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Abstract

Cancer immunotherapy including vaccine therapy is a promising modality for cancer treatment, but few patients show its
clinical benefits currently. The identification of biomarkers that can identify patients who will benefit from cancer immuno-
therapy is thus important. Here, we investigated the potential utility of the circulating cell-free DNA (cfDNA) integrity—a
ratio of necrotic cell-derived, longer DNA fragments versus apoptotic cell-derived shorter fragments of Alu gene—as a
biomarker of vaccine therapy for patients with ovarian cancer. We analyzed plasma samples from 39 patients with advanced
or recurrent ovarian cancer enrolled in clinical trials for personalized peptide vaccinations. We observed that (1) the cfDNA
integrity was decreased after the first cycle of vaccination, and (2) the decreased levels of cfDNA integrity were correlated
with vaccine-induced immune responses; i.e., decreased cfDNA integrity was observed in 91.7% and 59.3% of the IgG-
positive and negative patients, respectively (p =0.0445). Similarly, decreased cfDNA integrity was observed in 92.9% and
56.0% of CTL response-positive and negative patients, respectively (p =0.0283). These results suggest that the circulating

cfDNA integrity is a possible biomarker for cancer vaccine therapy.
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Introduction

Ovarian cancer is the eighth most common cancer in women,
and each year worldwide, nearly 300,000 women newly
develop ovarian cancer and 185,000 individuals die from it
[1]. Taxane and platinum-based chemotherapy and/or beva-
cizumab (an anti-angiogenic molecular targeting agent) are
widely used to treat ovarian cancer [2]. The presence of
tumor-infiltrated T lymphocytes and the expression of cyto-
toxic T-lymphocyte (CTL)-directed tumor antigens in ovar-
ian cancer tissues have been reported [3—5], which suggests
that immunotherapy could become a promising modality for
the treatment of ovarian cancer.
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We have conducted clinical studies of a peptide-based
cancer vaccine in patients with advanced or recurrent ovar-
ian cancer [6]. The cancer vaccine consisted of 31 CTL-
epitope peptides, and a maximum of four peptides was
selected from among the 31 peptides based on each patient’s
HLA-A locus types and pre-vaccination immunity to the
peptides; we thus refer to it as the "personalized peptide vac-
cination". Although promising results such as the improve-
ment of overall survival in the vaccine-treated group were
obtained, only a limited number of patients received a clini-
cal benefit from the vaccine [6—11]. The development of bio-
markers that can be used to identify the patients who will
benefit from the personalized peptide vaccination is thus an
urgent and important issue.

We have reported several biomarkers related to the
prognosis of vaccine-treated patients with various cancers
including ovarian cancer [6—18]. The early induction of a
vaccine-specific IgG response was correlated with prefer-
able prognosis [6-9, 11]. Inflammation-related biomarkers
such as C-reactive protein (CRP), interleukin (IL)-6, serum
amyloid A (SAA), CCL-2/MCP-1, and high-mobility group
box 1 (HMGBI1) were confirmed as biomarkers that are cor-
related with poor prognosis [12-18]. However, it is not yet
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possible to precisely identify the patients in a vaccine-treated
group who will benefit from the vaccine.

A recent approach to the identification of new biomarkers
is the use of a liquid biopsy. Cell-free DNA in the plasma
contains tumor cell-derived DNA. The physiological cell
death of normal cells is mostly apoptosis, whereas patho-
logic tumor cell death is mainly necrosis [19]. Apoptotic
cell-derived DNA fragments are generally <200 bp in
length, whereas necrotic cell-derived DNA fragments are
more random in size and contain longer sizes of DNA
(~200-400 bp) [20]. The circulating cell-free DNA (cfDNA)
integrity, calculated as the ratio of the longer DNA fragment
concentration to the shorter DNA fragment concentration,
has been investigated in the efforts to find biomarkers for
the diagnosis of various cancers [21, 22]. The Alu element,
which is the most abundant repetitive element in the human
genome, is frequently used in these efforts, and it is the most
reliable target of DNA integrity [21, 22]. We conducted the
present study to investigate the possibility of using the cir-
culating cfDNA integrity as a biomarker of vaccine therapy
for patients with ovarian cancer.

