIs in the study, and the 
maximum planned dose of 10-µg GLA-SE was attained; the 
MTD of G305 was not reached in this study. Furthermore, 
there were no significant findings in any safety laboratory 
measurements.

As with preclinical studies and other clinical trials with 
GLA-adjuvants, immunogenicity results demonstrated that 
G305 acts to augment the immune response, primarily in 
the humoral and CD4 T-cell responses, with a few patients 
developing a detectable CD8 T-cell response. ELISPOT 
(after in vitro stimulation) was the primary readout as it 
was more sensitive than ICS. However, ICS can evaluate 
multiple cytokine secretion from the same cells and the phe-
notype of the antigen-specific T cells. Out of the subset of 
patients with both ICS and ELISPOT data, the results were 
not always consistent between ELISPOT and ICS, as some 
low-level responses detected in ELISPOT was not meas-
urable in ICS. On the contrary, augmentation of immune 
response in one patient (102–105), which was clearly signifi-
cant in ICS (Supplemental Fig. 1), was not detected in CD4 
ELISPOT as the response was probably too high at baseline 
and saturated the signal.

There was no identifiable trend with regard to disease 
stability or progression and percentage of NY-ESO-1 expres-
sion at study entry, disease stage, or time from diagnosis 

Table 3   Tumor characteristics, antibody responses, cellular immunogenicity, and clinical outcome

Patients are listed in order of enrollment and divided by dosage group. Pretreatment NY-ESO-1 expression in tumor samples is shown in the first 
data column, followed by immunogenicity findings and clinical outcome
A “+” in the “Pre” column indicates a pre-existing measurable immune response.
A “++” in the “Response” indicates for antibody: 4-fold rise or newly positive response; T cell: ELISPOT > 50 spots and a > 2-fold rise
An “=“ indicates a pre-existing response that did not boost. N/E not evaluable
Follow-up: PD progressive disease, SD stable disease. A ‘+’ indicates stable disease as of last contact and parenthetical numbers show days of 
survival in the patients who died during follow-up
a Baseline T-cell data not available. These patients did not have pre-existing antibody responses but developed them during treatment, which sug-
gests absence of CD4 T cells at baseline

Patient Tumor NY-ESO-1 (%) Antibody CD4 CD8 Clinical follow-up

Type Pre Response Pre Response Pre Response

102–101 Synovial 100 + = + = – – PD d162
102–103 Ovarian 100 + ++ + = – – PD d307
101–104 Ovarian 15 + ++ N/E N/E N/E N/E SD d432+
102–105 Ovarian 99 + ++ + ++ – ++ PD d161
101–106 Synovial 95 – ++ N/Ea (++) – – SD d377+
102–107 Ovarian 25 – ++ – ++ – – PD d70 (239)
102–108 Ovarian 12 – – – – – – PD d85 (113)
101–109 Melanoma 60 – ++ N/Ea (++) – – PD d50 (295)
101–110 Synovial 70 + ++ + = – ++ PD d70
101–111 Ovarian 60 + ++ – ++ – ++ PD d100
100–113 Ovarian 70 + = + = – ++ PD d195
102–112 Urothelial 20 + ++ + ++ – – SD d367+
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date; however, these may be explored in future studies to 
target the subjects with this immunotherapeutic who would 
most benefit. Eight of 12 (67%) patients had stable disease 
at 3 months after administration of the first dose of the study 
drug. Overall, patients had a median progression-free sur-
vival of 5.3 months and 75% of patients were alive at 1 year 
after enrollment, which may represent clinical benefit from 
G305 in this group of patients with advanced solid tumors.

