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Abstract
Background: Tumor-speci�c neoantigens are considered as personalized and potential ultimate targets
for cancer immunotherapy. Recently, neoantigen cancer vaccines have been designed to train the
patient's immune system to speci�cally target and kill tumor cells. However, the safety and e�cacy of
neoantigen vaccines in pancreatic cancer treatment remain poorly understood. 

Methods: Personalized peptide neoantigen cancer vaccines were successfully designed and
manufactured for pancreatic cancers with low tumor mutation burden. Seven patients with advanced
pancreatic cancer refractory to standard treatments were enrolled and treated with personalized peptide
neoantigen vaccine, iNeo-Vac-P01. Besides the evaluation of the safety and clinical e�cacy of iNeo-Vac-
P01, pre- and post-vaccination peripheral blood samples were collected to analyze the vaccine’s
immunogenicity.

Results: For all 7 patients, none sever vaccine-related adverse effects was witnessed. The mean
progression free survival, overall survival (OS) and OS associated with vaccine treatment were 3.1, 24.1
and 8.3 months, respectively. For Patient P01, who had a 21-month OS associated with vaccine
treatment, the abundance of the TCR clone remarkably increased after vaccination, indicating the
potential of iNeo-Vac-P01 to speci�cally induce a subset of T cells to kill tumor cells. This study also
demonstrated that the quantity of IFN-γ in peripheral blood might be a potential biomarker for OS.

Conclusions: We believed that it was the �rst tentative study focused in the application of peptide-based
neoantigen cancer vaccine in advanced pancreatic cancer. Promisingly, personalized peptide neoantigen
vaccine might provide a new strategy to improve the limited clinical e�cacy for pancreatic cancer.

Trial registration: ClinicalTrials.gov, NCT03645148. Registered August 24, 2018 - Retrospectively
registered, https://www.clinicaltrials.gov/ct2/show/NCT03645148?
term=neoantigen&cond=Pancreatic+Cancer&cntry=CN&draw=2&rank=1

Background
As one of the deadliest cancers, pancreatic cancer has a �ve-year overall survival (OS) rate of only 9.3%
(1). The poor prognosis of pancreatic cancer mainly results from the lack of screening and early detection
strategies, the disease’s propensity of early dissemination and relatively poor sensitivity to current
standard treatments. Many patients are diagnosed with advanced tumors(2). Even for those initially
diagnosed in a very early state and received standard treatments such as surgical resection combined
with systemic radiotherapy or chemotherapy, their 5-year OS rate has not yet exceeded 25%(3).
Meanwhile, the incidence of pancreatic cancer is increasing worldwide. According to the 2018
International Cancer Research Institute (IARC) GLOBOCAN statistics, there were 458,918 new cases and
432,242 deaths of pancreatic cancer, accounting for 2.5% of total new cancer cases and 4.5% of total
deaths caused by all cancer types in 2018(4). Therefore, to resolve the contradiction between the lack of
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effective treatments for pancreatic cancer and its increasing incidence, greater efforts should be directed
to the development of more promising therapies.

Recently, immunotherapy has demonstrated its attractive potential in the treatment of various solid
tumors. The emergence of chimeric antigen receptor T cell immunotherapy (CAR-T) and immune
checkpoint blocking antibodies such as anti-PD-1/PD-L1 has casted new light on cancer
immunotherapy(5, 6). However, for pancreatic cancer, immune checkpoint inhibitors alone or combined
with chemotherapy have not achieved evident positive outcomes in clinical studies (7, 8). On the other
hand, over the past �ve years, several clinical trials have been launched to investigate the pro�les of
therapeutic neoantigen cancer vaccines including their safety, tolerability and e�cacy. Neoantigens are
mostly generated from non-synonymous mutations in cancer cells, therefore they are usually exempted
from central tolerance. Personalized peptide neoantigen vaccines are designed to train a patient’s
immune system in order to target and kill tumor cells speci�cally through a series of steps: delivery of
neoantigens to antigen presenting cells (APCs); presentation of tumor-speci�c neoantigens by APCs to T
cells; and activation of cytotoxic T cells to recognize and eliminate tumor cells(9). Ideally, the activated
tumor-speci�c cytotoxic T-lymphocytes could in�ltrate into tumors, turning “cold” tumors into “hot”
tumors, thereby leading to enhanced anticancer e�cacy.