Patients and Methods
Plasma samples

Frozen plasma samples from 39 patients with advanced or
recurrent ovarian cancer who were enrolled in clinical trials
of the personalized peptide vaccination during the period
from January 2009 to July 2012 were used in this study [6].
The histology of the ovarian cancers was as follows: serous
adenocarcinoma (n=22), endometrioid carcinoma (n=6),
mucinous adenocarcinoma (n=3), clear cell carcinoma
(n=3), and others (n=35). The patients’ stages were as fol-
lows: stage IIla (n=1), stage Illc (n=06), stage IV (n=2),
and recurrent (n=30). The performance status (PS) values
were 0 (n=32)and 1 (n=7).

The personalized peptide vaccination clinical protocols
have been reported [6]. In brief, each peptide was emulsi-
fied with Montanide ISA51VG (SEPPIC, Paris, France) and
a maximum of four different peptides was subcutaneously
injected. One cycle of the vaccine treatment consisted of
a weekly injection for 6 or 8 weeks. Plasma samples were
obtained before and after the first and second cycles of vac-
cination and stored at — 80 °C. The clinical studies had been
approved by the Kurume University Ethics Committee and
registered with the UMIN Clinical Trial Registry under trial
numbers UMIN3083 and UMIN1482.
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Cell-free DNA integrity

For the determination of the cfDNA integrity, the patients’
unpurified plasma samples were used as cfDNA for the
amplification of Alu fragments. Frozen plasma samples were
thawed at room temperature and centrifuged at 16,000 X g
for 5 min at 4 °C to remove insoluble materials. The super-
natants were subsequently diluted 1:40 with distilled water,
and 1.5 pL of each sample was subjected to the subsequent
polymerase chain reaction (PCR) in a total volume of 15 pL.
The amplification and quantitation of short and long Alu
fragments were performed using a real-time PCR system
(StepOne plus, Thermo Fisher Scientific, Waltham, MA)
with THUNDERBIRD SYBR qPCR mix (Toyobo, Osaka,
Japan). Short (115-bp) and long (247-bp) PCR fragments of
Alu reflect the total cfDNA and tumor cell-derived cfDNA,
respectively.

The PCR primer pairs were as follows: forward, 5'-CCT
GAGGTCAGGAGTTCGAG-3' and reverse, 5'-CCTGAG
GTCAGGAGTTCGAG-3' for Alu-115; forward, 5'-GTG
GCTCACGCCTGTAATC-3' and reverse, 5'-CAGGCT
GGAGTGCAGTGG-3' for Alu-247. Amplification was
performed 40 cycles at 95 °C for 30 s, 64 °C for 30 s, and
72 °C for 30 s, following the initial denaturation at 95 °C for
10 min. An arbitrary cutoff value of delta ARn=0.65 was
used to obtain Ct values. The cfDNA integrity was calcu-
lated according to the formula:

cfDNA integrity — 2(Ct value of Alu—115—Ct value of Alu—247)

Measurement of peptide-reactive IgG and CTLs

The plasma IgG levels to the vaccine peptides were meas-
ured using the Luminex analyzer (Luminex, Austin, TX)
as described [6]. If the patients’ peptide-specific IgG levels
were increased to > twofold of the pre-vaccination level, the
response was considered augmented.

The CTL responses were measured by an interferon-
gamma (IFN-y) ELISPOT assay as described [6]. If the spot
number was increased to > twofold of the pre-vaccination
number, the response was considered augmented.

Statistical analyses

Changes in the Alu-115, Alu-247, and cfDNA integrity
levels between the pre-vaccination and post-vaccination
samples were analyzed by paired t test. The cfDNA integ-
rity and immune response rates were compared by t test.
The distribution of the cases in which the cfDNA integrity
increased or decreased to the different histological types of
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ovarian cancer was analyzed by Chi-square test. The statisti-
cal analyses were performed using JMP Pro ver. 13 software
(SAS, Cary, NC).

Results

Alteration of the circulating cfDNA integrity
during the peptide vaccination

We analyzed the circulating cfDNA integrity of 39 patients
with advanced or recurrent ovarian cancer who were treated
with a personalized peptide vaccination in a clinical trial
[6]. The total cfDNA (Alu-115: the short 115-bp PCR frag-
ment of Alu) and the tumor cell-derived cfDNA (Alu-247:
the long 247-bp PCR fragment of Alu) of each sample
were quantified by real-time PCR, and the cfDNA integrity
was calculated. Representative PCR amplification curves
are shown in Fig. 1. The total cfDNA (Alu-115), tumor
cell-derived cfDNA (Alu-247), and the cfDNA integrity
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Fig. 1 Representative amplification curves for Alu-115 and Alu-247.
An arbitrary cutoff value of ARn=0.65 was used to obtain the Ct val-
ues

(Alu-247/Alu-115) of pre- and post-first and second cycles
of vaccination are provided in Fig. 2.

