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High and low negative pressure suction techniques in EUS-guided FNA

EUS-guided F NA (EUS-FNA) biopsies were first reported
by Vilmann et al’ in 1992 and have a high diagnostic accu-
racy (range, 70%-98%).” In most cases, a cytological assess-
ment is sufficient for the diagnosis of a pancreatic tumor.
However, it is sometimes difficult to make a differential
diagnosis by cytological data alone.” In such cases, evalua-
tion of tissue architecture and morphology, namely, a his-
tological diagnosis, is required for an accurate pathological
diagnosis.

The success of puncture is important for tissue acquisi-
tion and is thus a crucial factor in EUS-FNA performance. A
higher technical success rate is achievable with a 25-gauge
needle than with a 22- or 19-gauge needle; however, the
specimen obtained with the 25-gauge needle is less
adequate for histological diagnosis compared with that ob-
tained with the other needles.” Two studies have indicated
that EUS-FNA approaches by using high negative pressure
(HNP) suction to aspirate tissue enable acquisition of
adequate tissue. " However, these studies only used the
22- and 19-gauge needles, and no studies thus far have
evaluated the efficacy of 25-gauge needles for EUS-FNA
in combination with HNP.

Therefore, we hypothesize that a 25-gauge needle for
EUS-FNA with HNP may enable us to obtain sufficient tis-
sue material with a high success rate. We conducted a
multicenter, prospective, randomized, controlled trial to
determine the accuracy of this hypothesis.

METHODS

Patients

Between July 2011 and April 2012, patients with solid
pancreatic masses, as detected by US, CT, or magnetic
resonance imaging, were consecutively enrolled in this
study. Seven GI tertiary referral centers, where more
than 100 EUS-FNAs are performed yearly, were considered
eligible for this study. Patients with the following condi-
tions were excluded: European Cooperative Oncology
Group performance status of 4, a serious underlying disor-
der, American Society of Anesthesiologists classes III to IV,
those taking oral anticoagulants, prothrombin time/inter-
national normalized ratio more than 1.5, platelet count
less than 50,000/mm3, pregnancy, GI obstruction, and
refusal or inability to provide informed consent. The study
was approved by the institutional review board of each
institution and was registered with the University Hospital
Medical Information Network Clinical Trials Registry
(number UMIN000005939).

Procedural technique

Patients were placed in the left lateral decubitus position
and were administered conscious sedation. A curvilinear
echoendoscope (GF-UCT240-ALS; Olympus Medical Sys-
tems, Tokyo, Japan) was used, and EUS-FNA was performed
by using a 25-gauge needle (Echo Tip Ultra; Cook Japan,
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Tokyo, Japan). After the needle was advanced into the
target lesion, the stylet was withdrawn. A 10-mL syringe
with 10-mL negative pressure (normal negative pressure
[NNP]) or the Alliance II inflation system (Boston Scientific
Japan, Tokyo, Japan) by using a 60-mL syringe with 50-mL
HNP was attached to the proximal end of the needle, as
appropriate, for the randomized protocol. The needle
was then moved back and forth 10 to 20 times while per-
forming suction. We performed EUS-FNA by using jabbing
movements under continuous suction. We also used the
fanning technique during EUS-FNA for pancreatic lesions
if the endoscopist was able to perform the maneuver.
Four EUS-FNA procedures were performed in the fol-
lowing order in the NNP and HNP groups, respectively:
NNP-HNP-NNP-HNP and HNP-NNP-HNP-NNP. Obtained
samples were categorized according to group (NNP or
HNP) and fixed with formalin for histological examina-
tion. A portion of each sample, obtained by the first and
second punctures, was sent for cytological examination.
The remaining tissue was instantly fixed in 10% neutral-
buffered formalin solution for histological examination.
The EUS-FNA procedure was performed by using NNP
with a 25-gauge needle or HNP with a different 25-
gauge needle. On-site modified Giemsa staining (Diff-
Quik; Kokusai Shiyaku, Kobe, Japan) was performed at
all institutions. If an endoscopist considered samples ob-
tained during 4 attempts at EUS-FNA insufficient for path-
ological diagnosis, an additional puncture was permitted.
An additional puncture was performed if (1) the cytopa-
thologist could not identify any material on the glass slide
or (2) the cytopathologist could not macroscopically iden-
tify any whitish material on the glass slide. For additional
punctures, any FNA procedure (needle/suction) could be
performed.

Method of assignment of NNP and HNP groups

A computer-generated sequence was used to randomize
patients into the NNP or HNP group. Randomized groups
were stratified by institutions.

Outcome measurements

The primary outcome of this study was to determine
the adequacy of tissue acquisition by the EUS-FNA/HNP
combined technique and to determine the accuracy of his-
tological diagnoses achievable by using this technique. The
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secondary outcome of this study was to assess the quality
and quantity of obtained tissue and the potential for
adverse events arising from the use of this procedure.

Pathological assessment of samples obtained in
this study

Cytological and histological analyses were performed
separately. The cytological analysis was performed in on-
site pathology facilities available at each hospital. Cell-
block techniques were not performed for all patients in
this study. The histological analysis was performed by a sin-
gle expert pathologist (T.M.) based on hematoxylin and
eosin staining. This pathologist evaluated the quantity
and quality of each specimen and determined a histological
diagnosis while blinded to clinical information, cytology,
and final diagnoses.

The quantity of samples was assessed by the scoring sys-
tem described by Gerke et al.” This scoring system is as fol-
lows: 0 indicates a sample with no material, 1 indicates
that the sample contains sufficient material for limited
cytological interpretation but is probably not representa-
tive, 2 indicates that the sample contains sufficient material
for adequate cytological interpretation but is insufficient
for histological information; 3 indicates sufficient material
for limited histological interpretation; 4 indicates sufficient
material for adequate histological interpretation, but a low-
quality sample (total material is within a x 10 power field in
length); 5 indicates sufficient material for adequate histo-
logical interpretation and a high-quality sample (total mate-
rial is more than a x10x power field in length). Figure 1
shows representative examples. In our study, a sample
with a score of 3 or higher was defined as adequate for his-
tological diagnosis. A sample with a score of 2 or lower was
defined as inadequate for histological diagnosis.

The degree of contamination (eg, GI mucosa) in the
specimens was categorized into 4 grades: 0, no contamina-
tion; 1, contamination present in less than 25% of the slide;
2, contamination present in 25% to 50% of the slide; 3,
contamination present in more than 50% of the slide.
The degree of the amount of blood in the specimens
was categorized into 3 grades: 0, mild; 1, moderate; or 2,
significant.

Pancreatic carcinomas, neuroendocrine tumors, lym-
phomas, and solid pseudopapillary neoplasms were defined
as malignant diseases. Pancreatitis and non-neoplastic
pancreatic tissue were defined as nonmalignant diseases.
Malignancy and suspicious for malignancy were defined as
positive for malignancy. Atypical cells and benign were
defined as negative for malignancy. Because immunohisto-
chemical studies could not be performed for all specimens
in this study, the pathologist judged a sample to be malig-
nant or benign based on hematoxylin and eosin staining
alone. An accurate diagnosis was defined as follows: (1)
positive for malignancy, with a final diagnosis of malignant
disease such as carcinoma, neuroendocrine tumor, and
solid pseudopapillary neoplasm (true positive); (2) negative

for malignancy, with the condition ultimately being diag-
nosed as a nonmalignant disease, such as pancreatitis and
non-neoplastic pancreatic tissue (true negative).

Diagnostic accuracy was defined as the ratio between
the sum of true positive and true negative values, divided
by the total number of samples. The adequacy rate was
calculated by the following formula: number of adequate
samples divided by total number of samples.

