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Abstract. First‑line chemotherapy for men with meta-
static castration‑resistant prostate cancer  (mCRPC) has 
been employed to improve overall survival  (OS) and 
progression‑free survival  (PFS). However, several new 
agents for CRPC after first‑line chemotherapy prolonged 
survival by only a few months. To develop a new treatment 
modality, we conducted a phase  III randomized trial of 
personalized peptide vaccination (PPV) for human leukocyte 

antigen (HLA)‑A24‑positive patients with castration‑resistant 
prostate cancer (CRPC) for whom docetaxel chemotherapy 
failed. This randomized, double‑blind, placebo‑controlled, 
phase III trial was carried out at 68 medical centers in Japan. 
Patients were randomly assigned at a 2:1 ratio to receive PPV 
or placebo. Four of 12 warehouse peptides selected based on 
pre‑existing peptide‑specific immunoglobulin G levels or 
the corresponding placebo were subcutaneously injected in 
6 doses weekly and then bi‑weekly following the maximum 
of 30 doses until disease progression. The primary end‑point 
was overall survival (OS). Efficacy analyses were performed 
by the full analysis set. Between August 2013 and April 2016, 
310 patients were randomly assigned, and 306 patients were 
analyzed. Baseline characteristics were balanced between 
groups. The estimated median OS was 16.1 months [95% confi-
dence interval  (CI), 13‑18.2] with PPV and 16.9  months 
(95% CI, 13.1‑20.4) with placebo [hazard ratio (HR), 1.04, 
95% CI, 0.80‑1.37; P=0.77]. Grade ≥3 adverse events were 
observed in 41% of both groups. The analysis of treatment arm 
effects among subgroups revealed lower HRs for OS in favor 
of the PPV arm in patients with <64% neutrophils (HR, 0.55, 
95% CI, 0.33‑0.93; P=0.03) or ≥26% lymphocytes (HR, 0.70, 
95% CI, 0.52‑0.92; P=0.02) at baseline. PPV did not prolong 
OS in HLA‑A24‑positive patients with CRPC progressing 
after docetaxel chemotherapy. Subgroup analysis suggested 
that the patients with a lower proportion of neutrophils or a 
higher proportion of lymphocytes at baseline can receive 
survival benefits from PPV treatment.
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Introduction

Since 2004, docetaxel has been the standard first‑line 
chemotherapy for men with metastatic castration‑resistant 
prostate cancer (mCRPC) based on improvements in overall 
survival (OS) and progression‑free survival (PFS) compared 
with mitoxantrone and prednisone  (1,2). Although most 
patients receive docetaxel chemotherapy for mCRPC, the 
cancer will eventually progress and no consensus exists for 
the optimal intervention after docetaxel failure. The US Food 
and Drug Administration (FDA) approved several new drugs 
for patients with mCRPC for whom docetaxel chemotherapy 
failed, including cabazitaxel  (3), abiraterone with predni-
sone (4), enzalutamide (5), and radium‑223 (6). Although these 
advancements have been made, the improvement in survival 
by these drugs is only several months and mCRPC continues 
to be incurable. Therefore, treatments that can provide stable 
disease control and long‑term survival benefits are needed.

In the last few decades, immunotherapy has become an 
important part of treating several types of cancer. Sipuleucel‑T 
is currently the only approved cellular product immune therapy 
for the treatment of asymptomatic or minimally symptomatic 
CRPC (7). Although immune checkpoint inhibitors, including 
cytotoxic T‑lymphocyte antigen‑4 (CTLA‑4), programmed 
death 1 (PD1), and programmed death‑ligand 1 (PD‑L1) were 
recently approved by the FDA to treat different types of solid 
tumors and hematologic malignancies, none of these immune 
checkpoint inhibitors have been approved for mCRPC (8,9). 
In addition, neither peptide‑based vaccine trials nor recent 
conducted immunotherapy studies demonstrated clinical 
benefits for mCRPC in large randomized trials  (10). This 
failure may be due to the large diversity of immunological 
features of mCRPC patients and the lack of readily available 
biomarkers of immunotherapy benefits.

