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including ADCC (P = 0.0005, log-rank test) (Fig. 3A).
ADCC has a better prognosis than high-grade histological
subtypes of salivary gland carcinoma [21]. The correlation
analysis between CNI and protein expression in ADCC
(Fig. 2A, gray bars) revealed that although 85.7% of AD-
CCs had strong expression (+3) or moderate expression
(+2) of actinin-4 protein, CNI of ACTN4 was recognized
in only one tumor. To remove the bias of the unique
prognosis of ADCC, we also investigated the prognostic
significance with CNI of ACTN4 in 37 salivary gland
carcinoma patients excluding ADCC. A statistically signif-
icant difference in prognosis was recognized between
patients with NCN and patients with CNI (P = 0.0112);
the overall survival of patients with CNI was worse than
patients with NCN (Fig. 3C). In contrast, the actinin-4
protein expression level was not statistically correlated to
overall survival in salivary gland carcinomas when includ-
ing or excluding ADCC (Fig. 3B and D).

(A) ACTN4 FISH
El NCN (n = 44)
£ 06
2
T 04 P=0.0005
g 0
@)
0.2
0o | CNI(n=14)
T0 20 40 60 80 100 120 140
Months
(B) Actinin-4 THC
"g? Negative (n = 19)
T 06 o
3 "
» Positive (n = 39)
5 04
>
o
0.2 P=0.3991
0.0

0 20 40 60 80 100 120 140
Months

Y. Watabe et al.

HR for death in patients with salivary gland
carcinoma

We calculated the hazard ratios (HR) of some parameters,
including age, gender, size, lymph node metastasis, histo-
logical grade, neural invasion, vascular invasion, actinin-4
protein expression, and CNI of ACTN4, for death by
using univariate and multivariate Cox regression analysis.

In the patients with salivary gland carcinomas including
ADCC, histological grade (HR: 4.69; 95% confidence
interval [CI]: 1.50-14.61), vascular invasion (HR: 10.86;
95% CI: 3.56-33.14), and CNI of ACTN4 (HR: 5.21; 95%
CI: 1.92-14.19) remained as positive predictors by using
univariate analysis, and multivariate analysis revealed that
vascular invasion (HR: 7.46; 95% CI: 1.98-28.06) and
CNI of ACTN4 (HR: 3.23; 95% CI: 1.08-9.68) were inde-
pendent positive predictors for death in patients with sali-
vary gland carcinoma (Table 2).
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Figure 3. Overall survival curves of patients with salivary gland carcinomas, including adenoid cystic carcinoma (ADCC) (A and B) or excluding
ADCC (C and D), by evaluations of fluorescence in situ hybridization (FISH) (A and C) or immunohistochemistry (IHC) (B and D). The statistical
significances were recognized in evaluation of FISH between copy number increase (CNI) and normal copy number (NCN) in patients with salivary
gland carcinomas including/excluding ADCC (A and C). In contrast, the statistical significance was not recognized in an evaluation of IHC in both

cohorts (B and D).
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Table 2. Hazard ratios for death in salivary gland cancer patients.

Copy Number of ACTN4 in Salivary Gland Carcinoma

Univariate analysis'

Multivariate analysis’

Variable HR 95% Cl P-value HR 95% Cl P-value
Age
<67/>67 years 2.69 0.93-7.78 0.067
Gender
Women/men 1.20 0.45-3.24 0.714
T classification
T1-T2/T3-T4 2.28 0.51-10.11 0.279
Lymph node metastasis
Absent/present 2.51 0.93-6.75 0.069
Histological grade
Low, intermediate/high 4.69 1.50-14.61 0.007765 1.32 0.31-5.45 0.701222
Neural invasion
Absent/present 1.38 0.51-3.71 0.524
Vascular invasion
Absent/present 10.86 3.56-33.14 0.000028 7.46 1.98-28.06 0.002958
Actinin-4 IHC
Negative/positive 1.64 0.53-5.10 0.394
ACTN4 FISH
NCN/CNI 5.21 1.92-14.19 0.001230 3.23 1.08-9.68 0.035815

HR, hazard ratio; Cl, confidence interval; FISH, fluorescent in situ hybridization; IHC, immunohistochemistry; NCN, normal copy number; CNI, copy

number increase.