Significant alterations in Alu-115 and Alu-247 were not
observed during the first cycle of vaccination, whereas the
cfDNA integrity was decreased during the vaccination,
and the alteration was inversely and significantly corre-
lated with the pre-vaccination levels of the cfDNA integ-
rity (r= —0.7974, p <0.0001). The alteration of the cfDNA
integrity during the first vaccination reflected mostly the
changes in Alu-247 (r=0.402, p=0.0112) (Fig. 3). The
cases in which the circulating cfDNA integrity increased or
decreased were equally distributed to the different histologi-
cal types of ovarian cancer (p =0.988 by Chi-square test,
Fig. 4), and no correlation was observed between cfDNA
integrity and histological types. It should be noted that no
relationship was observed between each of these parameters,
including histological types, and the overall survival of the
patients (data not shown).

The relationship between the circulating cfDNA
integrity and the vaccine-induced IgG response

We also analyzed the relationship between the decreased
cfDNA integrity observed after the first cycle of vaccination
and the vaccine-induced IgG response. We observed an aug-
mentation of IgG against the vaccinated peptides after the
first cycle of vaccination in 12 of the 39 patients. The altera-
tions of Alu-115, Alu-247, and the cfDNA integrity after
the first cycle of vaccination in the IgG response-positive
(=augmented) and negative groups are shown in Fig. 5. The
decrease in the cfDNA integrity of the IgG response-posi-
tive group (n=12) was significantly larger than that of the
IgG response-negative group (n=27) (p=0.043) (Fig. 5a).
Decreased cfDNA integrity was observed in 91.7% of the
IgG-positive group but in only 59.3% of the IgG-negative
group (p=0.044) (Fig. 5b). A similar tendency was observed
in the alteration of Alu-247 (p=0.037) but not in that of
Alu-115 (Fig. 5a). The relationship between cfDNA integ-
rity and vaccine-induced IgG responses after the second or
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Fig.2 Total cfDNA (Alu-115), tumor cell-derived cfDNA (Alu-247), and the cfDNA integrity (Alu-247/Alu-115) of pre-, post-1 and 2 cycle

vaccination are shown
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Fig.3 The relationships between the alteration of cfDNA integrity
(AAlu-247/115) during the first cycle of vaccination and the pre-vac-
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Fig.4 The relationship between the histological types and cfDNA
integrity. The distribution of the cases in which the cfDNA integrity
increased or decreased to the different histological types of ovarian
cancer was analyzed by Chi-square test. Numbers in the columns: the
number of patients

later cycle of vaccination was not analyzed, since most of the
patients (96%) became IgG positive after the second cycle of
vaccination. Analyses of the CTL response after the second
or later cycle of vaccination were not performed due to the
insufficient number of PBMC samples.

The relationship between the circulating cfDNA
integrity and the vaccine-induced CTL response

We next analyzed the relationship between the decreased
cfDNA integrity observed after the first cycle of vaccination
and the vaccine-induced CTL response (Fig. 6). An augmen-
tation of the CTL response against the vaccinated peptides
after the first cycle of vaccination was observed in 14 of the
39 patients. No significant alteration in Alu-115, Alu-247,
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tion of Alu-247 (AAlu-247) during the first cycle of vaccination (b),
and between AAlu-247/115 and the alteration of Alu-115 (AAlu-115)
during the first cycle of vaccination (c) are shown

or the cfDNA integrity after the first cycle of vaccination
was observed in the CTL response-positive (n=14) or nega-
tive (n=25) groups (Fig. 6a). However, decreased cfDNA
integrity was observed in 92.9% of the CTL response-pos-
itive group and 56.0% of the CTL response-negative group
(p=0.0283) (Fig. 6b).