In 2017, two famous studies published by the research groups of Professors Wu and Sahin, respectively,
have demonstrated that neoantigen vaccines based on peptides or RNA could not only induce signi�cant
regression of advanced melanoma, but also provide long-term protection against tumor relapse and
metastasis(10, 11). Moreover, with the data on patients with newly diagnosed glioblastoma published in
2019 by the same groups respectively, the potential of personalized peptide neoantigen vaccines to elicit
sustained T cell response and increase the number of tumor-in�ltrating T cells was further con�rmed(12).
Recently, the results from a phase Ib trial demonstrated feasibility, safety, and immunogenicity of the
combination of personalized peptide neoantigen vaccines plus PD-1 inhibition in patients with advanced
melanoma, non-small cell lung cancer, or bladder cancer(13). Other studies focusing on colon cancer(14)
and esophageal cancer(15) have also con�rmed the effectiveness of neoantigen vaccines. For pancreatic
cancer, although the e�cacy of tumor-associated antigen (TAA) peptide vaccine candidates has been
investigated in several case reports or clinical studies of small sample sizes(16-18), the anticancer
effects of personalized peptide neoantigen cancer vaccines have yet to be extensively tested.

Thus, we reported here the �rst tentative study of personalized peptide neoantigen cancer vaccine (iNeo-
Vac-P01) in patients with advanced pancreatic cancer. The safety, tolerability, and anticancer e�cacy of
this vaccine were investigated through comprehensive analyses of patients’ molecular and immune
responses after vaccination. For some patients, to maximize their clinical bene�ts, iNeo-Vac-P01 was
administered with concomitant medical therapies such as chemotherapy or immune checkpoint
blockade. Our preliminary results not only demonstrated good safety and tolerability of iNeo-Vac-P01, but
also indicated its potential to elicit speci�c T cell activation and improve the survival duration of patients
with advanced pancreatic cancer.
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Methods

Patients
Eligible patients were aged 18 years or older; with advanced pancreatic cancer con�rmed histologically or
cytologically, chemotherapy intolerance or disease progression after second-line treatments, at least one
measurable lesion as per investigator-assessed Response Evaluation Criteria in Solid Tumors (RECIST;
version 1.1), an Eastern Cooperative Oncology Group (ECOG) performance status of 0 or 1, and good
functioning major organs, such as heart, liver and kidney. All patients could provide su�cient tumor
tissue and blood samples for whole exome sequencing (WES) and RNA sequencing (if fresh tumor tissue
is available).

Key exclusion criteria included: having other malignant tumor except for cured basal cell carcinoma,
thyroid carcinoma, or cervical dysplasia; lacking identi�ed neoantigen by sequencing; having received
bone marrow or stem cell transplant; allergic to any drugs, polypeptides, or other potential
immunotherapies.

Trial design and treatment
This was a single-arm, open-label, investigator-initiated clinical study at Zhejiang Provincial People’s
Hospital in China (NCT03645148), with the primary endpoints of safety and feasibility, and secondary
endpoints of e�cacy evaluated through progression-free survival (PFS), overall survival (OS) and
neoantigen-speci�c immune responses. The safety of the study was assessed on the basis of occurrence
of adverse events (AEs). The feasibility of this trial was assessed by whether the neoantigens could be
identi�ed by our in-house pipeline iNeo-Suite and the synthesis of the peptide vaccines could be
accomplished for clinical use.