"Univariate and multivariate analysis with Cox proportional hazards regression model, P-values of <0.05 are shown in bold.

We also calculated the HRs for death in patients with
salivary gland carcinomas excluding ADCC. Univariate
analysis revealed that vascular invasion (HR: 8.58; 95%
CI: 2.16-34.11) and CNI of ACTN4 (HR: 4.18; 95% CIL:
1.29-13.53) were significant positive predictors for death
in salivary gland carcinomas excluding ADCC. Multivari-
ate analysis also revealed that vascular invasion and CNI
of ACTN4 were independent risk factors for both salivary
gland carcinomas including and excluding ADCC
(Table 3).

Discussion

The assessment of prognostic factors in salivary gland
carcinoma is difficult due to its low frequency and mor-
phological diversity [22]. Histological grading of salivary
gland carcinoma is an important predictor of survival
[23]. Tt can stratify the risk of lymph node metastases and
provide information for deciding the treatment strategy,
including the extent of surgery and the use of adjuvant
radiotherapy [24]. In the present study, we identified a
novel predictor for the prognosis of salivary gland carci-
noma and found that it was significantly associated with
histological grade.

Our laboratory identified the ACTN4 gene product as
an actin-bundling protein that was closely associated with
cell movement and cancer invasion [3]. In a previous
study, colorectal cancer cell lines in which actinin-4 was

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

overexpressed stimulated invasive cellular protrusions and
had a significantly more invasive phenotype than control
cells [4]. Moreover, pancreatic and oral squamous cell
carcinoma cells in which actinin-4 expression was reduced
with siRNA exhibited decreased invasiveness [10, 11]. An
orthotopic transplantation study of cells overexpressing
actinin-4 revealed that the regional lymphatic metastasis
and destructive invasion to stromal cells were significantly
increased in colorectal [4] and pancreatic cancer [11].
Actinin-4 overexpression was also confirmed in solid
malignant tumors that had been surgically excised, and
protein expression was an unfavorable predictor of
patient outcome. One cause of actinin-4 protein overex-
pression is ACTN4 gene amplification. In fact, gene
amplification of ACTN4 has been detected in tumors
from patients with pancreatic [11], ovarian [6, 7], and
lung cancers [13], and correlations between protein
expression and gene amplification have been statistically
recognized in some cancers. Especially, Noro et al
reported that ACTN4 amplification could more strictly
predict poor outcome than actinin-4 protein expression
in stage-l1 adenocarcinoma of the lung [13]. To identify
the specificity of gene amplification of ACTN4, we previ-
ously examined the correlation of gene amplification of a
gene near ACTN4. V-akt murine thymoma viral oncogene
homolog 2 (AKT2) is located on 19ql3, and it is near
ACTN4. The distance between ACTN4 and AKT2 is 1.6
Mbp. We previously reported that coamplification of .
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Table 3. Hazard ratios for death in salivary gland cancer patients excluding ADCC.

Univariate analysis'

Multivariate analysis’

Variable HR 95% Cl P-value HR 95% ClI P-value
Age
<67/>67 years 2.52 0.68-9.41 0.1688
Gender
Women/men 2.10 0.57-7.82 0.2670
T classification
T1-T2/T3-T4 1.68 0.36-7.81 0.5075
Lymph node metastasis
Absent/present 1.55 0.50-4.83 0.4483
Histological grade
Low, intermediate/high 2.81 0.76-10.44 0.1228
Neural invasion
Absent/present 1.50 0.47-4.72 0.4932
Vascular invasion
Absent/present 8.58 2.16-34.11 0.0023 9.00 2.15-37.61 0.0026
Actinin-4 [HC
Negative/positive 1.91 0.57-6.43 0.2912
ACTN4 FISH
NCN/CNI . 4.18 1.29-13.53 0.0168 4.35 1.28-14.87 0.0187

ADCC, adenoid cystic carcinoma; HR, hazard ratio; Cl, confidence interval; FISH, fluorescent in situ hybridization; IHC, immunohistochemistry;

NCN, normal copy number; CNI, copy number increase.