Clinical diagnostic methodology used for
ultimate diagnosis of patients

Malignant disease was ultimately identified in patients
by (1) diagnosis at autopsy after death caused by pancre-
atic cancer, (2) diagnosis based on histopathological ana-
lyses of surgically resected specimens, (3) radiological or
clinical data indicating evidence of disease progression,
or (4) diagnosis based on histopathological analyses of
nodules in other organs demonstrating metastatic progres-
sion. In this study, benign disease was defined as a
decrease or no change in pancreatic mass and no change
in clinical data obtained for at least 6 months.

Adverse events

An adverse event was defined as any event that required
the patient to stay in the hospital for a longer duration than
expected or to undergo other unplanned interventions.
For detailed reporting of adverse events, we referred to
the Practice Committee of the American Society for Gastro-
intestinal Endoscopy guidelines.”

Sample size

The study was designed such that the sample size was
large enough to obtain differences in the adequacy of sam-
ples needed for histological diagnosis.

It has been reported that a sample acquisition rate of
45.8% can be achieved by using a 25-gauge needle in
pancreatic tumors.” We estimated that 50% and 65% of
specimens obtained in the NNP and HNP groups, respec-
tively, would be adequate for histological diagnoses. By us-
ing the McNemar test of equality of paired proportions and
assuming 25% discordant pairs and a 10% dropout rate,
each subject was assumed to have 1 pancreatic lesion. It
was evaluated that 90 patients would be required to enable
statistical analyses by using a 2-tailed test with a 5% signif-
icance level and 80% statistical power.

Statistical analysis

All statistical tests were performed by using dedicated
software (JMP software version 8; SAS Institute, Cary,
NC). The McNemar test was applied to adequacy, accuracy,
and quality data gathered from tissue samples. P < .05 was
considered statistically significant.

1032 GASTROINTESTINAL ENDOSCOPY Volume 80, No. 6 : 2014

wiwww gicjournalorg

m- 337



Kudo et al

High and low negative pressure suction techniques in EUS-guided FNA

R il

Figure 1. Representative images of specimens obtained by using EUS-guided FNA reveal differences between samples in terms of adequacy for histo-
logical diagnosis. A, In this sample with a score of 1, only a few cells are recognizable (hematoxylin and eosin stain, magnification x200). This sample
is inadequate for histological or cytological diagnosis. B, This is a sample that received a score of 2. This sample is inadequate for histological diagnosis,
but might possibly be suitable for cytological diagnosis. C, This specimen (score of 3) is recognizable as a small tissue cluster. Evaluation of a part of tissue
architecture and limited histological interpretation is possible. D, In this sample (score of 4), there is sufficient material for adequate histological diag-
nosis, and tissue architecture can be evaluated. The area of tissue on the prepared slide is within x10 power field in length. E, In this sample (score of 5),
there is sufficient material for adequate histological diagnosis, and tissue architecture can be evaluated. The area of tissue on the prepared slide is more

than x10 power field in length.

RESULTS

During the study period, 52 men and 38 women (90
patients) were enrolled in this study. The median age of
patients was 67 years. All lesions were visible by EUS.
Thirty-four patients had a lesion in the pancreas head
(10 patients had lesions in the uncinate process), 40 pa-
tients in the body, and 16 patients in the tail. Fifty-six suc-
cessful EUS-FNA procedures were performed through the
gastric wall, whereas the remaining 34 procedures were

performed through the duodenal wall. The median size
of lesions was 28.2 mm (range 7.2-63.9 mm) (Table 1).
All EUS-FNA procedures were performed with on-site
cytopathology evaluation. In this study, additional punc-
tures were performed. Among these 5 patients, 2 under-
went EUS-FNA with NNP by using a 22-gauge needle,
2 underwent EUS-FNA with NNP by using a 19-gauge
needle, and 1 underwent EUS-FNA with HNP by using
a 25-gauge needle. The definitive diagnostic procedures
for a pancreatic lesion were as follows: 25 lesions were
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TABLE 1 Charadérisfits of the ehrbiled péti'eni:s

Characteristics

Age,y, median (range) . 67(27-87)

Sex, male/female 52/38

'ECOG performance status score, no.

0 81
2 1
e e
1 86

Site of lesion, no.

Bangreatiched L B4
Pancreatic body 40
Pancreatictall | g

Puncture route, no.

e
Transduodenal 34

Size of lesion, mm, median (range) 282 (7.2-63.9)

Size of lesions, mm

e n=n
21-40 n = 58
me0s . L g
61— n=2
ECOG, European Cooperative Oncology Group; ASA, American
Society of Anesthesiologists.

diagnosed based on pathological findings in resected spec-
imens, and 65 lesions were diagnosed by clinical course.

Adequacy score of specimen

The adequacy scores of obtained tissues for histological
diagnosis are shown in Table 2 and Figure 2. The numbers
of adequate and inadequate samples in the NNP and HNP
groups are given in Table 3.

It was determined that 72.2% (65/90) (95% confidence
interval [CI], 62.2%-80.4%) of samples obtained from the
NNP group were adequate for histological diagnosis. In
comparison, 90% (81/90) (95% CI, 82.0%-94.6%) of sam-
ples obtained from the HNP group were adequate for his-
tological diagnosis. A concordance rate of 77.8% (70/90)
(63 adequate and 7 inadequate for histological diagnosis)
and a discordance rate of 22.2% (20/90) were determined.
The samples obtained for histopathological diagnosis by

TABLE 2. Scéresrassigned to describe the aﬁlééuacy of

. 'tissqe obtained hy EUS:ENA for histological diagnosis

NNP
1 2 3 4 5 Total

HNP o Y
0o 2 1 0 0o 3

0 e A

3 2 1 no8 1 27

2
4

4 5 0 4 14 13 3 39
o 3 3 7 15

. Towl 11 2 12 30 24 11 G0

NNP, Normal negative pressure; HNP, high negative pressure.

using HNP were significantly superior to those obtained
by using NNP (P = .0003, McNemar test) (fable 3). In
18 of these 20 patients, samples obtained by HNP were
adequate for histological diagnosis, whereas samples ob-
tained by NNP were inadequate. In the remaining 2 pa-
tients, adequate samples for histological diagnosis were
obtained by NNP, but not by HNP. Therefore, it was deter-
mined that samples obtained by HNP were significantly
superior to those obtained by NNP for histopathological
diagnosis (7 = .0003, McNemar test) (Table 3).

Accuracy

The final clinical diagnoses are listed in Tuble 4. Seventy-
one patients ultimately had a diagnosis of pancreatic ductal
adenocarcinoma, 1 had a diagnosis of acinar cell carci-
noma, 1 had a diagnosis of undifferentiated carcinoma
with osteoclast-like cells, and 4 had a diagnosis of carci-
nomas with histological types that could not be classified.
Four patients had a diagnosis of neuroendocrine tumors, 1
had a diagnosis of a solid-pseudopapillary neoplasm, and 1
had a diagnosis of a secondary tumor. Seven patients had a
diagnosis of pancreatitis.

A cytological diagnosis was categorized as malignancy or
no malignancy. Malignancies were detected with a sensi-
tivity of 89.2% (74/83) (95% Cl, 80.7%~94.1%) and a spec-
ificity of 100% (7/7) (95% CI, 64.4%~100%).

Among the 90 samples obtained by NNP, 76 were diag-
nosed by using cytological and/or histological techniques.
Sensitivity and specificity were 86.1% (62/72) (95% ClI,
76.3%-92.3%) and 100% (4/4) (95% Cl, 51.0%-100%),
respectively. The total accuracy rate was 73.3% (66/90)
(95% CI, 63.3%-81.3%).

Among the 90 samples obtained by HNP, 85 were diag-
nosed by using cytological and/or histological techniques.
Sensitivity and specificity were 88.5% (69/78) (95% CI,
79.5%-93.8%) and 71.4% (5/7) (95% ClI, 35.8%-91.8%),
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TABLE 4. Fmal dnagnosus mdependentty of tissue
3 % NNP bwpsres (EUS-FNA)
5 Final
2 diagnosis, no.
E 2 : g n
Z Ductal adenocarcinoma a .
104 Acinar cell carcinoma 1
Undifferentiated carcinoma with T
osteoclast-like cells .
0 -

0 1 2 3
Sample score

Figure 2. Scores of 0 to 5 were assigned to specimens to describe the ad-
equacy of these samples for histological diagnosis. More samples with a
score of 3 to 5 were obtained by using the high negative pressure
(HNP) suction technique than normal negative pressure (NNP).