Discussion

We observed that the cfDNA integrity was decreased at
the end of the first cycle of vaccination, and we analyzed
the relationship between the decreased cfDNA integrity
and vaccine-induced immune responses. The decrease in
cfDNA integrity in the IgG response-positive patients was
significantly greater than that in the IgG response-nega-
tive patients, and although nearly 92% of the IgG-positive
patients showed decreased cfDNA integrity, significantly
fewer IgG-negative patients showed it (~60%). Similarly,
nearly 93% of the patients who had a positive CTL response
showed decreased cfDNA integrity, whereas only 56% of
the patients with a negative response did. These data demon-
strate a clear correlation between decreased cfDNA integrity
and vaccine-induced immune responses.

Immune cell (e.g., CTL and natural killer cell)-mediated
tumor cell death is usually apoptosis, not necrosis, and DNA
fragmentation occurs in apoptotic cells. It is thus conceiv-
able that the decrease in cfDNA integrity that we observed
after the first vaccination was due to an increase of Alu-115.
However, the decrease in cfDNA integrity reflected mainly
the decrease of Alu-247. One possible reason for this is that
a partial conversion of the tumor cells’ death from necrosis
to apoptosis induced a reduction of Alu-247. The effect of
this conversion was less on the Alu-115 levels since Alu-
115 reflects the total plasma cell-free DNA (including both
apoptosis- and necrosis-derived DNA).
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Fig.5 The relationship between A 2
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There are many studies regarding cfDNA integrity as
a biomarker of various cancers for diagnosis and progno-
sis [21-23]. In their study of ovarian cancer, Zhang et al.
reported that plasma levels of patients with a long Alu frag-
ment (Alu-219) and cfDNA integrity were significantly
higher than those of the benign-disease and healthy control
groups [23].

To the best of our knowledge, there is only one pub-
lished report regarding the plasma DNA integrity of patients
treated with a cancer vaccine. Kitahara et al. [24] analyzed
the pre-vaccination levels of the plasma cfDNA integrity
of patients with metastatic colorectal cancer treated with a
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combination of a cancer vaccine and chemotherapy as the
first-line therapy, and they reported that the progression-free
survival of the patients with low levels of plasma cfDNA
integrity was significantly longer than that of the high
cfDNA integrity group [24]. In that report, only the pre-
vaccination levels of cfDNA integrity are discussed; there
is no information regarding post-vaccination values. Our
present investigation thus provides the first report regarding
alterations of circulating cfDNA integrity during a peptide
vaccination.

In conclusion, our analyses demonstrated that (1) the
cfDNA integrity was decreased after the first cycle of
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vaccination in patients with advanced ovarian cancer, and
(2) decreased levels of cfDNA integrity were correlated with
vaccine-induced immune responses. These results suggest
that the circulating cfDNA integrity is a possible biomarker
for cancer vaccine therapy.

Author contributions KW and AY contributed to the study conception
and design. Clinical sample collection was performed by KK and NT.
Material preparation, data collection, and analysis were performed by
KW, KM, and NK. The first draft of the manuscript was written by
KW and AY, and all authors commented on previous versions of the
manuscript. All authors read and approved the final manuscript.

Compliance with ethical standards

Conflict of interest Akira Yamada is a board member of the Bright
Path Biotherapeutics (Kawasaki, Japan). The other authors have no
conflict of interest.

Ethical approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
Declaration and its later amendments or comparable ethical standards.
The clinical studies had been approved by the Kurume University Eth-
ics Committee and registered with the UMIN Clinical Trial Registry
under trial numbers UMIN3083 and UMIN1482.

Informed consent Informed consent was obtained from all individual
participants included in the study.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Bray F, Ferlay J, Soerjomataram I et al (2018) Global Cancer
Statistics 2018: GLOBOCAN estimates of incidence and mortal-
ity worldwide for 36 cancers in 185 countries. CA Cancer J Clin
68:394-424. https://doi.org/10.3322/caac.21492

2. Tewari KS, Burger RA, Enserro D, ef al. (2019) Final overall
survival of a randomized trial of bevacizumab for primary treat-
ment of ovarian cancer. J Clin Oncol. 37:2317-2328. https://doi.
org/10.1200/JC0O.19.01009 .

3. Fisk B, Blevins TL, Wharton JT et al (1995) Identification of an
immunodominant peptide of HER-2/neu protooncogene recog-
nized by ovarian tumor-specific cytotoxic T lymphocyte lines. J
Exp Med 181:2109-2117. https://doi.org/10.1084/jem.181.6.2109

@ Springer

10.

