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Abstract. Peptide-based cancer vaccines have failed to 
provide sufficient clinical benefits in order to be approved 
in clinical trials since the 1990s. To understand the mecha-
nisms underlying this failure, the present study investigated 
biomarkers associated with the lower overall survival (OS) 
among 2,588 patients receiving personalized peptide vaccina-
tion (PPV). Survival data were obtained from a database of 
2,588 cancer patients including 399 patients with lung, 354 
with prostate and 344 with colon cancer. They entered into 
phase II clinical trials of PPV in which 2 to 4 of 31 ware-
house peptides were selected for vaccination on an individual 
patient basis based on human leukocyte antigen (HLA) class 
IA‑types and pre‑existing peptide‑specific IgG levels. Higher 

pre-vaccination neutrophil, monocyte and platelet counts, and 
lower pre-vaccination lymphocyte and red blood cell counts 
were inversely associated with OS, with higher sensitivities in 
the proportions of neutrophils and lymphocytes, respectively. 
The most potent unfavorable and favorable factors for OS were 
the median percentage of neutrophils (≥64.8%) or percentage 
of lymphocytes (≥25.1%) with correlation coefficients (R2) of 
0.98 and 0.92, respectively. Higher pre-vaccination levels of 
c‑reactive protein and other inflammatory soluble factors were 
inversely associated with OS. Pre‑vaccination peptide‑specific 
immunity levels had no effect on OS, although lower immune 
boosting levels were inversely associated with OS. None of 
the 31 peptides was inversely associated with OS, although a 
few peptides were positively associated with it. On the whole, 
the findings of the present study suggested that pre‑vaccination 
inflammatory signatures, but not those of post‑vaccination 
immune induction, were associated with lower clinical benefits 
of PPV.

Introduction

Cancer immunotherapy with anti-PD-1 or PDL-1 antibody 
has resulted in remarkable progress being made in the treat-
ment of a number of different types of advanced cancers (1,2). 
By contrast, active specific immunotherapy using either 
tumor-associated antigens or their peptides capable of inducing 
cytotoxic T lymphocytes (CTLs) against tumor cells has been 
failing to provide sufficient clinical benefits in order to be 
approved for use, despite the large numbers of clinical trials 
beginning in the 1990s, and the mechanisms underlying this 
failure have not yet been clarified (3‑5).
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The authors have developed a novel approach to immu-
notherapy termed personalized peptide vaccination (PPV), in 
which peptides are selected for individual patients based on 
their secondary immune responses (6-8). Randomized phase II 
PPV trials achieved a longer overall survival (OS) for patients 
with certain types of cancer (9,10). However, no significant 
difference in OS was found between patients receiving PPV 
and those receiving the placebo in either of two randomized, 
double-blind, placebo-controlled phase III trials (11,12). A 
biomarker study revealed that both higher neutrophil and 
lower lymphocyte proportions prior to entry were unfavorable 
predictive factors for OS of only patients administered PPV 
with advanced prostate cancer (11). In another trial enrolling 
patients with recurrent glioblastoma, either very low or very 
high MCP-1 levels prior to study entry were identified as 
another biomarker discriminating between patients admin-
istered PPV exhibiting a significantly shorter OS and those 
exhibiting a significantly longer OS (12).

In the present study, these biomarker analyses of the 
2,588 patients enrolled in the phase II PPV studies for the 
treatment of various types of cancer were extended, in order to 
elucidate the mechanisms involved in the inhibition of clinical 
benefits.

Patients and methods

Patients. From November, 2008 to March, 2017, phase II clin-
ical trials of PPV were conducted at the Kurume University 
Cancer Vaccine Center, Kurume University Hospital, Sendai 
Kosei Hospital or Naito Hospital in Japan. Patients receiving 
no vaccination were excluded from the analysis, and thus a total 
of 2,588 patients were enrolled. Some of the results for certain 
cancer types have been previously reported (9,10,13-16). 
Eligibility criteria were the pathologically confirmed diag-
nosis of cancer, positive pre-vaccination plasma IgG responses 
for at least 2 of the 31 warehouse peptides (Table SI), positive 
status for HLA-A2, -A24, -A3supertypes (HLA-A3, -A11, 
‑A31, or ‑A33: HLA‑A3 sup), or ‑A26, age ≥20 years, Eastern 
Cooperative Oncology Group performance status (PS) of 0-2 
and neurological 3 for only brain tumor patients, a life expec-
tancy of at least 12 weeks, and adequate bone marrow function, 
hepatic function and renal function. Exclusion criteria were 
acute infection, a history of severe allergic reactions, or other 
systemic diseases. All patients provided written informed 
consent for the study participation and data collection. All 
patient sample collections, patient consent and recruitment 
followed protocols approved by the institutional review board 
of Kurume University. The study was conducted according to 
the principles of the Declaration of Helsinki.

