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1  | INTRODUC TION

The incidence of TNBC, the most aggressive type of breast cancer 
with shorter OS, is approximately 15%-20% of all breast cancers.1-3 
There are few or no remarkable therapeutic improvements for 

TNBC, particularly for patients with mTNBC.1-5 Although immune 
activation is often observed in TNBC,6,7 anti-PD-1 Ab monother-
apy failed to achieve a clinical benefit in patients with advanced 
mTNBC refractory to 1-2 systemic chemotherapies; the median 
OS following the monotherapy was 9.9  months.4 An interim 
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Abstract
We undertook an early phase II study of mixed 19-peptide cancer vaccine mono-
therapy for 14 advanced metastatic triple-negative breast cancer (mTNBC) patients 
refractory to systemic chemotherapy to develop a new type of cancer vaccine. The 
treatment protocol consisted of a weekly vaccination for 6 weeks, and there were 
no severe adverse events related to the vaccination throughout the trial. Increase of 
peptide-specific IgG against the vaccinated human leukocyte antigen-matched pep-
tides, but not against the nonmatched peptides, was positively correlated with over-
all survival (OS) (P < .01). The median OS was 11.5 or 24.4 months in all 14 patients or 
the 10 patients who completed the vaccination. The patients with lower C-reactive 
protein levels or 3 or fewer systemic chemotherapies were favorable candidates for 
this treatment. Advancement of this therapy to the next stage of study could be 
warranted based on the safety and immune boosting determined herein (clinical trial 
registration number: UMIN000014616).
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analysis showed that anti-PD-L1 Ab also did not improve the OS 
of advanced mTNBC patients who had no systemic chemother-
apy, although it prolonged PFS (IMpassion130 phase III study).5 
Therefore, there is a need for new immunotherapy approaches 
not involving these 2 Abs. Peptide-based therapeutic vaccines, 
including the PPVs developed by our group, might be a promising 
approach.8-13 However, none of these vaccine trials provided suf-
ficient clinical benefits to warrant approval for advanced cancer 
patients. In part, this might have been because the immune boost-
ing levels by vaccines consisting of only a few vaccinated peptides 
were too weak to provide sufficient clinical benefits. Next, there-
fore, we developed a cancer vaccine consisting of a mixture of 20 
peptides for more rapid and potent immune augmentation.14 The 
20 peptides were encoded by 12 different TAAs, most of which 
are expressed on a wide variety of cancers.8-14 Cytotoxic T lym-
phocyte epitopes of these 20 peptides were restricted to HLA-A2 
(7 peptides), HLA-A24 (8 peptides), HLA-A3 super type (-A3, -A11, 
-A31, or -A33) (6 peptides), or HLA-A26 (2 peptides) of HLA-class 
A molecules, providing coverage to the vast majority of patients 
who have different HLA alleles.8-14 Moreover, peptide-specific 
IgG and CTL activities were detectable in prevaccination cancer 
patients, including advanced mTNBC patients, suggesting the 
presence of memory T and B cells.8-14 A previous phase I study 
on the use of this mixed 20-peptide vaccine for CRPC showed 
that the vaccine was safe and feasible, and achieved rapid and 
potent immune responses without changes in immunosuppressive 
cell subsets.14

Subsequently, we undertook an early phase II study of a mixed 
19-peptide vaccine monotherapy for advanced mTNBC patients 
(registration number: UMIN000014616). Details of the protocol 
are given in Document S1. This mixed peptide vaccine consisted 
of 19 peptides coded by 11 different TAAs (Table S1); the PSMA-
derived peptide from the mixed 20-peptide vaccine for CRPC 
was excluded, as PSMA was previously shown to be an unsuit-
able molecular target for peptide-based immunotherapy for breast 
cancers.13

2  | MATERIAL S AND METHODS

2.1 | Patient population

Eligible patients for this early phase II study were aged 20 years or 
older with histologically confirmed TNBC and had an ECOG PS of 0 
or 1, life expectancy of at least 12 weeks, and adequate bone mar-
row function (white blood cell count 2500/mm3, lymphocyte count 
1000/mm3, hemoglobin 8  g/dL, platelets 100  000/mm3), hepatic 
function (total bilirubin 1.5× ULN, transaminase 2× ULN), and renal 
function (serum creatinine 2× ULN). Exclusion criteria included acute 
infection, history of severe allergic reactions, pulmonary, cardiac, or 
other systemic diseases, or other inappropriate conditions for en-
rollment as judged by clinicians. Details of protocols were given in 
Document S1.