11.

12.

13.

14.

15.

16.

18.

Yamada A, Kawano K, Harashima N et al (1999) Study of HLA
class I restriction and the directed antigens of cytotoxic T lym-
phocytes at the tumor sites of ovarian cancer. Cancer Immunol
Immunother 48:147-152. https://doi.org/10.1007/s002620050559
Kawano K, Efferson CL, Peoples GE et al (2005) Sensitivity of
undifferentiated, high-TCR density CD8+ cells to methylene
groups appended to tumor antigen determines their differentiation
or death. Cancer Res 65:2930-2937. https://doi.org/10.1158/0008-
5472.CAN-04-2232

Kawano K, Tsuda N, Matsueda S et al (2014) Feasibility study
of personalized peptide vaccination for recurrent ovarian cancer
patients. Immunopharmacol Immunotoxicol 36:224-236. https://
doi.org/10.3109/08923973.2014.913617

Kawano K, Tsuda N, Waki K et al (2015) Personalized peptide
vaccination for cervical cancer patients who have received prior
platinum-based chemotherapy. Cancer Sci 106:1111-1117. https
://doi.org/10.1111/cas.12729

Yoshimura K, Minami T, Nozawa M et al (2016) A phase 2 ran-
domized controlled trial of personalized peptide vaccine immu-
notherapy with low-dose dexamethasone versus dexamethasone
alone in chemotherapy-naive castration-resistant prostate cancer.
Eur Urol 70:35-41. https://doi.org/10.1016/j.eururo.2015.12.050
Noguchi M, Kakuma T, Uemura H et al (2010) A randomized
phase II trial of personalized peptide vaccine plus low dose estra-
mustine phosphate (EMP) versus standard dose EMP in patients
with castration resistant prostate cancer. Cancer Immunol Immu-
nother 59:1001-1009. https://doi.org/10.1007/s00262-010-0822-4
Yamada A, Sasada T, Noguchi M, Itoh K (2013) Next-generation
peptide vaccines for advanced cancer. Cancer Sci 104:15-21. https
://doi.org/10.1111/cas.12050

Noguchi M, Mine T, Yamada A et al (2007) Combination therapy
of personalized peptide vaccination and low-dose estramustine
phosphate for metastatic hormone refractory prostate cancer
patients: an analysis of prognostic factors in the treatment. Oncol
Res 16:341-349. https://doi.org/10.3727/000000006783980955
Noguchi M, Mine T, Komatsu N et al (2010) Assessment of
immunological biomarkers in patients with advanced cancer
treated by personalized peptide vaccination. Cancer Biol Ther
10:1266-1279. https://doi.org/10.4161/cbt.10.12.13448
Shirahama T, Muroya D, Matsueda S et al (2017) A randomized
phase II trial of personalized peptide vaccine with low dose cyclo-
phosphamide in biliary tract cancer. Cancer Sci 108:838-845.
https://doi.org/10.1111/cas.13193

Kibe S, Yutani S, Motoyama S et al (2014) Phase II study of
personalized peptide vaccination for previously treated advanced
colorectal cancer. Cancer Immunol Res 2:1154-1162. https://doi.
org/10.1158/2326-6066.CIR-14-0035

Yutani S, Komatsu N, Yoshitomi M et al (2013) A phase II study
of a personalized peptide vaccination for chemotherapy-resistant
advanced pancreatic cancer patients. Oncol Rep 30:1094-1100.
https://doi.org/10.3892/0r.2013.2556

Yoshitomi M, Yutani S, Matsueda S et al (2012) Personalized
peptide vaccination for advanced biliary tract cancer: IL-6, nutri-
tional status and pre-existing antigen-specific immunity as pos-
sible biomarkers for patient prognosis. Exp Ther Med 3:463—4609.
https://doi.org/10.3892/etm.2011.424

. Yoshiyama K, Terazaki Y, Matsueda S et al (2012) Personalized

peptide vaccination in patients with refractory non-small cell
lung cancer. Int J Oncol 40:1492-1500. https://doi.org/10.3892/
jo.2012.1351

Waki K, Kawano K, Tsuda N et al (2017) Plasma levels of high-
mobility group Box 1 during peptide vaccination in patients with
recurrent ovarian cancer. J Immunol Res 2017:1423683. https://
doi.org/10.1155/2017/1423683