Peptides and clinical analysis. Patients were vaccinated with 
2 to 4 peptides based on their human leukocyte antigen (HLA) 
type and pre‑existing immunity by measuring peptide‑specific 
IgG levels. Each of the selected peptides was mixed with 
incomplete Freund's adjuvant (Montanide ISA-51VG; Product 
Code 36508H; Seppic) and injected subcutaneously into the 
inguinal, abdominal, or other sites. There were 3 different 
protocols with regards to the vaccination intervals. The details 
are presented as supplementary material (Data S1). The cancer 
patients who became resistant to the standard systemic therapies 

received 6 injections of PPV at 1‑week intervals (the first cycle) 
followed by 6 injections at 2-week intervals (the second cycle); 
this protocol was termed PRT1 (for further details please 
see Data S1). The cancer patients at any stages, including 
those at the early stages of the disease, received 4 injections 
of PPV at 1-week intervals and then 4 injections at 2-week 
intervals (the first cycle), followed by 4 injections at 2‑week 
intervals and then 4 injections at 4-week intervals (the second 
cycle) (PRT2: Data S1). Alternatively, the patients received 4 
injections at 4‑week intervals (the first cycle) followed by the 
same schedule for the second cycle (PRT3: Data S1). Detailed 
protocols are presented online only (https://upload.umin.
ac.jp/cgi-open-bin/ctr/index.cgi). The detailed information 
of the protocols is presented in Data S1. All the trials were 
conducted in accordance with the Declaration of Helsinki 
and Good Clinical Practice guidelines. This is a retrospec-
tive study, i.e., all the patient data was already available and 
ethical approval provided when the original studies/trials were 
performed.

It was decided that only 2-4 peptides would be injected 
among the 31 candidates, mainly due to the following 3 
reasons: Each peptide was independently injected to avoid 
a possible bias for CTL induction by different avidities of 
peptides when they are mixed together, and a maximum of 
4 peptides were then independently injected every 7-14 days, 
which in turn was associated with a substantial burden for the 
patients. Therefore, >5 peptides did seem tolerable for certain 
patients. Secondly, the OS of the patients who received only one 
peptide, as only 1 of the 31 peptides was suitable for PPV due 
to lower baseline IgG levels, was shorter than that of patients 
who received at least 2 peptides (17). Thirdly, these antigens 
coding the 31 peptides were highly expressed on the majority 
of the histologically different cancer cells (6-17), a maximum 
of 4 peptides based on pre-existing immunity were expected to 
be sufficient to induce potent anti‑tumor immunity.

Immune responses and biomarker analyses. T cell responses 
or IgG titers specific to the antigen peptides in peripheral 
blood mononuclear cells (PBMCs) or plasma were evaluated 
by interferon (IFN)γ ELISPOT (Immunocyte IFNγ ELISPOT 
kit; code no. 8223; Medical & Biological Laboratories Co., 
Ltd.) or bead-based multiplexed Luminex assay (Luminex; 
REF. LHC6003M; Invitrogen; Thermo Fisher Scientific) as 
previously described (8,9). For the measurement of the 35 
different cytokines and proteins, bead-based multiplex assays 
or an enzyme-linked-immunosorbent assay (ELISA) were 
used as described previously (12). The vaccinated peptides, 
immunological responses, OS during PPV treatment and 
follow-up study were extracted from the database of the 
clinical trials for 2,588 patients. For the biomarker studies, 
the factors listed in the baseline characteristics and laboratory 
data at the screening time (14 days prior to the first vaccina-
tion) was provided.

