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ACTN4 copy number increase as a predictive
biomarker for chemoradiotherapy of locally
advanced pancreatic cancer

T Watanabe'?, H Ueno®, Y Watabe', N Hiraoka®, C Morizane?, J Itami®, T Okusaka®, N Miura', T Kakizaki®,
T Kakuya1, M Kamita', A Tsuchida?, Y Nagakawa?, H Wilber®, T Yamada' and K Honda*"

'Division of Chemotherapy and Clinical Research, National Cancer Center Research Institute, 5-1-1, Tsukiji, Chuo-ku, Tokyo
104-0045, Japan; “Department of Gastrointestinal and Pediatric Surgery, Tokyo Medical University, Tokyo 160-0023, Japan;
’Hepatobiliary and Pancreatic Oncology Division, National Cancer Center Hospital, Tokyo 104-0045, Japan; *Division of Molecular
Pathology, National Cancer Center Research Institute, Tokyo, 104-0045 Japan; *Division of Radiation Oncology, National Cancer
Center Research Institute, Tokyo 104-0045, Japan and ¢Abnova, 9th Floor, No. 108, Jhouzih Street, Neihu District, Taipei City 114,
Taiwan

Background: Several clinical trials have compared chemotherapy alone and chemoradiotherapy (CRT) for locally advanced
pancreatic cancer (LAPC) treatment. However, predictive biomarkers for optimal therapy of LAPC remain to be identified.
We retrospectively estimated amplification of the ACTN4 gene to determine its usefulness as a predictive biomarker for LAPC.

Methods: The copy number of ACTN4 in 91 biopsy specimens of LAPC before treatment was evaluated using fluorescence in situ
hybridisation (FISH).

Results: There were no statistically significant differences in overall survival (OS) or progression-free survival (PFS) of LAPC
between patients treated with chemotherapy alone or with CRT. In a subgroup analysis of patients treated with CRT, patients with
a copy number increase (CNI) of ACTN4 had a worse prognosis of OS than those with a normal copy number (NCN) of ACTN4
(P=0.0005, log-rank test). However, OS in the subgroup treated with chemotherapy alone was not significantly different between
patients with a CNI and a NCN of ACTN4. In the patients with a NCN of ACTN4, the median survival time of PFS in CRT-treated
patients was longer than that of patients treated with chemotherapy alone (P=0.049).

Conclusions: The copy number of ACTN4 is a predictive biomarker for CRT of LAPC.

Despite progress in clinical cancer medicine in the fields of imaging
technology, surgical management, therapeutic modalities and
molecular-targeted therapy, the prognosis of pancreatic cancer
has remained dismal. Every year in Japan, ~27000 patients are
diagnosed with pancreatic cancer, with almost the same number
dying from this disease (Mayahara et al, 2012). Indeed, the 5-year
overall survival (OS) rate of patients with pancreatic cancer is
<5% (Johung et al, 2012).

Locally advanced pancreatic cancer (LPAC) is defined as a
surgically unresectable disease without detectable metastasis.
Effective therapy for patients with LAPC is not only crucial for

any hope of long-term survival, but also necessary for symptom
management. Because survival rates for patients with LAPC are
generally low, treatment recommendations often involve aggressive
multimodal therapies (Savir et al, 2013). A multidisciplinary
approach involving surgical oncologists, medical oncologists and
radiation oncologists is strongly recommended for balanced
discussion of management options (Pawlik et al, 2008; Katz et al,
2013; Mian ef al, 2014).

At present, treatment options for LAPC include chemotherapy
alone, induction chemotherapy followed by chemoradiotherapy
(CRT) or definitive CRT. Numerous randomised trials have been
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performed to compare the survival benefit between chemotherapy
alone and CRT for LAPC (Chauffert et al, 2008; Loehrer et al,
2011). Nevertheless, as there are some contradictory results, the
most effective treatment has not yet been defined for patients with
LAPC (Savir et al, 2013; Mian et al, 2014). Radiotherapy focussed
on the primary site does not have a direct impact on distant
metastatic lesions and radiotherapy should therefore be limited to
patients without metastases (Berger et al, 2008). If pancreatic
cancer oncologists can accurately evaluate the occult distant
metastasis before deciding the therapeutic strategy, they should
be able to choose the optimal therapy for individual patients with
LAPC. However, it is not yet possible to accurately detect
micrometastatic lesions using imaging technology. Therefore,
elucidation of biomarkers that can accurately evaluate metastatic
potential from biopsy samples obtained from patients with LAPC
is very important for deciding the best personalised therapeutic
strategy from multimodal therapies.

In 1998, we identified actinin-4 (gene name ACTN4) as an
actin-binding protein that is closely associated with cancer
invasion and metastasis (Honda et al, 1998; Hayashida et al,
2005). Immunohistochemical analysis (IHC) showed that over-
expression of the actinin-4 protein was significantly correlated
with a poor prognosis for breast (Honda et al, 1998), pancreas
(Kikuchi et al, 2008), ovary (Yamamoto et al, 2007, 2009, 2012)
and lung cancer (Miyanaga et al, 2013; Noro et al, 2013).

We subsequently found that gene amplification of ACTN4,
which is the gene name of the actinin-4 protein, is responsible for
overexpression of the actinin-4 protein in a number of pancreatic
cancer patients (Kikuchi et al, 2008). Using fluorescence in situ
hybridisation (FISH), we then reported that gene amplification of
ACTN4 is a good biomarker for identification of patients with a
poor prognosis for ovarian cancer (Yamamoto et al, 2009), salivary
gland carcinoma (Watabe et al, 2014) and stage-I adenocarcinoma
of the lung (Noro et al, 2013).

In this study, we retrospectively investigated the status of
actinin-4 protein expression and ACTN4 copy number in biopsy
samples of LAPC patients. We confirmed the possibility that
ACTN4 copy number is useful as a predictive and prognostic
biomarker of CRT for LAPC.

