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Abstract. The present study assessed plasma IgG in patients 
with metastatic recurrent breast cancer (mrBC) that is reactive 
to various T‑cell epitope peptides of prostate‑related antigens 
(PRAs), such as prostate‑specific antigen, prostate‑specific 
membrane antigen and prostate acid phosphatase. Patients 
were treated with personalized peptide vaccines  (PPVs) 
which were selected and administered from a panel of candi‑
date peptides based on human leukocyte antigen‑types and 
prevaccination IgG levels to each peptide. The peptide panel 
consisted of 27  cytotoxic T‑lymphocyte‑epitope peptides 
derived from tumor‑associated antigens, not including 
PRA. PRA peptides and peptide panels were retrospectively 
analyzed in 77 PPV‑treated patients. The results revealed that 
PRA reactive IgG levels were increased after vaccination in 
31 of the 97 patients included in the present study. Although 
there was no significant association between anti‑PRA peptide 
levels and progression‑free survival (PFS) or overall survival, 
anti‑PRA peptide levels were significantly associated with 

PFS (P=0.009) in estrogen‑receptor positive (ER+) patients 
with cancer. The results suggested that plasma anti‑PRA IgG 
levels may be a useful prognostic marker for monitoring PPVs, 
particularly for ER+ patients with mrBC (trial registration no. 
from the UMIN Clinical Trials Registry, UMIN000001844).

Introduction

Breast cancers often produce prostate‑related antigens, 
including prostate‑specific antigen (PSA), prostate‑specific 
membrane antigen (PSMA), and prostate acid phosphatase 
(PAP), and the serum level of PSA has been suggested to be a 
breast cancer prognostic marker (1‑4). Although several studies 
have indicated that the presence of antigen spreading response 
after the administration of a vaccine against PSA could influ‑
ence the outcomes of patients with prostate cancer (5,6), the 
immune response to these prostate‑related antigens (PRAs) in 
patients with metastatic recurrent breast cancer (mrBC) has 
rarely been investigated. In 2014 we conducted a phase II study 
of personalized peptide vaccination (PPV) for mrBC patients, 
the results of which indicated that the median progression‑free 
survival (PFS) and median overall survival (OS) were 7.5 and 
15.9 months, respectively; in addition, an enhanced number 
of cytotoxic T lymphocytes (CTLs) and/or an increased IgG 
response was observed after the vaccination in most of the 
patients, irrespective of the breast cancer subtype (7).

Most of the peptides used for PPV therapy are commonly 
expressed in various types of advanced cancers, and we 
demonstrated the safety and feasibility of a PPV for patients 
with advanced cancer in our previous phase  II clinical 
trials  (8‑11). The PPV regimen used individually selected 
vaccine antigens, chosen from a panel of peptide candidates 
applicable for the human leukocyte antigen (HLA)‑A2, ‑A24, 
‑A26, ‑A3, ‑A11, ‑A31 and ‑A33 patients, based on the patients' 
pre‑existing host immunity and HLA‑A types. Although a 
panel used for the peptide vaccination in the present study 
did not include PRA peptides since no expression of PRA 
in mrBC had been suggested by our preliminary studies (7), 
we analyzed the pre‑ and postvaccination plasma levels of 
antigen‑specific IgG to PRA peptides of the original panel 
for common cancer vaccines and their potential as prognostic 
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biomarkers of cancer vaccine therapy for mrBC patients. Our 
findings suggest that the plasma anti‑PRA peptide IgG is a 
possible prognostic marker for monitoring the outcomes of 
peptide vaccine therapy in mrBC patients.

Patients and methods

Patients and datasets. A total of 79 mrBC patients 
with metastases who had failed standard chemotherapy 
and/or hormonal therapy were vaccinated as PPV therapy. 
A maximum of four HLA‑matched peptides showing high 
peptide‑specific IgG responses in the prevaccination plasma 
were selected from a panel of 31 peptides (Table SI) applicable 
for the four HLA‑A2, ‑A24, ‑A26, ‑A3, ‑A11, ‑A31 and ‑A33 
types followed by subcutaneous administration once a week 
for 6 weeks and once every 2 weeks thereafter. All patients 
were positive for HLA‑A2, ‑A24, ‑A26, ‑A3, ‑A11, ‑A31, or 
‑A33. Enrolled patients were required to show at least two 
positive IgGs reactive to the different vaccine peptides in 
prevaccination plasma, as reported (7‑12).