iNeo-Vac-P01 for each patient comprises 5~20 peptides at lengths of 15~35 amino acids. The peptides
were �rstly grouped into 2~4 pools based on their HLA typing, a�nity and allele frequency, and then
injected subcutaneously (s.c.) in the upper arms and paraumbilical region respectively, at the dose of 100
μg per peptide. Thirty minutes prior to each injection of iNeo-Vac-P01, 40 μg granulocyte-macrophage
colony-stimulating factor (GM-CSF) was administered subcutaneously nearby the immunization site as
adjuvant (10, 12, 19-21). Patients were primed with iNeo-Vac-P01 on day 1, 4, 8, 15 and 22 (prime phase),
and boosted with the same vaccine formulations on day 78 and 162 (boost phase). Additional booster
shots might be applied depending on the ethics and the patients’ potential bene�ts from doing so
according to the clinical research protocol. Whether or not to apply concomitant medical therapies such
as chemotherapy and immune checkpoint blockade was decided by clinicians according to each patient’s
clinical response. The whole treatment regimen of each patient was summarized in Table S1.

Clinical assessment, monitoring and follow-up of patients with advanced pancreatic cancer in this study
were conducted, including physical examination such as ECOG performance, vital sign, blood test and
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urinalysis for the safety evaluation; imaging examination at baseline and post-vaccination for clinical
e�cacy assessment; IFN-γ Enzyme-Linked Immunospot (ELISpot) Assay and �ow cytometry (T cell
subsets and cytokines) applied pre- and post-vaccination for the detection of speci�c immune response.

Tumors were assessed by investigators according to RECIST v1.1 criterion at baseline and approximately
every 8 weeks thereafter. The clinical response of each patient was evaluated not only throughout, but
also at a regular interval of 3 months after the whole vaccination regimen until disease progression,
development of cumulative toxic effects or patient discontinuation. The occurrence and severity of
adverse events (AEs) were recorded, and graded based on the National Cancer Institute Common
Terminology Criteria for Adverse Events (version 4.0) throughout the treatment period.

The study protocol was approved by the Institutional Review Board and Independent Ethics Committee,
and implemented in accordance with the Declaration of Helsinki and the International Conference on
Harmonization Guidelines for Good Clinical Practice. All patients had signed informed consent forms
before immunization.

Generation of personalized peptide neoantigen vaccines
To identify mutation-derived neoantigens, tumor tissues and blood samples were obtained from patients
either directly after surgery, or by biopsy or intravenous blood sampling. Whole exome sequencing (WES)
was conducted on these samples using Hiseq 4000 NGS platforms (Illumina) with coverage depths of
500x for tumor cells and 100x for blood cells (Novogene Biotech Co., Ltd., Beijing, China)(22-26). In
particular, formalin-�xed para�n-embedded (FFPE) samples were used for WES when fresh tumor
samples were unavailable.

The bioinformatics analysis was performed by our in-house pipeline iNeo-Suite consisting of multiple
modules: sequencing read �ltering, genome alignment, mutation calling, HLA typing, MHC a�nity
prediction, gene expression pro�ling, vaccine peptide sequence design, and mutation centered
prioritization based on therapeutic potency (Supplementary Methods).

To generate personalized peptide neoantigen cancer vaccine, iNeo-Vac-P01, customized clinical-grade
long peptides were manufactured through chemical synthesis at GMP-like standard (bacteria-free, >
95.0% purity, and quantities of bacterial endotoxin less than 10 EU/mg). The water solubility of these
synthesized peptides was tested before excluding insoluble peptides from iNeo-Vac-P01 formulation.

IFN-γ Enzyme-Linked Immunospot (ELISpot) Assay
To con�rm the immunogenicity of iNeo-Vac-P01, ELISpot assays were performed for each patient at a
series of timepoints pre- and post-vaccination. Peripheral blood (10-30 mL) was obtained from each
patient for the isolation of peripheral blood mononuclear cells (PBMCs). PBMCs were then co-incubated
(2×105 cells per well) with peptides for 16-24 hours using Human IFN-γ pre-coated ELISpot kit following
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the standard protocol. An automatic plate reader with appropriate parameters was used to count spots in
ELISpot plate (Supplementary Methods).

