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Abstract
The nanoparticle complex of cholesteryl pullulan (CHP) and NY-ESO-1 antigen protein (CHP-NY-ESO-1) presents multiple 
epitope peptides to MHC class I and II pathways, leading to CD8+ and CD4+ T cell responses. Poly-ICLC is a synthetic, 
double-stranded RNA, an agonist of toll-like receptor (TLR)-3, and a cytoplasmic receptor of melanoma differentiation-
associated gene (MDA)-5. It should be a suitable immune adjuvant of cancer vaccine to overcome the inhibitory tumor 
microenvironment. We conducted a phase 1 clinical trial of CHP-NY-ESO-1 with poly-ICLC in patients with advanced or 
recurrent esophageal cancer. CHP-NY-ESO-1/poly-ICLC (μg/mg) was administered at a dose of 200/0.5 or 200/1.0 (cohorts 
1 and 2, respectively) every 2 weeks for a total of six doses. The primary endpoints were safety and immune response. The 
secondary endpoint was tumor response. In total, 16 patients were enrolled, and six patients in each cohort completed the 
trial. The most common adverse event (AE) was injection site skin reaction (86.7%). No grade 3 or higher drug-related AEs 
were observed. No tumor responses were observed, and three patients (30%) had stable disease. The immune response was 
comparable between the two cohorts, and all patients (100%) achieved antibody responses with a median of 2.5 vaccinations. 
Comparing CHP-NY-ESO-1 alone to the poly-ICLC combination, all patients in both groups exhibited antibody responses, 
but the titers were higher in the combination group. In a mouse model, adding anti-PD-1 antibody to the combination of 
CHP-NY-ESO-1/poly-ICLC suppressed the growth of NY-ESO-1-expressing tumors. Combining the vaccine with PD-1 
blockade holds promise in human trials.
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AE	� Adverse event
ALT	� Alanine aminotransferase
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MDA-5	� Melanoma differentiation-associated gene-5
MHC	� Major histocompatibility complex
MTD	� Maximum tolerated dose
NYHA	� New York heart association
OS	� Overall survival
PCR	� Polymerase chain reaction
PD	� Progressive disease
PD-1	� Programmed cell death-1
Poly(I:C)	� Polyinosinic:polycytidylic acid
PR	� Partial response
RECIST	� Response evaluation criteria in solid tumor
SD	� Stable disease
TLR-3	� Toll-like receptor-3
WBC	� White blood cell

Introduction

Much progress has been made regarding the clinical efficacy 
of immune checkpoint inhibitors (ICIs), including anti-PD-1 
antibody, in recurrent and metastatic esophageal cancer 
patients [1, 2]. This success demonstrates that esophageal 
cancer is a tumor type that is sensitive to immunotherapy 
and suggests the value of developing other immunotherapeu-
tic options, especially for ICI-resistant esophageal tumors.

Cancer vaccines are one such option. However, their clin-
ical efficacy has not yet been proved in large-scale clinical 
trials [3–5]. It is supposed that a vaccine administered as 
monotherapy would be hampered by the inhibitory mecha-
nisms in tumor microenvironments, including regulatory T 
cells and PD-L1 expression. To overcome this immunosup-
pression, a suitable immune-adjuvant combination should be 
used in conjunction with a cancer vaccine. Incomplete Fre-
und’s adjuvant (IFA) is one of the most common adjuvants 
administered with peptide vaccines [6]. However, a previous 
report indicated that IFA-based vaccination caused T cells 
to accumulate at the vaccination site rather than at the tumor 
site, and also induced T cell apoptosis [7]. Thus, caution 
should be used when considering IFA as a vaccine adjuvant.

Poly-ICLC is a double-stranded RNA complex that con-
sists of poly(I:C) (polyinosinic:polycytidylic acid) stabi-
lized by poly-L-lysine. It is recognized by toll-like receptor 
(TLR)-3 and is a cytoplasmic receptor of melanoma differ-
entiation-associated gene (MDA)-5 [8, 9]. To date, several 
clinical trials have evaluated poly-ICLC as an immune-
adjuvant in terms of safety and immune responses [10–12], 
but it has not been tested in a comparative analysis without 
an adjuvant.

