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Abstract. Since 2009, a cancer vaccine clinical trial was 
conducted with melanoma antigen gene‑A4 as an immunogenic 
agent. The levels of IgG1, IgG2 and IgG3, which are known to be 
Type 1 T helper cell‑associated antibodies, and the levels of IgG4 
and IgE, which are known to be Type 2 T helper cell‑associated 
antibodies, were measured and used as biomarkers for predicting 
therapeutic effect. The results of the present study indicated 
a strong positive correlation between IgG2 and IgG4, with a 
correlation coefficient of R=0.808 (P<0.0001). The survival 
time of patients in which IgE responses were induced was 
significantly shorter compared with the survival time of patients 
with no IgE induction. The results of the present study suggest 
that caution is required when antigen‑specific IgE responses are 
induced during cancer vaccination therapy.

Introduction

Multimodal treatment consisting of surgery, chemotherapy 
and radiotherapy is used to treat advanced, recurrent cancer 
patients, yet a definitive cure remains difficult to achieve. 
However, a new treatment method, cancer immunotherapy, 
which uses the host's immune system to fight against cancer, is 
being researched and developed. Tumor antigens recognized 
by CD8‑positive cytotoxic T lymphocytes (T cells) were 
discovered in the 1990s (1). This discovery has advanced the 
development of cancer‑specific immunostimulatory treatments, 
including cancer vaccine therapy, adoptive immune cell therapy 

and antibody therapy (2). Immunotherapy studies in animal 
models have demonstrated induction of tumor antigen‑specific 
immunity and antitumor effects. However, Rosenberg et al (3) 
reported that only a response rate of a few percent has been 
demonstrated in human clinical trials. Multiple immune escape 
mechanisms, including the presence of immunosuppressive 
cells, loss of human leukocyte antigen (HLA) class I antigens 
and immunological tolerance, have been suggested as possible 
causes of the low efficacy of immunostimulatory treatments 
in humans. Therefore, combined cancer vaccines and adjuvant 
immunotherapies, including OK‑432 and poly‑ICLC is widely 
performed to enhance its effect. Furthermore, OK‑432 has 
been reported to enhance the effect of chemotherapy (4), while 
poly‑ICLC has been reported to rapidly and potently induce 
NY‑ESO‑1‑specific immune responses (5).

Since 2009, in search of biomarkers for predicting 
therapeutic effect, a cancer vaccine clinical trial has been 
conducted with the cancer antigen, melanoma antigen gene‑A4 
(MAGE‑A4), using the full‑length protein as an immuno-
genic agent (clinical trial registration no. UMIN000001999). 
Numerous studies have used antigen‑specific humoral 
immune response as a biomarker for cancer vaccines (6‑8). 
However, the majority of these studies have only evaluated 
IgG antibodies directed against an immunogenic agent. To the 
best of our knowledge, there are no studies that have reported 
on biomarkers that reflect therapeutic effect. From the begin-
ning of the cancer vaccine clinical trial, the levels of IgG 
subclass (IgG1, IgG2, IgG3 and IgG4) and IgE antibodies were 
measured and used as biomarkers for predicting therapeutic 
effect. Antigen‑specific IgG1, IgG2 and IgG3 antibodies are 
produced by B lymphocytes (B cells) when the type 1 T helper 
(Th1) cell‑mediated immune response, including tumor 
immunity, is favored. Antigen‑specific IgG4 and IgE anti-
bodies are produced by B cells when the type 2 T helper (Th2) 
cell‑mediated humoral immune response, including allergic 
reactions, is favored (9,10). Therefore, IgG1, IgG2 and IgG3 
were classified as Th1‑associated antibodies, while IgG4 and 
IgE were classified as Th2‑associated antibodies.

The objective of the present study was to assess the effects 
of cancer vaccination on the Th1‑associated MAGE‑A4 
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specific antibodies IgG1, IgG2 and IgG3 as well as on 
Th2‑associated MAGE‑A4 specific antibodies IgG4 and IgE, 
in patients vaccinated with the cancer vaccine. This was 
evaluated by measuring: i) Levels of MAGE‑A4 specific IgG 
subclass and IgE antibodies as biomarkers and ii) time‑course 
changes of the antigen‑specific humoral immune response 
using enzyme‑linked immunosorbent assay (ELISA).