"Univariate and multivariate analysis with Cox proportional hazards regression model. P-values of <0.05 are shown in bold.

AKT2 and ACTN4 did not necessarily accord for invasion
of pancreatic cancer [5, 11]. The present study is the first
report that CNI of ACTN4, including gene amplification
and high polysomy of ACTN4, was significantly correlated
to histological grade and vascular invasion in salivary
gland carcinoma. CNI of ACTN4 was recognized at a fre-
quency greater than 20% in OC (1/1, 100%), MYC (1/1,
100%), SC (2/3, 66.7%), SDC (2/4, 50.0%), EMYC (1/3,
33.3%), ACNOS (2/7, 28.6%), CAEPA (3/11, 27.3%), and
MEC (1/4, 25.0%). However, CNI of ACTN4 was not
found in patients with acinic cell carcinoma (ACCC) (0/
3, 0%) and was rarely observed in patients with ADCC
(1/21, 4.8%). The survival time of the patient with CNI
of ACTN4 in ADCC was 7 months from the first treat-
ment. Despite the rare frequency of CNI of ACTN4 in
ADCC, overexpression of actinin-4 protein was recog-
nized in 85.7% of patients with ADCC. ADCC has several
cellular components constructed by ductal epithelial,
myoepithelial, and basement cells, and protein expression
of actinin-4 is particularly recognized in myoepithelial
cells of normal salivary glands. Therefore, it was consid-
ered that the protein expression of actinin-4 was depen-
dent on the histological phenotype; however, this was not
associated with the genetic alteration that was dependent
on malignant change.

-ADCC was different from other subtypes of salivary
gland carcinomas, we investigated the correlation between
CNI and protein expression of actinin-4 by using 37
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patients with salivary gland carcinomas excluding ADCC.
Significant correlations were recognized between increased
copy numbers of ACTN4 and protein expression levels of
actinin-4. This data suggests that the overexpression of acti-
nin-4 protein was stimulated by CNI of ACTN4. Cox
regression univariate analysis revealed that histological
grade, vascular invasion, and CNI of ACTN4 were risk fac-
tors for cancer death in salivary gland carcinoma patients
with or without ADCC. The HR of CNI of ACTN4 for
death was higher than the HR for the histological grade. In
addition, although multivariate analysis revealed that CNI
of ACTN4 and vascular invasion were independent risk fac-
tors for tumor death, histological grade did not remain as
an independent risk factor. These results suggest that CNI
of ACTN4 may have a greater impact than histological
grade on patient death. Although CNI of ACTN4 was sig-
nificantly correlated with histological grade and vascular
invasion, the protein expression of actinin-4 was not asso-
ciated with any clinical factors in salivary gland carcinoma.
In addition, protein expression could not predict an unfa-
vorable outcome in patients with salivary gland carcinoma.
Although CNI of ACTN4 was dominantly recognized in
salivary gland carcinoma with invasive phenotypes, it was
recognized in only one of 21 cases with ADCC; therefore,
we considered the possibility that, due to the overexpres-
sion of actinin-4 that was frequently observed in ADCC
patients, protein expression is not correlated to an unfavor-
able prognosis in salivary gland carcinoma. In contrast,

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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protein expression of actinin-4 was recognized in 18 cases
with ADCC. An explanation for this observation involved
the discrepancy between CNI and protein expression of
actinin-4 in ADCC. We analyzed the correlation between
overall survival and protein expression of actinin-4 in
patients excluding ADCC; although statistical significance
was not recognized, it seemed that overall survival in the
positive staining group had a poorer prognosis than in the
negative staining group. To probe the statistical significance
of protein expression of actinin-4, we considered that the
power of statistical hypothesis testing was not enough.
More non-ADCC salivary gland carcinoma samples are
needed to prove a significant correlation between overall
survival and protein expression. Moreover, although CNI
can quantitatively evaluate the copy numbers of the ACTN4
gene, our evaluation system for protein expression of acti-
nin-4 cannot quantitatively classify the cases with protein
expression of actinin-4, Therefore, we considered that CNI
of ACTN4 more strictly predicted the vascular invasion of
cancer cells and poor prognosis than protein expression of
actinin-4. Similar observations have also been recognized
in ovarian cancer. We previously reported that the gene
amplification of ACTN4 could predict the prognosis of
patients with advanced stage ovarian cancer more accu-
rately than protein expression of actinin-4 [6].