We have been developing the cholesteryl pullulan (CHP)-
antigen protein nanoparticle as a cancer vaccine for esopha-
geal cancer [13, 14]. A CHP nanoparticle that contains a 
tumor antigen is a new type of cancer vaccine with a novel 
antigen delivery system for both the MHC class I and class 

II pathways. It induces antigen-specific CD8+ and CD4+ T 
cell immunity as well as humoral immunity [15]. NY-ESO-1 
antigen is a cancer-testis antigen that is expressed only in 
tumor tissues and normal testis and placenta [16, 17].

A previous phase I clinical trial using a nanoparticle 
complex of CHP and NY-ESO-1 protein (CHP-NY-ESO-1) 
vaccine in patients with advanced or recurrent esophageal 
tumors showed that the 200-µg dose of NY-ESO-1 protein 
more efficiently induced immune responses than the 100-µg 
dose, and might therefore lead to better survival benefits 
[14].

Here, we conducted a single-institute, phase 1 clinical 
trial of CHP-NY-ESO-1 vaccine with the 200-µg dose of 
NY-ESO-1 protein in combination with an escalating dose 
of poly-ICLC in advanced or recurrent esophageal cancer 
patients. We evaluated the safety and antibody immune 
responses to the NY-ESO-1 antigen. Specifically, we ana-
lyzed the antibody reaction in comparison with clinical sam-
ples collected from a vaccine trial that did not use poly-ICLC 
[14]. Furthermore, we used a mouse model to investigate the 
in vivo anti-tumor efficacy of CHP-NY-ESO-1/poly-ICLC 
in combination with an anti-PD-1 antibody to evaluate the 
feasibility of human combination vaccine treatment.

Material and methods

Patients

Patients with histologically proven esophageal cancer 
at stages III/IV (Union for International Cancer Con-
trol < UICC > TNM classification system, 7th edition) or 
disease recurrence were recruited between February 2012 
and January 2017. The inclusion criteria were as follows: 
confirmed expression of NY-ESO-1 antigen in tumor cells 
determined by immunohistochemistry or PCR; success-
ful patient recovery from all acute adverse effects of prior 
therapy; adequate organ function (hemoglobin ≥ 8.0  g/
dL, WBC count ≥ 2.0 × 109/L, ANC ≥ 1.0 × 109/L, platelet 
count ≥ 75 × 109/L, serum creatinine ≤ 2.0 mg/dL, AST and 
ALT ≤ 2.5 × ULN, serum total bilirubin ≤ 1.5 × ULN); ECOG 
performance status of 0, 1 or 2; life expectancy ≥ 4 months; 
and age 20 years or over. The exclusion criteria were as fol-
lows: clinically significant heart disease (NYHA Class III or 
IV); serious active infection requiring antibiotics; bleeding 
disorders; unstable metastatic disease in the central nervous 
system; concomitant systemic treatment with corticosteroids 
(topical steroids were permitted); history of any severe or 
life-threatening hypersensitivity or allergic reaction; known 
HIV infection; history of immunodeficiency disease or auto-
immune disease; history of anticancer chemotherapy, immu-
notherapy, radiotherapy, or any other investigational agent 
within 4 weeks (6 weeks for nitrosoureas or mitomycin C) 



3083Cancer Immunology, Immunotherapy (2021) 70:3081–3091	

1 3

prior to enrollment; and pregnant or lactating women. Con-
comitant immunosuppressive or anticancer therapy was not 
permitted.