Patients. A total of 91 patients who were diagnosed as having LAPC
from May 2001 until December 2003 underwent chemotherapy
alone or CRT at the National Cancer Center Central Hospital
(Tokyo, Japan). All patients were diagnosed as adenocarcinoma of
the pancreas by fine needle biopsy. This study was reviewed and
approved by the institutional ethical committee and informed
consent was obtained from the patients for this study.

At first diagnosis, multidetector computed tomography (CT)
involving the chest and abdomen was performed for assessment of
the local extension of the primary tumour, and for exclusion of
distant metastasis. The - CT-based criteria regarding tumour
unresectability included enhancement or occlusion of the coeliac
trunk, common hepatic artery, superior mesenteric artery or aorta
(Ikeda et al, 2007; Mayahara et al, 2012).

Immunohistochemistry. Formalin-fixed, paraffin-embedded (FFPE)
pathology blocks, which were made to diagnose the biopsy specimens,
were cut into 4 um-thick sections.

An anti-actinin-4 monoclonal antibody was established by our
group (Miyanaga et al, 2013; Noro et al, 2013) (Abnova, Taipei,
Taiwan). Immunostaining of actinin-4 was performed using the
Ventana DABMap detection kit and an automated slide stainer
(Discovery XT; Ventana Medical System, Tucson, AZ, USA)
(Watabe et al, 2014). The immunohistochemical staining of

actinin-4 was classified into two groups: positive and negative.
Positive was defined as strong protein expression of actinin-4 in
the cytoplasm and cell membranes of cancer cells. Negative was
defined as no detection of actinin-4 protein in cancer cells or weak
expression of actinin-4 in the cytoplasm or cell membrane of
cancer cells (Figure 1). Two independent investigators (TW and
YW) who had no clinical information about these cases evaluated
the staining pattern.

Fluorescence in situ hybridisation. The FISH probes of the
bacterial artificial chromosome (BAC) clone containing ACTN4
were prepared by our group (Noro et al, 2013) (Abnova). The
labelled BAC clone DNA was subjected to FISH as previously
described. Sections that were cut from an FFPE biopsy block (4 um
thick) were hybridised with FISH probes at 37°C for 48h. The
nuclei were counterstained with 4,6-duamidino-2-phenylindone.
The number of fluorescence signals corresponding to the copy
number of ACTN4 in the nuclei of 20 interphase tumour cells was
counted (TW and YW) (Watabe et al, 2014).

The FISH patterns were defined as described previously. Briefly,
the biopsy samples were grouped as normal copy number (NCN)
(two or fewer ACTN4 signals in >90% of cells) and copy number
increase (CNI) (four or more ACTN4 signals in >10% of the
tumour cells) (Figure 1) (Watabe et al, 2014).

Statistical analysis. Significant correlations were detected by using
Fisher’s exact test. Overall survival and progression-free survival
(PES) were measured as the period from first diagnosis to the event
or last follow-up and were estimated by Kaplan-Meier analysis.
Significant differences between curves of OS or PFS were assessed
using the log-rank test. Univariate and multivariate analyses for
death were performed using the Cox regression model. Data were
analysed using the StatFlex statistical software package (version 6.0;
Artiteck, Osaka, Japan) or the R-project (http://www.r-project.org/)
(Honda et al, 2005, 2012; Noro et al, 2013).

Patient characteristics and survival benefit comparison between
chemotherapy alone and CRT. In all, 34 patients with LAPC
underwent chemotherapy alone. The regimens of chemotherapy
alone comprised gemcitabine (GEM) alone (n=29), combination
of GEM and erlotinib (n=1), combination of GEM and S-1
(n=3) or S-1 alone (n=1). A total of 57 patients with LAPC
underwent CRT. The regimens of CRT comprised radiotherapy
(RT) and 5-fluorouracil (5-FU) (n=39), RT and GEM (n=10)
and RT and S-1 (n=_8). The median age of patients and tumour
size for all of the cases was 63.0 years and 37.4 mm, respectively.
Statistical significances of patient characteristics with respect to
age, gender, Eastern Cooperative Oncology Group Performance
Status (PS), tumour size, lymph node metastasis and location of
tumours were calculated. No statistically significant differences
were observed between any of these factors and chemotherapy
alone or CRT (Table 1).

The statistical significance of differences between the benefit of
chemotherapy alone and that of CRT for OS and PFS was also
calculated. In the absence of biomarker selection, no statistically
significant differences in survival benefits in terms of OS and PFS
were found between patients treated with chemotherapy alone and
those treated with CRT (Figure 2).

Prognostic impact of protein expression of actinin-4 in patients
with LAPC. We previously showed that protein overexpression of
actinin-4 is a prognostic biomarker for resectable invasive
ductal adenocarcinoma of the pancreas (Kikuchi et al, 2007).
We investigated the protein expression level of actinin-4 in LAPC
by using IHC. The 91 patients with LAPC were classified into one

2
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Figure 1. Immunohistochemical (IHC) and fluorescence in situ hybridisation (FISH) analyses of representative actinin-4 protein expression
and ACTN4 copy number, respectively, in LAPC biopsy specimens. (A-F) Immunohistochemical analysis of actinin-4 protein expression.
Representative cases of no expression (A, B), weak expression (C, D) and strong expression (E, F) of actinin-4 protein in LAPC cells. (A), (C) and (E)
are low-magnitude images. (B), (D) and (F) are high-magnitude images of regions of (A), (C) and (E), respectively. (G, H) Fluorescence in situ
hybridisation analysis of representative cases with a copy number increase (CNI) in ACTN4.

