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Case report: Long-term survival of a pancreatic cancer patient
immunized with an SVN-2B peptide vaccine
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Abstract
A 62-year-old woman who underwent surgery to treat pancreatic cancer provided written, informed consent to undergo adju-
vant therapy with gemcitabine, tegafur, and uracil. However, this was stopped after only 14 days due to Grade 4 neutropenia.
She was then started on vaccine therapy with Survivin 2B peptide (SVN-2B) including IFA and INF-a. Although metastatic
lung tumors were identified and resected at 82 months after surgery, the patient has remained free of new or relapsed disease
for 12 years thereafter. Tetramer and ELISPOT assays revealed the continuous circulation of SVN-2B-restricted cytotoxic
T-lymphocytes (CTLs) in her peripheral blood, and CTL clones had specific activity for SVN-2B at 12 years after surgery.
The adverse effects of the peptide vaccination were tolerable and comprised low-grade headache, nausea, and fatigue. A
prognosis beyond 10 years in the face of pancreatic cancer with distant metastasis is extremely rare. This experience might
indicate the value of cancer vaccination therapy.
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CA 199  Carbohydrate antigen 19-9

CK Cytokeratin

CTL Cytotoxic T lymphocyte
ELISPOT Enzyme-linked immunospot
FITC Fluorescein isothiocyanate

HIV Human immunodeficiency virus
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HLA Human leukocyte antigen
IFA Incomplete Freund’s adjuvant
INF-a Interferon alpha

PE Phycoerythrin

SVN-2B  Survivin 2B 80-88

TTF-1 Thyroid transcription factor 1
Introduction

Immune reactions against cancer cells depend on an acquired
immune system that antigen-dependently recognizes tar-
get cells. Thus, peptide vaccination therapy is a rational
approach to the enhancement of immune reactions against
antigens expressed by cancer cells. An early review article
described that peptide vaccination therapy elicits a response
rate of only 2.6% [1]. However, various epitopes have since
been derived from solid tumors and clinical studies of pep-
tide vaccination therapy have generated promising results
(2].

With the aim of promoting clinical applications for cancer
peptide vaccination therapy, the HLA*24:02-restricted pep-
tide, Survivin 2B 80-88 (SVN-2B), has been administered to
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patients with colon, breast, lung, oral cavity, urinary blad-
der, and pancreatic cancers in clinical trials since 2003 [3].
We investigated the effects of SVN-2B on pancreatic cancer
between 2005 and 2010 (UMINO00000905) [4] and experi-
enced a patient who was remarkable for being the only one
of six similarly treated patients to achieve over 12 years of
survival. Here, we describe the clinical course and distinc-
tive immunological response of this patient.

Case report

A 62-year-old woman diagnosed with pancreatic cancer
T3NOMO Stage ITA [5] underwent pylorus-preserving
pancreatoduodenectomy (PPPD) + D2. The pathological
findings revealed invasive ductal carcinoma of the head
of the pancreas, nodular and well-moderately differenti-
ated type with a 3.8 cm diameter, with direct cancer cell
invasion of the duodenal mucosa and extra-pancreatic
nerve plexuses, as well as lymph node metastasis (#13b
involving five nodes). The dissected peripancreatic tissue
margin was positive for pathological stage III pT3N2MO
cancer [5] (Fig. la—c). The patient provided written,
informed consent to undergo adjuvant treatment using
gemcitabine, tegafur, and uracil (a 5-fluorouracil prodrug).
However, this therapy was stopped after only 14 days as

(a) (b)

Fig. 1 Pathological findings of pylorus-preserving pancreatoduo-
denectomy. a Left panel: formalin-fixed specimen of pancreatic head
resected by PPPD. b Central panel shows main tumor (x40; H&E
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the patient developed Grade 4 neutropenia. Three months
after surgery, the patient was enrolled in a clinical study
of SVN-2B peptide vaccination. The vaccine at 1 mg/mL
was mixed with the incomplete Freund’s adjuvant, Monta-
nide ISA 51 (Seppic, Paris, France), emulsified, and then
immediately injected subcutaneously once every 2 weeks.
Human IFN-a at a dose of 3,000,000 IU (Dainippon-Sumi-
tomo Pharmaceutical, Osaka, Japan) was also injected sub-
cutaneously near the SVN-2B peptide injection site on
days 1, 4, 8, and 11 (Fig. 2) [4, 6]. Serum CA19-9 levels
did not increase over a period of 12 years postoperatively
(Fig. 3a).