T cell receptor (TCR) sequencing
To monitor the change of T cell population of each patient, T cell receptor (TCR) β chains were sequenced
before and after vaccination. RNA extraction of PBMCs was performed using RNeasy Plus Mini Kit
(Qiagen). Samples were analyzed by High-throughput sequencing of TCR using ImmuHub TCR pro�ling
system at a deep level (ImmuQuad Biotech). Brie�y, a 5’ RACE unbiased ampli�cation protocol was used.
Unique molecular identi�ers (UMIs) introduced in the course of cDNA synthesis were used to control
bottlenecks and eliminate the errors of PCR and sequencing. Sequencing was performed on an Illumina
HiSeq system with PE150 mode (Illumina). One common adaptor with UMI was added to the 5’ of cDNA
during the synthesis of �rst-strand cDNA. One reverse primer corresponding to the constant (C) regions of
each TCRα and β was designed to facilitate PCR ampli�cation of cDNA sequences in a less biased
manner. The UMIs attached to each raw sequence reads were applied for sequencing error correction and
PCR duplication removal. V, D, J and C segments were mapped with IMGT. CDR3 regions were extracted,
and clonotype assembled for all clones. The special nucleotide/amino acid sequences of CDR3 region of
TCRβ subunit were determined. Those with out-of-frame or stop codon sequences were removed from the
identi�ed TCRβ repertoire. We further de�ned the amount of each TCRβ clonotype as the total number of
TCRβ clones sharing the same nucleotide sequence of CDR3 region.

Cytometric analysis of T-lymphocyte and cytometric bead
array (CBA) analysis of cytokines
To quantify the activation of T cells after vaccination, �ow cytometry was applied to analyze the
proportions of different types of T cells extracted from patients’ peripheral blood samples and labeled
with several antibodies. To examine the cytokines secreted from activated T cells after vaccination, the
concentrations of cytokines in patients’ peripheral blood were measured by CBA, according to the
manufacturer’s protocol (Supplementary Methods).

Statistical analysis
Data from the patients received at least one dose of iNeo-Vac-P01 was analyzed for the assessment of
safety and clinical e�cacy. Descriptive statistics was applied to determine the characteristics of baseline,
and assess the safety of iNeo-Vac-P01. The target lesions of each patient were measured before the
treatment and then every two months during the treatment to monitor the changes in lesion sizes.
Disease control rate (DCR) was de�ned as the proportion of patients who had complete response (CR),
partial response (PR) and stable disease (SD) for best clinical response. Standard RECISTv1.1 guideline
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was applied for the analyses of all clinical data. The survival curves were plotted by GraphPad Prism 5
(v5.01).

Results

Patients and demographics
From January 1, 2018 to March 31, 2020, a total of 7 patients with advanced pancreatic cancer were
enrolled in the trial to receive iNeo-Vac-P01. These patients had previously received standard
chemotherapy or surgery, and experienced cancer relapse or metastasis. Table 1 listed the demographics
of all 7 patients including their clinical baseline data. Six (85.71%) patients had adenocarcinoma, and
one (14.29%) patient had squamous cell carcinoma. Four (57.14%) patients had liver metastases, and
three (42.86%) patients had peritoneum metastases. In addition, four (57.14%) patients had higher CA19-
9 levels at baseline compared to the other three (42.86%) patients with normal levels.

Feasibility of preparation and application of neoantigen in
patients with advanced pancreatic cancer
The results of WES on both patient’s tumor tissue and peripheral blood cells were shown in
Supplementary Table S2. Neoantigens were predicted and prioritized using our in-house pipeline iNeo-
Suite, in consideration of allelic frequency of mutation, a�nity between mutated peptide and HLA class I
and II, as well as feasibility of peptide synthesis. The results were shown in Supplementary Tables S3, S4
and S5. Clinical-grade long peptides (15-35 amino acids) incorporating multiple neo-epitopes of both HLA
class I and II were synthesized (Supplementary Table S4). The turn-around time of the whole process
ranged from 1.5 to 3 months, depending on the qualities of tumor samples and the sequences of long
peptides.