Ettl et al. reported the occurrence of genomic aberra-
tions of the tyrosine kinase receptors EGFR, human epi-
dermal growth factor receptor 2 (HER2), and hepatocyte
growth factor (MET) as well as phosphatase and tensin
homolog on chromosome 10 (PTEN) in different sub-
types of salivary gland carcinomas [25, 26], which have a
strong impact on overall survival {27]. In addition, they
also reported that the metastasis of cervical lymph nodes
also correlated with copy number gain of EGFR and
HER2, aberration of MET, and PTEN [20]. Moreover
some translocation and fusion genes are found frequently
in MEC t(11;19) (CRYC1-MAML2) [28] or ADCC t(6;9)
(MYB-NFIB) [29] and have a prognostic impact. These
genetic alterations are considered as a driver for malig-
nant phenotype, and molecular-targeted therapy has
gained attention as a new therapeutic strategy for salivary
gland carcinomas. In fact, clinical trials with some inhibi-
tors or antibodies for molecular targets, such as gefitinib
(a small-molecule EGFR inhibitor), cetuximab (an anti-
EGFR antibody), and trastuzumab (an anti-HER2 anti-
body), were performed for patients with salivary gland
carcinomas. Although the results of phase II clinical trials
of gefitinib, cetuximab, and trastuzumab have been
reported [30, 31], standard molecular-targeted therapy
has not yet been established for salivary gland carcinoma.

ACTN4 is located on chromosome 19q13.1 [11].
Genetic alterations of 19q13.1 and ACTN4 have not yet
been reported in salivary gland carcinoma. Although a

© 2014 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.
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large-scale prospective study to prove the clinical signifi-
cance for ACTN4 is necessary, we conclude that ACTN4
is a surrogate biomarker for predicting prognosis to sup-
port histological grading in salivary gland carcinoma and
that the inhibition of the biological function of ACTN4
may impact a new therapeutic strategy for high-grade
salivary gland carcinoma.
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Histological Growth Pattern of and Alpha-actinin-4
Expression in Thyroid Cancer
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Abstract. Aim: To assess the clinicopathological significance
of the histological growth pattern (HGP) and a-actinin-4
(ACTN4) expression in thyroid cancer. Patients and Methods:
We classified 83 thyroid cancer cases into infiltrative margin
(IM) and pushing margin (PM) groups according to peripheral
tumor margin contour and immunohistochemically determined
ACTN4 expression. Correlations between clinical stage and
clinicopathological characteristics were analyzed. Results: IM
and high ACTN4 expression were observed in 39% and 49%
of cancer cases, respectively. Higher clinical stage was
significantly correlated with older age, higher T and N factor,
preoperative recurrent laryngeal nerve paralysis (pre-RLNP),
IM, and poor prognosis. Patients with stage IV disease had
significantly poorer prognosis than those with stages I-{1I. On
multivariate analysis, older age, pre-RLNP, and IM correlated
with higher clinical stages. IM was significantly correlated with
high ACTN4 expression. Conclusion: IM, pre-RLNP, and
ACTN4 expression could be novel indicators of tumor
aggression and prognostic factors of thyroid cancer.

It is estimated that in 2008 more than 210,000 new cases of
thyroid cancer were diagnosed and that approximately 35,000
patients died from thyroid cancer worldwide (1). Most thyroid
cancers present with an indolent clinical course, but we
sometimes encounter clinically aggressive cases that present
with local recurrences or distant metastases regardless of
histological type (2). These cases often require combined
modality therapies and can be associated with poor outcomes.
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Although ultrasonography, computed tomography (CT),
magnetic resonance imaging, positron emission tomography/
CT, fine needle aspiration cytology, or core needle biopsy are
used in the diagnoses of thyroid tumors, the definitive
diagnostic procedures for these tumors depend greatly on the
histopathological diagnoses of the resected surgical
specimens (3, 4). However, it remains difficult to evaluate
the degree of malignancy to predict local recurrence or
distant metastases by using histopathological analyses alone
except in rare and highly malignant types (e.g.
undifferentiated carcinomas).