A follow-up CT at 82 months after the surgery detected
three small lesions (Fig. 4a—c) that were removed by thora-
coscopic excisional biopsy. All of them were pathologi-
cally well-differentiated adenocarcinoma and immunohis-
tochemically positive for CK7 and negative for TTF-1 and
CK20, indicating that they were pancreatic tumor metas-
tases (Fig. 4d—g). Twelve years after the primary opera-
tion, periodic computed tomography (CT) and positron
emission tomography did not uncover any new local recur-
rences or metastases. The clinical course did not include
severe adverse events, although low-grade adverse events
included transient headache, nausea, fatigue, and a persis-
tent red flare with induration at the injection site (Grade
1).

(c)

stain). ¢ Right panel (dotted box) shows invasion of extra-pancreatic
nerve (X100; H&E stain)
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Fig.3 Longitudinal values for serum CA19-9 and tetramer-positive SVN-2B-specific CTLs. a Plasma CA19-9 did not increase and tetramer-
positive cells continued to circulate for 12 years. b SVN-2B-specific CTLs were detected throughout the clinical course

Methods
Tetramer assays and establishment of CTL clones

Flow cytometry proceeded using a FACSCalibur with
CellQuest software (Becton Dickinson Biosciences, San
Jose, CA, USA), FITC-labeled HLA-A*24:02-human
immunodeficiency virus (HIV) peptide tetramer, PE-
labeled HLA-A*24:02-survivin-2B peptide tetramer (MBL
Co. Ltd., Nagoya, Japan), and PC5-labeled anti-CD8

antibody (clone T8; MBL) as described [4, 7]. Dead cells
were eliminated as being 7-AAD positive.

We established CTL clones that were specific to SVN-
2B peptide using SVN-2B tetramer as described [8]. In
brief, PBMCs were stained with PC5-labeled anti-CD8
antibody and PE-labeled SVN-2B tetramer, then ana-
lyzed using a FACSAriall flow cytometer (BD). CD8-
positive and tetramer-positive cells were single-cell
sorted into 96-well round bottom plates and cultured with
1 % 10° irradiated (100 Gy) PBMC feeder cells in AIM-V
medium (ThermoFisher Scientific, Waltham, MA, USA)
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(d) HE (-e)i CK7P '

Fig.4 Details of metastatic lung nodules. a—¢ Three small nodules, in

segments 2 and 9 of the right lung (RS2, RS9) and segment 142 of
the left lung (LS1+2), detected in routine follow-up CT at 82 months

supplemented with 10% human AB serum, 100 U of IL-2,
and 1 pg/mL of PHA (Wako Pure Chemical Industries,
Osaka, Japan). Thereafter, AIM-V supplemented with
10% HS and 100 U of IL-2 was added to the wells every
3-7 days. Cell growth was examined by tetramer analysis
to determine SVN-2B specificity.

Enzyme-linked ImnmunoSpot (ELISPOT)
and cytotoxicity assays

The specificity of SVN-2B-specific CTL clones was
examined using ELISPOT assays as described [4, 7]. CIR
cells (C1R-A24) transfected with HLA-A24 were pulsed
with SVN-2B peptide (10 fg/mL to 10 pug/mL) and incu-
bated with CTL clones, then IFN-y-specific spots were
visualized. The negative controls comprised C1R-A24
cells pulsed or not with HIV peptide.

The lytic activity of CTL clones was determined by
CFSE-based cytotoxicity assays using Cytotoxicity Detec-
tion Kits (MBL) [9-12]. The negative controls comprised
C1R-A24 cells pulsed or not with HIV peptide and K562
leukemia cells that are HLA-class 1-negative.

@ Springer

‘ (f) cK20

(9) TTF-1

after surgery. d—g All were pathologically well-differentiated adeno-
carcinoma and immunohistochemically positive for CK7 and negative
for TTF-1- and CK20

Results
Tetramer assays

SVN-2B-specific CTLs were detected throughout the clinical
course between 5 and 122 months after the primary surgery
(Figs. 3b, 5a), and tetramer-positive rates ranging from 0.16
to 3.11% were sustained at 3% even at 120 months thereafter
(Fig. 3b).

ELISPOT assays

SVN-2B-specific CTLs cloned from PBMC from the patient
10 years after the primary surgery were positive for both
CDS8 and HLA-A*24:02 SVN-2B tetramer in 19 of 20 wells
(Fig. 5b) and dose-dependently responded to C1R-A24 SVN-
2B in ELISPOT assays. These clones notably responded to
C1R-A24 cells at the SVN-2B pg level (Fig. 6a).
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Fig.5 SVN-2B-specific CTL clones at 10 years after primary surgery. a Tetramer assay shows 3% of CTLs remain in circulation at 10 years
after primary surgery. b CTL clones are positive for CD8 and HLA-A*24:02 SVN-2B tetramer in 19 out of 20 wells
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Fig.6 Specificity of SVN-2B-specific CTL clones. a ELISPOT
results show that CTL clones dose-dependently respond to CIR-
A24 cells at pg levels of SVN-2B. b CTL clones specifically indicate