Estimation of clinical efficacy of individual peptides and 
statistical analysis. The Kaplan-Meier method, log-rank test, 
univariate and multivariate proportional hazard regression 
models, Spearman's rank correlation coefficient test, Student's 
t-test, Chi-square test and Fisher's exact test were used for the 
statistical analyses. OS was calculated as the time in months 
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from the date of study enrollment to death or to the date of 
last contact. The clinical efficacy of individual peptides for 
prolonging OS was evaluated by univariate and multivariate 
analyses with the Cox proportional hazards regression model, 
and the HR and 95% CI values were calculated. All reported 
P-values were two-sided, and P-values <0.05 were considered 
to indicate statistically significant differences. JMP version 12 
or SAS version 9.4 software (SAS Institute Inc.) was used to 
perform all analyses.

Results

Baseline characteristics. The baseline characteristics of the 
2,588 cancer patients and their median OS are presented in 
Table I. There were 399 patients with lung, 354 with prostate, 
344 with colon, 290 with pancreatic, 200 with gastric and 
183 with breast cancers. The remaining 818 cancer patients 
consisted of 139 patients with urothelial, 126 with biliary tract 
cancer, 118 with ovarian cancer, 79 with uterine cancer, 83 
with hepatocellular carcinoma, 50 with head and neck cancer, 
49 with sarcoma, 39 with esophageal cancer, 35 with brain 
cancer, 30 with renal and 70 with miscellaneous cancers (data 
not shown). There were 1,520 male and 1,068 female subjects 
with a median age of 63 years (Table I). The median OS among 
male and female patients was 10.5 and 13.7 months, respec-
tively, and the OS of the female patients with lung or colon 
cancers was longer than that of male patients. Patients with a 
better PS or with early stages exhibited a trend for a longer OS 
in all types of cancer tested, respectively. No significant differ-
ences in the median OS were found with regard to different 
HLA-class I types. Table I also presents the number of patients 
receiving systemic therapies prior to the PPV vaccination and 
the number of patients receiving systemic therapies combined 
with the PPV vaccination. The median vaccination time was 
11 months, ranging from 1 to 76 months, while the median 
study period was 5.4 months in all 2,588 cases. The median 
follow-up time was 11.3 months.

Circulating blood cells and OS. The association between the 
number or proportion of pre-vaccination circulating blood 
cells and OS was examined (Table II). The median OS of 
the patients administered PPV with greater than the median 
numbers of neutrophils, monocytes, or platelets was signifi-
cantly shorter than that of the patients administered PPV with 
lower numbers, whereas the opposite was true for lymphocytes 
or red blood cells. Similar trends were obtained in the cellular 
proportions with more sensitive HRs as compared to those of 
the cellular numbers. The most potent unfavorable and favor-
able factors for OS were the median percentage of neutrophils 
≥64.8% (HR, 1.70, Table II) or percentage lymphocytes 
≥25.1% (HR, 0.53, Table II) with correlation coefficients (R2) 
of 0.98 and 0.92 (Fig. S1A and B), respectively. The median 
OS for 1,522 of the 2,588 cancer patients who met either or 
both the cut‑offs of neutrophils ≥64.8% and lymphocytes 
<25.1% was significantly shorter than that of the remaining 
1,066 patients who exhibited both <64.8% neutrophils and 
≥25.1% lymphocytes together (8.1 months; vs. 17.8 months; 
HR, 1.8, 95% CI, 1.6‑2.0; P<0.01) (Fig. 1). Significantly shorter 
OS times were also obtained in patients with all different 
cancer types tested, apart from gastric cancer, brain cancer, or 

other miscellaneous cancer types (Fig. 1). The median OS of 
the patients administered PPV with a greater than or equal to 
median neutrophil‑lymphocyte‑ratio (NLR) was also signifi-
cantly shorter than that of the patients administered PPV with 
a less than median NLR (7.6 vs. 17.2 months; HR, 1.85; P<0.01) 
(Table II) with an (R2) value of 0.57 (Fig. S1C).