Study design

This was a non-randomized, open label, phase I clinical trial 
to investigate the safety of CHP-NY-ESO-1 in combination 
with three doses of poly-ICLC administered to patients with 
esophageal cancer expressing NY-ESO-1 antigen at stage III/
IV or during disease recurrence. The study assessed the NY-
ESO-1-specific antibody immune response as an indicator of 
biological activity, and this measure was used along with the 
safety profile to determine the optimal dose of poly-ICLC. 
As a secondary objective, tumor responses were assessed. 
This study was approved by the ethics committee of Kyoto 
Prefectural University of Medicine. This trial was registered 
in the University Hospital Medical Information Network 
(UMIN) Clinical Trial Registry as ID: UMIN000007961.

Expression of NY‑ESO‑1

Archival tumor samples or those newly obtained from 
patients were screened for NY-ESO-I expression. Eligible 
patients were those with NY-ESO-1 expression in ≥ 1% of 
tumor cells according to immunohistochemical staining with 
an E978 monoclonal antibody [17], or ≥ 1 copy NY-ESO-1 
per 104 copies glyceraldehyde-3-phosphate dehydrogenase 
(GAPDH) according to quantitative real-time PCR analysis 
using specific primers [18].

Treatment protocol

CHP-NY-ESO-1 vaccine (IMF-001) was provided by Immu-
noFrontier, Inc. (Osaka, Japan), while poly-ICLC (Hiltonol) 
was purchased from Oncovir, Inc. (Washington, D.C.) and 
provided by Cancer Research Institute (New York, NY). 
Both compounds were manufactured according to good 
manufacturing practices. In manufacturing NY-ESO-1 
protein, full-length NY-ESO-1 cDNA was introduced into 
Escherichia coli cells, and the His-tagged NY-ESO-1 protein 
was recovered and highly purified using a combination of 
chromatographic techniques. CHP-NY-ESO-1 vaccine was 
subcutaneously injected into the upper arm or thigh every 
2 weeks for a total of six injections at a fixed dose level 
of 200 μg. Poly-ICLC was administered concurrently with 
CHP-NY-ESO-1 every 2 weeks for a total of six injections, 
at three dose levels (0.5 mg, 1 mg, and 2 mg) in six patients 
each. Poly-ICLC was subcutaneously injected at a site 2 cm 
away from the periphery of the CHP-NY-ESO-1 injection 
bulge. Mixing the two drugs under the skin was prohib-
ited. Each patient received six cycles of CHP-NY-ESO-1/

poly-ICLC over 12 weeks, unless there was disease progres-
sion or development of unacceptable toxicity that required 
discontinuation of the study therapy. Intra-patient dose 
escalation was not allowed and dose reductions were not 
planned.

Adverse events (AEs) and efficacy assessment

Safety and toxicity were determined based on regular patient 
interviews, physical examination, and laboratory tests on 
days 15, 29, 43, 57, and 71. Safety was assessed and reported 
according to the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (version 4.0). The 
following were considered to be dose-limiting toxicities 
(DLTs): grade 3 or higher injection site reaction, allergic 
reaction, pruritus, chills, and fever. We used an acceler-
ated titration design to assess the safety of the three poly-
ICLC dose levels (0.5 mg, 1 mg, and 2 mg). If ≤ 1 DLT was 
observed in the first (or second) cohort of patients, the next 
cohort of six patients was treated at the next higher dose. 
If ≥ 2 DLTs were noted in the initial or expanded cohort, no 
further dose escalations were performed and the maximum 
tolerated dose (MTD) was considered to have been exceeded. 
Thus, the MTD was defined as the highest dose administered 
to six patients of whom no more than one experienced a DLT 
during the treatment cycle. Initially, we planned to enroll 
six patients in cohort 3 (2 mg poly-ICLC), but enrollment 
was slower than expected. Thus, patient accrual was termi-
nated when the evaluation of cohort 2 (1 mg poly-ICLC) 
was completed.

Objective tumor response was assessed by computed 
tomography scans in accordance with the Response Evalu-
ation Criteria in Solid Tumor (RECIST version 1.1) criteria. 
Disease assessment was performed by computed tomog-
raphy at baseline, 8 weeks, and 14 weeks after the initial 
treatment.