Despite of the lower tumor mutation burden (TMB) in pancreatic cancers, personalized long peptides
were successfully manufactured for all seven patients, respectively, following the identi�cation of
su�cient neoantigens. Different from the clinical studies published before(10, 12),no organic solvent
such as DMSO was applied to enhance the water solubility of personalized long peptides due to ethics
concerns. Among the total 94 long peptides that were designed and synthesized successfully, seventy
peptides with good water solubility were selected for patient immunizing (Supplementary Table S6). Most
patients (5 out of 7) received vaccines with more than 10 peptides (Supplementary Table S4 and S6).
There was a median of 12 long peptides immunized for each patient, which comprised a median of 9
class I neo-epitopes and 20 class II neo-epitopes per peptide.

Treatment and follow-up of patients
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Patients were scheduled to receive iNeo-Vac-P01 together with GM-CSF as adjuvant (Fig. 1). The median
follow-up duration for all patients was 9.7 months, ranging from 2 months to 21 months before the
deadline March 31, 2020. All patients completed the prime phase of immunization (Fig 1). The average
duration of treatment was 2.57 months, ranging from 1 month to 5 months. Patients P02, P03, P06 and
P07 were assessed to have stable disease (SD) during vaccine treatment; Patients P01 and P04
displayed partial response during vaccine treatment, and had good disease control for a period of time
after the whole vaccine treatment; while patients P05 had progressive disease (PD) in the boost phase of
the peptide vaccine treatment.

Safety and side effects
During the vaccine treatment, none of the seven patients had grade 3-4 iNeo-Vac-P01-related adverse
events de�ned by NCI CTCAE 4.03. One of the patients (P06) experienced a mild rash after vaccine
injection but recovered within one week. In comparison, all seven patients experienced different degrees
of adverse reactions after receiving chemotherapy. The most common serious adverse events of
chemotherapy among these patients were hematological toxic events, including neutropenia (7/7) and
anemia (5/7). Other chemotherapy-related adverse reactions including gastrointestinal reactions, rashes,
and fever were displayed in Table 2.

Clinical response
RECIST 1.1 criteria was used to assess target lesions in all patients. The mean OS of the 7 patients was
24.1 months (11 months to 31.4 months), and the mean PFS was 3.1 months (Table 3). Calculated from
the patient’s �rst immunization, the mean OS associated with the peptide vaccine treatment was 8.3
months (3 months to 21months). Except for Patient P04, the other six patients had died. The survival
curve showed the OS of seven patients (Fig. 2A). Corresponding to the data shown in Table 3, the survival
rate was about 50% at 24 months. Clinical response of patients in this study was showed in Fig. 2B.
Three of the 7 patients displayed tumor reduction of target lesions. While Patients P01 and P04 were
evaluated as PR, for their target lesions reduced by 54% and 57%, respectively, compared with baseline;
Patient P06 maintained stable disease with a target lesion reduced by only 5%. On the other hand,
although the other four patients had different degrees of increase in their target lesions during vaccine
treatment; Patient P07, P02, and P03 were all assessed as SD with less than 20% increase of their target
lesions. Only Patient P05 displayed PD with a 40% increase in target lesion.The disease control rate
(DCR) of the 7 patients was 85.71%.