Materials and methods

Study design. The clinical trial was an open‑label trial. The 
subjects of this trial were patients with locally advanced, 
recurrent or metastatic tumors that were histologically 
confirmed as malignant and were resistant to standard 
therapy. Eligibility criteria were as follows: i) Patients with 
tumors expressing MAGE‑A4 antigen, assessed by immuno-
histochemistry; ii) an Eastern Cooperative Oncology Group 
performance status of 0‑2  (11); iii)  an age of ≥20 years; 
iv) >4 months survival expected; v) adequate bone‑marrow, 
cardiac, pulmonary, hepatic and renal functions; and vi) the 
patient had no desire to become pregnant. Exclusion criteria 
were as follow: i) Positive for human immunodeficiency virus 
antibody; ii) multiple malignant diseases; iii) concurrent auto-
immune disease; iv) a past history of anaphylaxis; v) active 
metastasis to the central nervous system; vi)  concurrent 
anticancer therapy during the 4 weeks prior to the initiation 
of the trial (except with an anticancer drug that does not 
require drug breaks or hormone agents), including systemic 
steroids, immunosuppressive agents, irradiation or surgery for 
primary lesions; vii) pregnancy or breastfeeding and viii) a 
decision by the principal investigator or physician in charge 
that the patient was unsuitable. The patient recruitment began 
in August 2009 and ended in March 2013. It was confirmed 
that the patients' tumors expressed the MAGE‑A4 antigen, 
which was assessed using immunohistochemistry (IHC), 
as described later. The patients were divided into 3 groups 
in the order of registration: Group 1 patients (n=3) received 
100 µg cholesteryl pullulan (CHP)‑MAGE‑A4 vaccine; group 
2 (n=3) received 300 µg CHP‑MAGE‑A4 vaccine; group 3 
(n=12) received 300 µg CHP‑MAGE‑A4 vaccine and 50 µg 
OK‑432 (Chugai Pharmaceutical Co., Ltd., Tokyo, Japan) 
that was used as an immune adjuvant. Patients were injected 
subcutaneously for a total of 6 cycles at 2‑week intervals (one 
injection per one cycle). Complete written informed consent 
was obtained from all patients at the time of enrollment. The 
study was approved by the Ethics Committee of Hokkaido 
University Graduate School of Medicine (Sapporo, Japan). 
Patient characteristics of the patients in Groups 1 and 2 were 
reported previously (12).

Evaluation of clinical responses. To evaluate the clinical 
response, computed tomography (CT) scans were taken 
prior to the first vaccination and after the fourth vaccination. 
All measurable lesions were classified using the modified 
Response Evaluation Criteria in Solid Tumors (mRECIST). 
mRECIST are original criteria consisting of adaptations to 
the RECIST based upon the recommendations of the Cancer 
Vaccine Clinical Trial Working Group (13). mRECIST were 
as follows: i) Complete response (CR), disappearance of all 
target lesions; ii) partial response (PR), compared with the 

sum of the largest diameters of the target lesions at the time 
of registration in this trial, the total sum of the largest diam-
eters of the target lesions, new target lesions and non‑target 
lesions (increased to ≥10 mm), decreased by ≥30%; iii) stable 
disease (SD), tumor shrinkage is inadequate to be PR and 
tumor growth is insufficient to be progressive disease (PD), 
compared with the minimum sum of the largest diameters of 
the target lesions following treatment; and iv) PD, compared 
with the minimum sum of the largest diameters of target lesions 
following treatment, the total sum of the largest diameter of 
target lesions, new lesions and non‑target lesions (increased to 
≥10 mm), increased by ≥20%. mRECIST do not provide a PD 
classification when new lesions appear alone.

Subject patients of the study. The subjects of the present study 
were the 12 patients who were enrolled in group 3.

Serum samples. Patient peripheral blood was collected prior 
to the initial vaccination (baseline), at 2 weeks after each 
subsequent vaccination and at 4 weeks after the last (6th) 
vaccination. Plasma was collected using EDTA as an antico-
agulant and was centrifuged for 6 min at 240 x g at 18˚C. The 
supernatant was then centrifuged for 10 min at 670 x g at 4˚C. 
Plasma was then stored at ‑80˚C until analysis.