We collected and analyzed the data from the 77 mrBC 
patients who received PPV therapy. Eligible patients were 
aged 20 years or older with histologically confirmed advanced 
metastatic breast cancer, and had an Eastern Cooperative 
Oncology Group (ECOG) performance status (PS) of 0 or 1, 
life expectancy of at least 12 weeks, and adequate bone marrow 
function, hepatic function and renal function. Exclusion criteria 
included acute infection, history of severe allergic reactions, 
pulmonary, cardiac or other systemic diseases, or other inap‑
propriate conditions for enrollment as judged by clinicians (7). 
We divided these patients into three different intrinsic 
subtypes: Estrogen‑receptor‑positive (ER+)/HER2‑negative 
(HER2‑), HER2‑positive (immunohistochemical score 
3+ or HER2 gene/chromosome 17  ratio >2.2 in fluores‑
cence in  situ hybridization: HER2+), and triple‑negative 
(hormone‑receptor‑negative and HER2‑negative: TNBC). A 
total of 77 patients were subgrouped as the TNBC (n=18), 
ER+/HER2‑ (n=44), and HER2+ (n=15) groups. The clinical 
evaluation of the disease progression, new lesions of the 
recurrence was performed in each follow‑up according to the 
study protocol for all cases (7,8).

Measurement of peptide‑reactive IgG. We determined the 
plasma IgG levels reactive to the 31‑vaccine peptide panel with 
CTL‑epitope peptides, including PSA‑248, PSMA‑624 and 
PAP‑213, and PAP‑248 by assessing the fluorescence intensity 
unit (FIU) values obtained with a Luminex system (Luminex) 
as described (13,14). If the peptide‑reactive IgG level in the 
postvaccination plasma was more than twofold higher than that 
of prevaccination level, the levels were considered increased, 
as reported (9‑12).

Statistical analyses. The Mann‑Whitney U test was used to 
examine the statistical differences in continuous and cate‑
gorical values, respectively. A P‑value <0.05 was considered 
significant. The PFS and OS were calculated from the date 
of the first vaccination until the date of disease progression 
or death, respectively, or the last date when the patient was 
known to be alive. The survival analysis was performed with 
the Kaplan‑Meier method, and a comparison of the survival 

curves was performed with the log‑rank test. Statistical tests 
were performed using JMP Pro software, ver. 11 (SAS Institute 
Inc.). The Cox proportional hazard analysis was used for a 
univariate analysis to identify clinically relevant factors: Age, 
performance status, anti‑PRAs antibody IgG, pathological 
intrinsic subtype, total number of metastases, the median time 
to the first PPV from recurrence, and the median duration of 
previous chemotherapies. All analyses were also stratified 
for concurrent treatment: The regimen numbers of previous 
chemotherapies, hormonal therapies, anti‑HER2 therapies, 
and bisphosphonate acid or anti‑RANKL antibody therapies. 
The interaction showed a univariate significant difference 
between the outcomes and relevant factors, which we analyzed 
in a multivariable model.

Results

Patient characteristics. Seventy‑seven mrBC patients with a 
median age of 57 years (range 30‑77 years) were comprised 
the patient series. After the 6 and 12th vaccinations, the sum of 
the plasma levels of anti‑PRA IgG had significantly increased 
in 31  patients (the ‘anti‑PRA increase group’), whereas 
these levels did not increase in the remaining 46 patients 
(the ‘anti‑PRA no‑increase group’). The patient characteristics 
of the two groups are summarized in Table I.