Cytotoxic assays

The CTL clones (1D4) specifically indicated HLA-A24-re-
stricted cytotoxicity against SVN-2B peptide expression,
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and were unresponsive to K562 cells that did not express
HLA-A24 (Fig. 6b).
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Discussion

This patient has survived for 12 years, despite having fatal,
advanced pancreatic cancer. Few reports have described
a prognosis beyond 10 years in the face of a pancreatic
cancer diagnosis with distant metastasis. This particular
patient could not tolerate adjuvant chemotherapy due to
extremely adverse effects, and was therefore treated only
with SVN-2B peptide vaccination for 12 years. Favora-
ble survival rates in patients with isolated pulmonary
metastases after pancreatic cancer surgery have been
reported [13]. The median overall survival (OS) with iso-
lated pulmonary metastasis in that study was 25.5 months
(95% CI 19.1-31.8), suggesting that isolated pulmonary
metastasis after surgery might be a favorable prognostic
predictor. However, such patients rarely survive beyond
3 years, and none of the patients described in that report
survived beyond 5 years [13]. The patient described herein
developed pulmonary metastatic lesions in both lungs
(Fig. 4a—c), indicating that these were not isolated pulmo-
nary metastasis as described previously, yet she remains
alive at 12 years after the primary surgery.

The present patient was registered in a phase 1 study
described in our previous report [4], along with five other
patients who also became eligible for treatment with SVN-
2B. Tumor shrinkage and immunological effects were con-
firmed in all of them [4]. However, the median OS for
these patients was only 5 (range 4-18) months, which was
clearly not favorable. One explanation for this might be
the metastatic involvement of more than one organ (lung,
liver, peritoneum, and local) in these patients. Only the
patient described herein had remarkably better OS among
all patients in the phase 1 clinical trial. Liver metastasis
has recently been associated with shortened progression-
free survival and a reduced response and to anti-PD1
antibody treatment for melanoma and non-small cell lung
cancer [14]. The infiltration of CTL was notably lower
in patients with, than without metastasis to the liver and
other lesions. The immunological mechanisms remain elu-
sive, but the liver is associated with immune tolerance via
several suggested mechanisms [15]. The better OS and
the CTL response to SVN-2B peptide vaccination in the
present patient might be associated with the absence of
liver metastasis. The absence of liver metastasis among
patients with advanced pancreatic cancers might be a good
indication for peptide vaccination therapy in the future.

The phase III CapRI trial compared the outcomes of
postoperative cisplatin, IFN a-2b, and 5-FU plus exter-
nal radiation with those of 5-FU alone among patients
with resected pancreatic adenocarcinoma [17]. Adjuvant
chemoradioimmunotherapy notably did not improve the
survival rate. The regimen in the CapRI study included 17
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doses (3 doses/week) of 3 x 10° units of IFN a-2b admin-
istered subcutaneously as adjuvant therapy and was com-
pleted about 1 month after primary surgery [16—18]. The
median OS was 26.5 months in the experimental group
with chemoradioimmunotherapy and 28.5 months in the
control group with FU monotherapy, which represented
the longest survival ever reported for patients in a rand-
omized setting [16].

Immunotherapy also enhanced the quality of life and pro-
longed metastatic cancer-free survival in the present patient,
whose background included a favorable metastatic site.
SVN-2B-specific CTLs circulated in the peripheral blood
of this patient for over 10 years, suggesting the induction
of SVN-2B-specific memory T cells in vivo, namely a type
I IFN-enhanced CTL response according to our previous
study [4]. Thus, type I IFN might function not only in the
induction of a CTL response, but also in the memoriza-
tion of a cellular immune response. The longer period of
peptide vaccination compared with adjuvant therapy might
have ultimately contributed to the > 10-year survival of the
present patient, distinguishing her from the other patients in
the CapRlI trial [16, 17].

The adjuvants administered to the present patient for
immunotherapy were IFA and IFN-a. Adjuvants are con-
sidered necessary to induce a memory response, but most
adjuvants have not received approval [19]. Adjuvants are
ligands for receptors of the innate immune response system,
and type I IFN is a major effector cytokine of adjuvants [20].
The course of this patient suggests that type I IFN might be
sufficient to induce and maintain a memory response. The
adverse effects of peptide vaccination were tolerable and
comprised low-grade headache, nausea, and fatigue. These
facts suggest that peptide vaccination with type I IFN might
serve as a rational treatment for patients with postsurgical
pancreatic cancer.

In summary, this report describes a unique patient with
pancreatic cancer accompanied by distant metastasis who
has been treated with peptide vaccination for 12 years. She
remains free of cancer metastasis and recurrence, and has a
good quality of life during the period.
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