TABLE 3 A contingénéy téﬁle formulated to déscribé :
the adequacy of samples obtamed for histological

_ diagnosis based on the suctlon techmque used (HNP or

NNP)
NNP
Adequate Inadequate  Total
HNP Adequate 63 18 81
Inadequate 2 7 9
Total 65 25 90

NNP, Normal negative pressure; HNP, high negative pressure.

respectively. The total accuracy rate was 82.2% (74/90)
(95% CI, 73.1%-88.8%).

The accuracy of diagnoses based on the analysis of
samples obtained by using EUS-FNA/HNP and EUS-FNA/
NNP was equivalent (P = .06, McNemar test). It should
be noted that of the 24 lesions that were not accurately
diagnosed by using samples obtained by using EUS-FNA/
NNP, a specimen adequate for histological diagnosis was
obtained in only 10 lesions. Of these 24 cases, 16 lesions
were accurately diagnosed with adequate specimens ob-
tained by using the EUS-FNA/HNP technique. In contrast,
16 lesions that were not accurately diagnosed by using
samples obtained by using EUS-FNA/HNP, 8 lesions were
accurately diagnosed by using samples obtained by using
the EUS-FNA/NNP technique. As such, the combined EUS-
FNA/HNP technique is superior to the EUS-FNA/NNP tech-
nique for pathological diagnosis.

We analyzed the relationship between adequacy and
accuracy for all specimens obtained in this study. Speci-
mens deemed adequate for histological diagnosis had a
significantly higher diagnostic accuracy than specimens
deemed inadequate for histological diagnosis (P < .001,
¥° test) (Table ).

Carcinoma (unclassified) 4

Secondary tumors of the pancreas 1
(adenocarcinoma) - 2

Solid pseudopapillary neoplasm 1
Neuroendocrine tumor & a0
No evidence of malignancy 7

Total 90

Tissue quality

The samples obtained by using HNP contained more
blood than those obtained by using NNP (P = .0042,
McNemar test). On the other hand, the degree of contam-
ination was not significantly different between the samples
obtained by using either technique (P = .0795, McNemar
test) (Table 0).

Adverse events

Among the enrolled 90 patients, pancreatitis developed
in 1 patient after the EUS-FNA procedure was performed.
He recovered after conservative therapy. The rate of
adverse events was therefore 1.1% (1/90).

DISCUSSION

Our data indicate that the use of a procedure that com-
bines EUS-FNA with HNP provides significantly more spec-
imens that are adequate for histological diagnosis than
a procedure that combines EUS-FNA with NNP. EUS-FNA
with HNP allows more cells to be acquired and preserves
the tissue architecture in specimens.

A previous study showed that 25-gauge needles have a
higher technical success rate, whereas more specimens
adequate for histological diagnoses are obtained by using
a 22- or 19-gauge needle.” A 25-gauge needle is therefore
recommended to puncture the head of the pancreas.’
Several studies have compared the performance character-
istics of a 22-gauge needle with those of a 25-gauge FNA
needle for sampling pancreatic masses, but most have
failed to demonstrate superiority of either needle.”** A
recent systematic review and meta-analysis of EUS-FNA
for solid pancreatic masses, including a large cohort of
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Accuracy

Accurate Inaccurate Total

Adequacy Adequate 130 16 146
Inadequate 10 24 34
. Total | 140 40 180

P < 001 (¥? test).

patients, revealed that a 25-gauge needle was more sensi-
tive than a 22-gauge needle.”’ In our study, EUS-FNA by us-
ing a 25-gauge needle was successfully performed in all of
the pancreatic lesions, not just lesions in the pancreatic
head.

The need for suction during EUS-FNA was evaluated in
previous reports, but is still controversial.”*"** The Euro-
pean Society of Gastrointestinal Endoscopy technical
guideline advocates the use of suction for EUS-FNA of solid
masses/cystic lesions but for EUS-FNA of lymph nodes.”'
However, previous reports only focused on cytological
examinations, not histology. The results of our study reveal
that EUS-FNA with HNP enables the acquisition of more
specimens adequate for histological diagnosis than what
is achievable with EUS-FNA with NNP. Further study is
required for the evaluation of EUS-FNA with and without
HNP suction to determine whether suction is required dur-
ing EUS-FNA for the purpose of histological diagnosis.

Pancreatic ductal adenocarcinoma accounts for the
majority of pancreatic tumors and can be diagnosed by
cell morphology and the degree of atypia. However, larger
specimens are sometimes required for the histological
diagnosis of other pancreatic tumors.”*** In fact, 90% of
specimens obtained by using a 25-gauge needle and HNP
were adequate for histological diagnosis. This is higher
than that in previous reports describing the use of a 25-
gauge needle.” Furthermore, greater diagnostic accuracy
was achieved when specimens were adequate (Table 0),
indicating that adequate specimens, optimal for histologi-
cal diagnosis, can be obtained by using a 25-gauge needle.
As such, the use of a 25-gauge needle with HNP improves
technical performance of EUS-FNA and is the most appro-
priate method for pancreatic head lesions.

Diagnostic accuracy was not significantly different be-
tween the NNP and HNP groups. The majority of the
enrolled patients in this study had ductal adenocarcinoma,
which could be diagnosed by cell atypia alone. Our find-
ings, however, are not limited to ductal adenocarcinoma.
Pancreatic tumors with low-grade dysplasia or tumors
with chronic pancreatitis, which are difficult to diagnose
by only cell atypia, were also accurately diagnosed.”* How-
ever, diagnostic accuracy differed between groups with

Contamination HNP NNP
| 0:no contamination seen 70 68
1: Contamination present 19 10

in <25% of the slide

2: Contamination present 1. i
in 25%-50% of the slide
3: Contamination present 0 2
in >50% of the slide
Amount of blood
0: Minimal 16 28
EModerate D o i B s
2: Significant 33 19

HNP, High negative pressure; NNP, normal negative pressure.

adequate and inadequate specimens. This fact reveals
that histological assessment aids the diagnosis of materials
by using EUS-FNA. Suction is recommended when only a
small amount of aspirate is obtained without suction.”
One problem that we identified with the use of EUS-FNA
with HNP was that the specimen obtained contained
more blood. However, there was no difference between
HNP and NNP in terms of diagnostic accuracy. It therefore
appears that amount of blood in samples does not compro-
mise the histological diagnosis; blood is rarely considered
in the histological diagnosis of pancreatic tumors. Even if
a sample contains blood, blood and cell components are
visualized separately in the histological preparation.

There were some limitations in this study protocol. One
limitation was the nondouble-blind clinical setting. Most
patients presented with adenocarcinoma, and only a few
had benign tumors or other types of malignancies. In
particular, only a few patients had hypervascular tumors
(n = 4, neuroendocrine tumors). This was a crossover
study. In addition, our study could not compare the rates
of adverse events between the 2 techniques (EUS-FNA/
HNP and EUS-FHA/NNP) because the rate of adverse
events was low at 1.1% and similar to the results of a pre-
vious systematic review.”~ Although this evidence suggests
that EUS-FNA with HNP is feasible, additional study is
required to resolve these issues.

CONCLUSION

Biopsy procedures with the EUS-FNA/HNP technique
are superior to the EUS-FNA/NNP procedures in terms of
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tissue acquisition. This method is feasible and effective for
collecting specimens for the histological diagnosis of
pancreatic tumors.
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Abstract

Background Endoscopic ultrasound-guided fine needle
aspiration (EUS-FNA) provides high diagnostic accuracy
with a low incidence of procedural complications. How-
ever, it occasionally causes serious complications, and
factors that increase the susceptibility to such adverse
events remain unknown.