2.2 | Study design and treatment

The mixed 19-peptide vaccine was designed to induce CTL against 
19 peptides derived from 11 different TAAs, including SART3, CypB, 
WHSC2, UBE2V, HNRPL, Lck and MRP3, PSA, PAP, EGFR, and 
PTHrP, as reported previously.10-15

To ensure the background of the newly designed protocol, the 
expression levels of the 11 vaccine antigens that code these 19 
peptides were examined by IHC staining of primary breast cancer 
(n  =  20, including 5 TNBC) and metastatic breast cancer tissues 
(n  =  20, including 5 TNBC). Detailed methods including the Abs 
used for IHC were previously described.13,16-20 As a result, PTHrP, 
HNRPL, WHSC2, and SART3 antigens were expressed in all breast 
cancers tested. We found that CypB, UBE2V, EGFR, Lck, and MRP 
were expressed in 70%, 60%, 50%, 10%, and 0% of primary tu-
mors, and 100%, 100%, 30%, 10%, and 10% of metastatic tissue, 
respectively. In contrast, neither PSA nor PAP was expressed in 
any breast cancers tested. It was reported that Lck, PSA, PAP, and 
MRP3 were expressed in breast cancer tissues, although the fre-
quency of expression was lower than that of other TAAs, in the 
previously reported manuscripts.13,20-24 Peptide-specific IgG Abs 
against 15 of 19 peptides were detectable in the prevaccination 
plasma of the vast majority (more than 80%) of the 40 patients, 
and those against the remaining 4 peptides (HNRPL-140, MRP3-
1293, PTHrp-102, and Lck449) were also detectable in 50%-80% 
of these patients. These results were partly reported previously.13 
Information on the 20 peptides, including the PSMA-624 peptide, 
which was not used in this study because it was previously found 
to be an unsuitable molecular target for a breast cancer vaccine,13 
is shown in Table S1. Patients received the mixed 19 peptides 
(19 mg/1 mL containing 1 mg of each peptide) emulsified with in-
complete Freund’s adjuvant (Montanide ISA-51VG; Seppic) s.c. at 
the abdominal regions on days 1, 8, 15, 22, 29, and 36. The proto-
col was completed on day 43. This was an early phase II study of 
the mixed 19-peptide monotherapy with a primary end-point of 
safety and secondary end-points of PFS and peptide-specific im-
mune induction. Accordingly, the following treatments were pro-
hibited throughout the clinical study (maximum 43 days): steroid 
hormone (20 mg prednisone/d or more), systemic chemotherapy, 
immunotherapy, radiation therapy, or any new drugs for clinical 
study. After the study period, there were no restricted treatments. 
The follow-up study (computed tomography scan, tumor markers) 
was carried out at least every 6 months for as long as possible.

For the assessment of immune responses, peripheral blood 
was collected at pretreatment and day 43. The HLA-matched 
peptide-specific IgG levels in the plasma were measured using a 
Luminex system. Prevaccination peptide-specific IgG levels with a 
cut-off level of 10 FIU were taken as detectable levels of IgG as re-
ported previously.9-13 Patients were considered to have a positive 
IgG response when the postvaccination IgG level against each of the 
peptides after the 6 vaccinations was 2 times higher than the pre-
vaccination level, as reported previously.10-13 They were also con-
sidered to have a positive response when the total sum of IgG levels 
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against all 20 peptides tested or the HLA-matched peptides after the 
6 vaccinations was 2 times higher than that at prevaccination.