www.bjcancer.com | DOI:10.1038/bjc.2014.623 3



BRITISH JOURNAL OF CANCER

Copy number increase of ACTN4 in LAPC

Table 1. Baseline patient characteristics

| Total L CRT L cT '
Characteristic Number % Number % Number % P-value*
Median age, years (63.0) 0.0501
<63.0 45 49.5 32 56.1 13 38.2
>63.0 46 50.5 25 43.9 21 61.8
Gender 1
Male 53 58.2 33 57.9 20 58.8
Female 38 41.8 24 421 14 41.2
PS 0.2681
0 26 28.6 17 29.8 9 26.5
1 63 69.2 40 70.2 23 67.6
2 2 2.2 0 0.0 2 5.9
Median tumour size, mm (37.4) 0.3862
<37.4mm 44 484 14 41.2 30 52.6
>37.4mm 47 51.6 20 58.8 27 47.4
Lymph node metastasis 1
Negative 64 70.3 40 70.2 24 70.6
Positive 27 29.7 17 29.8 10 29.4
Location of the tumour 0.0501
Head of pancreas 43 47.3 22 38.6 21 61.8
Body or tail of pancreas 48 52.7 35 61.4 13 38.2
CA19-9
<1000Umi~1 62 68.1 39 68.4 23 67.6 1
>1000Umi~’ 29 31.9 18 31.6 1 324
Abbreviations: CRT = chemoradiotherapy; CT = chemotherapy; PS = Eastern Cooperative Oncology Group Performance Status. *P-value: Fisher's exact test (two sided).

P=0.567
O ¢
HR 0.876

(95% Cl; 0.561~1.368)

OS rate

0 10 20 30 40 50 60
Months

HR 0.700
(95% Cl; 0.4531-1.080)

PFS rate

0 10 20 30 40
Months

Figure 2. Kaplan—Meier analyses of overall survival (OS) and progression-free survival (PFS) in all locally advanced pancreatic cancer (LAPC)
cases. The survival curves of all LAPC patients treated with chemotherapy alone (CT, blue lines) or with chemoradiotherapy (CRT, red lines) are
shown. Statistically significant differences in OS (A) and PFS (B) were calculated using a log-rank test. Median survival time (MST) is shown in
months (M). The clinical benefit of CT vs CRT was calculated by univariate Cox regression analysis (hazard ratio (HR) and 95% confidence interval
(95% Cl)). The y axis is the rate of OS or PFS, and the x axis is the time after first diagnosis (months).

of two groups based on actinin-4 protein expression; positive (66
patients, 72.5%) and negative (25 patients, 27.5%). We investigated
correlations between protein expression of actinin-4 and the
following patient characteristics: age, gender, PS, size of tumour,
lymph node metastasis and treatment strategy (chemotherapy
alone or CRT). Protein expression of actinin-4 was statistically
correlated with tumour location (P=0.0379; Table 2).

We determined whether protein expression of actinin-4
provided benefit for OS to patients with LAPC by comparing the
OS of cases of LAPC with and without actinin-4 expression (total,
n=091). No statistically significant difference in OS between

actinin-4 protein-positive and -negative cases was found
(P=0.116, log-rank test; Figure 3A). However, although a
statistical significance was not found by Kaplan-Meier analysis,
the median survival time (MST) of OS of cases positive for
acitinin-4 protein was 10.9 months, which was shorter than the
MST of the negative cases (14.8 months) by 3.9 months
(Figure 3A).

Determination of the copy number of ACTN4 by FISH, and
prognostic impact of copy number of ACTN4 for LAPC. It is
known that gene amplification of ACTN4 is responsible for

4
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! Actinin-4 IHC H ACTN4 FISH 1
Characteristic Positive % Negative % P-value* | Positive % Negative % P-value*
Median age, years (63.0) 0.159 0.41
<63.0 36 54.5 9 36.0 9 60.0 36 47.4
>63.0 30 45.5 16 64.0 6 40.0 40 52.6
Gender 0.6348 0.02
Male 37 56.1 16 64.0 13 86.7 40 52.6
Female 29 43.9 9 36.0 2 13.3 36 47.4
PS 0.3506 0.679
0 21 31.8 5 20.0 3 20.0 23 30.3
1 44 66.7 19 76.0 12 80.0 51 67.1
2 1 1.5 1 4.0 0 0.0 2 2.6
Tumour size 0.8647 1
<37.4mm 33 50.0 12 48.0 7 46.7 38 50.0
=37.4mm 33 50.0 13 52.0 53.3 38 50.0
Lymph node metastasis 0.4478 0.059
Negative 48 727 16 64.0 7 46.7 57 75.0
Positive 18 27.3 9 36.0 53.3 19 25.0
Location of the tumour 0.0379 0.156
Head of pancreas 31 47.0 18 720 10 66.7 33 43.4
Body or tail of pancreas 35 53.0 7 28.0 5 333 43 56.6
CA19-9 0.451 0.227
<1000Uml~? 43 65.2 19 76.0 53.3 54 711
>1000Um| " 23 34.8 6 24.0 46.7 22 28.9
Therapy 1 1
CT 25 37.9 9 36.0 6 40.0 28 36.8
CRT 41 62.1 16 64.0 9 60.0 48 63.2
Abbreviations: ACTN4 = actinin-4; CRT = chemoradiotherapy; CT = chemotherapy; FISH =flucrescence in situ hybridisation; IHC = immunohistochemistry; PS = Eastern Cooperative Oncology
Group Performance Status. *P-value: Fisher's exact test (two sided). Bold entries indicate statistically significance.

overexpression of actinin-4 protein in a number of patients with
pancreatic cancer. In addition, gene amplification of ACTN4
predicts a poorer prognosis than protein overexpression of actinin-
4 in ovarian (Yamamoto et al, 2009), lung (Noro et al, 2013) and
salivary gland cancer (Watabe et al, 2014). To evaluate the
significance of ACTN4 as a prognostic factor for LAPC, we
determined the copy number of ACTN4 in patients with LAPC by
FISH. Of the 91 LAPC patients whom we examined, 76 patients
were classified as NCN (83.5%) and 15 patients were classified as
CNI (16.5%). Although only 1 of the 25 cases who were negative
for actinin-4 protein (4.0%) had a CNI of ACTN4, 14 of the 66
cases who were actinin-4 protein positive (21.2%) had a CNI of
ACTN4 (Table 3). We also analysed association of the ACTN4 copy
number, as assessed by FISH analysis, with clinicopathological
characteristics. There were statistically significant differences
between gender and copy number of ACTN4 (P =0.02; Table 2).