Aims We aimed to examine post-procedural events and
determine risk factors associated with EUS-FNA of pan-
creatic solid lesions.

Methods This single-center retrospective study included
316 consecutive patients with pancreatic solid lesions who
underwent 327 EUS-FNA procedures from April 2003 to
September 2011. We registered all patients undergoing
EUS-FNA in the database and retrospectively ascertained
the presence/absence of post-procedural adverse events.
Results The incidence of post-procedural adverse events,
including moderate to mild pancreatitis, mild abdominal pain,
and mild bleeding, was 3.4 %. Univariate analysis showed
that the incidence of post-procedural events was significantly
increased in patients with tumors less than or equal to 20 mm
in diameter (P < 0.001), those with pancreatic neuro-
endocrine tumors (PNET) (P = 0.012), and patients who
had intervening normal pancreas for accessing the lesion
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(P = 0.048). Multivariate analysis identified tumors measur-
ing less than or equal to 20 mm in diameter (OR 18.48; 95 %
CI 3.55-96.17) and case of PNETs (OR 36.50; 95 % CI
1.73-771.83) were an independent risk factors.

Conclusions EUS-FNA of pancreatic solid lesions is a
safe procedure. However, pancreatic lesions with small
diameters and pancreatic neuroendocrine tumors are
important factors associated with adverse events after
EUS-FNA.

Keywords EUS-FNA - Adverse events - Pancreatitis -
Risk factor - Pancreatic cancer - Pancreatic neuroendocrine
tumor

Introduction

Endoscopic ultrasound-guided fine needle aspiration (EUS-
FNA) is a valuable tool for obtaining histological diagno-
ses and has been widely used since it was first reported [1].
EUS-FNA provides high histological diagnostic accuracy
for pancreatic lesions, submucosal tumors, and lymph
nodes [2~10]. Although adverse events such as pancreatitis,
bleeding, and perforation are known to be associated with
EUS-ENA, the reported complication rate is extremely low
[11-16]. However, adverse events associated with EUS-
FNA have not yet been clearly defined and nor has their
severity been classified. Moreover, the risk factors for
adverse events associated with EUS-FNA procedures have
not yet been determined. The purpose of this study was to
determine the incidence of adverse events in patients
undergoing EUS-FNA who were registered in our database
and to identify risk factors for the development of post-
procedural adverse events in patients who undergo FNA of
pancreatic solid lesions.
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Patients and Methods
Patients

A total of 316 consecutive patients with pancreatic solid
lesions who underwent 327 EUS-FNA procedures from
April 2003 to September 2011 were included in the study
(Table 1). We registered all patients undergoing EUS-FNA
in the database and retrospectively ascertained the pres-
ence/absence of complications. We performed EUS-FNA
on pancreatic solid lesions because cystic tumors were a
contraindication at our center. Patients with hemorrhagic
tendencies were not included as candidates for EUS-FNA,
and those on anticoagulant therapy were instructed to dis-
continue the medication prior to the procedure. Prior to
undergoing EUS-FNA, all patients provided written
informed consent.

EUS-FNA Procedures

All patients who were scheduled to undergo FNA were
hospitalized for the procedure. EUS-FNA procedures were
performed by physicians who perform an average of 150
patients per year and have more than 10 years of experi-
ence. Blood analyses were performed less than 48 h before
EUS-FNA. All the patients were placed in the left lateral
position, and sedation was accomplished using either
intravenous diazepam (5 mg) or pethidine hydrochloride
(35 mg) along with intravenous midazolam (5 mg). The

Table 1 Baseline characteristics of pts who underwent EUS-FNA of
pancreatic solid lesions

Characteristics Values

66.5 £ 11.5 (23-92)
178:149

Age, years, mean + SD (range)
Sex, M:F
Diagnosis

Pancreatic cancer 275 (84.1 %)

Chr. pancreatitis/TFP 24 (1.3 %)
PNET 13 (4.0 %)
AIP 4 (1.2 %)
Metastatic tumor 2 (0.6 %)
SPN 2 (0.6 %)
Accessary spleen 2 (0.6 %)
Others 5 (1.5 %)
Needle size
19-guage 31 (9.5 %)
22-gauge 268 (82 %)
25-gauge 28 (8.6 %)

TFP tumor forming pancreatitis, PNET pancreatic neuroendocrine
tumor, AIP autoimmune pancreatitis, SPN solid-pseudopapillary
neoplasm

@ Springer

patients were kept fasting after the procedure and given an
antibiotic twice after the examination.

All FNA procedures were completed using a curved linear
echo endoscope (GF-UCT240, GF-UCT260; Olympus
Medical Systems, Tokyo, Japan). Basically, a 22-G needle
(EZ-shot; Olympus Medical Systems; and EchoTip Ultra;
Cook Medical, Winston-Salem, NC, USA) was used; how-
ever, a 19- or 25-G needle (EchoTip Ultra; Cook Medical)
was selected when necessary. Immediately after the tissue
samples were obtained, they were stained using the Diff-
Quik method in the presence of a cytologist to confirm the
adequacy of the sample for cytological diagnosis.

All ultrasonography images obtained during the proce-
dure were stored on a computer as electronic images. Using
these images, we retrospectively confirmed whether the
needle pass site as via normal pancreatic tissue (Fig. 1a, b).
In cases where the needle pass was via normal pancreatic
tissue, the length of the needle penetration was measured
(Fig. 1c). The length was measured using a distance mar-
ker on the ultrasonography images and assigned to one of 3
categories: <1, 1-2, and >2 cm.

Assessment of Adverse Events and Variables

Physicians and/or nurses confirmed the subjective symp-
toms and physical findings on the day following the pro-
cedure and at least 1 week later. Blood biochemical tests
were also performed for all patients to detect any abnor-
malities in laboratory data. In patients with suspected
complications, diagnostic imaging, including computed
tomography (CT), was performed as needed. Adverse
events and severity grading were defined according a report
from a workshop held by the American Society for Gas-
trointestinal Endoscopy (ASGE) [17]. Acute pancreatitis
was defined as upper abdominal pain associated with
nausea or vomiting and accompanied by at least a three-
fold elevation of serum amylase or lipase. Significant
gastrointestinal bleeding was defined as a drop in the
hemoglobin level by >2 g/dl as compared with the pre-
procedure baseline levels together with clinical evidence of
bleeding. Abdominal pain was defined as pain not caused
by pancreatitis or perforation. Because all EUS-FNA pro-
cedures were performed in the hospitalized, the period until
oral intake was used as a basis for evaluating severity
instead of the length of hospital stay. Severity was classi-
fied as mild, moderate, or severe if the patient required less
than 3 days of fasting, 4-10 days of fasting, or more than
10 days of fasting, respectively.

Statistical Analysis

Differences and linear trends in the proportions of the
categorical variables were analyzed using Fisher’s exact
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Fig. 1 Using ultrasound images, needle pass site was confirmed as
via normal pancreatic tissue. a Needle pass was not via normal
pancreas. b Needle pass via normal pancreas. ¢ In cases where the
needle pass was via normal pancreatic tissue, the length of the needle
penetration was measured. The length was measured using a distance
marker on the ultrasonography images and assigned to one of 3
categories: <1, 1-2, and >2 cm

test or the Chi square () test for trend. Student’s 7 test was
used to compare continuous variables. Multivariate analy-
sis using a logistic regression model was performed using
the forward method. The odds ratios (ORs) and 95 %
confidence intervals (95 % CI) were calculated to evaluate
the predictors of complications. Two-tailed P values of less
than 0.05 were considered statistically significant.