The histological growth pattern (HGP) of the peripheral
tumor margin is approved worldwide as one of the predictive
indicators of prognoses in various malignancies (5-8). The
tumor margins were mainly categorized into pushing margin
(PM) and infiltrative margin (IM) groups, and a relationship
between HGP and tumor aggression or lymph node metastasis
in papillary thyroid cancer (PTC) was suggested (9, 10).

Alpha-actinins (ACTNs) are members of the superfamily of
actin-binding proteins that cross-link actin filaments to give
cells their shape (11). ACTN4 is an isoform of non-muscular
ACTN, and ACTN4 overexpression has been reported to occur
frequently in human epithelial cancers of various origins, such
as of the breast, ovaries, pancreas, and the oral cavity (12-15).
ACTN4 overexpression has been reported to be a prognostic
factor in breast and ovarian cancers that correlated with lymph
node metastasis in colorectal cancer (12, 13, 16). These reports
suggest that a high-level ACTN4 expression is related to
malignancy grade, lymph node metastasis, and patient
outcome. Therefore, ACTN4 appears to be a useful molecular
prognostic marker in various types of cancers (13-15, 17-19).
However, no studies have investigated ACTN4 expression in
thyroid cancer.

In the present study, we focused on studying the
correlation between clinical stage and histopathological
parameters including HGP and ACTN4 expression and
evaluated their clinical significance in thyroid cancer.
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Table 1. Criteria for categorizing ACTN4 expression in thyroid cancer.

Category Immunohistochemical findings

No expression

Low expression
Moderate expression
High expression

No immunoreaction or immunoreaction of any intensity in <10% of tumor cells

Immunoreaction with much lower intensity than vascular endothelial cells in 210% of tumor cells
Immunoreaction with intensity equal to or slightly lower than vascular endothelial cells in 210% of tumor cells
Immunoreaction with stronger intensity than vascular endothelial cells in 210% of tumor cells

ACTN4, o-actinin-4.

Patients and Methods

We reviewed the clinicopathological records of 83 patients who
underwent initial surgical treatments for primary thyroid cancer
between 1991 and 2007 at the National Defense Medical College
Hospital of Japan. Information regarding the following was obtained
from the patients’ medical records: age; gender; Tumor, Node, and
Metastasis (T, N, and M) factors; clinical stage; presence or absence
of preoperative recurrent laryngeal nerve paralysis (pre-RLNP) or
tracheal/prevertebral invasion; histopathological diagnosis; and
prognosis. TNM classification and clinical staging of each thyroid
cancer were performed according to the Union for International
Cancer Control-2002 (sixth edition).

Two observers (NT and SY) reviewed all of the hematoxylin-
eosin—stained slides and classified them into two HGP groups. If the
extended thyroid cancer tissue displaced the surrounding tissue in a
pushing manner and the cancer cells had invaded <10% of the tissue
surrounding the peripheral margin of the tumor nodule, it was
classified into the PM group. If the peripheral margin was poorly
demarcated and the cancer cells had invaded =10% of the tissue
surrounding the peripheral margin of the tumor nodule, it was
classified into the IM group. Representative images of the PM and
IM groups are shown in Figure 1.

The primary antibody used for immunohistochemistry was an
anti-ACTN4 rabbit polyclonal antibody (Ab-2) raised against a
synthetic peptide, as described by Honda et al. (16).
Immunohistochemistry was performed on 4-pm thick tumor sections
from representative formalin-fixed and paraffin-embedded tissue
blocks. Antigen retrieval was accomplished by using a 10-mM
citrate buffer (pH 6.0) and by heating of the samples in an autoclave
for 10 min at a controlled final temperature of 120°C. After the
endogenous peroxidase activity was blocked by incubating the slides
in 3% hydrogen peroxide (v/v) in methanol for 5 min, non-specific
binding was further blocked with 2% normal swine serum (v/v;
Dako, Carpinteria, CA, USA) in phosphate-buffered saline for 10
min. The slides were incubated with the primary antibody overnight
at 4°C and then with the secondary antibody and peroxidase with
EnVision (Dako) for 1 h. Specific antigen-antibody reactions were
visualized by using 3,3’-diaminobenzidine tetrahydrochloride. The
nuclei were counterstained with Mayer’s hematoxylin.