Antibody responses

To analyze antigen-specific immunological responses, serial 
serum samples were collected before treatment and at days 
15, 29, 43, 57, and 71. All samples were stored at -80 °C 
until analysis. Anti-NY-ESO-1 antibody serum titers were 
measured by enzyme-linked immunosorbent assay (ELISA) 
as previously described [19]. Briefly, recombinant NY-
ESO-1 proteins (GST-tagged) were absorbed onto immu-
noplates (442,404; Nunc, Roskilde, Denmark) at a concen-
tration of 10 ng/50 μL/well at 4 °C. The collected serum 
samples were diluted from 1:400 to 1:102,400. After wash-
ing and blocking the plate, sera were added and incubated 
for 10 h. After washing, goat anti-human IgG (H + L chain) 
(MBL, Nagoya, Japan) conjugated with peroxidase (The 
Binding Site, San Diego, CA) was added. After adding the 
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TMB substrate (Pierce, Rockford, IL), the plate was read 
using a Microplate Reader (model 550; Bio-Rad, Hercu-
les, CA). The cutoff level selected for the anti-NY-ESO-1 
IgG antibody was defined as the mean optical density (OD) 
450–550 absorption value + 1.645 × the standard deviation 
as 0.254. An OD 450 absorption value of at least 0.254 was 
considered to indicate a positive reaction at a serum dilu-
tion of 1:400. In patients who were antibody positive at the 
baseline, antibody titers were judged to be “augmented” if 
they changed by fourfold or more compared with baseline. 
To compare antibody responses with serum samples from 
the previous clinical trial of CHP-NY-ESO-1 vaccine that 
did not use an adjuvant, we collected 12 ELISA results from 
the database in our laboratory [14].

Mice, cell lines, and anti‑PD‑1 monoclonal antibody

Female BALB/c mice aged 6–10 weeks were used. Mouse 
colon cancer cell line CT26 was transfected with the human 
NY-ESO-1 gene [20]. Tumor volume was calculated as fol-
lows: 0.5 × length (mm) × width (mm)2. An anti-mouse PD-1 
(clone RMP1-14) monoclonal antibody (mAb) was used in 
the mouse experiments [21].

Statistical analysis

Student’s t test was used to assess changes in IgG titers 
between the CHP-NY-ESO-1/poly-ICLC and the CHP-
NY-ESO-1 vaccine groups. The Mann–Whitney U test was 
used to assess changes in tumor sizes in the three groups in 
in vivo mouse experiments. Calculations were performed 
with Excel (Microsoft Japan, Tokyo, Japan) for Student’s t 
test and with SPSS Statistics version 25 (IBM Japan, Ltd., 
Tokyo, Japan) for the Mann–Whitney U test. p-values below 
0.05 were considered statistically significant.

Results

Demographics and clinical characteristics

A total of 16 patients were sequentially enrolled into the 
two cohorts of the phase 1 study between February 2012 
and January 2017 (Supplementary Fig. 1). The demo-
graphic characteristics of the enrolled patients are listed 
in Table 1. Of the 16 patients in this study, 15 were male 
and the median age of all patients was 68.5 years (range: 
53–84). Five of six patients (83.3%) in cohort 1 and four of 
10 patients (40%) in cohort 2 had an ECOG performance 
status of 0. Most patients had recurrent disease (n = 9), and 
of these, three had UICC stage III and four had stage IV 
(Supplementary Table 1). All patients had received prior 
treatment (i.e., chemotherapy, radiotherapy, and surgery) 

before entering this study. Tumor expression of NY-ESO-1 
was mandatory for study entry and this was confirmed 
by immunohistochemistry in all patients. Study treatment 
was discontinued in two patients (No. 9 and No. 13) due 
to uncontrolled symptoms induced by cancer progression: 
one after three doses of vaccine and the other after four 
doses. One patient (No. 15) experienced worsening radia-
tion pneumonitis resulting from prior radiation therapy, 
and steroid administration was started. In this patient, 
study treatment was discontinued after one dose of vac-
cine. Finally, one patient (No. 8) died of a myocardial 
infarction during travel at day 8, after one dose of vaccine.