Results
Adverse Events and Severity Grading After EUS-FNA

Needle passes were performed for a mean of 2.78 times
using 19-, 22-, and 25-G needles for 31 (9.5 %), 268
(82.0 %), and 28 (8.6 %) procedures, respectively
(Table 1). The needle pass site was the stomach in 198
cases (60.6 %) and the duodenum in 129 cases (39.4 %).
The incidence of adverse events was 3.4 % (11 patients):
pancreatitis was noted in 6 patients (moderate in 1 case and
mild in 5 cases); mild abdominal pain in 4 patients; and
mild bleeding in | patient (Table 2). The underlying dis-
ease was pancreatic cancer in 7 cases, pancreatic neuro-
endocrine tumor (PNET) in 3 cases, and chronic
pancreatitis in 1 case. Eight cases (73 %) involved small
lesions, less than or equal to 20 mm in diameter. A 19-G
needle was used in 2 cases, and a 22-G needle was used in
the other 9 cases. Needle passes were performed 2 times in
2 cases, 3 times in 4 cases, 4 times in 3 cases, and 5 times
in 2 cases. In 9 cases (82 %), the number of needle passes
was 3 or more. The needle pass site was the via normal
pancreas in 8 cases (73 %) (Table 3). All cases were
managed by conservative therapy only.

Risk Factors for Adverse Events

The following variables were examined in the 327 patients
who underwent FNA of the pancreas: age, sex, location of
target, tumor size, tumor type (benign, PNET, or other
pancreatic tumor), site of needle pass, size of the needle
used, mean number of needle passes, whether or not the
needle pass was via the normal pancreas, and length of
needle penetration into normal pancreas tissue. The results
of univariate analysis showed that the incidence of proce-
dural complications was significantly increased in cases

Table 2 Incidence of post-procedure events after EUS-FNA

No of cases, % Severity grading

Pancreatitis 6, 1.8 Moderate 1, mild 5
Abdominal pain 4,12 Mild 4

Bleeding 1, 0.3 Mild 1

Total 11,34 Moderate 1, mild 10
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Table 3 Characteristics in case of adverse events

No. Age Sex Diagnosis Location Size  Site of Needle  No.of Presence or Length of the Adverse Severity
(mm) needle size passes absence of needle events
pass (gauge) normal pancreas  penetration

1 64 F PC Head 20 Duodenum 22 2 Presence 1-2 cm Pancreatitis Moderate

2 60 M PNET Tail 26 Stomach 19 4 Absence Pancreatitis Mild

3 83 F PC Head 18 Duodenum 22 3 Presence 12 cm Pancreatitis  Mild

4 78 F PNET Tail 8 Stomach 22 4 Absence Pancreatitis  Mild

5 61 M PC Head 32 Duodenum 22 2 Presence <1 cm Pancreatitis  Mild

6 71 M PC Head 20 Duodenum 22 5 Presence 1-2 cm Pancreatitis Mild

7 79 F PC Tail 54 Stomach 22 4 Presence <l cm Bleeding Mild

8 67 M PC Head 15 Duodenum 22 3 Absence Abdominal Mild
pain

9 75 M CP Tail 5 Stomach 22 3 Presence >2 cm Abdominal  Mild
pain

10 58 F PC Head 15 Duodenum 19 3 Presence <l cm Abdominal  Mild
pain

11 85 M  PNET Head 15 Duodenum 22 5 Presence <l cm Abdominal  Mild
pain

PC pancreatic cancer, PNET pancreas neuroendocrine tumor, CP chronic pancreatitis

involving tumors measuring <20 mm in diameter
(P < 0.001), cases of PNETS (P = 0.012), and cases with
an increased length of needle penetration (those in which
the puncture needle had to traverse normal pancreas tissue)
(P = 0.048). Because statistical significance was observed
among the 3 disease categories (benign, PNET, and other
tumors), we performed paired comparisons. The P values
for the paired comparisons were as follows: P = 0.065 for
benign versus PNET, P = 1.000 for benign versus other
tumors, and P = 0.009 for PNET versus other tumors
(Table 4). Multivariate analysis identified tumors measur-
ing less than or equal to 20 mm in diameter (OR 18.48;
95 % CI 3.55-96.17) and PNETs (OR 36.50; 95 % CI
1.73-771.83) as independent risk factors (Table 5).

Discussion

In this study, the incidence of post-procedural adverse
events was 3.4 %, which is slightly higher than that
reported in previous studies. However, a prospective study
conducted by Sendino et al. [18] reported a complication
rate of 3.1 % and a severe complication rate of 1.2 % in
219 patients undergoing EUS-FNA. Although our study
was retrospective, a certain level of accuracy was ensured
because the patients undergoing FNA were registered in a
database and were admitted to the hospital for the proce-
dure. Additionally, the clinical findings, including the
results of blood tests performed on the day after EUS-FNA,
were recorded precisely. Furthermore, we were able to
properly assess not only the patients with severe
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complications but also those who experienced mild adverse
events. Of these 11 cases, all except 1 experienced mild
adverse events. Thus, EUS-FNA appears to be a safe pro-
cedure for patients with pancreatic solid lesions.

The relationship between the incidence of adverse events
after EUS-FNA and needle size is an important issue, and a
22-G needle was our first choice. Siddiqui et al. [19] reported
that no adverse events were observed after the procedure
using either 22- or 25-G needles. In this study, the results of
both univariate and multivariate analyses suggested that
needle size was not a factor that was significantly associated
with an elevated risk of adverse events. In theory, the inci-
dence of adverse events after EUS-FNA with a larger
diameter needle was expected to be higher than that after
procedures using needles that were smaller in diameter.
Needle pass with a larger diameter needle may increase the
risk of both tissue damage and adverse events. However, in
our study, moderate pancreatitis occurred in 1 patient with
pancreatic cancer when we used a 22-G needle and a needle
pass in the duodenum (Fig. 2a). After EUS-FNA, the patient
experienced abdominal pain. Abdominal CT revealed fluid
collection around the pancreas head (Fig. 2b). We performed
asurgery to remove the pancreatic cancer 19 days after EUS-
FNA. The intraoperative findings revealed a blood clot
around the pancreas head lesion, and adhesion was con-
firmed between the pancreas head and the duodenal wall
(Fig. 2c). However, the resection was completely successful.

In this study, univariate analysis revealed the following
statistically significant risk factors for post procedural
adverse events: tumors measuring less than or equal to
20 mm in diameter, 3 or more punctures, and a greater
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Table 4 Analysis of risk factors for the complications in patients
who underwent FNA of the pancreas

Table 5 Results of logistic regression on complications after EUS-
FNA with regard to variables

With Without P value®
complications complications
n=11 n =316
Age 71.0£9.6  66.1 £ 11.4 0.163"
Sex
M:F 74 171:145 0.760
Location
Head 6 129 0.371
Body/tail 5 187
Tumor size (mm)
<20 3 268 <0.001
>20 8 48
Benign 1 34 0.012¢
PNETSs 3 11
Other tumors (PK, 7 271
sarcoma, SPN)
Site of needle pass
Stomach 5 193 0.353
Duodenum 6 123
Needle size (gauge)
25 0 28 0.263¢
22 9 259
19 2 29
Number of needle passes
<2 2 156 0.063
>3 9 160
Needle pass via the normal pancreas
Yes 8 143 0.121
No 3 173
Length of the needle penetration
Absence 3 173 0.048¢
<1 cm 4 89
1-2 cm 3 43
>2 cm 1 11

% Fisher’s exact test
® 1 test

¢ P values for paired comparisons are as follows: P = 0.065 for
benign versus PNETSs, P = 1.000 for benign versus other tumor, and
P = 0.009 for PNETSs versus tumor

4" Chi-square test for trend

length of penetration in cases where the needle pass had to
traverse normal pancreas tissue. Furthermore, in our mul-
tivariate analysis, small tumor size and PNETs were found
to be significant independent risk factors. One of the
potential causes of adverse events may be the difficulty in
performing needle passes for small lesions. Needle passes
for small tumors may be more difficult to execute than
those for large tumor masses. Occasionally, many needle
passes are required because the target is too small. In

Factor OR (95 % CI) P value
Sex (M) 1.87 (0.40-8.70) 0.424
Age 1.07 (0.99-1.16) 0.088
Tumor location (body/tail) 0.71 (0.02-21.35) 0.845
Tumor size (=20 mm) 18.48 (3.55-96.17)  <0.001
Benign Ref.