Case report of Patient P01
Patient P01 was �rst diagnosed with pancreatic cancer with liver metastasis in July 2017. From July
2017 to February 2018, she was given AG regimen (paclitaxel albumin plusS-1) for 8 cycles of �rst-line
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conversion chemotherapy. Under general anesthesia, laparoscopic radical pancreatectomy was
performed on March 5th, 2018. No chemotherapy was given after surgery due to the patient’s poor
physical condition. In less than three months, lymph node metastasis was found. From 6th June, 2018 to
7th November 2018, Patient P01 received a total of 8 doses of iNeo-Vac-P01, including 5 prime and 3
boost vaccinations. Also, to maximize the patient’s clinical bene�ts, 5-cycle AS second-line treatment was
given from July 2018 to November 2018 as concomitant therapy. In February 2019, a tumor marker was
detected while CT imaging showed no tumor recurrence. In response, the patient soon received 2-cycle AS
systemic chemotherapy. After the treatment, the patient's disease was considered to be well controlled
until bone metastasis and pleural effusion occurred in September 2019. Since then, the disease
progressed rapidly. After supportive treatment and chemotherapy, Patient P01 died in March 2020. The
OS and PFS of Patient P01 were 32 and 8 months, respectively. In particular, the OS associated with iNeo-
Vac-P01 treatment was 21 months. The whole treatment regimen was shown in Fig. 3A. MRI images
showed the nodule of pancreaticogastric space lesion regression at 4th month after �rst immunization
compared to that of the baseline level (Fig. 3B). No iNeo-Vac-P01-related serious AE was noted during the
whole vaccine treatment. Ex vivo IFN-γ ELISpot of PBMCs con�rmed robust de novo immune response
against all neoantigen peptides after vaccination, with a peak at Week 3 (Fig. 3C and D). TCR sequencing
of peripheral T cells revealed that the abundance of the TCR clone (CASSPGQGVYNEQFF) considerably
increased after vaccination. Meanwhile, a new TCR clone (CASSLGTGYNEQFF) was detected after
vaccination (Fig. 3E). These data suggested that a subset of T cells with neoantigen speci�cities had
been induced by iNeo-Vac-P01. The concomitant iNeo-Vac-P01 therapy and chemotherapy might have
generated synergetic bene�ts to prolong the OS and PFS of Patient P01.

Immune response
Ex vivo IFN-γ ELISpot assay was performed with autologous PBMCs after vaccination, demonstrating the
potentials of iNeo-Vac-P01 to induce the activation of T cells in 5 out of 7 patients. For each patient, the
number of IFN-γ spots per 105 PBMCs of the peptide or peptide pool with best response had been shown
in Fig. 4. For patient P05 and P07, no evident response was found pre- and post-vaccination. Overall, 31
out of 70 (44.3%) individual long peptides elicited measurable peptide-speci�c immune responses
(positive results in ELISpot assay after vaccination). To identify the potential biomarkers for clinical
response, several indexes including IL2, IL4, IL6, IL10, TNF-a, IFN-γ were tested before and during vaccine
treatment. For Patients P01, P02, and P07, the levels of IFN-γ in their peripheral blood samples increased
after treatments (Supplementary Table S7). No statistical conclusion could be drawn from the data of
IL2, IL4, IL6, IL10 and TNF-a. Moreover, for all 7 patients, the proportions of CD4+ CTLA4+ T cells and
CD8+ CTLA4+ T cells in peripheral blood increased during vaccination phase (Fig.5). To be noted, not all
of the patients could provide enough blood samples for analysis, mostly due to their poor conditions at
the designated timepoints (such as P03 and P05).

Discussion
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In this pilot study, the safety and well safety and tolerability of neoantigen peptide vaccine iNeo-Vac-P01
were veri�ed in pancreatic cancer patients. Overall, only one patient showed iNeo-Vac-P01-related AE
(slight rash), and recovered without any nursing. For all 7 patients, none SAE was witnessed during the
whole iNeo-Vac-P01 treatment period.

Currently, the median overall survival time for patients with advanced pancreatic cancer is 6 to 9
months(27). Albumin paclitaxel combined with gemcitabine or mFOLFIRINOX regimen (5-�uorouracil [5-
FU], irinotecan and oxaliplatin) is recommended as the standard �rst-line treatment by the guidelines(28,
29). Meanwhile, there is no standard chemotherapy regimen after second-line treatment. A strati�ed
analysis of the posterior survival of pancreatic cancer patients showed that the median survival time of
patients with high-risk pancreatic cancer was only 1.4 months, and that of low-risk patients was less than
12 months(30). In comparison, our study showed not only the good safety and tolerability, but also the
promising antitumor e�cacy of neoantigen vaccine as a second-line or later treatment for pancreatic
cancer patients. Generally speaking, patients with advanced pancreatic cancer have large tumor burdens.
Therefore, instead of applying neoantigen vaccine monotherapy to all enrolled patients, P01 and P07
received vaccine treatments combined with chemotherapy or PD-1 inhibitor respectively, to maximize their
clinical bene�ts. The details of patients’ treatment regimen were listed in Supplementary Table S1. In our
study, the mean OS and PFS of the pancreatic cancer patients were 24.1 and 3.1 months respectively,
longer than all of the data reported in other clinical studies as listed previously. In particular, the mean OS
associated with the iNeo-Vac-P01 treatment was 8.3 months. Although it is an exploratory study with a
small sample size, the results have demonstrated the encouraging potentials of neoantigen vaccine as a
second-line or later treatment to extend the survival duration of pancreatic cancer patients.