Preparation of CHP‑MAGE‑A4. Full length MAGE‑A4 cDNA 
was cloned into a pET vector (ImmunoFrontier, Inc., Tokyo, 
Japan) and introduced into Escherichia coli. Expression of 
His‑MAGE‑A4 protein was induced by the addition of isopro
pyl‑L‑thio‑β‑D‑galactopyranoside to the bacterial cell culture; 
produced protein was recovered and highly purified using a 
combination of chromatographic techniques, including metal 
chelating affinity, anion exchange, size exclusion and hydroxy-
apatite chromatography. CHP was synthesized by a chemical 
reaction between pullulan (average molecular weight, 100 kDa) 
and cholesterol isocyanate in pyridine/dimethyl sulfoxide 
solution (Nippon Oil and Fats Co., Ltd., Tokyo, Japan). After 
purification by extraction and precipitation, resultant CHP 
was emulsified in water and subsequently freeze‑dried. When 
redissolved in water or buffers, CHP spontaneously forms 
nanoparticles (14‑17). These nanoparticles (20‑50 nm) contain 
the hydrophobic domains of cholesterol groups internally, 
which associate with hydrophobic regions of the MAGE‑A4 
protein, forming a stable complex in solution (14‑17). This 
complex of protein and CHP was used as the CHP‑MAGE‑A4 
vaccine. These vaccines were produced by ImmunoFrontier, 
Inc. (Tokyo, Japan) and kindly provided by the Department of 
Immuno‑Gene Therapy at Mie University Graduate School of 
Medicine (Tsu, Japan).

Detection of MAGE‑A4 expression in tumors. To investi-
gate MAGE‑A4 antigen expression in tumors to determine 
whether patients could be enrolled in the present study, 
each patient's formalin‑fixed (in 10‑15% formalin overnight 
at room temperature), paraffin‑embedded tissue sections 
(thickness, 1.5 µm) were subjected to IHC analysis. These 
tissues were provided by the hospital where patient had previ-
ously received treatment. Immunohistochemical reactions 
were performed using the streptavidin‑biotin‑peroxidase 
method (18). The primary antibody, molluscum contagiosum 
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virus 1 (MCV‑1; 2.8 mg/ml), provided by Mie University, 
was used diluted to 1:2,000 in Dako Antibody Diluent and 
Protein Block Serum‑Free (Dako; Agilent Technologies, 
Inc., Santa Clara, CA, USA). MCV‑1 is a monoclonal 
antibody generated in mice immunized with a human 
MAGE‑A4 recombinant protein. Archival tissue sections 
were deparaffinized in xylene, and rehydrated in a graded 
series of ethanol solutions. After washing in deionized water, 
antigens were unmasked by incubation for 7 min with citric 
acid buffer (pH 6.0) in a pressure cooker at 120˚C. After 
washing in deionized water, endogenous peroxidase activity 
was blocked by incubation for 5  min with 3% hydrogen 
peroxide in methanol at room temperature. After washing 
in deionized water and high‑wash‑PBS‑T (pH 7.7, 0.44 M 
NaCl, 0.1% Tween‑20 in PBS), specimens were incubated 
overnight at 4˚C with the primary antibody described above. 
After washing in high‑wash‑PBS‑T, sections were incubated 
with peroxidase‑labeled goat anti‑mouse and anti‑rabbit 
IgG (Fab') polyclonal antibody [Histofine Simple Stain 
MAX PO (MULTI); Nichirei Biosciences, Inc., Tokyo, 
Japan] for 30 min at room temperature. After washing in 
high‑wash‑PBS‑T, immunohistochemical reactions were 
visualized with freshly prepared 3,3'‑diaminobenzidine 
tetrahydrochloride (Histofine SAB‑PO [M] kit; Nichirei 
Biosciences, Inc.). Subsequently, slides were counterstained 
with hematoxylin (undiluted solution) for 20 sec at room 
temperature and mounted with coverslips. All slides were 
observed using a light microscope at magnifications of x40, 
x100 and x400.

If stained cells were observed, the specimen was labeled 
‘positive’, regardless of the degree of positivity, or the local-
ization of staining in the stained cells (nucleus, cytoplasm or 
nucleus and cytoplasm). MAGE‑A4 expression was confirmed 
with positive identification by two physicians, one being a 
pathologist.