AEs

All 16 patients enrolled in the study were evaluated for 
AEs. Injection site reactions were evaluated in all patients 
except No. 8. The overall AEs reported in our study are 
summarized in Table  2. The most common AEs were 
injection site reaction (86.7%), usually characterized by 
pain, itching, redness, and swelling. Most patients expe-
rienced these symptoms after a single vaccine dose (Sup-
plementary Table 2). Eight patients (53.3%) experienced 
fever after vaccination, but the fever was grade 2 or less 
in all cases. No DLT was observed. Grade 3 or higher AEs 
were observed in four patients (26.7%). Bronchial steno-
sis and esophagobronchial fistula, both caused by cancer 
progression, were observed in one patient each during the 
treatment period. One patient demonstrated grade 3 AST 
elevation and one died of myocardial infarction. None of 
these more severe AEs were considered to be related to the 
vaccine treatment. Laboratory testing showed that at least 

Table 1   Demographic characteristics of the enrolled patients allo-
cated to two Poly-ICLC doses

ECOG eastern cooperative oncology group; PS performance status

Poly-ICLC 0.5 mg Poly-ICLC 1 mg

No. patients enrolled 6 10
Sex
 Male 5 10
 Female 1 0

Age
 Median 67 70
 Range 53–84 55–81

ECOG/PS
 0/1 5/1 4/6

Prior therapy
 Surgery 2 4
 Radiotherapy 6 10
 Chemotherapy 6 10
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20% of patients exhibited anemia (n = 4), elevated ALT 
(n = 4), and hyponatremia (n = 5). Each of these abnor-
malities was grade 2 or lower, and was considered to be 
unrelated or not likely to be related to the vaccination. 
There were no serious AEs that were potentially related 
to vaccine treatment.

Clinical outcomes

Twelve patients who each completed six doses of the vac-
cine were evaluated for efficacy. Ten patients had measur-
able lesions by the RECIST criteria. Of the 10 evaluable 
patients, three had stable disease and seven had progressive 
disease (Supplementary Table 3). Neither complete nor partial 
response was observed in this study. According to survival 
analysis from the per-protocol population, the median OS was 
6.03 months (95% CI, 2.8–17.07) (Supplementary Fig. 2).

Antibody responses

Only one of the 12 patients, No. 6, had pre-existing anti-
bodies to NY-ESO-1 before the vaccinations. All patients 
who received 0.5-mg or 1.0-mg doses of poly-ICLC dem-
onstrated seroconversion or augmentation of the NY-ESO-1 
antibody (Fig. 1, Table 3). The median number of vaccine 
cycles to achieve an antibody response was 2.5 in both poly-
ICLC groups, ranging from one to five cycles in the 0.5-mg-
dose group and from one to four cycles in the 1.0-mg-dose 
group (Table 3). 

The immune responses were comparable between the two 
groups, and all patients demonstrated NY-ESO-1-specific anti-
body immune responses within five vaccinations. To compare 
the immune responses following the combination treatment 
with those following administration of the same dose (200 µg) 
of CHP-NY-ESO-1 vaccine alone, we collected IgG ELISA 

Table 2   Maximum grade of 
adverse events per patient

*These grade 3 or over events were considered unrelated to the vaccine treatment. †Evaluation in 15 cases 
other than No.8 patient

Adverse event Cohort 1, N = 6 Cohort 2, N = 10 All cohort, N = 16 (%)