PNETs 36.50 (1.73-771.83)  0.021

Other tumor 6.76 (0.47-96.38) 0.159

Site of needle pass (Duodenum) 1.77 (0.06-53.06) 0.742

Needle size (22/25-gauge) 0.20 (0.03-1.63) 0.134

Number of needle passes (>3 time 3.56 (0.56-22.50) 0.178
Length of the needle penetration

Absence Ref.

<l cm 1.49 (0.24-9.43) 0.669

-2 cm 3.20 (0.44-23.02) 0.249

<2 cm 9.71 (0.63-148.57) 0.103

addition, back-and-forth movement is difficult. This may
lead to pancreatic damage and adverse effects such as
pancreatitis and bleeding. Moreover, the possible causes of
pancreatitis include injuries to the main pancreatic duct or
its branches. Although penetration through the normal
pancreas was not found to be a risk factor in our multi-
variate analysis, a needle pass through the normal pancreas
was more likely to be necessary for accessing small lesions,
and the possibility of injuries to the normal pancreas and
the main pancreatic duct or its branches cannot be ignored.
Vascularity of the target lesion is another factor. Our data
demonstrate that PNETs are a risk factor for adverse
events. In general, PNETSs are hypervascular tumors and
the risk of bleeding from these tumors is increased com-
pared with other tumors. When bleeding occurs around the
pancreatic parenchyma after EUS-FNA, it may cause
inflammation and lead to adverse events. These factors may
have helped identify a small tumor size and PNETs as risk
factors. Because this was a retrospective study, a pro-
spective study involving a larger number of patients is
needed to precisely determine the risk of adverse events.
The limitations of this study included the fact that it was
a retrospective analysis performed at a single center, and
only pancreatic solid lesions were included. Cystic lesions
of the pancreas, especially intraductal papillary neoplasms
(IPMN), are contraindications for EUS-FNA not only in
our center but also in many other Japanese institutions
because of the risk of tumor dissemination due to leakage
of cystic fluid. For this reason, we could only evaluate
pancreatic solid lesions. The frequency of complications
associated with pancreatic solid lesions after EUS-FNA is
low compared with that associated with cystic lesions [12,
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Fig. 2 A case of pancreatitis after EUS-FNA. a FNA was performed
using 22-gauge needle. b Abdominal CT revealed fluid collection
around the pancreas head. ¢ The intraoperative findings revealed a
blood clot around the pancreas head lesion, and adhesion was
confirmed between the pancreas head and the duodenal wall

20]. However, in our study, the rate of complications was
3.4 %, including mild cases. The possible mechanisms for
the development of adverse events differ depending on
whether the lesion is solid or cystic. Therefore, determining
the risk factors for adverse events after EUS-FNA in
patients with pancreatic solid lesions is very important.
Moreover, owing to improvements in echoendoscope and

@ Springer

needles, we can now visualize smaller lesions and attempt
to perform EUS-FNA of these lesions. For these reasons, a
clarification of the risk factors associated with EUS-FNA is
necessary.

In conclusion, EUS-FNA of pancreatic solid lesions is a
safe procedure. However, pancreatic lesions with small
diameters and PNETSs are important factors associated with
adverse events following EUS-FNA.
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Abstract

Background: We previously developed an immunotherapy treatment utilizing a cancer vaccine reagent KIF20A-66
in order to treat pancreatic cancer. KIF20A-66 is HLA-A24-restricted epitope peptide derived from KIF20A, a member
of kinesin super family protein 20A that is significantly transactivated in pancreatic cancer. In this report, we further
demonstrated non-randomized, open-label, single centered phase I/1l clinical trial of immunotherapy using the
KIF20A-66 peptide for the patients with advanced pancreatic cancer.

Methods: Vaccination was performed to the patients with metastatic pancreatic cancer, in whom gemcitabine-based
therapy had failed. In phase | study, KIF20A-66 peptide was subcutaneously injected weekly in a dose-escalation manner

3.0 mg of KIF20A-66 peptide.

as 81 cases in our and other hospitals (MST: 63 days).

Keywords: KIF20A, Peptide vaccine, Pancreatic cancer

(doses of 1.0 and 3.0 mg/body, 6 patients/1 cohort). After safety was assessed, phase il study was conducted using

Results: KIF20A-66 peptide vaccination was well tolerated in the doses we examined and tumor responses after

1 month of the treatment were evaluated. Among 29 patients who completed one course of the treatment at least,
stable disease (SD) was found in 21 cases, while progressive disease (PD) was found in 8 cases, indicating that the
disease control rate was 72%. Objective tumor shrinkage was observed in 8 cases, including 1 case of complete
response (CR). The median survival time (MST) and progression free survival time (PFS) were 142 days and 56 days,
respectively. These results clearly demonstrate that overall survival of the patients was significantly prolonged,
compared to the historical controls of 9 cases with unmatched HLA in the same hospital (MST: 83 days), as well

Conclusion: The patients vaccinated with KIF20A-66 peptide had better prognosis than the control group with best
supportive care (BSC). Thus, we concluded that KIF20A-66 vaccination is significantly effective as an immunotherapy
against advanced pancreatic cancer. KIF20A-66 peptide was well tolerable in the dose of either 1.0 mg or 3.0 mg/body,
and effectively induced peptide-specific response of cytotoxic T lymphocyte (CTL). Further clinical study using this
peptide is a promising approach for advanced pancreatic cancer to achieve high potential benefit for better prognosis.

Clinical trial registration: UMIN-CTR, number UMIN000004919

Introduction

Pancreatic cancer remains one of the most challenging
conditions to treat, due to extremely poor prognosis
with the overall five-year survival of less than 10% [1-3].
During the last decades, gemcitabine has been the
standard single-agent chemotherapy for unresectable
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pancreatic cancer [4,5]. Regarding combination chemo-
therapy, several phase III trials of gemcitabine-based
multi-drug regimens have been attempted, whereas
significant improvement in survival has not been
observed [6-14]. Although TS-1, a prodrug of 5-FU,
has been employed as a major alternative approach in
a variety of solid tumors, the single-agent treatment of
TS-1 yielded non-inferiority result against the gemcitabine
treatment [15]. After all, once pancreatic cancer became

© 2013 Asahara et al, licensee BioMed Central Ltd. This is an open access article distributed under the terms of the Creative
Commons Attribution License (http//creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.
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refractory to gemcitabine, there is virtually no effective
treatment for the patients. Hence, novel strategy providing
better survival benefit is urgently required, in particular,
for the patients with advanced pancreatic cancer.

Cancer immunotherapy is a promising approach to fight
against cancer, and thus we have conducted research and
development of peptide vaccines targeting tumor-specific
antigens [16-19]. Briefly, we identified dozens of cancer-
testis or oncofetal proteins from more than 1,000 clinical
cancer tissues using ¢cDNA microarray including 32,000
genes or ESTs [20]. Utilizing the result of this genome-
wide expression profile analysis, we tried to establish an
epitope peptide derived from the tumor-associated antigen
mentioned above, which is applicable for cancer peptide
vaccination [21,22]. KIF20A, kinesin family member 20A,
is one of the candidates of such target antigen, as it was
up-regulated in the majority of pancreatic cancer [23].
Therefore, we developed an epitope peptide, namely
KIF20A-66, restricted to HLA-A*2402 that is the most
common HLA-A allele in a Japanese population [24].
We here report the results of a phase I/II clinical trial
using KIF20A-66 mono peptide as cancer immunotherapy
for the patients with advanced pancreatic cancer.