The anti‑PRA increase group consisted of 18 (58.1%) 
ER+/HER2‑patients, seven (22.5%) HER2+ patients, and six 
(19.4%) TNBC patients. In contrast, the anti‑PRA no‑increase 
group consisted of 30 (65.2%) ER+/HER2‑patients, five (10.9%) 
HER2+ patients, and 11 (23.9%) TNBC patients  (Table I). 
The combined therapies included chemotherapy, anti‑HER2 
therapy, hormone therapy, and bisphosphonate (Zometa®) or 
anti‑RANKL therapy (Ranmark®), also shown in Table  I. 
Compared to the anti‑PRA no‑increase group, the anti‑PRA 
increase group included a significantly large number of HER2+ 
patients (P=0.020) and a significantly higher frequency of 
patients who received concurrent combined bisphosphonate 
or anti‑RANKL therapy (P=0.004). There were no signifi‑
cant between‑group differences in age (P=0.582), intrinsic 
ER+/HER2‑ (P=0.068) or triple‑negative (P=0.892) subtype, the 
median number of metastases (P=0.573), the median duration 
or number (P=0.300) of previous chemotherapy treatments, 
the combined number of concurrent chemotherapy regimens 
(P=0.494), anti‑HER2 therapy (trastuzumab) (P=0.143), or 
hormonal therapies (P=0.164).

Combination hormonal therapy was used for a total of 
39 (50.7%) of the ER+/HER2‑negative patients (18 anti‑PRA 
increase patients and 21 anti‑PRA no‑increase patients) using 
an aromatase inhibitor such as anastrozole for 10 anti‑PRA 
increase patients and 14 anti‑PRA no‑increase patients, and 
letrozole for four anti‑PRA increase patients and five anti‑PRA 
no‑increase patients. Fulvestrant, a selective estrogen receptor 
downregulator, was used for one patient in each group, 
and a high dose of toremifene was given to one anti‑PRA 
no‑increase patient. In addition, the median length of PPV 
therapy showed no significant difference (P=0.885) between 
the two groups (Table I).

Plasma IgG levels reactive to PSA, PSMA, and PAP peptides. 
The plasma IgG reactive to the peptide panel including 
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the four PRA peptides (PSA‑248, PSMA‑624, PAP‑213, 
and PAP‑248) were analyzed in the plasma samples from 
prevaccination (n=77), the post‑6th (n=75), and the post‑12th 
vaccinations (n=53). The plasma IgG levels against anti‑PRA 
peptides showed a remarkable increase in the 31 patients 
(anti‑PRA increase group) at the 6 and 12th vaccination, even 
though these peptides had not been used for the vaccinations. 
An increase in anti‑PRA IgG was observed irrespective of 
the intrinsic subtypes of mrBC (Fig. 1A and B). The total 
plasma anti‑PRA IgG levels of the post‑6 and 12th vaccina‑
tions were markedly increased compared to the prevaccination 
values (Fig. 1A). An increase in the sum of anti‑PRA IgG after 
the 6 and 12th vaccinations was also observed in each intrinsic 
mrBC subtype group (Fig. 1B).

An increase in IgG reactive to the PAP (PAP‑213 
and/or ‑248), PSA248, and PSMA624 peptides after the 
12th vaccination was observed in 17 of 31 (54.8%), 11 of 31 
(35.5%), and three of 31 (9.7%) patients, respectively. The 
rates of increase for each subtype of mrBC are as follows: 
58.1% (18 of the 31) patients in the ER+/HER2‑subtype, 
22.5% (seven of the 31) in the HER2+ subtype, and 19.4% 
(six of the 31) in the TN subtype. There was no significant 
correlation between the subtype and the increase of anti‑IgG 
response (Table SII). On the other hand, no augmentation 
of the anti‑PRA response was observed in the remaining 
46 patients (data not shown).

Survival analyses by total anti‑PRA IgG level and intrinsic 
mrBC subtype. At the time of the present analyses, the 
median duration of follow‑up was 33.5 months, the median 
PFS was 7.4 months, and the median OS was 13.4 months. 

No significant differences in PFS or OS were observed 
among the intrinsic mrBC subtypes, i.e., the ER+/HER2‑, 
HER2+, and TN subtypes, which is consistent with our 
previous study (7).