When all cases of LAPC were considered, the difference in OS
between cases with a CNI and those with NCN of ACTN4 was
statistically significant (P =0.0019, log-rank test). The MST of OS
in the cases with a CNI of ACTN4 (8.7 months) was also
significantly shorter than the MST of NCN cases (13.7 months) by
5 months (P =0.0019; Figure 3B).

Prognostic impact of the serum level of CA19-9 in patients with
LAPC. The serum level of CA19-9 has been reported to be a
prognostic factor for patients with LAPC (Berger et al, 2008;
Mayahara et al, 2012; Yang et al, 2013). We confirmed the
usefulness of the serum level of CA19-9 as a prognostic factor for
patients with LAPC in our study. The LAPC patients were

classified into one of two groups: CA19-9 high expression
(>1000Uml™") and CA19-9 low-intermediate expression
(<1000Uml™Y), as previously described (Mayahara et al, 2012).
There was a statistically significant difference in OS between the
CA19-9 high-expression group and the CA19-9 low-intermediate-
expression group (P=0.0003, log-rank test; Supplementary
Figure 1). The MST of the CA19-9 high-expression group was
9.3 months, which was shorter than the MST of the CA19-9 low-
intermediate-expression group (14.6 months) by 5.3 months.

Univariate analysis indicated that the risk factors for death of
LAPC patients were: lymph node metastasis, serum level of CA19-
9 (cutoff value; 1000 Uml ™) and copy number status of ACTN4.
The hazard ratios (HRs) for the death of patients with LAPC of
lymph node metastasis, CA19-9 and a CNI of ACTN4 were: 1.606
(95% confidence interval (CI); 1.008-2.560, P=0.0463), 2.354
(95% CI; 1.479-3.761, P=0.0003) and 2.531 (95% CI; 1.394-4.597,
P=0.0023), respectively. By multivariate analysis, the serum level
of CA19-9 (HR; 2.325, 95% CI; 1.416-3.818, P =0.0009) and a CNI
of ACTN4 (HR; 2.645, 95% CI; 1.439-4.861, P=0.0017) were
independent risk factors for the death of patients with LAPC. The
HR of CNI of ACTN4 (HR; 2.531) was slightly higher than that of
the serum level of CA19-9 (HR; 2.354; Table 4).

Evaluation of OS in subgroup analyses of treatment strategy
with copy number of ACTN4. A biomarker that can evaluate the
potential for metastatic activity in tumour cells has the possibility
of use as a predictive biomarker of CRT. It is known that ACTN4 is
an oncogene that is associated with cancer metastasis and cell
invasion. In order to evaluate the benefit for OS based on the copy

www.bjcancer.com | DOI:10.1038/bjc.2014.623
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Figure 3. Kaplan-Meier analyses of survival relative to protein expression of actinin-4 and copy number of ACTN4. (A) Overall survival (OS)
curves based on protein expression of actinin-4. The blue line represents patients with negative expression of actinin-4. The red line represents
patients with positive expression of actinin-4. (B-D) The OS curves based on ACTN4 copy number status in all cases (n=91) (B), in the subgroup
treated with chemotherapy alone (Chemo alone, n=34) (C) and in the chemoradiotherapy (CRT)-treated subgroup (n=57) (D). The blue lines
represent patients who were evaluated as normal copy number (NCN) of ACTN4. The red lines represent patients who were evaluated as
copy number increase (CNI) of ACTN4. Statistical parameters were calculated as described for Figure 2. The y axis is the rate of OS, and

the x axis is the time after first diagnosis (months).

[Copy number status of ACTN4

Status of

actinin-4

with [HC NCN (%) CNI (%) Total | P-value*
Negative 24 (96.0) 1{4.0) 25 0.042
Positive 52 (78.8) 14 (21.2) 66

Total 76 (83.5) 15 (16.5) 91

Abbreviations: ACTN4= actinin-4; CNl=copy number increase; IHC=immunohisto-
chemistry; NCN =normal copy number. *P-value: Fisher's exact test (one sided). Bold

entry indicates statistically significance.

number status of ACTN4 for each treatment strategy, the patients
with LAPC were classified into one of two subgroups on the basis
of treatment strategies: a chemotherapy-alone group and a CRT
group. We then analysed the impact of the copy number status of
ACTN4 on OS of each subgroup. No statistical significance was
observed between OS of patients with a NCN and with a CNI of
ACTN4 in the chemotherapy-alone subgroup (P =0.294, log-rank
test). The MST of CNI and NCN of ACTN4 patients was almost
the same at 8.7 and 10.3 months, respectively (Figure 3C).

Univariate Cox regression analysis indicated that the HR for death
of CNI patients compared with NCN patients was 1.64 (95% CI;
0.653-4.092) in the chemotherapy-alone subgroup, and no
statistically significant difference was found between CNI and
NCN patients in the chemotherapy-alone subgroup (P=0.291).