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3322/caac.21492
https://doi.org/10.1200/JCO.19.01009
https://doi.org/10.1200/JCO.19.01009
https://doi.org/10.1084/jem.181.6.2109
https://doi.org/10.1007/s002620050559
https://doi.org/10.1158/0008-5472.CAN-04-2232
https://doi.org/10.1158/0008-5472.CAN-04-2232
https://doi.org/10.3109/08923973.2014.913617
https://doi.org/10.3109/08923973.2014.913617
https://doi.org/10.1111/cas.12729
https://doi.org/10.1111/cas.12729
https://doi.org/10.1016/j.eururo.2015.12.050
https://doi.org/10.1007/s00262-010-0822-4
https://doi.org/10.1111/cas.12050
https://doi.org/10.1111/cas.12050
https://doi.org/10.3727/000000006783980955
https://doi.org/10.4161/cbt.10.12.13448
https://doi.org/10.1111/cas.13193
https://doi.org/10.1158/2326-6066.CIR-14-0035
https://doi.org/10.1158/2326-6066.CIR-14-0035
https://doi.org/10.3892/or.2013.2556
https://doi.org/10.3892/etm.2011.424
https://doi.org/10.3892/ijo.2012.1351
https://doi.org/10.3892/ijo.2012.1351
https://doi.org/10.1155/2017/1423683
https://doi.org/10.1155/2017/1423683

Cancer Immunology, Immunotherapy (2020) 69:2001-2007

2007

19.

20.

21.

22.

Jin Z, El-Deiry WS (2005) Overview of cell death signaling
pathways. Cancer Biol Ther 4:139-163. https://doi.org/10.4161/
cbt.4.2.1508

Giacona MB, Ruben GC, Iczkowski KA et al (1998) Cell-free
DNA in human blood plasma: length measurements in patients
with pancreatic cancer and healthy controls. Pancreas 17:89-97.
https://doi.org/10.1097/00006676-199807000-00012

Umetani N, Kim J, Hiramatsu S et al (2006) Increased integ-
rity of free circulating DNA in sera of patients with colorec-
tal or periampullary cancer: direct quantitative PCR for ALU
repeats. Clin Chem 52:1062-1069. https://doi.org/10.1373/clinc
hem.2006.068577

Cheng J, Tang Q, Cao X, Burwinkel B (2017) Cell-free circulat-
ing dna integrity based on peripheral blood as a biomarker for
diagnosis of cancer: a systematic review. Cancer Epidemiol Bio-
markers Prev 26:1595-1602. https://doi.org/10.1158/1055-9965.
EPI-17-0502

23.

24.

Zhang R, Pu W, Zhang S et al (2018) (2018) Clinical value of
ALU concentration and integrity index for the early diagno-
sis of ovarian cancer: a retrospective cohort trial. PLoS ONE
13:¢0191756. https://doi.org/10.1371/journal.pone.0191756
Kitahara M, Hazama S, Tsunedomi R et al (2016) Prediction of the
efficacy of immunotherapy by measuring the integrity of cell-free
DNA in plasma in colorectal cancer. Cancer Sci 107:1825-1829.
https://doi.org/10.1111/cas.13085

Publisher’s Note Springer Nature remains neutral with regard to

jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://doi.org/10.4161/cbt.4.2.1508
https://doi.org/10.4161/cbt.4.2.1508
https://doi.org/10.1097/00006676-199807000-00012
https://doi.org/10.1373/clinchem.2006.068577
https://doi.org/10.1373/clinchem.2006.068577
https://doi.org/10.1158/1055-9965.EPI-17-0502
https://doi.org/10.1158/1055-9965.EPI-17-0502
https://doi.org/10.1371/journal.pone.0191756
https://doi.org/10.1111/cas.13085

	Integrity of plasma DNA is inversely correlated with vaccine-induced antitumor immunity in ovarian cancer patients
	Abstract
	Introduction
	Patients and Methods
	Plasma samples
	Cell-free DNA integrity
	Measurement of peptide-reactive IgG and CTLs
	Statistical analyses

	Results
	Alteration of the circulating cfDNA integrity during the peptide vaccination
	The relationship between the circulating cfDNA integrity and the vaccine-induced IgG response
	The relationship between the circulating cfDNA integrity and the vaccine-induced CTL response

	Discussion
	References