ACTN4 expression was classified into four categories according
to immunoreaction intensity (Table I). If 210% of the tumor cells
were stained, the tumor was judged as positive, whereas if <10% of
the tumor cells were stained, the tumor was judged to have no
expression. If the staining intensity of the tumor cells was stronger
or much stronger than that of the vascular endothelial cells, the
tumor was classified as having high expression. Conversely, if the
staining intensity of the tumor cells was similar to or a little lower
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than that of the vascular endothelial cells, the tumor was classified
as having moderate expression. Finally, if the staining intensity of
the tumor cells was much lower than that of the vascular endothelial
cells or only slightly evident, the tumor was classified as having low
expression. Representative images of ACTN4 expression are shown
in Figure 2.

Statistical analyses were performed using the JMP 10.0.0
software (SAS Institute Inc., Cary, NC, USA). To analyze the
relationships between parameters, Pearson’s chi square test or
Fisher’s exact test (two-tailed) was used. Factors with p-values <0.1
on univariate analysis were tested by using logistic regression
analysis. The disease-free survival rates were calculated according
to the Kaplan-Meier method, while a log-rank test was performed
to examine the univariate associations among groups. Statistically
significant differences were considered when p<0.05.

Results

The clinicopathological profiles of 83 patients are presented in
Table II. The mean age was 53.7 (range, 19-84), and the ratio
of males to females was approximately 1:3. T3 (35 cases; 42%)
was the most common T factor, while N1 and M1 occupied
59% (49 cases) and 5% (4 cases), respectively. Stage IVa (31
cases; 37%) accounted for more than one third of all cases,
while 11 cases (13%) had findings of pre-RLNP. A total of 71
cases (86%) were histologically classified as PTC. IM and high
ACTN4 expression were noted in 32 (39%) and 41 (49%)
cases, respectively. Sixteen (19%) patients experienced residual
or recurrent disease or died of the thyroid cancer (19%). The
follow-up period was 0.5-16 years (median=5.5 years).

Out of the 83 patients, 72 underwent thyroidectomy with
regional lymph node dissection, 10 underwent thyroidectomy
without lymph node dissection, and one underwent open
biopsy-only.

The correlation between clinicopathological findings and
clinical stage in 78 thyroid cancers is shown in Table III.
Unfortunately, clinical staging of the remaining 5 cases could
not be identified from the medical records. Patients with stage
IV disease were more frequently identified with T4 and N1
than T1-T3 (p<0.0001) or NO (p=0.0005) staging, and more
frequently had pre-RLNP (p=0.0019). Significantly more
patients in the IM group than those in the PM group had stage
IV disease (p=0.0019), and the prognoses of patients with
stage IV than those with stages I-I1I disease were significantly
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Figure 1. Representative images of thyroid cancer cases with infiltrative margins (A and B) or pushing margins (C and D). H$E staining, (original
magnification, x40).

Figure 2. Representative images of a-actinin-4 (ACTN4) immunohistochemistry of thyroid cancer. A, B: Immunostaining for high ACTN4 expression.
C: Immunostaining for low ACTN4 expression. D: Immunostaining for no ACTN4 expression. Immunoperoxidase staining: x 100 magnification in A,
C, and D; x200 in B.
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Table II. Clinicopathological data of 83 thyroid cancer cases.