In contrast, in the subgroup who underwent CRT, the OS
of CNI of ACTN4 patients was significantly worse than that
of patients with a NCN (P = 0.0005, log-rank test), and the MST of
CNI of ACTN4 patients (6.0 months) was definitely shorter than
that of NCN of ACTN4 patients (14.1 months; Figure 3D).
Univariate Cox regression analysis of the CRT groups indicated
that the HR for death of CNI patients compared with that for NCN
patients was 4.066 (95% CI; 1.773-9.322), and the difference
between CNI and NCN groups was statistically significant
(P=0.0009). The HR for death in the comparison between CNI
and NCN of ACTN4 (4.066) patients in the CRT subgroup was
higher than that of the HR in the comparison between the CNI and
NCN of ACTN4 patients in all 91 cases (HR; 2.531; Table 4).

We also calculated the prognostic impact of the serum level of
CA19-9 in each subgroup of therapeutic strategy 6n OS. The OS of
patients with high expression of CA19-9 was significantly worse
than that of patients with low-intermediate expression of CA19-9
in both subgroups of the chemotherapy-alone group (P=0.00218,
log-rank test; Supplementary Figure 2) and the CRT group
(P =0.0095; Supplementary Figure 3).
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Median tumour size, mm (37.4) el e
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Lymph node metastasis G : ity , e
Negative/positive | 1.606 | 1.008-2.560 | 0.0463 [ 1.199 | 076541978 | 0.0740
Location of the tumour g e T 2 T : :
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Abbreviations: ACTN4 == actinin-4; 95% Cl =95% confidence interval; CNi = copy number increase; FISH = fluorescence in situ hybridisation; HR = hazard ratio; IHC = immunochistochemistry;
NCN =normal copy number; PS = Eastern Cooperative Oncology Group Performance Status. Bold entries indicate statistically significance.
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Figure 4. Kaplan—-Meier analyses of progression-free survival (PFS) in CNI and NCN subgroups of ACTN4. The PFS curves of patients with a NCN
of ACTN4 (A) or a CNI of ACTN4 (B), treated with chemotherapy alone (chemo alone, blue line) or with chemoradiotherapy (CRT, red line). The y
axis is the rate of PFS and the x axis is the time after first diagnosis (months). Statistical parameters were calculated as described for Figure 2.

The benefit for PES of CRT-treated patients who were selected
by copy number status of ACTN4. We further examined the
ability of ACTN4 copy number to function as a predictive
biomarker for CRT using subgroup analysis of the copy number
status of ACTN4. We classified the patients into CNI and NCI
subgroups of ACTN4 and compared PFS in these CNI and
NCI subgroups of ACTN4 patients between the two arms of
chemotherapy alone and CRT. Kaplan-Meier analysis indicated a
statistically significant difference in the PFS of NCN patients in the
chemotherapy-alone group compared with that of the CRT
subgroup (P = 0.049; Figure 4A). The median PFS of the patients
who were evaluated as NCN of ACTN4 in the CRT subgroup was
8.0 months, whereas that for NCN of ACTN4 patients in the
chemotherapy-alone subgroup was 5.0 months. Thus, the median

PES of patients with NCN of ACTN4 in the CRT subgroup was
longer than that of patients with NCN of ACTN4 in the
chemotherapy-alone subgroup by 3 months. The HR for tumour
progression of patients with NCN of ACTN4 in the CRT subgroup
compared with the chemotherapy-alone subgroup was 0.618 (95%
CI; 0.383-0.997). No statistically significant difference in the
PES of patients with a CNI of ACTN4 was noted between
the chemotherapy-alone and the CRT subgroups (P=0.226;
Figure 4B). However, the MST of PFS in patients with a CNI of
ACTN4 in the chemotherapy-alone subgroup (4.2 months) was
slightly longer (0.9 month longer) than that of patients with a CNI
of ACTN4 in the CRT subgroup (3.3 months). For both cohorts,
there were no statistically significant differences in OS between the
chemotherapy-alone and the CRT subgroups (data not shown).
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In this study, we demonstrated that CNI of ACTN4 is a predictive
biomarker for the therapeutic strategy of LAPC. Although there
have been a large number of studies and trials regarding the best
chemotherapeutic strategy for extension of survival of patients with
LAPC (Colucci et al, 2002; Huguet et al, 2007; Moore et al, 2007;
Chauffert et al, 2008; Loehrer et al, 2011), the optimal therapy for
patients with LAPC has not yet been decided upon. Clinical trials
have reported contradictory results. Thus, the ECOG E4201,
FFCD/SFRO and LAPO07 phase III trials reported that the MST of
OS in patients who received CRT was improved (Loehrer et al,
2011), decreased (Chauffert et al, 2008) or showed no statistically
significant survival benefit compared with patients who received
chemotherapy alone. The results of these studies suggest that there
is a potential benefit to selecting appropriate patients for
intensified treatment.

In order to select either chemotherapy or CRT as a treatment
strategy, the metastatic potential of the tumour itself needs to be
accurately evaluated. This is because radiotherapy can only exert a
direct physicochemical effect on the tumour at the primary tumour
site that is exposed to radiation, whereas chemotherapy can access
both the primary tumour and distant metastasis. Therefore,
patients with latent metastatic lesions, including lesions that
cannot be detected using modern technology, should receive only
strong chemotherapy, whereas patients who definitely have no
distant metastatic lesions before initial treatment should receive
CRT in order to exert sufficient physicochemical impact on the
primary tumour site. Our finding that ACTN4 copy number is a
predictive marker for selection of therapy for LAPC should
therefore prove valuable for optimisation of treatment strategy and
help to provide the maximum personalised medicine for individual
patients. Other predictive markers for treatment selection strategy
have been suggested. Smad4 (Dpc4) is a tumour-suppressor gene
involved in cell motility that is inactivated in 53% of pancreatic
cancers. Prospective validation of smad4 expression in cytological
specimens suggested that smad4 may be a predictive biomarker,
and that analysis of smad4 levels may lead to personalised
treatment strategies for patients with LAPC (Crane et al, 2011).