The efficacy of vaccines for cancer has been generally 
disappointing to date [35]. On the one hand, it has been diffi-
cult to identify tumor-specific target antigens that are unique 

to cancer cells and on the other, the availability of modern 
adjuvants for clinical use that can induce potent antibody 
and T-cell responses is very limited [36–38]. Cancer-testis 
antigens are selectively expressed in tumors and, therefore, 
regarded as ideal target for immunotherapy, with NY-ESO-1 
standing out in terms of its immunogenicity [5]. Previously, 
NY-ESO-1 protein-based vaccines have been adjuvanted 
with different adjuvant including CpG (TLR9 agonist), poly-
ICLC (TLR3 agonist), Montanide (water-in-oil emulsion) 
and Iscomatrix (saponin) and shown to induce CD4 T-cell 
and antibody responses, as well as CD8 T-cell responses 

CD4 CD8
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Fig. 2   CD4 and CD8 T cell response to NY-ESO-1 and control anti-
gen in patients vaccinated with G305. Shown are CD4 and CD8 
ELISPOT data for all patients with available samples. CD4 and 
CD8 T cells were isolated from PBMC and stimulated in vitro with 
NY-ESO-1 peptide or control irrelevant antigen (nucleoprotein, NP) 
before the analysis by IFNγ ELISPOT. The black bars represent the 

number of spots per well (with 50,000 CD4 or CD8 T cells) in T cells 
stimulated with NY-ESO-1. The gray bars represent the number of 
spots per well in T cells stimulated with NP. The error bar indicates 
standard deviation (SD). The dotted line indicates the cutoff for base-
line (50 spots per well). Patient 3 had no PBMC collected. Patients 7 
and 8 had no CD8 NP data
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[5, 14, 29–31]. In these and other studies, NY-ESO-1-spe-
cific antibodies were induced in the majority of patients, 
whereas induction of CD4 T cells was observed in 15–100% 
of patients, and induction of CD8 T cells in 0–50%. Overall 
the induction rate of antibody (75%) and T-cell responses 
(44% CD4 and 54% CD8) by G305 is non-inferior to pub-
lished vaccine trials targeting NY-ESO-1. However, it should 
be recognized that in most studies, PBMC were sensitized 
ex vivo for several days for up to 2 weeks before perform-
ing ELISPOT. Doses of recombinant NY-ESO-1 protein 
varied from 100 to 400 μg and patients were given up to 
six injections. Given the variability in antigen content and 
dosing between the different vaccine studies, the generally 
small patient numbers, and the observation that induction 
of immune responses is influenced by disease state and 
pre-existing immunity, a direct comparison of the immuno-
genicity and efficacy of the different NY-ESO-1 vaccines is 
not very meaningful. However, the level of G305-induced 
antibody and T cell responses together with the excellent 
safety profile warrants further clinical testing of this vaccine 
candidate. To this end, G305 will be incorporated into a 
novel immunotherapy, whereby CD8 T cells are first primed 
with a dendritic cell targeting NY-ESO-1-expressing vec-
tor (LV305) and the immune response is then boosted with 
G305 in a heterologous prime-boost approach. This regimen 
consists of several cycles designed to generate high levels of 
Th1-type CD4 T cells that can provide support to the devel-
opment, activation, and expansion of CD8 T lymphocytes. 
This is critical, as immediate dysfunction of vaccine-elicited 
CD8+ T cells primed in the absence of CD4+ T cells has 
been shown [39]. The combination product, CMB305, is 
under investigation in separate phase 1 (NCT02387125) and 
phase 2 (NCT02609984) clinical trials, evaluating dosing 
regimens in various solid tumors and coadministration with 
atezolizumab (anti-PD-L1) in patients with advanced syno-
vial sarcomas or liposarcomas expressing the NY-ESO-1 
cancer-testis antigen [40].

Conclusions

This first-in-human phase 1 study of G305 demonstrates its 
safety and ability to generate antibody and CD4 and CD8 
T-cell responses in patients with NY-ESO-1-positive tumors. 
The favorable safety profile and potential for clinical benefit 
observed in this study warrant further exploration of G305 
in combination with other vaccine modalities and immu-
nomodulating agents.
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