The PFS and OS of the anti‑PRA increase group were 8.1 
and 14.3 months, and those of the anti‑PRA no‑increase group 
were 5.1 and 10.8 months (log‑rank P=0.059 and P=0.082), 
respectively, with no significant between‑group differences 
(Fig. 2A and B). In contrast, the PFS and OS of the patients 
with the ER+/HER2‑, HER2+, and TN subtypes were 13.6 and 
26.5, 4.8 and 13.7, and 8.1 and 12.1 months, respectively, in 
the anti‑PRA increase group, whereas those of the anti‑PRA 
no‑increase group were 7.4 and 14.3, 10.4 and 10.7, and 5.0 and 
6.4 months, respectively (Fig. 3). The survival curve for PFS 
(log‑rank P=0.009; Fig. 3) but not OS (log‑rank P=0.154) of the 
ER+/Her2‑subtype was significantly longer than those of other 
subtypes in the anti‑PRA increase group. In contrast, such 
significance was not observed in the anti‑PRA no‑increase 
group, regardless of the mrBC subtypes in PFS (P=0.169) 
and OS (P=0.144). In addition, no significant difference was 
found among the IgG levels against each single PRA in PFS 
and/or OS.

Association of plasma anti‑PRA IgG and clinical factors with 
the patients' prognoses. Cox regression for survival analysis 
was performed to investigate the effect of multiple variables 
included anti‑PRA IgG and clinical factors associated with the 
events that happened. As shown in Table II, the multivariate 
analyses for the PFS of all 77 patients showed that age over 
60 years, anti‑PRA IgG, HER2 positivity, number of previous 
chemotherapy regimens, and duration of vaccine therapy were 

Table I. Characteristics of patients with mrBC for the anti‑PRA increase group and the anti‑PRA no‑increase group.

	 Anti‑PRA increase group	 Anti‑PRA no‑increase group	
Variable	 (n=31)	 (n=46)	 P‑valuea

Median age (range), years	 59 (35‑74)	 55.5 (30‑76)	 0.582
Ductal carcinoma	 29	 42	 ‑
Lobular carcinoma	   1	   2	 ‑
Others	   1	   2	 ‑
ER positive/HER2 negative, n (%)	 18 (58.1)	 30 (65.2)	 0.068
HER‑2 positive, n (%)	 7 (22.5)	 5 (10.9)	 0.020
Triple negative, n (%)	 6 (19.4)	 11 (23.9)	 0.892
Median number of metastatic sites (range)	 3 (1‑4)	 2 (1‑4)	 0.573
Median duration of previous chemotherapies,	 12 (3‑48)	 11 (2‑148)	 ‑
months (range)			 
Number of previous chemotherapy regimens, 	 6/18	 12/19	 0.300
1‑3/≥4
Chemotherapy, n (oral/infusion)	 25 (18/7)	 34 (19/15)	 0.494
Anti‑HER2 therapy	   7	   5	 0.143
Hormonal therapy	 18	 21	 0.164
Bisphosphonate/anti‑RANKL therapy	 14	   7	 0.004
Median numbers of peptide vaccination (range)	 12 (2‑39)	 14 (2‑30)	 0.885

aP‑values for continuous values and categorical values. mrBC, metastatic recurrent breast cancer; ‑, not available; PPV, personalized peptide 
vaccine; PRA, prostate related antigen; ER, estrogen receptor; Bisphosphonate, Zometa®; Anti‑RANKL therapy: Denosumab Ranmark®.
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each prognostic factors for PFS (P=0.03, 0.039, 0.023, 0.029, 
and 0.001, respectively). The analysis of OS showed that the 
age, duration of vaccine therapy, anti‑HER2 therapy, concur‑
rent standard hormonal therapy, and bisphosphonate and/or 
anti‑RANKL therapy were each prognostic factors for OS 
(P=0.025, 0.0001, 0.033, 0.033, and 0.05, respectively) (Table II).

We then analyzed the PFS and OS of the 77 patients by 
the Kaplan‑Meier method. Patient age (older or ≤60 years), 
the duration of PPV therapy lasting more or ≤3  months, 
and concurrent conventional hormonal therapies were each 
significantly associated with both PFS and OS, age over 
60 years (Fig. S1A and B), duration of PPV therapy over 
3 months (Fig. S1C and D), and concurrent hormonal therapies 

(Fig. S1E and F) were significantly associated with better 
prognosis. (P=0.0419, <0.0001, 0.0002 in PFS, and P=0.0019, 
<0.0001, 0.0006 in OS).