In the present paper we could not find any statistically
significant difference in OS or PFS between LAPC patients who
were treated with either chemotherapy alone or with CRT
(Figure 2), again suggesting the need for a predictive marker for
selection of patients for specific treatment. The potential predictive
marker we considered was gene amplification of ACTN4.

The ACTN4 gene encodes the actinin-4 protein, an actin-
bundling protein that was isolated by our group in 1998 (Honda
et al, 1998). Its protein overexpression is closely associated with
cancer invasion and cell motility. Actinin-4 has one actin-binding
domain at the N-terminus, and actinin-4 monomers can form a
homodimer by binding in the opposite direction to form a
dumbbell-shaped structure (Otey and Carpen, 2004). The actinin-4
homodimer can strongly bind F-actin and subsequently form
bundling F-actin. Moreover, the bundling F-actin formed by
actinin-4 makes strong contact with the cell membrane, following
which cellular protrusions that are associated with cell motility are
formed on the cell membrane (Welsch et al, 2009). The protein
overexpression of actinin-4 in cancer cells stimulates dynamic
remodelling of the actin cytoskeleton, and it is for this reason that
actinin-4-overexpressing cancer cells have metastatic potential
(Hayashida et al, 2005). Indeed, there are some reports that
patients with cancers showing protein overexpression of actinin-4
have significantly worse OS than patients with cancers who are
negative for actinin-4 (Honda et al, 1998; Yamamoto et al, 2007;
Noro et al, 2013). Moreover, Kikuchi et al (2008) reported that
protein overexpression of actinin-4 was a poor prognostic factor

for invasive ductal adenocarcinoma of the pancreas. However, in
the present study we could not find a statistically significant
positive correlation between actinin-4 protein overexpression and
poor prognosis. One difference between our present study and the
previous study of Kikuchi et al (2008) was that in the latter study
protein expression of actinin-4 was immunohistochemically
evaluated using whole pathological sections that were obtained
from surgical samples, whereas in the present study protein
expression of actinin-4 was immunohistochemically evaluated
using biopsy specimens of LAPC. In the study of Kikuchi et al
(2008), the staining pattern of endothelial cells as an internal
control was used to accurately evaluate the protein expression level
of actinin-4 in tumour cells. However, accurate evaluation of the
protein expression level of actinin-4 from biopsy specimens was
more difficult than from whole pathological sections because the
biopsy specimens did not always include endothelial cells. These
technical problems may therefore explain the difference in the
results of the two studies. One cause of protein overexpression
of actinin-4 in cancer cells is amplification of the ACTN4
gene (Kikuchi et al, 2008) and it has been reported that the CNI
of ACTN4 is a better prognostic predictor than protein
expression of actinin-4 (Yamamoto et al, 2009; Noro et al, 2013;
Watabe et al, 2014). We found a statistically significant difference
in OS between patients with a CNI and those with a NCN, and
patients with a CNI had a worse prognosis in terms of OS than
NCN patients (Figure 3B). Furthermore, multivariate Cox regres-
sion analysis indicated that a CNI of ACTN4 and high serum
CA19-9 levels were independent prognostic factors for the death of
patients, and that the HR of CNI of ACTN4 was higher than that of
high CA19-9 levels (Table 4). These data confirmed the usefulness
of CA19-9 as a prognostic factor for LAPC and further suggested
that ACTN4 might be a prognostic factor for LAPC.

Subgroup analyses of CNI and NCN patients who were treated
with chemotherapy alone or with CRT using FISH to calculate
ACTN4 copy number showed that whereas the copy number of
ACTN4 may be a predictive biomarker for CRT of LAPC, CA19-9
was not a predictive biomarker for either chemotherapy alone or
CRT. Thus, there was no statistically significant difference in OS
between CNI and NCN patients in the subgroup who were treated
with chemotherapy alone (Figure 3C). However, in the subgroup of
patients who were treated with CRT, the CNI patients with an
MST of 14.1 months had a significantly longer survival time than
NCN patients who had an MST of 6.0 months (Figure 3D). In
contrast, serum CA19-9 levels showed statistically significant
differences in terms of OS for both subgroups (Supplementary
Figures 1-3).

Our data further confirmed the usefulness of ACTN4 as a
predictive biomarker for CRT in the study of the PES of patients
with LAPC who were classified into CNI and NCN of ACTN4
groups and were then further classified into subgroups based on
therapeutic strategies. We found a statistically significant difference
in good prognosis of PES between the NCN group treated with
CRT (MST of PES of 8.0 months) compared with the NCN group
treated with chemotherapy alone (5.0 months; Figure 4A).
Interestingly, although no statistically significant difference in
PES was found between the subgroups of CNI of ACTN4 who were
treated with chemotherapy alone or with CRT, the MST of PES was
the reverse of that seen in the NCN group, with the MST of
chemotherapy alone being 4.2 months and that of CRT being
shorter at 3.3 months. These data suggest that, when considering
therapy for LAPC patients, patients with a NCN of ACTN4 should
at least undergo CRT (Figure 4B). However, no statistically
significant difference in benefit in OS was noted in subgroup
analysis of CNT and NCN of ACTN4 groups. It was considered that
the number of patients in the subgroup of ACTN4 was too small to
statistically prove the clinical benefit of chemotherapy alone in the
subgroup with CNI of ACTN4.
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In conclusion, we showed that the copy number of ACTN4 is
not only a prognostic biomarker, but also a candidate predictive
biomarker for the decision regarding effective treatment strategy.
Although this was a retrospective study, it suggested that patients
without gene amplification of ACTN4 should undergo CRT.
Although it was concluded that ACTN4 is a biomarker of potential
metastasis, this does not necessarily contraindicate a potential
function for ACTN4 copy number as a predictive biomarker for
CRT of LAPC. More detailed analyses, including a prospective
study, should be carried out to prove this possibility.
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TOKYO criteria 2014 for transpapillary biliary stenting
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Itis difficult to carry out meta-analyses or to compare the results
of different studies of biliary stents because there is no uniform
evaluation method. Therefore, a standardized reporting system
is required. We propose a new standardized system for reporting
on biliary stents, the ‘TOKYO criteria 2014’, based on a consensus
among Japanese pancreatobiliary endoscopists. Instead of stent
occlusion, we use recurrent biliary obstruction, which includes
occlusion and migration. The time to recurrent biliary obstruction
was estimated using Kaplan-Meier analysis with the log-rank
test. We can evaluate both plastic and self-expandable metallic
stents {uncovered and covered). We also propose specification
of the cause of recurrent biliary obstruction, identification