The HLA-matched peptide-specific CTL responses to the vaccine 
peptides were evaluated by IFN-γ ELISPOT assay (MBL), using PBMCs, 
which were separated by density gradient centrifugation with Ficoll-
Paque Plus from peripheral blood (30 mL) before and after vaccina-
tion, and stored frozen until analysis. After thawing, PBMCs (1 × 105 
cells/well) were incubated in 96-well U-bottomed plates with 100 µL 
medium (OpTmizer T Cell Expansion SFM) containing 10% FBS, 1% 
l-glutamine (Life Technologies), interleukin-2, and a mixture of 19 vac-
cinated peptides (3 µg/mL each) for 6 days. The cultured cells were 
harvested and tested for their ability to produce IFN-γ in response to 
either the corresponding peptides or HLA-matched negative control 
peptides (HLA-A2, HLA-A24, HLA-A3 supertype, and for HLA-A26-
matched HIV-derived sequence). The cells (1  ×  105 cells/well) were 
cultured in triplicate for 18  hours at 37°C with the C1R cells trans-
fected with each type of HLA (1 × 104 cells/well) loaded with specific 
or control peptides (3 µg/mL) in a 96-well ELISPOT plate coated with 
antihuman IFN-γ Ab. After washing, the spots were developed with 
biotin-conjugated antihuman IFN-γ Ab, streptavidin-alkaline phos-
phatase and BCIP(5-bromo-4-chloro-3-indolyl-phosphate)/NBT(nitro 
blue tetrazolium) (BCIP/NBT) substrate, according to the manufac-
turer’s instructions (MBL), and then counted using an ELISPOT reader 
(ImmunoSpot S5 Versa Analyzer; Cellular Technology). When the spot 
numbers in response to the specific peptides were significantly higher 
than those in response to the control peptides (P < .05 by Student’s t 
test with the triplicate samples), antigen-specific CTL responses were 
shown as the differences between them (means of the triplicate sam-
ples). If the spot numbers in response to at least 1 HLA-matched pep-
tide in the postvaccination PBMC were more than 2-fold higher than 
those in the prevaccination PBMC, the changes were considered to be 
significant as reported previously.14

Positive CTL responses after the 6 vaccinations were defined as 
a more than 25-spot increase in the total HLA-matched peptide-spe-
cific IFN-γ spots. The CEF peptide pool (MABTECH) was used as a 
control peptide set for measurement of peptide-specific CTL activ-
ity, as reported previously.9-12 This pool consists of 23 HLA-class 
I-restricted peptides from human influenza virus, cytomegalovirus, 
and Epstein-Barr virus.

The safety profile was assessed throughout the study by monitor-
ing for adverse events (according to the NCI Common Terminology 
Criteria for Adverse Events version 4.0), chemical laboratory tests, 
vital signs, and physical examinations. Progression-free survival was 
defined as the time in days from the first vaccination until objective 
disease progression based on the RECIST 1.1 criteria. Overall sur-
vival was calculated as the time in months from the date of the first 
vaccination to death.

2.3 | Ethical considerations

The protocol was approved by the Ethical Committee of Kurume 
University (Document S2). It was registered in the UMIN Clinical 

Trials Registry (UMIN000014616). The study was in accordance 
with the Declaration of Helsinki and the International Conference 
on Harmonization of Good Clinical Practice guidelines, and it was 
undertaken in an outpatient setting. Written informed consent to 
participate in the clinical trial and to use their data for research and 
publication purposes was obtained from all individual participants 
before their inclusion in the study.

2.4 | Statistical design and analyses

The Student’s t test and the χ2 test were used to compare quanti-
tative and categorical variables among safety profiles and immune 
responses to the treatment, respectively. Progression-free survival 
and OS data for each arm were analyzed using the Kaplan-Meier 
method. The log-rank test was used for comparison of the survival 
curves, and Cox proportional hazard analysis was used for esti-
mation of HRs. The CIs reported were 95%. The Cox proportional 
hazards regression model was used for univariate and multivariate 
analyses to identify factors that had a significant impact on sur-
vival. All baseline parameters in the survival and proportional haz-
ards regression analysis were analyzed as dichotomous variables 
using median or cut-off values. Statistical analyses were carried 
out using SAS software version 9.1 (SAS Institute) with a 2-sided 
significance level of 5%. The data that support the findings of this 
study are available from the corresponding author upon reason-
able request.

3  | RESULTS

3.1 | Baseline characteristics and adverse events

Between November 2014 and November 2017, 14 patients with 
advanced mTNBC refractory to systemic chemotherapies were en-
rolled in this study. Baseline demographic and clinical characteristics 
of the 14 participants, including age, PS, stages at the first diagno-
sis, histology, hormone receptors, tumor sites, HLA types, regimen 
numbers of systemic chemotherapies, prevaccination CRP, neutro-
phil ratio, lymphocyte ratio, PFS, and OS from the first vaccination 
days are given in Table 1. In order to better understand the risk fac-
tors for rapid progression, these 14 patients were subdivided into 
the 10 patients who completed the 6 weekly vaccinations and the 4 
patients who could not complete the entire 6-week protocol due to 
rapid disease progression (Table 2). The groups showed difference in 
prior systemic chemotherapy regimens (≥3; 9 of 10 vs 1 of 4, P = .04) 
or the median OS from the first vaccination (24.0 or 1.4 M, P < .01), 
respectively.