Methods

Patient eligibility

Patients with unresectable or metastatic pancreatic cancer,
who were resistant to gemcitabine and TS-1 treatments or
unable to continue the treatment of gemcitabine or TS-1
because of severe adverse events, were enrolled in this trial
from March 2009 to February 2010 at Chiba Tokushukai
Hospital. The eligibility criteria are as follows: unresectable
pancreatic cancer with metastatic, recurrent and/or locally
advanced disease based on diagnostic imaging using
computed tomography (CT) and histological examinations.
Other entry criteria included the HLA-A*2402-positive
status, an Eastern Cooperative Oncology Group (ECOG)
performance status of 0-2, age of 20-85 vyears, life
expectancy of at least 2 months, adequate respiratory,
and liver and kidney functions for vaccination treatment.
The exclusion criteria are as follows: pregnancy or lac-
tation, active infection, other active malignancy, non-
recovered injury, and treatment with immunosuppressive
agents or steroid. Written informed consent was obtained
from each individual patient, and the study was approved
by Tokushukai Group Ethical Committee. The study
was registered at University Hospital Medical Information
Network (UMIN) Center with the Clinical Trial Regis-
tration number UMIN000004919.

Control group

Clinical data used as the control group (BSC, multi-
center, n = 81) in this study were obtained from our and
other hospitals where written informed consent was
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obtained at each institution. Clinical information of each
patient utilized in our statistical analysis includes age at
diagnosis, sex, performance status at the endpoint of
the Standard Chemotherapy, treatment status at primary
lesion, median survival time, and mean survival time. This
study was approved by the institutional review board at
each institution.

Study design and end points

This study is a non-randomized, open-label phase I/1I
clinical trial with dose escalation of KIF20A-66 peptide
mono-therapy. The primary end point of phase I part
was safety of peptide vaccination and tolerance for
phase II part. The primary end point of phase II part
was antitumor effects assessed by CT scan in accordance
with the Response Evaluation Criteria in Solid Tumors
(RECIST) criteria version 1.1. The secondary end points
were overall survival (OS), progression free survival (PFS),
immunological responses assessed by CTL induction
specific to the KIF20A-66 peptide and the injection site
reactions (ISRs). In phase II part, the information of 9
patients with best supportive care in the Chiba Tokushukai
Hospital from January 2007 to January 2009 was used
as a historical control.

Treatment protocol

After emulsified with Incomplete Freund’s adjuvant
(Montanide ISA51VG, SEPPIC, France), KIF20A-66
peptide in the amount of 1.0 or 3.0 mg/body was sub-
cutaneously administered on days 1, 8, 15 and 22 in a
28 days-treatment cycle. After two cycles of the vaccination,
the peptide was administrated once in every two weeks
until tumor progression was observed in the patient.

Toxicity assessment

The toxicity was assessed based on the Common
Terminology Criteria for Adverse Events version 3.0
(CTCAE v3.0).

Peptides

The KIF20A-66 peptide (KVYLRVRPLL) was synthesized
and its quality was analyzed by American Peptide
Company Inc. (Sunnyvale, CA). The epitope peptide
derived from HIV-Env peptide (RYLRDQQLL), restricted
to HLA-A*2402, was used as a control to evaluate
CTL response.

Enzyme-linked immunospot (ELISPOT) assay

To evaluate the peptide-specific CTL response, ELISPOT
assay was performed after in vitro sensitization [16].
Briefly, frozen Peripheral Blood Mononuclear Cells (PBMC)
derived from the same patient were thawed, cultured
with respective peptide and IL-2 (Novartis, Emeryville,
CA) (IVS), and harvested after two weeks. Followed by
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CD4* cell depletion, IFN-y ELISPOT assay was performed
utilizing HLA-A*2402-positive TISI cells (IHWG Cell and
Gene Bank, Seattle, WA) stimulated by either vaccinated
peptide or HIV-Env peptide (as control). Reaction in a
MultiScreen-IP 96-plate (Millipore, Bedford, MA) was
measured by an automated ELISPOT reader, Immuno-
SPOT S4 (Cellular Technology Ltd, Cleveland, OH)
with ImmunoSpot Professional Software Version 5.0
(Cellular Technology Ltd). All ELISPOT assays were
performed in triplicate. The number of peptide-specific
spots was calculated by subtracting the number of the
spots of control cells from that of the cells stimulated by
vaccinated peptide. The peptide-specific T cell response
was classified into four grades (-, +, ++, and +++), ac-
cording to the algorithm flow chart described in our
previous report (+++ : the content rate of CTL is more
than 0.2% , ++ : 0.02 - 0.2%, + : 0.01 - 0.02%, —: less than
0.01%) [25]. Sensitivity of ELISPOT assay was estimated
as approximate average level utilizing proficiency panels
conducted by Cancer Immunotherapy Consortium (CIC)
in 2009 and 2011 [26].

Flow cytometry

Expression of peptide specific T cell receptor (TCR) was
examined by FACS-Cantoll (Becton Dickinson, San Jose,
CA) using KIF20A-66/HLA-A*2402 dextramer-PE (KI
F20A-dextramer) according to the manufacturer’s in-
struction (Immudex, Copenhagen, Denmark). HIV-A24
epitope peptide (RYLRDQQLL)/MHC-dextramer (HIV-
dextramer) was used as negative control. Briefly, cells
were incubated with peptide-HLA-A*2402 dextramer-PE
for 10 minutes at room temperature, then treated with
FITC-conjugated anti-human CD8 monoclonal antibody
(mAb), APC-conjugated anti-human CD3 mAb, PE-
Cy7-conjugated anti-human CD4 mAb, and 7-AAD
(BD Biosciences, San Jose, CA) at 4°C for 20 minutes.
Analysis gate was set on the staining profiles using
HIV-dextramer, and positive cell percentage (dextramer™
cells/CD3* CD4” CD8" cells) was calculated by subtracting
the percentage of HIV-dextramer® from that of KIF20A-
dextramer™.

Statistical analysis

StatView version 5.0 (SAS Institute Japan Ltd., Japan)
was used for statistical analysis. TTP and OS curves
were estimated using the Kaplan-Meier methodology
and analyzed with a log-rank test. Mann—Whitney U
test and Chi-square test were used to compare patient
characteristics.

Results

The peptide vaccine treatment

A total of 31 patients with chemotherapy-refractory
pancreatic cancer were enrolled in this trial. 16 patients
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had unresectable tumor and 15 had recurrent one after
surgery. Tables 1 and 2 indicate clinicopathological
information of the 31 patients, as well as the patients
in control group, who received best supportive care in
our and other hospitals (Table 1). The peptide in the
amount of either 1.0 mg or 3.0 mg per body was examined
in this phase I/II study. These dosages were well tolerated
in the 31 patients with advanced pancreatic cancer. There
is no severe adverse event (SAE) related to the peptide
vaccine in the 1.0 mg/body-injected group, except the
immunological response at injection sites. As well, no
SAE was observed in the first 6 patients in the 3.0 mg/
body-injected group during the first cycle in the treatment.
Hence, we determined that 3.0 mg per body is an
appropriate dose for phase II part in this study.

Immunological injection site reactions (ISRs) of all
the 31 patients were evaluated. Clinical responses of 29
patients out of 31, who received at least one treatment
cycle (4 injections), were evaluated by immuno-monitor-
ing. ISRs, including adverse reactions on the skin in grades
1-3, was observed in 23 patients out of 29. It should be
noted that there were two patients who were incompatible
with further vaccination treatment due to the exclusion
criteria, such as autoimmune hepatitis and interstitial
pneumonia. The patient, who experienced grade 3
autoimmune hepatitis after 11 months of vaccination,
was recovered after drug withdrawal. Another patient
with the interstitial pneumonia was well recovered by
hospital treatment without any steroid therapy. In these
cases, we could not rule out the possibility whether
these adverse events were related to vaccine treatments
or not.