Cases (%)

Age (years) <55 40 (48)
55=< 43 (52)

Gender Male 22 @7
Female 61 (73)

T 1 5 (6)
2 13 (16)

3 35 42)

4a 23 (28)

4b 3 (O]

Unknown 4 )

N 0 30 (36)
1 49 (59)

Unknown 4 5)

M 0 79 95)
1 4 )

Clinical stage I 23 (28)
I 4 )

I 16 (19)

IVa 31 (37)

Vb 1 )

Ve 3 “)

Unknown 5 (6)

Pre-RLNP - 67 (81)
+ 11 (13)

Unknown 5 6)

Tracheal/prevertebral invasion - 70 (84)
+ 8 (10)

Unknown 5 (6)

Histological type PTC 71 (86)
FTC 10 (12)

ATC 1 (1)

MTC 1 (1)

HGP PM 51 (61)
M 32 (39)

ACTN4 expression No 7 8)
Low 12 (14)

Moderate 23 (28)

High 41 (49)

Residual/recurrence/death - 65 (78)
+ 16 (19)

Unknown 2 2)

Pre-RLNP, preoperative recurrent laryngeal nerve paralysis; PTC,
papillary thyroid cancer; FTC, follicular thyroid cancer; ATC, anaplastic
thyroid cancer; MTC, medullary thyroid cancer; HGP, histological
growth pattern; PM, pushing margin; IM, infiltrative margin; ACTN4,
a-actinin-4.

poorer (p=0.0102). Stage IV PTC tended to present less
frequently than stage IV non-PTC, which included follicular,
anaplastic, and medullary thyroid cancers (p=0.0991).

Figure 3 shows a Kaplan-Meier disease-free survival
analysis demonstrating that patients with stage I'V disease
had poorer prognosis than those with stage I-1II disease by
using log-rank test (p=0.0342; HR 0.2354; 95% CI, 0.0617-
0.8980).
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Figure 3. Kaplan-Meier curve of disease-free survival by clinical stage
indicating poorer prognosis in patients with stage 1V disease than in
patients with stage I-1I disease.

To identify the independent factors that influenced clinical
stage in thyroid cancer, a multivariate analysis was
conducted (Table III). T and N factors were excluded to
avoid multivariate analysis instability and the residual/
recurrence/death parameter was omitted as well since the
parameter itself was the outcome. Age (p=0.0065), pre-
RLNP (p=0.0141), and HGP (p=0.0132) were independent
factors that correlated with the clinical stages of thyroid
cancers.

Table IV shows that significantly more ACTN4 is
expressed in thyroid cancers in the IM group than in those
in the PM group (p=0.0052). Furthermore, higher ACTN4
expression was observed in the peripheral margin of the
tumor nodule.

Discussion

The findings of the present study indicate a significant
correlation between clinical stage and age, pre-RLNP, and
HGP. Additionally, HGP was significantly related with
ACTN4 expression.

ACTN is a protein that weighs approximately 100 kDa and
is expressed in four isoforms in mammals (ACTN1, ACTN2,
ACTN3, ACTN4) (20). The overall structure of ACTN is
similar to that of a dumbbell due to dimer formation at the
center of the rod domain that makes actins cross-link or form
bundles with the actin-binding domain located at either end
(21). ACTN presumably plays an important role in binding
the actin cytoskeleton to the cell membrane by combining
with the integrin (3 chain (20). Through these mechanisms,
ACTN is involved in cellular structural maintenance.
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Table III. Clinical features of clinical stage and a multivariate regression model of clinicopathological parameters that influence the clinical stage
in 78 cases of thyroid cancer (5 cases of which clinical stages are unknown are excluded).

Clinical Stage (78) Univariate Multivaliate regression
1-1TT (48) IV (35) p-Value Odds ratio 95% CI p-Value
Age (years)
<55 26 10 *0.0050 0.219 0.0630-0.6634 *0.0065
55< 17 25
Gender
male 10 12 0.2816
female 33 23
T stage
1-3 39 13 * <0.0001
4 4 22
N stage
0 24 6 *0.0005
1 19 29
M stage
0 42 32 0.3205
1 1 3
Pre-RLNP
- 41 25 *0.0019 0.064 0.0023-0.6089 *0.0141
+ 1 10
(Unknown 1 0)
Histological type
PTC ! 34 33 0.0991 0.251 0.0315-1.2313 0.0916
Non-PTC 9 2
Tracheal/prevertebral invasion
- 40 29 0.1314
+ 2 6
(Unknown 1 0)
HGP
PM 34 15 *0.0019 0.228 0.0618-0.7390 *0.0132
M 9 20
ACTN4 expression
No-Moderate 24 16 0.3748
High 19 19
Residual/recurrence/death
- 39 23 *0.0102
+ 2 7