Adverse events during the treatment are summarized in Table 
S2. The most common AEs (occurring in more than 25% of patients) 
were injection site reactions (9 patients) and lymphocytopenia 
(4 patients). Adverse events of grade 3 occurred in 5 patients (2 
patients with γ-glutamyltransferase increase, 2 with aspartate 
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aminotransferase increase, and 1 with pleural effusion). There was 
no grade 4 AEs. Grade 5 events were observed in 2 patients with 
AEs not otherwise specified. According to the assessment by an 
independent safety evaluation committee in this trial, all of these 
AEs of grade 3 or 5 were related to cancer progression or the com-
bination chemotherapies; the injection site reactions were related 
to the vaccination.

3.2 | Immune responses

Prevaccination peptide-specific IgG levels to each of the 20 
peptides—the 19 peptides included in the vaccine and the 

nonvaccinated PSMA-derived peptide—were measured using a 
Luminex system with a cut-off level of 10 FIU taken as a detect-
able level of IgG, as reported previously.9-14 The positive rate of 
Ab in the patients’ plasma against the 20 peptides or HLA-A-
matched peptides ranged from 36% to 100% or 17% to 100%, 
respectively (Table S3). The IgG levels against HLA-A-matched 
peptides for each patient are bolded in Table S3. The total sum 
of IgG levels to the 20 peptides or HLA-A-matched peptides in 
each patient ranged from 53 to 14  482 or 53 to 9691  FIU, re-
spectively. Postvaccination peptide-specific IgG levels were 
measured at the end of clinical study (day 43) in plasma from the 
10 patients who completed all 6 vaccinations. Immune responses 
were considered positive when the postvaccination IgG level was 

All (n = 14)
Completed 
(n = 10)

Did not complete 
(n = 4) P value

Age

Median (range) 55 (35-82) 55 (40-82) 52 (35-80) .91a 

HLA type

A24 6 3 3 NA

A2 8 7 1

A3 supertype 5 4 1

A26 5 3 2

Performance status

0 7 6 1 .56b 

1 7 4 3

Systemic chemotherapy regimensc 

1 3 3 0 .11b 

2 4 3 1

3 3 3 0

4 or more 4 1 3

Lymphocytes (%)

Median (range) 29.9 
(15.5-48.4)

34.1 (17.0-48.4) 24.3 (15.5-44.3) .41a 

Neutrophils (%)

Median (range) 57.3 
(37.9-74.0)

55.1 (44.0-74.0) 67 (32.9-71.0) .69a 

CRP

Median (range) 0.3 (0.01-11.7) 0.2 (0.01-11.7) 0.6 (0.06-1.45) .47a 

OS from first vaccination (mo)

Median (95% CI) 11.5 (1.5-42.0) 24.0 (2.3-not 
reached)

1.4 (1.0-6.0) <.01c,d 

OS from first diagnosis (mo)

Median (95% CI) 80.0 
(25.1-179.7)

80.0 (20.5-164.6) 106.6 (13.0-193.8) .52d 

Abbreviations: CI, confidence interval; CRP, C-reactive protein; HLA, human leukocyte antigen; 
NA, not available; OS, overall survival.
aStudent’s t test. 
bFisher’s exact test. 
cRegimen numbers for postrecurrence cases (n = 10) or inoperable advanced cases (n = 4). 
dLog-rank test. 

TA B L E  2   Characteristics of patients 
with advanced metastatic triple-negative 
breast cancer, grouped according to 
completion of 6 weeks of 19-peptide 
vaccine monotherapy
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2 times higher than the prevaccination titer.8-12 Postvaccination 
IgG levels showing at least a 2-fold increase compared to their 
prevaccination counterparts are highlighted in red in the table. 
The percentage of patients showing positive IgG responses 
against 1 or more than 1 peptide ranged from 0% to 90% (Table 
S3). Immunoglobulin G responses against at least 1 HLA-matched 
or non-HLA-matched peptide were positive in the majority of the 
patients tested (9 or 8 of 10 patients tested, respectively). The 
sum of postvaccination IgG levels to all 20 peptides or HLA-A-
matched peptides in each of the 10 patients who completed all 
6 vaccinations ranged from 180 to 74 943 or 77 to 71 669 FIU, 
respectively.