Grade Grade Grade

1–2  ≥ 3 1–2  ≥ 3 1–2 ≥ 3

Laboratory data
 Neutropenia 0 0 0 0 0 0
 Lymphopenia 0 0 2 0 2 (12.5) 0
 Anemia 2 0 2 0 4 (25.0) 0
 Thrombocytopenia 0 0 3 0 3 (18.8) 0
 Elevated AST 1 0 1 1* 2 (12.5) 1* (6.3)
 Elevated ALT 1 0 3 0 4 (25.0) 0
 Elevated ALP 0 0 1 0 1 (6.3) 0
 Elevated total bilirubin 0 0 1 0 1 (6.3) 0
 Elevated creatinine 0 0 3 0 3 (18.8) 0
 Hyponatremia 2 0 3 0 5 (31.3) 0
 Hypokalemia 0 0 1 0 1 (6.3) 0
 Hypocalcemia 0 0 1 0 1 (6.3) 0

Clinical findings
 Injection site reaction† 5 0 8 0 13 (86.7) 0
 Fatigue 3 0 3 0 6 (37.5) 0
 Fever 4 0 4 0 8 (50.0) 0
 Anorexia 0 0 3 0 3 (18.8) 0
 Nausea 2 0 2 0 4 (25.0) 0
 Diarrhea 2 0 3 0 5 (31.3) 0
 Constipation 3 0 3 0 6 (37.5) 0
 Headache 2 0 0 0 2 (12.5) 0
 Mucositis 0 0 0 0 0 0
 Pneumonitis 0 0 1 0 0 0
 Bronchial stenosis 0 1* 0 0 0 1* (6.3)
 Esophagobronchial fistula 0 1* 0 0 0 1* (6.3)
 Acute coronary syndrome 0 0 0 1* 0 1* (6.3)
 Bullous dermatitis 0 0 2 0 2 (12.5) 0
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Fig. 1   Serial levels of serum anti-NY-ESO-1 antibody in patients 
vaccinated with CHP-NY-ESO-1/poly-ICLC. a. Serum IgG levels 
against NY-ESO-1 protein in six patients vaccinated CHP-NY-ESO-1 
(200 μg) and poly-ICLC (0.5 mg). The patients were vaccinated every 
2 weeks, and serum was collected prior to each vaccination. ELISA 

was used to analyze 400-fold diluted serum. IgG levels are displayed 
at an optical density value of 450 nm. b. Serum levels of IgG against 
NY-ESO-1 protein in six patients vaccinated with CHP-NY-ESO-1 
(100 μg) and poly-ICLC (1.0 mg)
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data from a previous phase 1 trial in advanced or recurrent 
esophageal cancer patients [14]. Twelve patients were vac-
cinated with CHP-NY-ESO-1 alone. Both groups showed 
immune responses in all patients, but antibody titers were 
significantly higher in the CHP-NY-ESO1/poly-ICLC group 
than in the CHP-NY-ESO-1 alone group (p = 0.027) (Fig. 2).

Preclinical study of CHP‑NY‑ESO‑1 / poly‑ICLC 
with a PD‑1 inhibitor

To determine whether CHP-NY-ESO-1 exerts tumor protec-
tion activity in an animal model, we assessed vaccine effi-
cacy after administering an anti-PD-1 monoclonal antibody to 
mice treated with CHP-NY-ESO-1/poly-ICLC. Treatment with 
CHP-NY-ESO-1/poly-ICLC did not suppress tumor growth, 
and anti-PD-1 antibody marginally suppressed tumor growth; 
in contrast, treatment with both CHP-NY-ESO-1/poly-ICLC 
and anti-PD-1 antibody suppressed tumor growth, but not sig-
nificantly compared to either of the other groups (Fig. 3). It 
presents tumor protection activity in a NY-ESO-1-transfected 
tumor inoculation model.

Discussion

This clinical trial showed that NY-ESO-1 vaccination was 
safe when administered with both 0.5-mg and 1.0-mg doses 
of poly-ICLC, and combination treatment with both doses 
exhibited complete antibody responses to NY-ESO-1 anti-
gen. The magnitudes of the titers were higher than with 
CHP-NY-ESO-1 vaccination alone.