We further analyzed the association of anti‑PRA IgG in 
age subgroups (Fig. 4). We determined the survival curves 
comparing patients ≤60 years old and those >60 years old 
who did or did not exhibit increased anti‑PRA IgG after PPV 
therapy. Although it was marginally associated with PFS 
(Fig. 4A, log‑rank P=0.058), an increase in anti‑PRA IgG was 
significantly associated with OS in the >60‑year‑old patients 
(Fig. 4B, log‑rank P=0.008). In contrast, this significance was 
not observed in the patients ≤60 years old for PFS (P=0.422) 
or OS (P=0.127).

Figure 2. Survival curve analyses with anti‑PRA IgG response after PPV therapy. (A) Median PFS of the anti‑PRA increase group (n=31) was 8.1 months and 
the anti‑PRA no‑increase group (n=46) was 5.1 months (log‑rank, P=0.059). (B) Median OS of the anti‑PRA increase group was 14.3 months, whereas that 
of the anti‑PRA no‑increase group was 10.8 months (log‑rank, P=0.082). PRA, prostate related antigen; PPV, personalized peptide vaccine; PFS, progression 
free survival; OS, overall survival; m, median.

Figure 1. Anti‑PRA IgG responses before and after PPV treatment. After 6 and 12 cycles of PPV therapy, total plasma levels of anti‑PRA IgG significantly 
increased in 31 patients with mrBC (anti‑PRA increase group). (A) Plasma IgG levels for anti‑PMSA‑624, anti‑PAP‑213/‑248 and anti‑PSA‑248 before and 
after the 6 and 12th vaccinations. (B) Total plasma IgG levels including anti‑PMSA‑624, anti‑PAP‑213/‑248 and anti‑PSA‑248 in patients with TN, HER2+ 
and ER+/HER2‑subtypes before and after the 6 and 12th vaccinations. PRA, prostate related antigen; PPV, personalized peptide vaccine; mrBC, metastatic 
recurrent breast cancer; PMSA, prostate‑specific membrane antigen; PAP, prostatic acid phosphatase; PSA, prostate specific antigen; TN, triple negative; 
ER, estrogen receptor; FIU, fluorescence intensity unit.
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Discussion

The serum PSA level is one of the most valuable serum 
tumor markers used for the standard diagnosis and clinical 
management of prostate cancer (6,15,16). In contrast, the 
predictive potential of the PRA expression in breast cancer 
(particularly the expression of PSA) for prognosis is still 
controversial. Several research groups have reported that 
PSA positivity was significantly associated with normal 
breast tissues, with benign, smaller tumors, and with 
progesterone and/or androgen receptor positivity. Those 
researchers proposed that PRA could be a valuable tool for 
the prediction of a favorable breast cancer outcome (2,17), 
whereas those were inversely associated with stage III or 
IV advanced breast cancer  (1). In addition, we observed 
the lesser or lower expression of those antigens on refrac‑
tory mrBC specimens in our preliminary study (7). Taken 
together, the above‑described results suggest that plasma 
anti‑PRA IgG levels could be an alternate biomarker for the 
prediction of breast cancer progression.

However, recent research has indicated that immuno‑
logic factors, such as tumor‑infiltrating lymphocytes (TILs) 
and PD‑1/PD‑L1 expression, have a significant impact on 
the clinical outcome of patients with early‑stage breast 
cancer (18‑20). Novel immunotherapeutic strategies, including 
PPV therapy, have also showed considerable promise in the 
immune system response to breast tumors in the majority of 
patients with mrBC (7,21,22). Several studies showed that 
the IgG response to antigens of mucin‑1 (MUC‑1) or other 
tumor‑associated antigens on breast cancer might contribute 
to a better prognosis (23‑25).

To the best of our knowledge, there has been no research 
investigating the clinical significance associated with 
anti‑PRA IgG for metastatic recurrent breast cancer. We thus 
focused in the present study on patients with refractory mrBC, 
and we examined their plasma pre‑ and postvaccination levels 
of anti‑PRA IgG. The results of our analyses revealed that 
anti‑PRA IgG levels were increased in 31 of the 77 (40.3%) 
patients after PPV therapy.