Cytotoxic T lymphocyte activity against the HLA-matched pep-
tides vaccinated in prevaccination PBMCs was measured in the 10 
patients who completed all 6 vaccinations, and it was greatly sup-
pressed, with no IFNγ spots in 9 patients and 19 IFNγ spots in the 
remaining patient. That against CEF peptide pools was also sup-
pressed, with no IFNγ spots in 7 patients and more than 50 spots 
in the remaining 3 patients (Table S4).

The vaccination induced positive CTL responses (25 or more 
IFNγ spots) in 5 of 10 patients, but did not affect the CTL activity 
against CEF (23 virus-related peptide mix) peptides.

3.3 | Clinical outcome

After the median follow-up of 12 months, ranging from 2 to 60 months, 12 
or 11 of the total 14 patients had progressed or died, respectively. Clinical 
responses were evaluated based on investigator-derived assessment of 
disease response and progression using RECIST criteria. They consisted 
of 6 cases with stable disease and 8 with progressive disease at the end of 
the clinical trial (day 43). The median PFS was as follows: 1.5 months (95% 
CI, 1.0-15.6) for all 14 patients, 5.8 months (95% CI, 1.4-18.9) for the 10 pa-
tients who completed the clinical study, and 0.9 months (95% CI, 0.5-1.2) 
for the 4 patients who failed to completed the clinical study (P < .01 among 
the 3 groups; P <  .01 between the 10 and 4 patients) (Figure 1A). The 
median OS was 11.5 (95% CI, 1.5-42.1) or 24.0 months (95% CI, 2.3-not 
reached) in all 14 patients or the 10 patients who completed the clinical 
study, respectively (P < .01) (Figure 1B). The median OS of the 4 patients 
who failed to complete the clinical study was 1.4 months (95% CI, 1.0-6.0).

3.4 | Risk factors

Risk factors for rapid disease progression during the vaccination were 
examined as the next step in the clinical study, although only 14 patients 

F I G U R E  1   Kaplan-Meier curves of patients with advanced metastatic triple-negative breast cancer treated with 19-peptide vaccine 
monotherapy, grouped according to treatment completion. A, Progression-free survival. B, Overall survival (OS). The 14 patients (Cohort 1, 
black) entered in this study were subdivided into 10 patients (Cohort 2, orange) who completed the 6 vaccinations and 4 patients (Cohort 3, 
blue) who could not complete them due to rapid disease progression

F I G U R E  2   Risk factors for disease progression during treatment of patients with advanced metastatic triple-negative breast cancer 
treated with 19-peptide vaccine monotherapy. Kaplan-Meier curves for the correlation between overall survival (OS) and prevaccination 
C-reactive protein (CRP) levels (A), regimen numbers of systemic chemotherapies (Chemo) (B), and performance status (PS) (C) are shown. CI, 
confidence interval; HR, hazard ratio
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were entered in this early phase II study. The baseline CRP level was a 
risk factor, as the median OS of the patients with median or higher CRP 
level (0.3 mg/dL) was significantly shorter than that of those with lower 
than median CRP (6.0 months; 95% CI, 1.4-10.7 vs 42.1 months and 
95% CI, 1.0-not reached, respectively; HR, 0.07; P < .01) (Figure 2A).

The number of prior chemotherapy regimens was also a risk fac-
tor, as the median OS of the 4 patients with more than 3 prior che-
motherapy regimens (1.4 months; 95% CI, 1.0-10.7) was significantly 
shorter than that of the 10 patients with 3 or fewer prior chemo-
therapy regimens (24.0 months; 95% CI, 2.3-not reached) (P <  .01; 
HR, 0.13) (Figure 2B). In addition, PS might also become a risk fac-
tor if the number of cases were increased, as the median OS of the 
patients with PS1 (n = 7) was shorter than that of the patients with 
PS0 (n = 7) (2.3 months vs 28.6 months, P = .09 by log-rank analysis, 
P = .03 by Wilcoxon analysis; HR, 0.36) (Figure 2C). Neither the pre-
vaccination lymphocyte ratio nor the neutrophil ratio, which were 
previously reported to be risk factors hampering the clinical benefits 
of peptide-based cancer vaccine,10 was found to be a risk factor in 
this study (data not shown). Neither the prevaccination IgG level nor 
prevaccination CTL activity was a risk factor (data not shown).