Detection of antibody responses to the MAGE‑A4 protein. 
Specific whole IgG antibodies against MAGE‑A4 in the sera 
were measured using ELISA. The MAGE‑A4 recombinant 
protein in PBS was adsorbed onto immuno plates (442404; 
Nunc; Sigma‑Aldrich; Merck KGaA, Darmstadt, Germany) 
at a concentration of 20  ng/50  µl/well overnight at 4˚C. 
Plates were washed in PBS with 0.05% Tween‑20 and were 
then blocked for 2 h at room temperature with 200 µl/well 
1% bovine serum albumin (Sigma‑Aldrich; Merck KGaA) 
(BSA)/PBS. Serum samples were diluted 1:100, 1:400 and 
1:1,600 in 1% BSA/PBS. After washing, 100 µl serum/well 
was added as the primary antibody and was incubated over-
night at 4˚C. After washing, 100 µl/well of 1:4,000 diluted goat 
anti‑human IgG (H+L chain)‑horseradish peroxidase (HRP) 
(cat. no. 206; Medical & Biological Laboratories Co., Ltd., 
Nagoya, Japan) in 1% BSA/PBS was added as the secondary 
antibody and was incubated for 5 h at 4˚C. Plates were washed 
and incubated with 100  µl/well TMB Substrate (Pierce; 
Thermo Fisher Scientific, Inc., Waltham, MA, USA) for 
3 min at room temperature. Subsequently, 100 µl/well 0.18 M 
H2SO4 was added and the optical density (OD) of the sample 
was immediately read in a microplate spectrophotometer at a 
wavelength of 450 nm (SpectraMax 190; Molecular Devices, 
LLC, Sunnyvale, CA, USA). The cutoff OD 450 absorption 

value was calculated according to the following equation: 
Cutoff value=mean OD value of a 1:400 diluted pooled serum 
sample from healthy donors (n=24)+1.645x standard deviation 
(SD). The cutoff value was determined to be 0.288. Similarly, 
healthy donor sera were used as controls to correct errors in 
every examination and patients' OD values were corrected 
using the resultant calculated error ratios. The healthy donors 
comprised doctors and other medical staff from the depart-
ment of Gastroenterological Surgery II, Division of Surgery, 
Hokkaido University Graduate School of Medicine, Sapporo, 
Japan (age range, 20‑60 years; 18 male and 6 female). Healthy 
donor accrual began and finished in April 2009. Written 
informed consent was obtained from these donors.

For cases with negative serum response before vaccination 
(referred to as ‘baseline negative’ hereafter), positivity was 
defined when OD values of the serum samples at 400‑fold 
dilution exceeded the aforementioned cutoff value before 
the end of the 6th vaccination. For cases with positive serum 
response before vaccination (referred to as ‘baseline positive’ 
hereafter), positivity was defined when OD values of the serum 
samples at 400‑fold dilution increased by >100% before the 
end of the 6th vaccination.

Detection of IgG subclass antibody responses to the MAGE‑A4 
protein. The IgG subclass antibody response to the MAGE‑A4 
protein was detected with ELISA using the aforementioned 
method. The secondary antibodies were polyclonal sheep 
anti‑human IgG1 (dilution, 1:25,600; cat. no. AP006), IgG2 
(dilution, 12,800; cat. no. AP007), IgG3 (dilution, 1:12,800; 
cat. no. AP008) and IgG4 (dilution, 1:12,800; cat. no. AP009) 
(H+L chain)‑HRP (Binding Site, Birmingham, UK).

The following cutoff values of IgG subclass antibodies 
were calculated using the aforementioned method: IgG1, 0.192; 
IgG2, 0.140; IgG3, 0.076; and IgG4, 0.004. Similarly, healthy 
donor plasma samples were used as controls to correct errors 
in every examination, and patient OD values were corrected 
using the resultant calculated error ratios.

As in the aforementioned method, positivity in baseline 
negative cases was determined when OD values exceeded the 
cut‑off values before the end of the 6th vaccination. Likewise, 
positivity in baseline positive cases was determined when 
OD values increased by >100% before the end of the sixth 
vaccination.

In all of the tests, the serum samples of the three aforemen-
tioned donors close to the median OD value, collected while 
calculating the cutoff value, were used as controls. For IgG1 
and IgG2, the OD values were adjusted according to the error 
ratio.

The OD values of IgG subclass antibodies are lower 
compared with the OD values of IgG when the dilution concen-
tration of the patient's serum samples is the same. Therefore, 
the calculation of the IgG subclass cutoff value and the 
post‑vaccination evaluation were conducted using OD values 
of serum samples at 100‑fold dilution.

Detection of IgE antibody responses to the MAGE‑A4 
protein. Specific IgE antibodies against MAGE‑A4 in the 
plasma were measured using ELISA, according to the afore-
mentioned method, with the following differences: As the 
primary antibody, the collected plasma samples were diluted 
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from 1:40 to 1:640 in 1% BSA/PBS. As the secondary 
antibody, 100 µl/well of 1:1,000 diluted rabbit polyclonal 
anti‑human IgE (A0094; Dako; Agilent Technologies, Inc.) 
in 1% BSA/PBS was added and incubated for 5 h at 4˚C. 
After washing, 100 µl/well of 1:100 diluted goat polyclonal 
anti‑rabbit immunoglobulin (K1491; EnVision kit‑HRP; 
Dako; Agilent Technologies, Inc.) in 1% BSA/PBS was 
added as a tertiary antibody. Samples were incubated for 
40 min at room temperature. After washing, the OD was 
measured as described above. Since there were non‑specific 
reactions in the negative control wells, the evaluation of 
IgE was performed qualitatively rather than quantitatively. 
Specific IgE antibodies were considered to be positive when 
the OD values of 40‑fold diluted serum samples following 
vaccination were >150% of the OD values of baseline serum 
sample.