To overcome these difficulties, we are developing a new 
concept of personalized peptide vaccination  (PPV) for 
patients with advanced cancer, in which up to 4 peptides are 
selected from a collection of warehouse peptides based on 
pre‑existing immunity (11). A phase I and follow‑up study of 
PPV consisting of 14 warehouse peptides for human leukocyte 
antigen (HLA) ‑A24‑positive patients with advanced CRPC 
demonstrated its safety and potential clinical benefit (12). A 
randomized phase II trial of PPV with low‑dose dexametha-
sone for patients with chemotherapy‑naïve CRPC also resulted 
in a longer PFS of prostate‑specific antigen (PSA) and OS (13). 
In addition, another phase II study suggested that the OS of 
docetaxel‑resistant CRPC patients treated with PPV was 
longer than that of historical controls (14).

Based on these results, a randomized, double‑blind, 
placebo‑controlled, phase III trial of PPV for HLA‑A24‑positive 
patients with CRPC progressing after docetaxel chemotherapy 
with OS as the primary endpoint was conducted in Japan.

Materials and methods

Patient population. For this phase  III, randomized, 
double‑blind, placebo‑controlled study, we enrolled 
HLA‑A24‑positive patients with CRPC progressing within 
12 months after docetaxel chemotherapy from 68 medical 
centers in Japan. Eligible patients were aged 20  years or 

older with histologically confirmed adenocarcinoma of 
the prostate. Other inclusion criteria were as follows: posi-
tive immunoglobulin G (IgG) responses to at least 2 of 12 
warehouse peptides  (Table  SI) on the screening test, an 
Eastern Cooperative Oncology Group (ECOG) performance 
status (PS) of 0 or 1, life expectancy of ≥12 weeks, serum 
testosterone level of ≤50 ng/dl, and satisfactory bone marrow 
function, hepatic function, and renal function. Patients without 
previous bilateral orchiectomy continued treatment with 
luteinizing hormone‑releasing agonists. Exclusion criteria 
included acute infection, history of severe allergic reactions, 
pulmonary, cardiac or other systemic diseases, or other inap-
propriate conditions for enrollment as determined by the 
clinicians. Prior enzalutamide or abiraterone was permitted.

The trial was conducted in accordance with the Declaration 
of Helsinki and Good Clinical Practice guidelines. The 
protocol was approved by institutional review boards or ethical 
committees at all of the institutions, and it was registered in 
the UMIN Clinical Trials Registry (no. UMIN000011308). All 
patients were Japanese and provided written informed consent 
before participating in this study.

Study design and treatment. Patients were randomly assigned 
at a 2:1 ratio to receive PPV or placebo using the minimiza-
tion technique with the following stratification factors: age 
(<75 or ≥75, PS (0 or 1), and use of enzalutamide or abiraterone 
(with or without) at each participating institution. The present 
study was double‑blinded, and all physicians, patients, and 
investigators providing the interventions, assessing outcomes, 
and analyzing data were blinded to treatment assignment. Up 
to 4 of 12 warehouse peptides selected based on pre‑existing 
peptide‑specific IgG levels or the corresponding placebos 
were emulsified with Montanide ISA 51 incomplete Freund's 
adjuvant (Seppic), and each study drug (up to 4) in a 1.5‑ml 
emulsion (3 mg/peptide or saline solution) was subcutaneously 
injected in 6 doses weekly and then bi‑weekly following the 
maximum of 30 doses until disease progression.

Outcomes. The primary end point was OS, which was defined 
as the time from random assignment to death by any cause. 
Secondary end points were PFS, one‑year survival rate, 
immune responses, and safety. PFS was defined as the time 
from random assignment until objective disease progres-
sion based on the PSA Working Group Consensus Criteria 
2  (PCWG2), the Response Evaluation Criteria in Solid 
Tumors (RECIST) 1.1 criteria, or death. Immune responses 
were assessed by IgG titers measured by the Luminex 
system  (15) and cytotoxic T  lymphocyte  (CTL) activity 
measured by the interferon (IFN)‑γ release assay (16) using 
blood sampled at pre‑treatment and every 6  treatments. 
Safety was assessed based on physical examination, vital 
sign measurements, clinical laboratory analyses, and adverse 
events (AEs) graded using the Common Terminology Criteria 
for Adverse Events (CTCAE) version 4.0.

Statistical analysis. All efficacy analyses were based on the 
full analysis set (FAS), defined as patients who received at 
least one dose of the treatment. The planned sample size of 
300 patients (200 in PPV and 100 in placebo arms) provided 
90% of power at a two‑sided significance level of 0.05 to 
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detect a hazard ratio (HR) of 0.6 for the primary endpoint 
of OS, corresponding to an increase in the median OS from 
11 to 17 months. All analyses were performed after 23 months 
from the last patient enrolled or when 80% of events for the 
primary endpoint of OS was reached. The follow‑up ended 
in October 2017 and final analyses were performed using a 
database adjusted to May 2018.