Soluble factors and OS. A total of 35 cytokine or protein levels 
were provided for the analyses of the association between the 
pre-vaccination levels and the OS of patients administered 
PPV from whom samples were available for the biomarker 
analysis. The total numbers tested were 1,432 for C-reactive 
protein (CRP) and 250 to 504 for the others. A cancer type 
having ≤20 tested samples was excluded from the analysis to 
avoid any biases. Higher levels of CRP (n=1,432), a typical 
protein involved in inflammation (18), were inversely associ-
ated with the OS of patients for all the cancer types tested 
(Fig. 2 and Table SII). Similar results were obtained for inter-
leukin (IL)-6, B-cell activating factor (BAFF), haptoglobin 
(Hp), hepatocyte growth factor (HGF), vascular endothelial 
growth factor (VEGF), IL2-R and MIG levels, soluble factors 
involved in inflammatory responses (19), although the levels did 
not differ significantly in the majority of cancer types. Higher 
levels of IL‑8, macrophage inflammatory protein (MIP)‑1β,  
interferon-inducible protein 10 (IP-10), or granulocyte-colony 
stimulating factor (G-CSF) were inversely associated with the 
OS of patients with only urinary tract, lung, or breast cancers, 
respectively (Table SII).

Discrepant results were obtained for several cytokines. 
Higher levels of IL-2, a cytokine for T cell activation (18), 
were positively associated with the OS of patients with certain 
types of cancer (urinary tract, breast and colon) (indicated 
by HR values ≤0.63), but were inversely associated with the 
OS of patients with prostate cancer (indicated by HR value 
of 2.15) (Table SII). Similar results were obtained for IL-1β or 
GM-CSF (cytokines involved in immune activation) or IL-10 
(an anti‑inflammatory cytokine) (18) (indicated by HR values 
of ≤0.63 for a positive association or HR values of >2.25 for 
an inverse association). Namely higher levels of IL-1β were 
positively associated with the OS of patients with urinary tract 
and breast cancers, but were inversely associated with the OS 
of patients with prostate cancer. Similarly, higher levels of 
GM-CSF or IL-10 were positively associated with the OS of 
patients with urinary tract or gastric cancer respectively, but 
were inversely associated with the OS of patients with lung 
or biliary cancer respectively. Higher levels of IFNα IFNγ, 
IL-17α, or eotaxin were positively associated with the OS of 
patients with only certain types of cancer (indicated by HR 
values of <0.60). Pre-vaccination levels of the remaining 15 
soluble factors tested [transforming growth factor (TGF), 
IL-21, fibroblast growth factor (FGF)-basic, IL-13, IL-12, 
IL-1RA, tumor necrosis factor (TNF)α, IL-7, IL-4, RANTES, 
MIP-1α, MCP-1, IL-15, epidermal growth factor (EGF), IL-5] 
had no significant effect on the OS of patients (Table SII).

Immune responses and OS. The median peptide‑specific IgG 
levels in pre-vaccination plasma for all 31 of the peptides or for 
only the peptides selected for vaccination were 2,251 or 561 
fluorescence intensity units (FIU) with no significant associa-
tion between IgG levels to all the peptides and OS (Table II). 
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The median IgG levels in post-vaccination plasma for all 31 
of the peptides and for only the peptides selected for vacci-
nation were 27,266 and 22,716 FIU, and lower IgG levels 
were inversely associated with OS in both the cases. Similar 
results were obtained with regard to the increase in IgG levels 
following vaccination. The median peptide-specific CTL 
activity in pre-vaccination PBMCs in response to the vacci-
nated peptides was 22 IFNγ-spots with no association between 
higher levels and OS (Table II). The median CTL activity in 
post-vaccination PBMCs in response to the vaccinated peptides 
was 68 IFNγ-spots with a positive association between the 
higher levels and OS. Similar results were obtained with 
regard to the increase in CTL levels following vaccination.