Statistical analysis. Data are presented as the median (range). 
Correlation was assessed using Pearson's product‑moment 
correlation coefficient. The degree of correlation was deter-
mined according to the absolute value of the correlation 
coefficient R as follows: No correlation, 0≤R<0.2; weak 
correlation, 0.2≤R<0.4; moderate correlation, 0.4≤R<0.7 
and strong correlation, 0.7≤R<1.0. The Kruskal‑Wallis test 
followed by a Games‑Howel post hoc test was used to detect 
significant differences between the ELISA results. The 
Kaplan‑Meier method was used to estimate overall survival 
and survival differences were analyzed by the log‑rank test. 
P<0.05 was considered to indicate a statistically significant 
difference. All statistical analyses were performed using 
StatView J version 5.0 (SAS Institute, Inc., Cary, NC, USA) 
and Microsoft Excel 2011 (Microsoft Corporation, Redmond, 
WA, USA).

Results

Patient characteristics. For the purpose of matching the 
administration conditions (dose of CHP‑MAGE‑A4 and 
presence or absence of OK‑432) of the cancer vaccine, the 
focus of the present study was limited to the 12 patients in 
group 3. Patient characteristics are presented in Table I. There 
were 12 patients (9 males and 3 females) who were diagnosed 
with locally advanced, recurrent or metastatic tumors that 
were histologically confirmed as malignant and that were 
resistant to standard therapy (7 colorectal, 1 breast, 1 pancreas, 
1 bile duct, 1 malignant mesothelioma and 1 gallbladder). The 
median age was 63 years (range, 34‑79 years).

Time‑dependent transition of MAGE‑A4‑specific antibody 
responses. The positive conversion rates of anti‑MAGE‑A4 IgG 
subclass and anti‑MAGE‑A4 IgE in the patient serum samples 
at the time of completing the 6th vaccination are presented in 
Table I. The positive rate of Th1‑associated antibodies IgG1, 
IgG2 and IgG3 was 75% (9/12), 41.7% (5/12) and 58.3% (7/12), 
respectively. The positive rate of Th2‑associated antibodies IgG4 
and IgE was 66.7% (8/12) and 16.7% (2/12), respectively. Th1‑ 
and Th2‑associated antibodies were induced together in 7 cases 
(patients 1, 5, 6, 7, 10, 11 and 12); only Th1‑associated antibodies 
were induced in 2 cases (patients 3 and 9); only Th2‑associated 
antibodies were induced in 1 case (patient 8); neither Th1‑ nor 
Th2‑associated antibodies were induced in 2 cases (patients 2 
and 4; Table I). The pre‑ and post‑vaccination time‑dependent 
changes of OD values obtained with ELISA for each IgG 
subclass of antibodies were examined using the Kruskal‑Wallis 
test followed by the Games‑Howel post hoc test. There was 
a significant increase in the OD values of IgG1 following the 
completion of the scheduled vaccinations (P=0.0001; Fig. 1).

Table I. Patient characteristics.

	 Anti MAGE‑A4 antibody response	 Clinical	 Survival
	 Age, 	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 response	 time after
Case	 Sex	 years	 Tumor type	 IgG	 IgG1	 IgG2	 IgG3	 IgG4	 IgE	 (mRECIST)	 vaccination, days

  1	 M	 62	 Colon Ca	 +	 +	 +	 +	 +	 +	 PD	 96
  2	 F	 63	 Breast Ca							       PD	 88
  3	 F	 48	 Pancreas Ca	 +	 +		  +			   SD	 148
  4	 M	 79	 Bile duct Ca	 B		  B				    SD	 470
  5	 M	 63	 Rectal Ca	 +B	 +B	 +	 +B	 +		  SD	 469
  6	 M	 58	 Mesothelioma	 +	 +		  +	 +		  SD	 509
  7	 M	 78	 Gallbladder Ca	 +	 +	 +	 +B	 +		  SD	 141
  8	 M	 34	 Rectal Ca	 +	 B			   +		  SD	 317
  9	 F	 63	 Colon Ca	 B	 +		  B			   SD	 255
10	 M	 60	 Colon Ca	 +	 +	 +	 +	 +		  PD	 257
11	 M	 71	 Colon Ca	 B	 +B		  B	 +	 +	 PD	 105
12	 M	 71	 Colon Ca	 +	 +	 +	 +	 +		  PD	 167
Positive conversion				    66.7	 75.0	 41.7	 58.3	 66.7	 16.7
ratio, %