Survival curves were described according to the 
Kaplan‑Meier method and 95% confidence intervals  (CIs) 
were calculated. Comparison of OS was performed by the 
Harrington‑Fleming test. A log‑rank test using stratified 
randomization was used to compare OS for PPV versus placebo. 
The effects of treatments were reported as HRs, 95% CIs, and 
interaction P for subgroup categories in a Forest plot. The 
Student's t‑test was used to compare quantitative variables. 
The mean change from baseline in immune responses at each 
time point was compared between the two arms in a linear 
regression model. All toxicity grades and severe (grade ≥3) 
toxicities were compared between the two arms (Fisher's exact 
test). All statistical tests were interpreted as significant with 
a P‑value of <5%. All analyses were performed using JMP 
version 13 (SAS Institution).

Results

Patient characteristics. Between August  2013 and 
April 2016, 636 patients were screened for eligibility in this 
study, and 310 eligible patients were randomly assigned to 
the PPV arm (n=207) or placebo arm (n=103). The most 
common reason for ineligibility was HLA mismatch. Three 
patients in the PPV arm and 1 in the placebo arm did not 
receive treatment, and 306 patients were analyzed by the 
full analysis set (204 for PPV and 102 for placebo). A patient 
flowchart is shown in Fig. 1. No imbalances existed between 
randomization arms except for a lower PSA level in the PPV 
arm (Table I).

Efficacy. At the final analysis (cut‑off date: October 1, 2017), 
the median length of follow‑up for censored patients was 
29.8 months in the PPV arm and 27.4 months in the placebo arm, 
and 89.5% of patients had discontinued treatment. The median 
total number of doses of treatment drugs was 12 (IQR, 8 to 19) 
in the PPV arm and 14 (IQR, 10 to 21) in the placebo arm. 
The reasons for discontinuation (PPV  vs.  placebo) were 
disease progression (71.6 vs. 72.5%), AEs (14.7 vs. 13.7%) or 

Figure 1. Patient flowchart. PPV, personalized peptide vaccination.
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withdrawal of consent for treatment (3.4 vs. 2.9%). After the 
study treatment, 148 of 204 patients (72.5%) in the PPV arm 
and 71 of 102 patients (69.6%) in the placebo arm used enzalu-
tamide or abiraterone.

For OS, there were 160 deaths (78.4%) in the PPV arm 
and 77 (75.5%) in the placebo arm. PPV did not improve OS 
compared with placebo (median OS, 16.1 months (95% CI, 
13‑18.2  months) with PPV and 16.9  months (95%  CI, 
13.1–20.4 months) with placebo; HR, 1.04; 95% CI, 0.80‑1.37; 
P=0.77; Fig. 2A). The estimated median PFS was 4.2 months 
(95% CI, 4.0‑5.6 months) with PPV and 5.8 months (95% CI, 
4.1‑7.3 months) with placebo (HR, 1.09; 95% CI, 0.85‑1.40; 
P=0.32; Fig. 2B). The median one‑year survival rate was also 
similar in the two arms (62.3 vs. 62.4%).

For immune responses, pre‑treatment plasma and periph-
eral blood mononuclear cell (PBMC) samples were available 
from all 306 patients. The mean peptide‑specific IgG and CTL 
levels to the selected peptides were 154 fluorescence intensity 
units (FIU) and 0.7 pg/ml in the PPV arm, and 311 FIU and 
0.8 pg/ml in the placebo arm, respectively. After the 6‑dose 
treatment, 189 samples from the PPV arm and 96 samples from 
the placebo arm were available for immune response analysis, 
and the mean values of IgG and CTL were significantly higher 
in the PPV arm than in the placebo arm (9716 vs. 284 FIU for 
IgG responses; P<0.01; 80.0 vs. 0.7 pg/ml for CTL activity; 
P<0.01). Significant peptide‑specific IgG and CTL increases 
were observed in 27.5 and 55.6% of the 189 PPV patients, 
respectively, but no increases were observed in the placebo 

Table I. Baseline patient characteristics by treatment arm.