Clinical outcomes of eligible patients

Among the 29 patients examined in this trial, 21 patients
yielded the status of “stable disease” (SD), while 8 resulted
in “progressive disease” (PD) after one cycle of the
treatment (injections of the peptide vaccine for 4 times)
(Table 2). The rate of disease control at the time of one
cycle was calculated to be 72%. 8 patients showed
objective tumor response at target lesions (Figure 1).
On the other hand, according to RECIST criteria, the
other patients were not classified as partial response
(PR), since the ratio of tumor shrinkage was insufficient.
One patient (case 9) achieved “complete response” (CR)
after SD over the long term (Table 2, Figures 1a, 2, and 3).
The rate of objective response to the total was calculated
to be 25.8%.

Case 9 describes a 33-year-old female ended up with
CR after 25 months including a long period of SD
{Figure 1a). This patient underwent pancreatoduode-
nectomy in November 2008 and was diagnosed with
giant cell pancreatic cancer. Adjuvant chemotherapy
utilizing gemcitabine was discontinued at the one course
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Table 1 Clinical status and profile of the patients
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KIF20A peptide vaccine treatment

Best supportive care

Chiba (n=31) * Chiba (n=9) * Multi-center (n=81) **
Age (average, (range)) 613 (33-80) 64 (53-82) 645 (41-85)
Sex (Male: Female) 17:14 5:4 4932
Performance status (0:1:2:3) 11:8:12:0 1:3:32 13:28:36:0 ***
Status of primary lesion (Resected: Unresected) 15: 1:8 23:58
Median survival time (days) 1420+ 237 830+335 620+65
Mean survival time (days) 17184238 9334148 9111116

*, Clinical data obtained at our institution, Chiba Tokushukai Hospital.

** Clinical data of Multi-center (n = 81) include those obtained from Chiba and other three hospitals.

*** 4 cases were excluded, since Performance Status was not determined.

of drug administration, due to severe adverse reactions
including hematopoietic toxicity. In February 2009,
a progressive solitary liver metastasis was diagnosed
(Figure 1a). There was no clinical sign of inflammation
at the time of April 13th, 2009. White blood cell count
(2.8 x 10°/p-1) and CRP level (0.02 mg/dl) were
within normal limits. Vaccination started on April 23rd,
2009, and the tumor kept stable condition during the
administration. After 8 months, shrinkage of the tumor
size was observed. Vaccination was discontinued after
11 months, because the level of liver enzyme was increased
and thus autoimmune hepatitis was suspected. None-
theless, the tumor continued to shrink and became
undetectable by CT 25 months after the start of
administration. At the time of the submission of this
manuscript, there is no sign of relapse or metastasis,
and the general condition of the patient has been kept
well with the performance status (PS) of zero.

Case 14 reports a 60-year-old male who showed object-
ive response (Figure 1b). After pancreatoduodenectomy,
gemcitabine treatment started in October 2008 and liver
metastasis was found 3 months later. Followed by TS-1
chemotherapy, we found that metastatic lesions in the
liver progressed after the condition of SD during 3 cycles
of TS-1 treatment. After 1 cycle of the peptide vaccine,
one target lesion of liver metastases located at S8 was
shrunken. This lesion kept shrinking until September
2009, and became hardly detectable by CT scan. Similarly,
a metastatic lesion in the lymph node was significantly
shrunken until September 2009. However, the other
target lesion (S4) in the liver showed no response to
the vaccine treatment and the tumor progression was
promoted after 2 cycles. Finally, the patient died at
220 days after the start of the vaccination.

In case 24, a 74-year-old male also showed objective
response (Figure 1lc). After distal pancreatectomy in
August 2007, adjuvant chemotherapy utilizing gemcitabine
was performed for 6 months and then switched to TS-1
because of the side effect. Bone metastasis was found in
the xiphoid process by CT scan in April 2009. Radiation

therapy was performed to the xiphoid process in May
2009, but the tumor did not respond well. The patient
was enrolled into the peptide vaccine trial in July 2009
after one month of cooling off period. Bone metastasis
started to shrink after one cycle of the peptide vaccine
treatment. The precordial pain was rapidly diminished
and well controlled without opioid treatment. After the
5th shot of the peptide, Grade 3 interstitial pneumonia
was observed and the treatment was discontinued. The
patient was hospitalized in one week of treatment without
any steroid therapy and then well recovered. Even without
the vaccination, pain was well controlled and tumor
markers kept decreasing for the next two months.
After the re-progression of the disease, gemcitabine
was administered and no clinical effect was observed.
Since the patient desired to receive the peptide vaccine
again, we obtained an approval of the re-entry of this
case from the Ethical committee. The vaccine treat-
ment was restarted with careful monitoring, while
neither adverse events nor clinical effect was observed
in this second round of drug administration. His overall
survival period from the first day of administration was
495 days.

The median overall survival time of 31 patients was
142 days, and the progression free survival period was
56 days (Figures 4a and 4b). In comparison with the
control group without the vaccine treatment, who are
the patients visited Chiba Tokushukai Hospital in the
period between January 2007 and January 2009 (MST:
83 days), overall survival of the patients with the
KIF20A-peptide vaccination was statistically significant
(p=0.0468, MST: 142 vs. 83 days) (Figure 4c). Moreover,
MST of the patients who received BSC was 63 days.
Compared to the control group in multi-center, Overall
Survival of the vaccinated patients was significantly
improved (p = 0.0020, MST: 142 vs. 63 days) (Figure 4c).
Taken together, we concluded that the cancer vac-
cination utilizing KIF20A-derived peptide was signifi-
cantly effective as immunotherapy against advanced
pancreatic cancer.
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Table 2 Patient characteristics and clinical responses

Gee — I

No. Age  Sex Target lesion Dose of Number Clinical Objective Response lesion Injection site CTL response
peptide (mg) of injection response* Response reaction(Grade) Pre-vaccination Post-vaccination**
1 75 M Local LNs 1 4 PD 0 N.A. +
2 57 F Local 1 11 PD 1 ++ ++
3 72 M Liver 1 3 - 0 N.T. NT.
4 60 M Lung, local LNs 1 19 sD Yes Lung metastasis 2 + -
5 72 F Primary , liver 1 12 PD 1 + +++
6 65 F Liver 1 4 PD 0 + +
7 61 F Local , liver 3 14 SD 2 + +++
8 57 F Primary, liver 3 10 SD 2 ++ +A+
9 33 F Paraaortic LNs 3 29 SD Yes(CR) Liver metastasis 3 N.A. et
10 76 M Liver 3 12 PD 2 - ++
11 55 F Primary, lung 3 17 SD 1 + -
12 58 M Primary 3 5 PD 0 - -
13 58 F Live, lung, LNs 3 10 SD 1 - ++
14 60 M Liver, LNs 3 17 SD Yes Liver metastasis, LNs 2 +++ et
15 80 F Liver, LNs, fung 3 5 PD 0 - +
16 58 M Primary, liver, lung 3 13 PD 1 - ++
17 49 M Parimary 3 17 b 2 + 4+
18 62 M Primary, liver, LNs 3 7 SD 1 - +++
19 61 M Primarym, liver, lung, LNs 3 11 SD 2 - +
20 58 M LNs, lung 3 25 Sb 2 + +++
21 47 M Primary, liver 3 13 SD 1 - +
22 71 F Liver, local LNs 3 7 SD Yes Liver metastasis 2 NA. ++
23 50 M Local, LNs 3 6 sSD 0 N.A. -
24 74 M Bone 3 21 SD Yes Bone metastasis 2 NA. +4+
25 69 F Primary 3 2 - 0 NT. NT.
26 80 M Liver, lung 3 18 SD 1 + +++
27 44 M Liver, lung, local LNs 3 24 sD Yes Lung and liver metastasis 1 + -
28 61 F Peritoneal, local LNs 3 9 SD Yes Peritoneal metastasis 0 - -
29 46 M Liver 3 10 SD 2 - +++
30 64 F Liver 3 9 SD 2 - +++
31 68 F Liver 3 9 SD Yes Liver metastasis 2 + +++
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