M, male; F, female; Ca, cancer; PD, progressive disease; SD, stable disease; +, positive reaction; B, baseline positive; MAGE, melanoma 
antigen gene‑A4; mRECIST, modified response evaluation criteria in solid tumors.
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Figure 1. Time‑dependent transition of melanoma antigen gene‑A4‑specific antibody responses. Pre‑ and post‑vaccination time‑dependent changes of OD 
values obtained with ELISA were examined using the Kruskal‑Wallis test followed by the Games‑Howel post hoc test. There was a significant increase in OD 
values for IgG1 following the completion of the scheduled vaccinations. *P<0.05. Pre, pre‑vaccination; x1/2, after 1st and 2nd vaccinations; x3/4, after 3rd and 
4th vaccinations; x5/6, after 5th and 6th vaccinations; N.S., not significant.

Figure 2. Correlations between Th1‑associated antibody responses. Correlation analyses were performed for the OD values of Th1‑associated antibodies. 
The number of points is 84 (n=12 and there were 7 lots of data per patient as these were obtained between pre‑vaccination and the 6th vaccination). Th1, 
type 1 T helper cell.
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The timing of the rise in antibody levels of the 
Th1‑associated antibodies, IgG1, IgG2 and IgG3, is described 
below. Firstly, the median of the rising period for the 9 cases 
with increased IgG1 level was observed upon completion of 
the 3rd vaccination. Secondly, the median of the rising period 
for the 5 cases with increased IgG2 level was observed upon 
completion of the 2nd vaccination. Lastly, the median of the 
rising period for the 7 cases with increased IgG3 level was 
observed upon completion of the 4th vaccination. For the 
Th2‑associated antibodies, IgG4 and IgE, the median of the 
rising period for the 8 cases with increased IgG4 level was 
observed between the 4th and 5th vaccinations. The median of 
the rising period for the 2 cases with positive IgE response was 
observed upon completion of the 5th vaccination.

Correlations between antibody response patterns elicited by 
MAGE A4 vaccinations. The correlations between each of the 
antibodies in the patients' serum samples were examined using 
correlation analysis of OD values based on the ELISA results. 
Among the Th1‑asssociated antibodies, the OD values of IgG1 
and IgG3 presented the highest correlation, with a moderate 
positive correlation coefficient of 0.686 (P<0.0001; Fig. 2). 
Additionally, a moderate positive correlation was observed 
between IgG1 and IgG2 (R=0.573; P<0.0001), and between 
IgG2 and IgG3 (R=0.673; P<0.001; Fig. 2). As for the OD 
values of antibodies associated with Th1 and Th2, a moderate 
positive correlation was observed between IgG1 and IgG4 

(R=0.506; P<0.0001), and between IgG3 and IgG4 (R=0.570; 
P<0.001; Fig.  3). When Th1‑asssociated antibodies were 
compared with Th2‑associated antibodies, the highest corre-
lation was observed between IgG2 and IgG4, with a strong 
positive correlation coefficient of 0.808 (P<0.0001; Fig. 3).

Analysis of overall survival. The median survival time after 
vaccination was 211 days (range, 88‑509 days). All 12 cases 
were classified as cause‑specific cases of mortality (Table I).

In terms of Th1‑associated antibodies, IgG1, IgG2 and 
IgG3, the survival rate for positive patients (IgG1, n=9; IgG2, 
n=5; IgG3, n=7) was not significantly higher compared with 
negative patients (Fig. 4). In terms of Th2‑associated anti-
bodies, IgG4 and IgE, no significant difference in survival 
time was observed between IgG4 positive (n=8) and nega-
tive patients. However, for IgE, the survival rate for positive 
patients (n=2) was significantly lower compared with negative 
patients (P=0.0116; Fig. 4).

Evaluation of therapeutic effect based on the mRECIST 
classification. The evaluation of therapeutic effect based on 
the mRECIST classification identified no cases of complete 
response or partial response. There were 5 cases of progressive 
disease (PD) and 7 cases of stable disease (SD).