	 PPV (n=204)	 Placebo (n=102)
	 --------------------------------------------------	 -----------------------------------------------
Characteristics	 No.	 %	 No.	 %

Median age, years (range)	 71.0 (53-84)	 72.0 (56-82)
Age group (years)
  <65	 37	 18.1	 19	 18.6
  66-74	 104	 51	 52	 51
  ≥75	 63	 30.9	 31	 30.4
ECOG performance status
  0	 162	 79.4	 82	 80.4
  1	 42	 20.6	 20	 19.6
Prior use of enzalutamide or abiraterone
  Yes	 66	 32.4	 35	 34.3
  No	 44	 21.6	 20	 19.6
  Unknown	 94	 46	 47	 46.1
Serum PSA level, ng/ml
  <50	 109	 53.4	 50	 49
  50-499	 83	 40.7	 37	 36.3
  ≥500	 12	   5.9	 15	 14.7
Gleason score at diagnosis
  <6	 4	   2.4	   3	   2.9
  7	 30	 14.6	 20	 19.6
  ≥8	 166	 80.6	 75	 73.5
  Unknown	 4	   2.4	   4	   4
No. of metastatic sites
  0	 15	   7.3	   7	   6.9
  1	 115	 56.4	 61	 59.8
  ≥2	 74	 36.3	 34	 33.3
Median proportion of WBC type, % (range)
  Neutrophils	 70.0 (35-94.1)	 70.6 (39-91)
  Lymphocytes	 21.7 (3.6-50.5)	 21.4 (6-47.1)
  Eosinophils	 0.2 (0-2)	 0.3 (0-1.5)
  Basophils	 1.0 (0-13.8)	 1.0 (0-11.6)
  Monocytes	 6.1 (1.7-15)	 6.0 (2-17)
Neutrophil to lymphocyte ratio 	 3.2 (0.7-26.1)	 3.3 (0.9-15.2)

ECOG, Eastern Cooperative Oncology Group; PPV, personalized peptide vaccination; PSA, prostate-specific antigen; WBC, white blood cell.
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patients throughout the study period. There was no relationship 
among IgG, CTL, and OS in the PPV arm following applica-
tion of the linear regression model [Fig. S1A; R2=0.00012, 
between IgG change and OS after the 6‑dose treatment, and 
R2=0.0026, between CTL change and OS after the 6‑dose 
treatment (Fig. S1B)].

To further investigate the effects of PPV, we evaluated 
treatment arm effects among patient subgroups. Initially, we 
separated subgroups by the subsets listed in Table I. This 
analysis revealed lower HRs for OS in favor of the PPV arm 
in patients with <the median% neutrophils or ≥the median% 
lymphocytes among white blood cell types at baseline 
(HR, 0.82; 95% CI, 0.56‑1.23 for <median% neutrophil or 
HR, 0.80; 95% CI, 0.54‑1.19 for ≥median% lymphocyte) by 
the significant interaction test (P=0.04 or P=0.05, respec-
tively; Fig. 3). Based on this unexpected interaction among 
% neutrophils, % lymphocytes, and the efficacy of PPV, we 
analyzed the most relevant % neutrophil or % lymphocyte 
cut‑off. We plotted interaction P‑values from neutrophil 
proportions of 50‑80% (median value, 70%) or those from 
lymphocyte proportions of 10‑40% (median value, 21.6%) and 
the number of target patients at each point (Fig. S1). The most 
relevant % neutrophil and % lymphocyte cut‑offs were 64 and 
26%, respectively, with an interaction of P<0.01 and a larger 
number of patients (Fig. S2). We reanalyzed treatment arm 

effects using the cut‑off of 64% neutrophils or 26% lympho-
cytes, and found lower HRs for OS in PPV arm patients (HR, 
0.55; 95% CI, 0.33‑0.93 for <64% neutrophils or HR, 0.70; 
95% CI, 0.52‑0.92 for ≥26% lymphocytes) than in the initial 
analysis using the median cut‑off with an interaction P=0.003 
or P=0.007, respectively  (Fig.  3). This interaction among 
64% neutrophils, 26% lymphocytes, and the PPV treatment is 
shown in Fig. 4. The median OS in the PPV arm of patients 
with <64% neutrophils or ≥26% lymphocytes was signifi-
cantly longer than that in the placebo arm of patients in the 
same subgroups (median OS, 22.9 vs. 15.4 months (Fig. 4A); 
P=0.03 or median OS, 23.3 vs. 13.8 months; P=0.02, respec-
tively; Fig. 4B). By contrast, the median OS in the PPV arm 
of patients with ≥64% neutrophils or with <26% lymphocytes 
was not different from that in the placebo arm of patients in 
the same subgroups (Fig. 4C and D). On analysis of immune 
responses for these factors, IgG changes in the PPV arm of 
patients with <64% neutrophils or ≥26% lymphocytes during 
the first 6 doses were significantly higher than those in patients 
in the complementary subgroup (P=0.02 or P=0.01, respec-
tively; t‑test; Fig. 4E), but CTL changes in these subgroups 
were not significantly different (P=0.64 or P=0.27, respec-
tively; t‑test; Fig. 4F).