KRAS mutation is a common driver mutation for some cancer types including pancreatic cancer, and it is
usually incorporated in the “shared” tumor antigen combinations as “off-the-shelf” tumor vaccines. In a
previous study of patients with advanced cancer (pancreatic cancer, cholangiocarcinoma and colorectal
cancer), Rahma et al. demonstrated that the patients could achieve a mean PFS and OS of 3.6 months
and 16.9 months respectively, with an immune response rate of 54% when treated with the vaccine
formulation incorporating KRAS G12D, G12V and G12C peptides(31). Although it is a promising strategy
to treat the patients with KRAS mutation, the “off-the-shelf” tumor vaccines cannot ful�ll the clinical
needs for those patients who do not have the mutations. Different from the vaccines based on “shared”
antigens, personalized peptide neoantigen cancer vaccines are customized for each patient. In this study,
only 5 out of 7 patients had KRAS mutations (supplementary table S8). KRAS mutations were also
included in the design of personalized iNeo-Vac-P01 for these 5 patients to maximize their clinical
bene�ts. In comparison, Patient P01, one of the two patients without KRAS mutation, had a signi�cant
extension of survival duration as a result of the concomitant iNeo-Vac-P01 vaccine therapy and
chemotherapy, as shown in Fig. 3 and Table S1.

It is also noteworthy that Patient P01 started the personalized peptide vaccination only three months
after the primary tumor resection, leading to relatively lower tumor burden compared with other patients.
The iNeo-Vac-P01-related OS of Patient P01 was 21 months, longer than that of any other patients in this
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study. More studies should be conducted in the future to explore whether a pancreatic cancer patient
might achieve longer survival duration if neoantigen tumor vaccine is given when the tumor burden is
low. Previously, a case report had described a pancreatic cancer patient who began SVN-2B peptide
vaccine treatment during the adjuvant treatment stage(17). After the vaccine regimen, isolated lung
metastases were observed in this patient but well controlled by surgery. It was reported that this patient
had a survival duration of more than 10 years(17). In light of this case report together with the clinical
�ndings of Patient P01, we believe that it is important to investigate the “perfect” timing of the
administration of neoantigen tumor vaccine, for example, starting the vaccination regimen in the
adjuvant treatment stage or when the tumor burden is low.

In addition, several T cell subsets and cytokines in peripheral blood were evaluated in this study to
identify potential biomarkers for clinical response. The fact that the patients with relatively longer survival
duration (P01, P02 and P07) had an increase of the secretion of IFN-γ after iNeo-Vac-P01 treatments,
indicated the potentials of IFN-γ in peripheral blood as a biomarker for overall survival duration. Also,
both the proportions of CD4+ CTLA4+ T cells and CD8+ CTLA4+ T cells in peripheral blood increased in
all 7 patients after vaccination, as a result of the inducement of peptide vaccines. Thus, the combination
of personalized neoantigen peptide vaccination and anti-CTLA-4 antibody treatment might be promising
for pancreatic cancer patients, which requires further studies with special considerations in the timing for
vaccine administration to achieve maximized clinical bene�ts.