We monitored immune responses by analyzing IgG anti-
body to NY-ESO-1 protein. A previous study demonstrated 
that CD4+ T cell responses were clearly correlated with anti-
body responses to NY-ESO-1 in unvaccinated patients with 
NY-ESO-1-expressing melanoma and other cancers [22]. 
Since the CHP antigen vaccine can boost the activity of 
CD4+ T cells, it is important to analyze NY-ESO-1-specific 
antibody responses to determine the immune responses of 
NY-ESO-1-specific helper CD4+ T cells and B lymphocytes. 
T cell responses could not be quantitatively evaluated in this 
study because no standardized CD4+ T cell assay has been 
established. Instead, the IgG titer measured by ELISA can 
be assessed quantitatively in real time, and it is possible to 
monitor the vaccine-specific immune status in vaccinated 
patients. We found that both doses of poly-ICLC in com-
bination with CHP-NY-ESO-1-induced definite antibody 
immune responses to NY-ESO-1 antigen. All 12 patients 
achieved IgG responses with a median of 2.5 cycles. These 
immune responses were stronger than those achieved with 
CHP-NY-ESO-1 alone (Fig. 2) [14]. It was reported that 
30% of NY-ESO-1-expressing esophageal cancer patients 
have pre-existing antibody to NY-ESO-1 [23]. As shown in Ta
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Fig. 2, Seven (58%) out of the 12 patients in the previous 
study (without poly-ICLC) were sero-positive. In the cur-
rent trial, 1 (8%) was sero-positive. They all had recurrent 
esophageal tumors, and both groups were comparable in the 
clinical background. The number of sero-positive cases may 
have happened to be different in between the two groups. 
In a clinical trial of CHP-NY-ESO-1 combined with two 
different doses of MIS416, a non-toxic microparticle adju-
vant, MIS416 did not augment cellular NY-ESO-1-specific 
immune responses at either dose [24]. We should therefore 
be cautious about the possible negative effect of adjuvant 
treatment on the immune response. Nonetheless, the combi-
nation of CHP-NY-ESO-1 with a 200-µg dose of poly-ICLC 
showed a stronger immune response than CHP-NY-ESO-1 
alone.

In initial clinical trials, poly-ICLC doses ranged from 
0.5 mg to 27.0 mg. Poly-ICLC is a type-1 IFN inducer, and 
toxic reactions in the initial trials included fever (in 100% 
of patients), nausea (44%), hypotension (28%), thrombocy-
topenia and leukopenia (68%), erythema (12%), and pol-
yarthralgia plus myalgia (16%) [25]. Recent clinical studies 
reported that a 0.35-mg dose of poly-ICLC was tolerable in 
doses ranging from 0.35 to 1.4 mg in combination with NY-
ESO-1 protein vaccine in melanoma patients, as well as at 
doses of 0.25 mg or 30 μg/kg when injected intra-tumorally 
with a dendritic cell vaccine [10–12]. In the current trial, as 
expected, we observed grade 1 or 2 fever (53.3%) and skin 

reaction at the injection site (86.7%). Both doses of poly-
ICLC were tolerable and demonstrated stable immune reac-
tions. Therefore, we recommend that further clinical trials 
administer a 1.0-mg dose of poly-ICLC in combination with 
a 200-μg dose of NY-ESO-1 protein vaccine.

In the current trial, we subcutaneously administered poly-
ICLC at a separate location from the CHP-NY-ESO-1 vacci-
nation site. Some trials showed that intra-tumoral injections 
enhanced anti-tumor immunity [10, 11], while in another 
trial, systemic administration induced T cell infiltration into 
the tumor site [12]. It was recently reported that in a mouse 
model, systemic administration of poly-ICLC enhanced T 
cell infiltration into the tumor site more significantly than 
intra-tumoral injection [26]. Our approach of administering 
poly-ICLC systemically may thus be particularly effective 
at augmenting T cell infiltration into tumors.