It is well recognized that the cancer immunity cycle 
consists of several steps, including the release of cancer anti‑
gens from cell death, their presentation by antigen‑presenting 
cells to T cells, the activation of T cells, their infiltration to the 
cancer tissues, the elimination of cancer cells, and the release 
of cancer antigens. The newly released cancer antigens have 
been described as antigen spreading phenomena after peptide 
vaccination. This epitope‑spreading responses have been 
observed in HER2+ patients following immunization with 
the HER2 peptide vaccine (26,27), and Gulley et al (6) found 
that using the vaccine (Prostvac) against PSA in combination 
with radiation therapy caused antigen spreading immune 
responses to a number of prostate antigens, and this vaccine 
showed evidence of improved survival (5). We also reported 
the PPV‑induced antigen spreading was a favorable biomarker 
for gynecological cancers (28,29).

Our present findings consequently showed that peptide 
vaccines derived from tumor‑associated antigens  (TAAs) 
induced a humoral IgG response to a variety of PRAs including 
PSA, PSMA, and PAP in patients with mrBC, and that this 
treatment‑associated anti‑PRA IgG response demonstrates 
potential prognostic significance for monitoring the outcome 
of peptide vaccine treatment for patients with mrBC.

Although the mechanisms by which high plasma IgG levels 
against PRA are associated with better survival have not been 
fully explained, it has been suggested that PRA, in particular 
plasma PSA, is associated with a favorable prognosis and 
that its induction is an unfavorable factor for breast cancer 
patients with ER+ cancer, but not with androgens and proges‑
tins (30‑32). Nevertheless, we did not analyze the expression 
of androgen receptor (AR), which is widely expressed in breast 
cancer. As is the case for ER, AR expression is associated with 
a more favorable prognosis among patients with ER+ breast 
cancer (33,34).

Our results showed that higher post‑vaccinated plasma IgG 
antibody levels to PRA were associated with better PFS and OS, 
and it should be noted that our results provide the first evidence 
that the plasma anti‑PRA IgG level might be a useful prognostic 
biomarker for peptide vaccine therapy in patients with mrBC.

Our analyses revealed that patients who underwent a longer 
duration of PPV therapy had significantly better PFS and OS 
outcomes, as did the ER+/HER2‑patients (n=18; 58.1%) in the 
anti‑PRA increase group who were simultaneously given a 
peptide vaccine with an aromatase inhibitor (Table I, Fig. S1). In 
contrast, the ER+ mrBC patients without an increased anti‑PRA 
IgG response (the anti‑PRA no‑increase group) showed that 
AI treatment along with the vaccination could not improve the 
outcome for these patients, as there was no significant differ‑
ence in survival between the ER+ patients and the HER2+ or 
TN patients (Fig. 3). Consequently, our findings suggest that 
conventional hormonal therapy combined with peptide vaccines 
for postmenopausal mrBC patients, particularly for those over 
60 years old, might be a novel and effective treatment strategy.

Recent evidence has also shown that the monoclonal 
antibody trastuzumab can kill HER2+ breast cancer cells not 
only by blocking HER2 signaling, but also through immune 
mechanisms that include antibody‑dependent cellular cytotox‑
icity and complement‑dependent cytotoxicity. In addition, the 
administration of trastuzumab was observed to induce adap‑
tive immunity including both T‑cell and antibody responses 

Figure 3. Survival curve analyses of anti‑PRA IgG response in the three intrinsic 
subtypes. The median PFS of ER+/HER2‑patients with metastatic recurrent 
breast cancer in the anti‑PRA increase group was 13.6 months, whereas that 
of patients with HER2+ was 4.8 months. Patients with triple‑negative breast 
cancer was 8.1 months (log‑rank, P=0.009). PRA, prostate related antigen; 
PFS, progression free survival; ER, estrogen receptor; m, median.
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in patients with HER2+ breast cancer (35,36). Clinical obser‑
vations have also demonstrated that peptide‑based HER2 
vaccines administered concurrently with trastuzumab resulted 
in potent and specific immune activation and were associated 
with better survival (21,37).

However, there is evidence suggesting that anti‑RANKL 
therapy (with denosumab, a fully human IgG2 monoclonal 
antibody specific to RANKL) may induce divergent effects in 
the immune system beyond the effects on bone, which is also 
true of the bisphosphonate Zometa® (zoledronic acid) (38‑40). 

Moreover, combination therapies targeting RANKL‑RANK 
signaling can be used to prevent subsequent metastatic disease 
in breast cancer (41).