We also examined whether the vaccination-induced immune 
boosting was a favorable prognostic factor. The details of OS and 

peptide-specific IgG against HLA-matched peptides in pre- and post-
vaccination plasma in each patient are shown in Figure 3A. These results 
indicated that the patients who had higher net IgG titers (postvaccina-
tion IgG level minus prevaccination IgG level) seemed to have longer OS. 
Indeed, the median OS of the patients with the median or higher net 
IgG titer (not reached; 95% CI, 28.6-not reached) was significantly longer 
than that of patients with less than the median titer (10.7 months; 95% 
CI, 2.3-19.3; P < .01; HR, 2.22e-10) (Figure 3B). In contrast, the net titer of 
peptide-specific IgG against HLA-non-matched peptides did not affect 
the OS (data not shown). The median OS of the 5 patients with positive 
CTL responses (25 or more IFNγ/well spots) against the HLA-matched 
peptides (42.1 months; 95% CI, 19.3-not reached) was longer than that 
of the 5 patients with a negative response (10.7 months; 95% CI, 2.3-not 
reached; P = .07; HR, 0.22) (Figure 3C). In contrast, the postvaccination 
CTL response against the CEF peptide set used as a control did not af-
fect the OS, which was expected from the results given in Table 3.

4  | DISCUSSION

This early phase II trial of the mixed 19-peptide vaccine monotherapy 
for advanced mTNBC patients refractory to systemic chemotherapy 

F I G U R E  3   Correlation between vaccination-induced immune boosting and overall survival (OS) in 14 patients with advanced metastatic 
triple-negative breast cancer treated with 19-peptide vaccine monotherapy. A, OS and peptide-specific IgG against human leukocyte antigen 
(HLA)-matched peptides in pre- and postvaccination plasma in each patient. B, Kaplan-Meier curves for the correlation between OS and net 
IgG titer against the vaccinated HLA-matched peptides. C, Kaplan-Meier curves for the correlation between OS and positive CTL response 
against the HLA-matched peptides. CI, confidence interval; HR, hazard ratio

TA B L E  3   Cox proportional hazards regression analyses for risk factors hampering clinical benefit (overall survival) of 14 patients with 
advanced metastatic triple-negative breast cancer treated with 19-peptide vaccine monotherapy

Factor (n)

Univariate analysis Multivariate analysis

HR (95% CI) P value HR (95% CI) P value

CRP (14) 13.46 (2.22-260.28) <.01 1.13E+9 (0.31-5.81E+76) .18

PS (14) 0.36 (0.10-1.24) .10 0.59 (0.02-24.80) .74

Regimen numbers of prior systemic 
chemotherapy (14)

0.24 (0.06-0.83) .02 0.13 (<0.01-1.77) .13

IgG boosting (10) <0.01 (0.22-0.22) <.01 2.47E-10 (8.22E-65-1.54) .08

CTL boosting (10) 0.52 (0.09-2.85) .43 0.40 (0.01-17.92) .60

Abbreviations: CI, confidence interval; CRP, C-reactive protein; HR, hazard ratio; PS, performance status.
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showed its safety and potent immune boosting for the majority of the 
patients tested. Although the median OS for 4 of 14 entered patients 
who failed to complete the study (a weekly vaccination for 6 weeks) 
due to rapid disease progression was as short as 1.4 months (95% CI, 
1.0-6.0), that of the remaining 10 patients who completed the study 
was 24.0 months (95% CI, 2.3-not reached), which was longer than any 
other previously reported outcomes, including the OS in the recently 
carried out anti-PD1 or PDL-1 Ab studies, to our best knowledge.4,5

We previously reported that the CRP, PS, and regimen num-
bers of prior systemic chemotherapies were unfavorable for the 
OS of patients receiving the PPV, by univariate analysis.10-13 We 
also reported that vaccine-induced immune boosting (IgG or CTL 
boosting) was a favorable factor for the OS of patients receiving 
the PPV, by univariate analysis.10-13 Similar results were obtained 
for the 19-mix peptide vaccines. To better understand the risk fac-
tors for the rapid progression, we used a Cox proportional hazards 
regression model to undertake multivariate analyses of 5 factors 
(CRP, PS, regimen numbers of prior systemic chemotherapy, IgG 
boosting, and CTL boosting) (Table  3). None of them, however, 
was significantly correlated with the OS—although IgG boosting 
(n  =  10) (P  =  .08, HR  <  0.01) and the prevaccination CRP level 
(n = 14) (P = .18, HR < 0.01) showed a trend of correlation—proba-
bly due to the small number of patients tested.