Conclusions
In a word, the preliminary results of this study have demonstrated both the feasibility of neoantigen
selection for pancreatic cancer patient with low tumor mutation burden (TMB) and the good tolerability of
the designed peptide vaccine, iNeo-Vac-P01 for pancreatic cancer patients. Our results were important
and complementary to those of previous published studies in neoantigen cancer vaccines treating other
types of cancers. The development of personalized peptide neoantigen cancer vaccines might provide a
new strategy to improve the limited clinical e�cacy of traditional treatments for pancreatic cancer.
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Tables
Table 1. Baseline characteristics of included patients

Characteristics Patient (N=7)

n %

Sex    

   Male 5 71.43

   Female 2 28.57

Age    

<60 3 42.86

>=60 4 57.14

Tumor location    

Pancreatic head 2 28.57

Pancreatic body and tail 5 71.43

Histopathology    

Adenocarcinoma 6 85.71

Others 1 14.29

Metastatic sites    

Liver 4 57.14

Peritoneum 3 42.86

ECOG score    

0 3 42.86

1 4 57.14

CA19-9 level(�rst visit)    

<37.0 3 42.86

>=37.0 4 57.14
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ECOG, Eastern cooperative oncology group; CA19-9, Carbohydrate antigen 19-9;

 

Table 2. Comparison of adverse reactions between peptide therapy and chemotherapy in treated patients

Adverse Effects Any grade Grades 3 to 4

 

Chemotherapy Neoantigen
vaccine

Chemotherapy Neoantigen
vaccine

N(%) N(%) N(%) N(%)

Gastrointestinal reaction 7(100.0) 0(0.0) 2(28.6) 0(0.0)

Thrombocytopenia 5(71.4) 0(0.0) 2(28.6) 0(0.0)

Rash 2(28.6) 1(14.3) 0(0.0) 0(0.0)

Fever 1(14.3) 0(0.0) 0(0.0) 0(0.0)

Neutropenia 7(100.0) 0(0.0) 4(57.1) 0(0.0)

Peripheral nerve
abnormalities

3(42.9) 0(0.0) 0(0.0) 0(0.0)

Anemia 5(71.4) 0(0.0) 1(14.3) 0(0.0)

Elevated transaminase 3(42.9) 0(0.0) 0(0.0) 0(0.0)

Fatigue 7(100.0) 0(0.0) 1(14.3) 0(0.0)

 

Table 3. The survival and objective response rate of patients
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Survival Months

mOS 24.1

mPFS 3.1

mOS* 8.3

Objective response rate n/N

CR 0/7

PR 2/7

SD 4/7

PD 1/7

mOS, mean Overall survival; mPFS, mean Progression-free survival; CR, Complete remission; PR, Partial
response; SD, Stable disease; PD, Progressive disease;

* Calculated from the time the patient received the peptide vaccine

Figures

Figure 1



Page 19/23

Clinical treatment process for seven vaccinated patients from surgery or primary visit until the end of
follow-up.

Figure 2

The clinical response and prognosis of treated patients. A. The overall survival curve of seven patients. B.
The percentage changes of tumor lesion size from baseline. The changes in lesions between a positive
value of 25% and a negative value of 50% are considered stable disease.
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Figure 3

A case report of Patient P01. A. Treatment timeline of P01. B. The imaging comparison of lymph node
changes during neonatal antigen treatment, e�cacy evaluation was PR. C and D. Ex vivo IFN-γ ELISpot of
PBMCs was performed with peptides at different time points. The dimethyl sulfoxide (DMSO) group was
used as the negative control and mixed peptides from CEF (including peptides of cytomegalovirus,
epstein–barr virus and in�uenza virus) were used as the positive control. E. Increased abundance of
peripheral T cell clones after vaccination was detected by TCR sequencing.
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Figure 4

iNeo-Vac-P01 induced speci�c T cell response. For each patient marked in X-axis, green triangle and red
diamond represent the response rates pre- and post-vaccination, de�ned as the ratios of the numbers of
peptides (or peptide pools) with positive ELISpot results before and after vaccination to the total number
of peptides (or peptide pools) in vaccine, respectively. The bar chart with secondary Y-axis represented
the IFN-γ spots per 105 PBMCs of the peptide with best response for each patient.
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Figure 5

The proportion of CTLA4+ T cells in peripheral blood increased after vaccination. The proportions of
CD8+ CTLA-4+ T cells and CD4+ CTLA-4+ T cells ratio to total T cells in peripheral blood were detected by
�ow cytometry. Fold changes of post vaccination compared with baseline were calculated.
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