Therefore, our results are consistent with the supposition 
that immunotherapeutic strategies using peptide vaccines, such 
as PPV therapy, can be efficiently combined with conventional 
therapies such as hormonal, anti‑HER2, and bisphospho‑
nate/anti‑RANKL therapies for mrBC patients whose cancer 
has been resistant to previous standard cytotoxic chemothera‑
pies. Notably, this novel complementary integrative treatment 

Figure 4. Survival curve analyses for patients (<60 and ≥60 years) with or without an anti‑PRA IgG response after personalized peptide vaccine therapy. Of the 
27 patients ≥60 years, those in the anti‑PRA increase group (n=12) demonstrated significantly longer PFS. (A) PFS log‑rank was P=0.058 and (B) OS log‑rank 
was P=0.008 compared with those in the anti‑PRA no‑increase group (n=15). PRA, prostate related antigen; PFS, progression free survival; OS, overall 
survival; m, median.

Table II. Cox analysis in patients with mrBC who received PPVs for PFS and OS.

	 PFS	 OS
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
		  Univariate		  Univariate	
		  analysis	 Multivariate analysis	 analysis	 Multivariate analysis
	 No. of	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Characteristics	 patients	 P‑value	 HR	 95% CI	 P‑value	 P‑value	 HR	 95% CI	 P‑value

Age, <59 vs. >60 years	 50/27	 0.303	 0.49	 0.25‑0.94	 0.03	 0.037	 2.1	 1.09‑4.28	 0.025
Performance status, 0 vs. 1	 69/8	 0.451				    0.225			 
Post‑PPV anti‑PRA mAb 	 31/46	 0.023	 0.46	 0.22‑0.96	 0.039	 0.463		  0.41‑1.58	 0.542
boosting, + vs. ‑ a	 								      
ER+ vs. HER2‑	 44	 0.337				    0.592		  0.21‑1.49	 0.267
HER‑2 positive	 15	 0.049	 9.17	 1.33‑95.2	 0.023	 0.843			 
Triple negative	 18	 0.635				    0.507			 
1‑3 regimens vs. >4 regimensb	 36/41	 0.009	 2.2	 1.09‑4.57	 0.029	 0.088			 
Total site of metastases 		  0.171				    0.234			 
(range: 1‑4): <2/>2									       
Median times of peptide 	 40/37	 0.009	 0.1	 0.04‑0.26	 0.001	 <0.0001	 0.08	 0.03‑0.21	 <0.0001
vaccination (months): <3/>3									       
Anti‑Her2 therapy	 15	 0.88				    0.255	 0.37	 0.14‑0.92	 0.033
Hormonal therapy	 30	 0.299	 0.48	 0.22‑0.99	 0.048	 0.131	 0.48	 0.23‑0.94	 0.033
Bisphosphonate/Anti‑RNAKL	 21	 0.261				    0.001	 0.48	 0.22‑1.01	 0.05
therapy									       

a+, anti‑PRA increase vs. ‑, anti‑PRA no‑increase. bNumber of previous chemotherapy regimens before receiving PPV. PFS, progression free 
survival; OS, overall survival; HR, hazard ratio; CI, confidence interval; ER, estrogen receptor.
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might be more effective in older postmenopausal mrBC 
patients (≥60 years old).

Although we analyzed 77 vaccinated patients and observed 
the prognostic predictive possibility of anti‑PRA IgG, our study 
has some limitations. These include the presence of multiple 
confounding factors in the examination of prognostic biomarkers, 
the small sample size with more HER2+ patients in the PRA 
response group, the single‑arm data set, and, finally, the combina‑
tion treatment with standard chemotherapy, endocrine therapy, 
and/or bisphosphonate/anti‑RANKL therapy. In summary, our 
data show that plasma IgG antibodies to PRA increased in patients 
with mrBC, and the presence of these antibodies was associated 
with better survival in the patients who were treated using person‑
alized peptide vaccines, particularly in the older postmenopausal 
ER+ mrBC patients. Additional prospective studies with larger 
numbers of patients are needed in order to confirm the clinical 
importance of anti‑PRA IgG in patients with mrBC in relation to 
tumor progression and therapeutic implications.
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