Assessment of HLA-matched peptide-specific IgG and CTL 
was carried out to evaluate immune responses to this multipeptide 
monotherapy. A significant increase in both HLA-matched and non-
matched peptide-specific IgG responses was observed, whereas it 
was not observed in the CEF peptide set (23 virus-related peptide 
mix) used as a control. Notably, the median OS of the patients with 
the median or higher net IgG titer against the HLA-matched pep-
tides was significantly longer than that of patients with less than 
the median titer. In addition, the median net IgG titer against the 
HLA-matched peptides was further increased even after the clini-
cal study in 2 patients (#3 and #8) whose samples became available 
for the follow-up IgG study. The median net IgG titers against the 
HLA-matched peptides before, at the end of study, and 7 months 
after the study were 152, 2031, and 15 460 FIU in patient #3, who 
is free of recurrence after more than 5 years. The median net IgG 
titers against the HLA-matched peptides before, at the end of study, 
and 16 months after were 138, 71 669, and 98 240 FIU in patient 
#8, whose OS was 28.4 months. These results suggest the presence 
of long-lasting memory lymphocytes induced by the 6 vaccinations. 
In contrast, the net titer of peptide-specific IgG against the HLA-
nonmatched peptide set did not affect the OS. These results suggest 
a causal relationship between the OS and the vaccinated HLA-
matched peptides. Similar results were obtained for the peptide-spe-
cific CTL activity, although the correlation level was not statistically 
significant, probably due to the small number of patients tested. The 
sensitivity of the assay for CTL responses was lower compared to 
that for IgG responses, which was described previously.15

In our previously reported PPV trial for advanced mTNBC pa-
tients refractory to systemic chemotherapy, we found that IgG re-
sponses against at least 1 HLA-matched peptide were positive in 7 

of 15 patients (46.6%), and the median total net sum of postvacci-
nation IgG levels to the vaccinated HLA-A-matched peptides was 31 
FIU.11 In the present study using a mixed 19-peptide vaccine, IgG re-
sponses against at least 1 HLA-matched peptide were positive in 9 of 
10 patients tested (90%), which was 2-fold higher than the percent-
ages of patients showing a positive response in the PPV trial, and the 
median total net sum of postvaccination IgG levels to the vaccinated 
HLA-A-matched peptides was 553 FIU, 18-fold higher than the IgG 
levels of patients showing the IgG levels in the PPV trial. The median 
numbers of HLA-matched peptides per patient were 4 and 10 in the 
PPV trial and 19-peptide vaccine trial, respectively. These results in-
dicated that the numbers of HLA-matched peptides in this mixed 
19-peptide vaccine were 2.5-fold higher than for the previously re-
ported PPV, which in turn could have resulted in the more rapid and 
potent immune boosting with the 19-peptide vaccine.

However, the increase of IgG for the vaccinated peptide does 
not guarantee the antitumor immune response because it might sim-
ply reflect the prompt baseline immune status of the patients. The 
evaluation of the benefit from vaccine needs the next step of clinical 
studies with relatively large numbers of patients for the vaccination 
arm and untreated patient arm.