Immune responses to the 31 peptides. The pre-vaccination 
positive rates of the patients exhibiting ≥10 FIU (n=2,588) were 
largely different among the 31 peptides (12 to 87%) (Table III). 
The magnitude of IgG titers of the 31 peptides among the 
patients exhibiting detectable levels also differed between the 
peptides. Post-vaccination lgG titers were measured at the end 
of both the first cycle and second cycle, and the numbers of 
patients exhibiting a >2-fold increase in the IgG titer against a 
peptide at either the end of the first or second cycle as compared 
to the pre-vaccination IgG titer are listed in Table III as the 
number of positive patients. A portion of the patients (472 of 
2,588 patients, 18.3%) were dropped from the clinical trials 
prior to the end of the first cycle due to a rapid disease progres-
sive. The rates of patients exhibiting positive IgG responses 
among the 2,116 patients who completed at least the first cycle 
were largely different among the 31 peptides (Table III). The 
magnitudes of IgG titers of the 31 peptides among the patients 
exhibiting positive responses were also largely different from 
each other. Despite these large diversities, it was commonly 
observed that the patients exhibiting immune boosting to each 
of the vaccinated peptides had a longer survival than those 
without such immune boosting.

The association between each of the 31 peptides and OS 
was evaluated by the Cox proportional hazards regression 
model. This analysis revealed that the patients administered 
PPV that included each of the 3 peptides (Lch-486, EGFR-800 
or HNRPL-140 peptide) exhibited a significantly longer 
survival than the patients whose PPV did not include each of 
these peptides with HR values of 0.9, 0.8 or 0.8, respectively 
(Table III). The HR values of the 25 peptides were between 0.8 
to 1.0, and those of the remaining 3 peptides were 1.1 to 1.2; 
however, none of these were statistically significant.

Discussion

The results of the present study demonstrated that both higher 
neutrophil and lower lymphocyte proportions prior to entry 
were unfavorable biomarkers for the OS of patients adminis-
tered PPV. When the most relevant cut-off levels in terms of 
inhibiting the clinical benefits of PPV were set as neutrophils 
≥64% and lymphocytes <26%, the median OS of more than 
half of the cancer patients who met either or both the cut-offs 
of neutrophils ≥64% and lymphocytes <26% was significantly 
shorter than that of the remaining patients who exhibited 
both <64% neutrophils and ≥26% lymphocyte together. 
These results are consistent with those of the randomized, 
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placebo-controlled, phase III trial (11). It has been previously 
reported that both circulating myeloid-derived suppressor 
cells (MDSCs) and CD4+CD45RA- activated T cells prior to 
study entry suppress or promote the OS of patients admin-
istered PPV in the other phase III study of PPV (12). The 
abnormal circulating granulocytes at the gene expression 
level, as well as the increase in granulocytic MDSCs following 
PPV treatment have been shown to negatively contribute to 
the OS of certain patients receiving PPV (20,21). These find-
ings suggest that certain types of circulating neutrophils or 
lymphocytes suppress or promote the PPV-induced clinical 
benefits, respectively. However, the underlying immunological 
mechanisms are unclear. Cellular subset analyses of the 
PBMCs, regional lymph nodes and tumor sites of cancer 
patients are required to obtain a better understanding of the 
mechanisms.

The neutrophil-to-lymphocyte ratio (NLR) has been 
reported to be a risk factor for the OS of advanced cancers (22), 

which was consistent with the results of the present study. 
However, the co‑efficiency (R2) between HR of the OS and 
NLR (0.57) was much lower than that between HR and the 
neutrophil (0.97) or lymphocyte proportion (0.92). NLR was 
less sensitive as compared to the proportion of neutrophils 
or lymphocytes as a biomarker to predict the efficacy of PPV 
when the OS was compared between the PPV and placebo 
patients in the randomized phase III trial (11). The results 
suggest that the pre-vaccination neutrophil or lymphocyte 
proportion is more suitable than pre-vaccination NLR as a 
biomarker for the clinical efficacy of PPV.

The present study indicated that higher pre-vaccination 
levels of CRP along with IL-6, BAFF, Hp, HGF, VEGF, 
IL2-R and MIG were inversely associated with the OS of 
cancer patients receiving PPV regardless of the cancer types 
tested. However, the higher levels of IL-2, IL-1β, GM-CSF 
and IL-10 were well associated with the OS of patients with 
certain cancer types, but were inversely associated with 

Table II. Circulating blood cells and immune responses.