Research into cancer vaccines began with the discovery 
in 1991 that the MAGE-A3 cytotoxic T lymphocyte (CTL) 
epitope was presented to MHC class 1 molecules [27]. In 
the past 20 years, a number of clinical trials, including a 
large phase 3 randomized trial, have been conducted [3–5]. 
However, the clinical efficacy of cancer vaccines has not 
yet been proved. It is supposed that a vaccine as a single 
agent may be hampered by the inhibitory mechanisms in 
tumor microenvironments, such as regulatory T cells and 
PD-L1 expression. Poly-ICLC is a synthetic poly-IC that 
can induce tumor-specific natural killer (NK) cell, CTL, 

Fig. 2   Titers of serum anti-NY-ESO-1 antibody at baseline and maxi-
mum titers after CHP-NY-ESO-1 vaccinations. Six esophageal can-
cer patients were enrolled in cohort 1. They were all vaccinated with 
6 cycles of vaccination, and were evaluated for immune responses. 
In cohort 2, 10 patients were enrolled, in whom six were given six 
cycles of vaccination. They were evaluated for immune responses. In 
total, 12 patients were evaluated for immune responses. The left panel 
displays the changes in the 12 patients vaccinated with CHP-NY-

ESO-1 (200 μg) and poly-ICLC (0.5 mg or 1.0 mg). The right panel 
displays the changes in 12 esophageal cancer patients vaccinated with 
CHP-NY-ESO-1 (200 μg) alone. The amplification of antibody titers 
was significantly higher in the CHP-NY-ESO1/poly-ICLC group than 
those in the CHP-NY-ESO-1 alone group (p = 0.027). Changes in 
the multiplier number (400 × 4n) of serum dilutions were statistically 
tested (Student t test)
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and NK-T cell-mediated immune responses. In combination 
with CHP-NY-ESO-1, poly-ICLC has the potential to over-
come the inhibitory tumor microenvironment. In the cur-
rent human trial, we demonstrated robust immune responses 
without toxicities.

Since several human trials failed to show the effectiveness 
of vaccines as single-treatment modalities, it is worthwhile 
exploring their use as combination treatments. In preclinical 
research using a mouse model, we demonstrated the efficacy 
of combination treatment involving CHP-NY-ESO-1/poly-
ICLC with anti-PD-L1 antibody. The CT26 tumor cell line 
responded marginally to anti-PD-1 antibody, and was refrac-
tory to NY-ESO-1 vaccine/poly-ICLC. However, simulta-
neous administration of all three components successfully 
suppressed the NY-ESO-1-expressing tumor. This finding is 
a proof-of-concept supporting further human trials of com-
bination vaccines with anti-PD-1 antibody, nivolumab, or 
pembrolizumab.

Immunotherapy with anti-PD-1 antibody has shown 
definite clinical benefits in esophageal cancer [1, 2]. As a 
second-line therapy, nivolumab treatment prolonged over-
all survival for 2.5 months, from 8.0 to 10.5 months [1]. 

However, regarding tumor response, fewer than 25% of 
patients showed clinical benefits even when nivolumab was 
administered together with ipilimumab [28], and the OS pro-
longation was unsatisfactory. One strategy to improve the 
clinical efficacy of PD-1 blockade is to augment the immu-
notherapy with a vaccine. Our mouse in vivo model sug-
gested tumor protection activity in NY-ESO-1-expressing 
tumor inoculation when PD-1 antibody was given with the 
vaccine. Thus, the combination of PD-1/PD-L1 blockade 
with CHP-NY-ESO-1/poly-ICLC may be an effective sec-
ond-line therapy in esophageal cancer patients.

In conclusion, CHP-NY-ESO-1 vaccine was safely 
administered with a 1.0-mg dose of poly-ICLC, and the 
combination induced a robust antibody immune response. 
These results warrant future clinical trials to examine the 
use of CHP-NY-ESO-1/poly-ICLC in conjunction with an 
anti-PD1 antibody for advanced or recurrent esophageal 
tumors that are resistant to anti-PD-1 blockade.
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