of complications other than recurrent biliary obstruction, indica-
tion of severity, measures of technical and clinical success, and a
standard for clinical care. Most importantly, the TOKYO criteria
2014 allow comparison of biliary stent quality across studies.
Because blocked stents can be drained not only using
transpapillary  techniques but also by an endoscopic

ultrasonography-guided transmural procedure, we should devise
an evaluation method that includes transmural stenting in the
near future.

K iz biliary drainage, biliary stent, biliary stricture, metal-
lic stent, obstructive jaundice

N MOST STUDIES of biliary stents used to treat malig-

nant biliary obstruction, the primary outcome is stent
patency, which is typically the time between stent place-
ment and occlusion regardless of the kind of pro-
sthesis.'”” However, the definition of stent patency differs
considerably across studies, including randomized con-
trolled trials of covered versus uncovered self-expandable
metal stents (SEMS) for distal malignant biliary obstruct-
ion (Table 1), ™' and this heterogeneity has hindered the
comparison of studies.'>™

Dysfunction in uncovered SEMS is caused mainly by
SEMS occlusion as a result of tumor ingrowth, overgrowth, or
sludge accumulation. Consequently, we have used the term
‘stent patency’. Subsequently, the covered SEMS was devel-
oped to prevent tumor ingrowth and has become a treatment
option for distal malignant biliary obstruction.>™>""7 After the
introduction of covered SEMS, however, other stent-related
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events emerged, such as stent migration, which does not cause
stent occlusion or dysfunction, but causes recurrent biliary
obstruction. Such emergent problems complicate the analysis
of stent patency.

A plastic stent (PS) is still often placed to relieve the
symptoms of biliary obstruction, and it has been evaluated in
a similar way to the covered SEMS. Additionally, the evalu-
ation of endoscopic ultrasonography (EUS)-guided transmu-
ral stenting requires other methods because of the presence
of different causes of stent dysfunction and other types of
complication. The proposed criteria do not include differ-
ences in biliary drainage procedures.

Here, we attempt to resolve these difficulties and propose
a standardized reporting system for biliary stents, the
‘TOKYO criteria 2014’, for malignant biliary obstruction.
These criteria were based on a consensus among expert
Japanese pancreatobiliary endoscopists.

ROMRIO AL AND FLHNOTIORNAL QUCORES
CHNICAL AND FUNCTIONAL SUCCESE

ECHNICAL AND FUNCTIONAL success rates should
be documented. We recommend that technical success
was defined as successful deployment of a SEMS/PS in the
intended location with sufficient coverage of the stricture.
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Table 1 Definitions of stent patency in each fully published RCT
on SEMS for distal malignant biliary obstruction

Isayama et al.  The stent patency period was calculated as

20047 the interval between stent insertion and its
obstruction, or death, with a patent stent.
Krokidis et al.  Primary patency of the endoprosthesis was
20118 defined as the time interval between initial
placement and recurrence of obstruction. If
there was no evidence of obstruction during
the patient’s life, the patency period was
considered to be equal to the survival
period, but censored.
Krokidis et al.  Primary patency was defined as the interval
2010° between initial placement and recurrence of
obstruction. If there was no evidence of
obstruction during the patient’s life, the
patency period was considered equal to the
survival period but was censored.
Kullmanetal.  Uneventful follow up for 12 months, death
2010 with a patent stent, and confirmed stent
failure (details were not described).
Telford et al. Patients not experiencing recurrent biliary
2010" obstruction were censored at the date of
last follow up or date of death.
Ung et al. Stent dysfunction was defined as a more than
2013 a twofold increase in the serum bilirubin

level compared with the reference value,
increasing alkaline phosphatase, dark urine
combined with pale stools or occurrence of
cholangitis or other clinical and radiological
signs of stent dysfunction.

RCT, randomized controlled trial; SEMS, self-expandable metal stent.

‘We recommend that functional success was defined as a 50%
decrease in or normalization of the bilirubin level within 14
days of stent placement, although this definition has differed
considerably across studies.>*

7O RECURRENT BILIARY OBSTRUCTION

HE RECENT DEVELOPMENT of the covered SEMS

made the analysis of successful stenting more difficult.
Using only uncovered SEMS, the focus was on stent patency
because the main cause of symptoms was ‘stent occlusion’ as
a result of tumor ingrowth or sludge accumulation. However,
the migration of a covered SEMS/PS is not ‘stent occlusion’,
although it can cause symptoms of biliary obstruction.
Therefore, we should not use the term ‘stent patency’ but
should devise an adequate term for biliary luminal patency.
The term ‘recurrent biliary obstruction’ may be suitable for
such events instead of ‘stent occlusion or dysfunction’, and
‘time to recurrent biliary obstruction’ may be better than
‘stent patency’.

t

i,

e
3

M

© 2014 The Authors

We recommend that recurrent biliary obstruction was
defined as a composite endpoint of either occlusion or
migration, and time to recurrent biliary obstruction refers to
the time from SEMS/PS placement to the recurrence of
biliary obstruction. We recommend that the time points of
occlusion and migration be defined as the points at which
symptoms associated with occlusion or migration are
observed. Time to recurrent biliary obstruction was esti-
mated using the Kaplan-Meier method"® and compared
between groups using the log—rank test.'® In the estimation of
time to recurrent biliary obstruction, patient death and com-
plications other than recurrent biliary obstruction requiring
SEMS removal are treated as censored cases at the time of
death or SEMS removal, respectively. Non-obstruction rates
at 3, 6, and 12 months estimated using the Kaplan—-Meier
method should also be given, where the non-obstruction rate
is the rate of patients not subject to recurrent biliary obstruc-
tion at a given time-point. The median time to recurrent
biliary obstruction estimated using the Kaplan—Meier
method should also be given.