 Median OS: Median < vs.  
Factors (no. of patients) value median > value HR (95% CI) P‑value

Pre-vaccination cell counts    
  White blood cells (2,588) 5,600 15.3/8.9 1.47 (1.35-1.60) <0.01
  Red blood cells (2,588) 384 8.7/16.4 0.61 (0.56-0.66) <0.01
  Platelets (2,588) 21.4 13.7/10.1 1.29 (1.19-1.40) <0.01
  Neutrophils (2,587) 3,519 16.1/8.3 1.62 (1.49-1.76) <0.01
  % Neutrophils (2,588) 64.8 16.5/8.2 1.70 (1.56‑1.85) <0.01
  Lymphocytes (2,588) 1,346 10.2/13.6 0.78 (0.72-0.85) <0.01
  % Lymphocyte (2,588) 25.1 7.6/17.5 0.53 (0.48‑0.57) <0.01
  Basophiles (2,555) 20.6 11.8/11.7 0.97 (0.89-1.05) 0.43
  % Basophil (2,555) 0.4 10.3/12.8 0.82 (0.75‑0.89) <0.01
  Eosinophils (2,562) 101 11.6/11.7 0.98 (0.90-1.07) 0.71
  % Eosinophils (2,562) 1.9 10.8/12.4 0.90 (0.83‑0.98) 0.01
  Monocytes (2,575) 352 16.5/8.5 1.67 (1.54-1.82) <0.01
  % Monocyte (2,575) 6.2 13.7/10.1 1.28 (1.18‑1.40) <0.01
  % Neutrophil‑lymphocyte ratio (2,588) 2.6 17.2/7.6 1.85 (1.70‑2.02) <0.01
Pre-vaccination IgG (FIU)    
  To 31 peptides (2,588) 2,251 12.0/11.1 1.07 (0.98-1.16) 0.12
  To vaccinated peptides (2,588) 561 12.1/11.1 1.09 (1.01-1.19) 0.04
Post-vaccination IgG (FIU)    
  To 31 peptides (2,116) 27,266 9.9/22.3 0.48 (0.44-0.53) <0.01
  To vaccinated peptides (2,116) 22,716 9.8/22.3 0.48 (0.43-0.52) <0.01
Increased IgG levels (FIU)    
  To 31 peptides (2,116) 20,949 9.6/22.5 0.46 (0.42-0.51) <0.01
  To vaccinated peptides (2,116) 19,309 9.5/22.6 0.45 (0.41-0.50) <0.01
Pre-vaccination CTL to vaccinated peptides 22 16.0/16.8 0.98 (0.82-1.19) 0.86
(IFNγ spots) (525)    
Post-vaccination CTL to vaccinated peptides 68 11.4/19.5 0.68 (0.56-0.82) <0.01
(IFNγ spots) (525)    
Increased CTL levels to vaccinated peptides 33 11.3/19.5 0.72 (0.60-0.87) <0.01
(IFNγ spots) (525)    

FIU, fluorescence intensity unit; OS, overall survival; HR, hazard ratio; CI, confidence interval; CTL, cytotoxic T lymphocyte; IFNγ, interferon-γ.
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those with other cancer types. The mechanisms involved 
in this discrepancy are also presently unknown, and will 
need to be confirmed in a relatively large number of cancer 
patients in the future. Furthermore, all these results with the 
exception of CRP need to be confirmed with a larger number 
of samples.

Discrepant results with regard to the cytokine biomarkers 
are one of the unsolved hot points in cancer immunotherapy, 
and the more in depth underlying mechanisms reason cannot 
be explained at present. The hypothesis is that the discrepancy 

is due in part to the ambiguity of cytokines with regard to the 
promotion and inhibition of immune responses. For example, 
IL-2 and IFN-γ are key cytokines for both cytotoxic and 
helper T cell activation, which play a role in tumor elimination, 
but they also activate other types of immune cells (suppressor 
macrophages and T regulatory cells) that have roles in 
immune suppression in certain types of cancers that depend 
on the doses of IL-2 or IFN-γ. Similarly, IL-10 can suppress 
T regulatory cells, but can also inhibit the TNFα produc-
tion that is needed for the infiltration of T cells into cancers 

Figure 1. Circulating blood cells and OS. The median OS for 1,522 of the 2,588 cancer patients (and those of each cancer type) who met either or both the cut-offs 
of neutrophils ≥64.8% and lymphocytes <25.1% was compared to that of the remaining 1,066 patients (and those of each cancer type) who exhibited both <64.8% 
neutrophils and ≥25.1% lymphocytes together. The hazard ratio, 95% confidence index, and P‑value were also given. OS, overall survival (months).