No significant association was identified between the pres-
ence or absence of positive conversion of IgG subclasses and 
IgE on the one hand, and the therapeutic effect evaluated using 

Figure 3. Correlations between Th1‑ and Th2‑associated antibodies. Correlation analyses were performed for the OD values of antibodies associated with Th1 
and Th2. The correlation coefficients between IgG1, IgG2 and IgG3 OD values and the OD values of IgG4 were calculated. The number of points is 84 (n=12 
and there were 7 lots of data per patient as these were obtained between pre‑vaccination and the 6th vaccination). Th1, type 1 T helper cell; Th2, type 2 T helper 
cell.
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the mRECIST on the other (data not shown). There was also 
no association between baseline positive cases and therapeutic 
effect evaluated using the mRECIST (data not shown).

Discussion

The clinical efficacy of therapeutic cancer vaccines has not 
been sufficiently demonstrated to date (19‑21). According to 
the RECIST criteria, which are used to evaluate the pre‑ and 
post‑treatment effect on tumor regression, the majority of cases 
are classified as SD or PD (19‑21). On the other hand, traditional 
biomarkers of antitumor efficacy are not necessarily reliable 
indicators in immunotherapy. In immunotherapy, cases have 
been reported where a decrease in lesion size was observed 
when therapy was continued despite the appearance of a new 
lesion with PD classification  (22). Therefore, biomarkers, 
including the immune‑related response criteria (19), which 
does not give a PD classification when new lesions appear 
alone and which evaluates the sum of the longest diameters 
of measurable lesions, have emerged (22). Since therapeutic 
efficacy cannot be determined through imaging at present, the 
ideal approach is to estimate the therapeutic efficacy of cancer 
vaccines using biomarkers, including the antigen‑specific 
cellular immune response [whether there is an induction 
of antigen‑specific cytotoxic T lymphocytes (CTL)] and the 
antigen‑specific humoral immune response (production of 
antigen‑specific antibodies), in order to select cases with favor-
able responses to the treatment. Since tumor cells are directly 
impaired by CTL, and antibodies have an auxiliary function, 
ideally an assessment of the antigen‑specific cellular immune 
response should be conducted. However, there is currently no 

universal standard for the detection of antigen‑specific cellular 
immune response by enzyme‑linked immunospot, intracellular 
cytokine and HLA‑multimer staining methods. Furthermore, 
there is a problem of low repeatability and sensitivity, as 
well as extensive issues associated with inter‑laboratory 
validation  (23). By contrast, measurement methods for 
antigen‑specific humoral immune responses, including ELISA 
and Luminex assays, are well established, and the problems 
of repeatability and sensitivity can be resolved. There are 
pros and cons to using antigen‑specific cellular immune 
responses and antigen‑specific humoral immune responses as 
biomarkers of cancer vaccines. However, in the present study, 
repeatability and sensitivity were given priority and therefore 
antigen‑specific humoral immune response was used for the 
evaluation.

When the induction of humoral immunity after vaccination 
was investigated in the present study, the positive conversion 
rates of Th1‑associated antibodies IgG1, IgG2 and IgG3 were 
75% (9/12), 41.7% (5/12) and 58.3% (7/12), respectively. These 
values indicated high rates of induction. By contrast, the posi-
tive conversion rates of the Th2‑associated antibodies, IgG4 
and IgE, were 66.7% (8/12) and 16.7% (2/12), respectively.

Previously, the current authors reported that a type III 
allergic reaction is triggered when there is an excessive induc-
tion of antigen‑specific immunity with a cancer vaccine (12). 
When Th1‑associated antibodies are excessively induced, there 
is a possible shift from a Th1‑biased cytokine environment to 
a Th2‑biased cytokine environment (12). In the present study, 
the comparison of Th1‑asssociated antibodies revealed the 
strongest correlation between IgG1 and IgG3, with a correla-
tion coefficient of R=0.686 (P<0.0001). Th1 and Th2 cells are 

Figure 4. Analysis of overall survival. The survival time of the group with IgE induction was significantly shorter compared with the survival time of the group 
without IgE induction.
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known to suppress and balance each other. Th1 cells secrete 
IFNγ and activate inflammatory pathways, while Th2 cells 
secrete IL‑4 and IL‑5, which upregulate antibody formation. 
Therefore, Th1 cells and Th2 cells are able to cross‑inhibit each 
other (24); the results of the present study revealed a strong 
positive correlation between the Th1‑associated antibody IgG2 
and the Th2‑associated antibody IgG4, with a correlation coef-
ficient of R=0.808 (P<0.0001). Th2‑associated antibody IgG4 
may be induced in direct proportion to the degree of induction 
of Th1‑associated antibody IgG2.