All AEs related to the study treatment (peptide plus 
adjuvant or placebo plus adjuvant) are shown in Table  II. 
Injection site reactions and nausea were more frequent with 
PPV (86.8 vs. 74.5% and 9.3 vs. 2.9%, respectively). The most 
common AEs were <grade 3 injection site reactions in both 
arms. Treatment‑related AEs of ≥grade 3 were observed in 
83 patients in the PPV arm (40.7%) and 42 patients in the 
placebo arm (41.2%).

Discussion

Peptide‑based vaccines are designed to elicit CTL against 
antigens selectively expressed by tumor cells. PPV, in which 
a maximum of 4 HLA class IA‑matched peptides are selected 
for vaccination from a pool of peptides based on both HLA 
class IA type and the pre‑existing host immunity before vacci-
nation, are designed to stimulate antigen‑specific memory 
T cells  (11). In a trial of neoadjuvant peptide vaccination 
before radical prostatectomy for patients with localized pros-
tate cancer, we previously reported that PPV quickly induced 
the infiltration of CD45RO+ memory T cells, rather than naïve 
T or B cells, into cancer tissues (17). In previous phase II trials, 
PPV was demonstrated to improve OS in chemotherapy‑naïve 
patients with CRPC or in patients with docetaxel‑resistant 
CRPC (12‑14). The only approved cancer vaccine for CRPC 
is sipuleucel‑T (autologous dendritic‑cell vaccine). This cancer 
vaccine is considered for patients with less advanced disease 
who may benefit from sipuleucel‑T treatment, providing 
rationale for immunotherapy as an early treatment strategy 
in patients with CRPC (18). This phase III randomized trial 
investigated PPV as a second‑line treatment after docetaxel 
chemotherapy in patients with progressing CRPC. To the best 
of our knowledge, this is the first trial addressing this strategy 
in a relatively large number of patients for whom docetaxel 
induction chemotherapy failed. However, the present study 
demonstrated no difference in OS or PFS between PPV and 
placebo.

Figure 2. Kaplan‑Meier curves showing no difference in (A) overall survival 
and (B) progression‑free survival between PPV and placebo. PPV, personal-
ized peptide vaccination.
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There are several explanations for the lack of OS or PFS 
improvement in this study. First, the target patients may 
have had heterogeneous immune cell repertoires, a large 
tumor burden, and many immune suppressive elements, such 
as increased myeloid‑derived suppressor cells  (MDSC) or 
regulatory T cells in the tumor microenvironment, and it is 
well known that tumor‑associated immunosuppression is 
significantly involved in tumor progression and resistance to 
immunotherapy (19,20). Second, efficiently primed T cells 

may lose their responsiveness to tumor antigens. This may be 
explained by the downregulation or loss of tumor antigens and 
T‑cell inhibition mediated by checkpoint molecules such as 
CTLA‑4, PD‑1 and PDL‑1 (21,22). Third, another contribu-
tory factor may be the availability of more effective salvage 
therapies that prolong OS after the study treatment, many of 
which were not widely available at the time of the previous 
phase II study of PPV. The current availability of such drugs 
(e.g., cabazitaxel, abiraterone, enzalutamide, and radium‑223) 

Figure 3. Forest plot showing hazards ratios and 95% confidence intervals for overall survival time for subgroup analysis of stratification factors (full analysis 
set population). ECOG, Eastern Cooperative Oncology Group; HR, hazard ratio; PPV, personalized peptide vaccination; PS, performance status; PSA, pros-
tate‑specific antigen.
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may have affected the disease course in patients receiving PPV 
or placebo. Fourth, the treatment was discontinued early before 
sufficient doses of PPV were administered, thereby affecting 
the efficacy due to the lack of notable objective responses or 
PSA responses.