Figure 2. Association of pre‑vaccination CRP levels to OS. The HR (and 95% CI) of OS between the patients with pre‑vaccination CRP levels of < median 
value and those with ≥ median value in all cancer patients tested (and in each of the cancers tested) are shown in the figure. The median OS (months, M) 
of the patients with < median CRP value vs. that with > median value along with the P-value are shown. CRP, C-reactive protein; OS, overall survival; 
PPV, personalized peptide vaccination.
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IL-10 dose-dependently. This hypothesis is based in part on 
a recent randomized double-blind, phase III trial of person-
alized peptide vaccination for recurrent glioblastoma (12). It 
was found that the median OS of the patients with very low 
or high CCL2 levels (CCL2low/high) or IL-6 (IL-6low/high) 
was shorter than that of the patients with an intermediate 
level of CCL2 (CCL2im) or IL-6 (IL-6im). By contrast, the 
median level of CCL2 or IL-6 failed to discriminate one from 
the other. Instead, CCL4 was an indicator to discriminate 
one from the other, with higher levels favorable to longer OS. 
Further studies need to be conducted to clarify this issue.

Higher CCL2 levels were unfavorable for the OS of patients 
(n=338; HR, 1.5, 95% CI, 0.7‑3.5; P=0.06), but not for the OS 
of each cancer type tested, including brain tumor (n=35) (data 
not shown). These results were also consistent with the results 
of the randomized PIII study of recurrent glioblastoma (12).

The results shown in Table I were also evaluated with the 
multivariate proportional hazard regression model. The 10 
factors consisting of 5 higher HRs and 5 lower HRs in the 
univariate analysis (Table I) were provided for the multivariate 
analysis, and the results are presented in Table SIII. The HR 
values of red blood cell numbers (0.56; 95% CI, 0.46‑0.68; 
P<0.01) or monocyte numbers (1.40; 95% CI, 1.13‑1.74; P<0.01) 
were statistically significant, respectively (Table SIIIA). The 
red blood cell number was a prognostic risk factor for the 
OS of both the PPV and placebo groups in the double-blind 
placebo control phase III study for advanced prostate cancer, 
whereas the monocyte number was a risk factor for the OS of 
only the placebo group (11). By contrast, the lymphocyte ratio 
or neutrophil ratios were predictive a favorable or unfavorable 
factor for the OS of only the PPV group (11). This analysis 
also revealed that the lymphocyte (P=0.09) or neutrophil ratio 
(P=0.16) was a favorable or unfavorable factor for the OS of 
the PPV group, although not statistically significant. Both 
the post‑vaccination increment of peptide‑specific IgG levels 
(P<0.01) and CTL activities (P=0.04) were favorable factors 
for OS, as expected from previous studies (6,7). The results 
of the soluble factors shown in Table SII were then evaluated 
with the multivariate proportional hazard regression models. 
The 10 factors consisting of 5 higher HRs and 5 lower HRs 
in the univariate analysis using >300 test cases (Table SII) 
were provided for the multivariate analysis, and the results 
are presented in Table SIIIB of the revised manuscript. The 
levels of only CRP, and not those of the other cytokines 
(IL-6, VEGF, MIG, IL-2, IL1β, IP-10, GM-CSF, IFNα and 
IFNγ) were significantly (P<0.05) associated with OS. It has 
previously been reported that CRP is an unfavorable factor 
for the OS of patients administered PPV (6,7). Collectively, 
the results with the multivariate analyses revealed that the 
well-known pre-vaccination unfavorable factors (red blood cell 
numbers, monocyte numbers and CRP levels) and well-known 
post‑vaccination favorable markers as the statistically signifi-
cant biomarkers for the OS of the patients administered PPV. 
Further studies are required to identify novel biomarkers influ-
encing the OS of cancer patients administered PPV in order 
to better understand the mechanisms involved the long-lasting 
failure of the peptide-based cancer vaccine with regard to the 
clinical efficacy.