It is important to investigate the expression of 11 antigens cord-
ing 19 peptides and presence of IgG levels against 19 peptides in pre-
vaccination TNBC samples from 14 enrolled patients. However, the 
prevaccination tumor samples from 11 of 14 enrolled patients were 
not available for the study, primarily because these patients were 
introduced from hospitals other than Kurume University Hospital 
following long-term treatment after the initial diagnosis. Tumor 
samples from the remaining 3 patients (cases #2 and #13 with pri-
mary tumors [Table 1] and case #7 case with metastatic tumor) were 
provided for the 11 TAA expression profile using IHC, as described 
under “Materials and Methods”. The results showed that HNRPL, 
WHSC2, SART3, CypB, PTHrP, and UBE2V antigens were expressed 
in the majority (more than 50%) of tumor cells from 3, 3, 3, 2, 2, 
and 1 sample tested, respectively. The CypB, PTHrP, UBE2V, EGFR2, 
Lck, MRP3, and PAP antigens were expressed in some (10%-50%) 
tumor cells from 1,1, 2, 2, 2,1, and 1 sample, respectively. Prostate-
specific antigen was not expressed in any of 3 samples tested. These 
results were mostly expected from previously reported results (see 
Materials and Methods). Peptide-specific IgG Abs against only 3 
(UBE2V-43, Lck-488, and SART3-734) of 19 peptides were detect-
able in the prevaccination plasma of the vast majority (more than 
80%) of 14 enrolled patients, and those against 12 of 19 peptides 
were detectable in 50%-80% of enrolled patients, as shown in Table 
S3. Those against the remaining 3 peptides (CypB-129, WHSC2-141, 
and Lck-208) were 30%-50%. These results were somewhat differ-
ent from the results shown in the Materials and Methods section. 
Namely, the positive rates in the former group were mostly lower 
than those of the latter group, suggesting that prevaccination hu-
moral immunity against the 19 peptides in the 14 enrolled patients 
were suppressed by prevaccination long-term chemotherapies. 
Severe suppression of prevaccination cellular immunity against the 
19 peptides was also observed (Table S4).
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It could also be important to investigate the relationship be-
tween CTL and IgG boosting, and the correlation between OS and 
each of the 19 peptides. Both the CTL and IgG boosting in response 
to the HLA-A matched peptides were observed in 6 of 10 patients 
who completed the 6 vaccinations, whereas only IgG boosting 
was observed in 3 of these patients. Neither CTL nor IgG boosting 
was observed in the remaining 1 patient. These results suggested 
the strong relationship between the peptide-specific CTL and IgG 
boosting with higher sensitivity in IgG response, as reported pre-
viously.15 We also studied the correlation between OS and IgG 
boosting against each of the 19 vaccinated peptides. As a result, 
the OS of the patients who showed Lck-486 (P = .02, log-rank test), 
PAP213 (P < .01), CypB-129 (P = .02), PSA-248 (P = .03), or UBB2V-
43 (P < .01) boosting, but not boosting of the remaining 15 peptides, 
was significantly longer than those showing no IgG boosting (data 
not shown). The results revealed that, among the 19 vaccinated 
peptides, these 5 peptides were significantly associated with OS. 
Although the underlying mechanisms remain unclear, we reported 
that a mAb reacting to the Lck‑486 peptide showed antitumor activ-
ity in a murine model with suppression of T regulatory cells at tumor 
sites.25 The Lck antigen is pivotal for activation of T regulatory cells 
and PD‑1‑positive T cell activities.26,27 The anti‑Lck‑486 Ab aug-
mented by the vaccination might have promoted the antitumor ac-
tivity partly through suppression of T regulatory cells at tumor sites. 
The relationship between OS and CTL boosting against each of the 
19 vaccinated peptides was not included in the study as a mixture of 
HLA-A matched peptides were used for CTL measurement.

The prevaccination CRP levels of 4 of 6 patients showing CTL 
boosting against the vaccinated peptides were lower than the median 
level (0.3 mg/dL). Those of the remaining 2 patients, 3 of 4 patients 
without CTL boosting, and 3 of 4 patients who could not complete 
the 6 vaccinations due to rapid progression were higher than the 
median level (0.3 mg/dL). The mean number of prevaccination che-
motherapy regimens of 4 patients who could not complete the 6 
vaccinations due to rapid progression was higher than that of other 
patients. These results suggest that higher prevaccination CRP levels 
and higher number of chemotherapies hampered the CTL boosting.

The most common AEs related to the vaccination were grade 1 
or 2 injection site reactions. The main cause of grade 3 or higher 
AEs was disease progression. This could be a significant safety ben-
efit for TNBC patients, and differed from anti-PD-1/PD-L1 Abs with 
10%-20% of immune-related AEs such as thyroid function disorder, 
hepatitis, and pneumonitis.4,5

Immune boosting specific to the vaccinated HLA-matched pep-
tides at the cellular and humoral levels was observed in the vast ma-
jority of patients who completed all 6 vaccinations. Advancement to 
the next stage of study appears to be warranted, based on the demon-
strated safety and immune boosting. At the same time, the small num-
ber of patients makes it impossible to discuss or evaluate the clinical 
benefits of this new type of mixed 19-peptide vaccine monotherapy. 
This limitation should be addressed in the next step of the phase II 
clinical study by using a larger patient group while paying attention to 
the risk factors identified in this early phase II clinical study.
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