THE SURVIVAL TIME should be reported for each
study arm in comparative studies. Note that time to
recurrent biliary obstruction is underestimated when prema-
ture patient death without recurrent biliary obstruction is
treated as censored in the Kaplan—Meier method. Conse-
quently, data on survival time in each study arm are required
for an appropriate evaluation of time to recurrent biliary
obstruction. Recently, competing risk analysis to solve this
problem has been increasingly reported. Competing risk
analysis treats premature death without SEMS/PS occlusion
or recurrent biliary obstruction as informative censoring
instead of non-informative censoring, as is done in the con-
ventional Kaplan—Meier method. The application of this
new method to all clinical trials of biliary stents should be
discussed.

THE DETAILS OF recurrent biliary obstruction should
be clarified in the evaluation of biliary stent, rate of each
cause and median time from the placement.

We recommend that stent occlusion is defined as present
when there is biochemical evidence of cholestasis; i.e.
elevated liver enzymes compared with baseline values,
accompanied by biliary dilation on imaging studies or

Digestive Endoscopy © 2014 Japan Gastroenterological Endoscopy Society



Table 2 Severity grading of complications other than recurrent biliary obstruction after stent placement

Moderate

Severe

Mild

Pancreatitis Requirement of admission
or prolongation of
hospitalization for 3
days

Cholangitis Antibiotics only

Cholecystitis Conservative treatment
only (antibiotics and/or
no oral intake)

Bleeding No requirement for
transfusion

Perforation Possible or only very slight

Other and complications

leak of fluid or contrast,
medically for £3 days

Conservative treatment

Hospitalization of 410 days or at least
one of the following:

1. Requirement for stent removal.

2. Organ failure that resolves within
48 h.

3. Local or systemic complications

without persistent organ failure.

Febrile or septic iliness requiring >3
days of hospitalization or endoscopic
or percutaneous intervention

Hospitalization >3 days or requiring any
intervention;

percutaneous, endoscopic drainage,
stent removal and surgery

Transfusion of €4 units without
angiographic intervention and
surgery

Any definite perforation treated
medically for 4-10 days or
endoscopic/percutaneous
intervention

Prolonged hospitalization >3 days

Hospitalization for >10 days

Hospitalization for >10 days,
septic shock or organ failure

Hospitalization >10 days, septic
shock or organ failure

Requirement for transfusion of
25 units or intervention
(angiographic or surgical)

Hospitalization >10 days or
surgery

Requirement for intervention or

associated with stent only
placement procedure

surgery

endoscopic findings suggesting it. The causes of SEMS/PS
occlusion can be categorized as follows: tumor ingrowth/
mucosal hyperplasia; tumor overgrowth; sludge with/
without stones; hemobilia; food impaction; bile duct
kinking; and others.

Tumor ingrowth is diagnosed when radiological findings
show a persistent biliary stricture inside an uncovered or
covered SEMS after the bile duct has been cleaned. Some-
times, we can observe the tissue growing into the SEMS
cavity on endoscopic examination. Similarly, tumor over-
growth is diagnosed as a persistent stricture outside the
SEMS. Occasionally, mucosal hyperplasia cannot be distin-
guished from tumor ingrowth as a cause of SEMS occlusion
despite biopsies or cholangioscopy.®® Consequently, tumor
ingrowth or mucosal hyperplasia should be documented only
if radiological and endoscopic findings can clearly determine
a primary cause of SEMS occlusion. Sometimes, uncovered
SEMS occluded within a short period of time as a result of
embedding into tumor tissue. This phenomenon may occur
in the case with soft tissue, but it is difficult to distinguish
from tumor ingrowth as a result of rapid tumor growth. Thus,
we did not define it.

Sludge, hemobilia, and food impaction as causes of
SEMS/PS occlusion are diagnosed when reintervention

reveals a large amount of sludge, clots, or food residue,
respectively, in an occluded SEMS/PS. Kinking of the bile
duct is caused by a straight stent in a tortuous bile duct, and
it tends to occur in cases requiring high axial force for SEMS
placement.”?# The proximal or distal end of the stent
causes kinking of the bile duct and obstructs the bile flow.
These complications can occur with a covered or an uncov-
ered SEMS, or with a plastic stent. Other causes include
SEMS collapse; other causes should be documented when
considered a cause of stent occlusion.

suon

Stent migration is diagnosed when a reintervention reveals a
completely or partially migrated SEMS/PS as a cause of
recurrent biliary obstruction. We recommend that the time
point of symptomatic migration be defined as the point when
symptoms associated with stent migration are observed. The
time of asymptomatic migration detected incidentally should
also be recorded but not defined as recurrent biliary obstruc-
tion. In asymptomatic migration, subsequent bile duct
obstruction should be defined as recurrent biliary obstruc-
tion. The types of migration; i.e. proximal or distal, are also
documented. Although migration in some cases is likely to
be caused by enhanced inner pressure of the bile duct as a

© 2014 The Authors
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