Inflammatory responses associated with tumors are 
considered to be one of the major events involved in cancer 

development (22-26), which in turn may be responsible 
for the hindering of the clinical benefits of PPV in patients 
when pre‑vaccination levels of inflammatory soluble factors 
are higher than the median levels, as shown in the present 
study. However, the immunological mechanisms responsible 
for this soluble factor‑mediated inhibition of clinical benefits 
are presently unknown. One might think that higher levels of 
inflammatory soluble factors cause the higher neutrophil or 
lymphocyte proportion, which in turn may be responsible for 
the inhibition of clinical efficacy. However, the results of the 
present study suggested that this was not the case, since the R2 
values by Spearman's rank correlation coefficient test between 
the CRP level and the proportion of neutrophils and lympho-
cytes in the 1,432 patients tested were as low as 0.007 and 
0.005, respectively (data not shown). Cellular subset analyses 
of the PBMCs, regional lymph nodes, and tumor sites of cancer 
patients and the correlation of each of these parameters and 
the soluble factor levels are required to better understand the 
immunological mechanisms.

Both the antibody positivity rate and the magnitude of 
IgG titers in pre-vaccination samples were largely different 
among the 31 peptides. These divergence among the peptides 
was also observed in the post-vaccination samples (the posi-
tive IgG responses and magnitude of IgG titers). However, it 
was commonly observed that the patients showing immune 
boosting to each of the vaccinated peptides had a longer survival 
than those without it, suggesting that all 31 of the peptides 
used in this study maintained their ability to prolong clinical 
benefits through immune boosting. Furthermore, the patients 
administered PPV that included certain peptides exhibited a 
significantly longer survival than the patients administered 
PPV without these peptides. Therefore, the divergence among 
the peptides used for PPV may not be a risk factor hampering 
the clinical benefits of PPV.

The results revealed that, among the vaccinated peptides, 
only three peptides (Lck-486, EGFR-800 and HNRPL-140) 
were significantly associated with OS. Although the underlying 
mechanisms remain unclear, it was reported that a monoclonal 
antibody reacting to the Lck-486 peptide exhibited an antitumor 
activity in a murine model with suppression of T regulatory 
cells at tumor sites (27). Lck (a member of the Src family 
of non-receptor protein tyrosine kinases expressed in both 
activated T lymphocytes and metastatic cancers cells with onco-
genic properties in human cancers), is pivotal for T regulatory 
cells (Tregs) and program death-1-positive T-cell activities (26). 
The anti-Lck-486 antibody augmented by the vaccination may 
have promoted the antitumor activity in the present study on 
PPV. Monoclonal antibodies to the other peptides, including 
EGFR-800 and HNRPL-140 have not yet been created.

The results revealed that the baseline neutrophil and 
lymphocyte ratios affected the clinical benefits. Although 
the reasons why the baseline neutrophil and lymphocyte 
ratios most strongly affected the clinical benefits cannot be 
explained, the following hypothesis could be considered. A 
tumor mass causes inflammation to escape from immune 
attack (28) and promotes the production of inflammatory 
cytokines (IL-6, VEGF, CRP and haptoglobin, etc.), which 
in turn results in the circulation of a few lymphocytes along 
with many neutrophils. Subsequently, fewer peptide‑specific 
T cells may enter the vaccinated lymph nodes for binding to 
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HLA-peptide complex on dendritic cells, which in turn results 
in the induction of tolerogenic dendritic cells, suppressive 
macrophages and T regulatory cells (29). The normal range of 
the baseline lymphocyte ratio in cancer patients may thus be 
one of the keys for successful immune induction (28-30).

The present study demonstrated that pre-vaccination 
inflammatory signatures, but not those of post‑vaccination 
immune induction, were associated with lower clinical benefits 
of PPV. The major limitation of the present study is the explor-
atory nature of the retrospective analyses on 2,588 patients 
under PPV treatment, which means that our results are not 
clinically applicable. Thus, the present results are purely 
informative, but may facilitate the better understanding of 
one of the mechanisms involved in the long-lasting failure 
of peptide‑based cancer vaccines to provide clinical benefits 
enough to be approved in clinical trials since the 1990s.
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