Further studies of predictive biomarkers of PPV efficacy 
may be necessary to determine whether subgroups may 
improve the OS. The recent discovery that cancers deficient in 
DNA mismatch‑repair function (dMMR) or with microsatel-
lite instability (MSI‑high) demonstrate high rates of objective 
tumor responses to immune checkpoint therapies  (23) led 

to the FDA approval of pembrolizumab for the treatment of 
advanced dMMR/MSH‑high cancers of any histological type, 
among which mCRPC patients are a small subset. Previous 
findings showed that the abnormal granulocytes present in 
the PBMC fraction at baseline may lead to the poor prognosis 
of advanced prostate cancer patients receiving PPV treat-
ment using DNA microarray analysis (24). In addition, the 
increase in granulocytic MDSC after PPV treatment was 
an unfavorable marker for the OS of mCRPC patients (25). 
Those results suggested that the proportion of neutrophils, 
the majority of granulocytes, affects the efficacy of PPV 

Figure 4. Comparison of treatment effects. (A) OS in patients with <64% neutrophils according to PPV versus placebo treatment. (B) OS in patients with 
≥26% lymphocytes according to PPV versus placebo treatment. (C) OS in patients with ≥64% neutrophils according to PPV versus placebo treatment. (D) OS 
in patients with <26% lymphocytes according to PPV versus placebo treatment. (E) IgG changes from baseline to 6 doses in the PPV arm of patients according 
to neutrophil and lymphocyte proportions. (F) CTL changes from baseline to 6 doses in the PPV arm of patients according to neutrophil proportion. OS, overall 
survival; PPV, personalized peptide vaccination; CTL, cytotoxic T lymphocyte; FIU, fluorescence intensity units; IgG, immunoglobulin G; HR, hazard ratio.
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treatment. The post hoc analysis in this trial revealed that 
patients with a low neutrophil proportion (<64%) or a high 
lymphocyte proportion (≥26%) at baseline in the PPV arm had 
a significantly longer OS than their counterparts in the placebo 
arm; however, the proportions of eosinophils, basophils, and 
monocytes did not affect the efficacy of PPV treatment even 
though the neutrophil to lymphocyte ratio (NLR) was used. 
Although NLR was reported as a risk factor for OS of patients 
with mCRPC, similar to many other advanced cancers, when 
it was higher than 2  (26‑28), we found it to be less sensi-
tive than the proportion of neutrophils or lymphocytes as a 
biomarker to predict the efficacy of PPV with an interaction 
P=0.09. This discrepancy may have occurred, in part, because 
the NLR value as a risk factor was based on a comparison 
of the lower and higher levels among patients in the same 

treatment arm in the previous studies rather than between 
patients in different treatment arms (i.e., PPV and placebo). 
The levels of PPV‑induced IgG were significantly higher in 
patients with <64% neutrophils or ≥26% lymphocytes treated 
by PPV than in their counterparts, and the median OS of 
these groups was significantly longer than that of the counter 
groups. This suggested that patients with <64% neutrophils 
or ≥26% lymphocytes can receive survival benefits from PPV 
treatment. Although the reason for the baseline neutrophil and 
lymphocyte proportions most strongly affecting the clinical 
benefits is presently unknown, the following hypothesis was 
considered: Inflammatory responses associated with tumor 
are considered to be one of the major events to escape from 
immune attack and promote the production of inflammatory 
cytokines. These responses result in the circulation of a few 

Table II. Any grade or severe AEs recorded in patients by treatment arm (CTCAE version 4.0).

	 PPV	 Placebo	 PPV	 Placebo
	 (n=204)	 (n=102)	 (n=204)	 (n=102)
	 Any grade	 Any grade	 Grade ≥3	 Grade ≥3
	 --------------------------	 --------------------------	 --------------------------	 --------------------------
AEa	 No.	 %	 No.	 %	 P-valueb	 No.	 %	 No.	 %	 P-valueb