When the association between increased antibody levels 
and survival time was examined for the vaccination in the 
present study, no significant difference in survival time was 
observed between patients with ≥1 induced Th1‑associated 
antibody and patients without induction. Although an 
antigen‑specific immune reaction was triggered, survival time 
was not affected due to the following: i) Sufficient therapeutic 
effect was not observed since an antigen‑specific CTL was 
not induced in spite of the induction of an antigen‑specific 
humoral immune response; and ii) target patients had unre-
sectable advanced recurrent cancers and controlling their 
condition with immunotherapy alone may have been difficult 
from the start.

By contrast, the survival time of the patients in which the 
Th2‑associated antibody IgE was induced was significantly 
shorter compared with the survival time of patients without 
IgE induction. Previous studies of IgE levels and tumors have 
reported a negative correlation between past history of aller-
gies and various cancers (25‑27). From a molecular biology 
perspective, the antitumor effect of antigen‑specific IgE 
antibodies has been demonstrated in vivo and in vitro (28‑35). 
Since its effect is known to be stronger and to last for a longer 
period of time compared with IgG, IgE immunotherapy 
has gained acceptance as a new concept in cancer treat-
ment (28‑35). This idea conflicts with the current findings and 
the authors intend to investigate the cause of the discrepancy 
in the future. A study has reported on the association between 
induction of antigen‑specific IgE in cancer immunotherapy 
of humans and survival rate (36). When the survival rate of 
colorectal cancer patients vaccinated with a recombinant 
carcinoembryonic antigen protein was examined, there was a 
significant positive improvement in survival rate in the group 
with IgA antibody induction, even though the presence or 
absence of IgE antibody induction did not affect the survival 
rate (36). Future studies will involve additional investigation 
using IgA fractions. The present study, a clinical trial of 
CHP‑MAGE‑A4 cancer vaccine, does not explain whether 
survival time was shortened as a result of IgE induction 
or whether IgE is induced when life expectancy is short. 
However, the results of the present study suggest that caution 
is required when antigen‑specific IgE responses are observed 
during cancer vaccination therapy.

In the present study, no significant difference in survival 
time was observed between patients with Th2‑associated IgG4 
antibody induction and patients without IgG4 induction. IgG4 
is the least abundant IgG subclass in healthy adult serum, 
accounting for ~3% of the total IgG level (37,38). It is primarily 
induced as a response to chronic antigen stimulation and 
inflammation (39). It is also associated with immunological 
tolerance under chronic antigen stimulation as exemplified by 

the desensitization therapies used for allergies (39). From the 
perspective of antitumor immunity, IgG4 and IgE are known 
to inhibit the antitumor effect (40). In fact, previous studies 
have indicated an association between the elevation of serum 
IgG4 levels and an unfavorable prognosis of biliary cancer 
and malignant melanomas (41‑43). The adverse effect of IgG4 
antibodies on antitumor immunity could not be confirmed 
based on the survival curve from the present study. In terms 
of association between the induction of a humoral response 
and the clinical response, the current data did not reveal any 
significant associations, including IgG, IgG subclass, IgE and 
baseline positivity.

Jäger  et  al  (44) reported in a clinical trial utilizing 
NY‑ESO1 that baseline positivity of the antigen‑specific 
antibody affected patient survival. The presence of 
anti‑MAGE‑A4 antibodies prior to MAGE‑A4 cancer vacci-
nation is likely to depend on background factors such as 
the history and duration of chemotherapy and radiotherapy 
before enrollment in the clinical trial. Also, prognosis may 
be affected by the immune environment of the advanced 
cancer patients. According to data from the present study, 
the presence or absence of baseline antibodies does not 
affect prognosis. Further investigation is required to clarify 
the influence of baseline antibody on prognosis by exam-
ining more cases with additional study variables, including 
pretreatment and suppressor cells.

Further study is warranted that should be based on 
addressing the limitations of this study; these include analysis 
of an increased number of patients, and additional data 
regarding the elicited specific T cell response and immune 
suppressor cells.

In conclusion, the results of the present study suggest that, 
in patients who have been vaccinated with the CHP‑MAGE‑A4 
cancer vaccine, it may be possible to predict the induction of 
Th2‑associated antibody IgG4 by monitoring Th1‑associated 
antibody IgG2, and that serum IgE response may be a marker 
for an unfavorable prognosis.
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