All AEs	 178	 87.3	 79	 77.5	 0.02	 83	 40.7	 42	 41.2	 0.52
Injection site reaction	 177	 86.8	 76	 74.5	 0.008	 5	 0.0	 1	 0.0	 0.35
Cancer pain	 54	 26.5	 22	 21.6	 0.21	 18	 8.8	 9	 8.8	 0.59
Decreased appetite	 37	 18.1	 13	 12.7	 0.15	 19	 9.3	 5	 4.9	 0.13
Edema peripheral	 35	 17.2	 13	 12.7	 0.20	 1	 0.5	 2	 2.0	 1.0
Pyrexia	 31	 15.2	 12	 11.8	 0.26	 2	 1.0	 0	 0.0	 0.45
Anemia	 29	 14.2	 20	 19.6	 0.91	 21	 10.3	 12	 11.8	 0.72
Constipation	 29	 14.2	 14	 13.7	 0.53	 1	 0.5	 1	 1.0	 0.89
Nasopharyngitis	 28	 13.7	 9	 8.8	 0.15	 0	 0.0	 0	 0.0	 n.a.
Malaise	 28	 13.7	 9	 8.8	 0.15	 2	 1.0	 1	 1.0	 0.74
Weight gain	 22	 10.8	 12	 11.8	 0.68	 2	 1.0	 1	 1.0	 0.74
Nausea	 19	 9.3	 3	 2.9	 0.03	 3	 1.5	 1	 1.0	 0.59
Subcutaneous hemorrhage 	 19	 9.3	 20	 19.6	 1.0	 0	 0.0	 0	 0.0	 n.a.
Fall	 17	 8.3	 5	 4.9	 0.20	 0	 0.0	 1	 1.0	 1.0
Diabetes mellitus	 16	 7.8	 7	 6.9	 0.48	 4	 2.0	 2	 2.0	 0.68
Diarrhea	 16	 7.8	 8	 7.8	 0.60	 1	 0.5	 0	 0.0	 0.67
Prostate cancer	 15	 7.4	 4	 3.9	 0.18	 15	 7.4	 4	 3.9	 0.18
Hypertension	 15	 7.4	 6	 5.9	 0.41	 10	 4.9	 5	 4.9	 0.62
Vomiting	 15	 7.4	 7	 6.9	 0.54	 1	 0.5	 1	 1.0	 0.90
Back pain	 15	 7.4	 6	 5.9	 0.41	 2	 1.0	 1	 1.0	 0.74
Insomnia	 14	 6.9	 5	 4.9	 0.35	 0	 0.0	 0	 0.0	 n.a.
Weight loss	 12	 5.9	 9	 8.8	 0.88	 1	 0.5	 1	 1.0	 0.90
Abnormal hepatic function 	 11	 5.4	 2	 2.0	 0.13	 4	 2.0	 0	 0.0	 0.20
Urinary tract infection	 10	 4.9	 7	 6.9	 0.83	 3	 1.5	 1	 1.0	 0.59
Urinary retention	 9	 4.4	 6	 5.9	 0.92	 1	 0.5	 1	 1.0	 0.90
Hydronephrosis	 8	 3.9	 7	 6.9	 0.92	 4	 2.0	 3	 2.9	 0.83
Platelet count reduction	 8	 3.9	 9	 8.8	 0.80	 5	 2.5	 2	 2.0	 0.57
Hematuria	 7	 3.4	 6	 5.9	 0.90	 3	 1.5	 2	 2.0	 0.79
Dental caries	 3	 1.5	 6	 5.9	 0.99	 1	 0.5	 0	 0.0	 0.67

aMedical Dictionary for Regulatory Activities, version 20.0 (MedDRA) terms; bFisher's exact test. AE, adverse event; CTCAE, Common 
Terminology Criteria for Adverse Events; n.a., not available; PPV, personalized peptide vaccination.
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lymphocytes along with many neutrophils. Therefore, the 
baseline neutrophil and lymphocyte proportions may be one 
of the keys for successful immune induction (29‑31).

The tolerability of PPV treatment was good overall and the 
most common treatment‑related AE in both arms was injec-
tion site reaction, which was mainly caused by incomplete 
Freund's adjuvant (32). Dose interruptions or reductions were 
infrequent, and the overall safety profile was consistent with 
that observed in previous phase II trials. Treatment‑related 
deaths were not increased by PPV, suggesting a lack of toxicity 
as the main contributing factor.

In conclusion, PPV did not prolong OS or PFS in 
HLA‑A24‑positive patients with CRPC progressing after 
docetaxel chemotherapy. Subgroup analyses demonstrated that 
patients with a low neutrophil proportion or a high lympho-
cyte proportion at baseline in the PPV arm had a significantly 
longer OS than their counterparts in the placebo arm in this 
setting. Additional confirmation of this finding is required to 
better define subgroups of patients who can receive PPV treat-
ment for progressive CRPC after docetaxel chemotherapy.
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