CI, Confidence interval; pre-RLNP, preoperative recurrent laryngeal nerve paralysis; PTC, papillary thyroid cancer; HGP, histological growth pattern;
PM, pushing margin; IM, infiltrative margin; ACTN4, a-actinin-4. Non-PTC group in histological type includes follicular, anaplastic, and medullary

thyroid cancers. *Statistically significant.

ACTN4, which was identified in 1998, is an actin-binding
protein that comprises 884 amino acids and is found in non-
muscular cells, as is ACTN1 (a known microfilament protein)
(12). Although these isoforms share §6.7% homology at the
amino acid level, their intracellular localizations differ (12).
ACTN4 is widely distributed in the adjacent areas of the actin
fibers, cytoplasm, or nucleus, whereas ACTN1 distribution is
restricted to areas near cell adhesion molecules such as integrin
or catenin at the ends of the actin fibers (20, 22, 23). Cell
motility is important when cancer cells infiltrate adjacent

Table IV. The relevance between HGP and ACTN4 expression in 83
thyroid cancer cases.

HGP
PM M p-Value
ACTN4 expression  No-moderate 32 10 *0.0052
High 19 22

HGP, Histological growth pattern; ACTN4, a-actinin-4; PM, pushing
margin; IM, infiltrative margin. *Statistically significant.
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tissues or migrate to distant organs via the blood and lymphatic
vasculature. Under enhanced cell motility conditions, cancer
cells have been reported to show essential dynamic actin
cytoskeletal changes (12), which is why ACTN4 is thought to
be a factor that affects invasion or metastasis.

In the case of colorectal cancer, concentrated ACTN4
expression was observed in filopodia and reported to increase
cell motility significantly (16). Furthermore, ACTN4
expression was significantly correlated with regional lymph
node metastases (16). Increasing numbers of reports have
clarified that ACTN4 overexpression is an indicator of poor
prognosis or resistance to chemotherapy in patients with
breast, esophageal, pancreatic, or ovarian cancer (12, 17, 24).

To date, age, gender, T, N, and, M factors, and histology
have been suggested as prognostic factors (25-28). A
significant correlation between clinical stage and prognosis
in thyroid cancer has been reported (29), and multivariate
analysis findings in the present study findings suggest that
older age, IM, and pre-RLNP are independent factors
influencing poor prognosis in thyroid cancer. The significant
association observed between IM and high ACTN4
expression indicates that ACTN4 is also a promising
prognostic factor in thyroid cancer. Because the method used
to evaluate HGP and ACTN4 expression was not technically
different from current diagnostic approaches, HGP and
ACTN4 expression would be useful indication criteria for the
post-surgical treatment of thyroid cancer. Furthermore, it is
possible to assess tumor invasiveness immunohistochemically
according to the ACTN4 expression status of preoperative
biopsy or cytopathology specimens. Such evaluations might
contribute to decisions regarding surgical resection extent.

Herein we examined the correlation between
clinicopathological findings and clinical stage in 83 cases of
thyroid cancer and showed that age, IM, pre-RLNP, and high
ACTN4 expression were important prognostic factors.
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ABSTRACT

Objectives: The factors associated with end-of-life
(EOL) care that patients with cancer selected and actual
place of death (POD) is less elucidated. We analysed
how specific EOL care, especially anticancer therapies,
selected by patients with pancreatic carcinoma affected
their POD in Japan.

Setting: A retrospective cohort study using clinical
records of a single institute.

Participants: This study included 433 advanced or
recurrent patients with pancreatic carcinoma who had
completed standard chemotherapies and were receiving
hospice care in the National Cancer Center Hospital
between April 2008 and April 2011.

Outcome measures: We analysed statistical
association factors, demographic information,
geographical differences, medical environment, EOL
care selection, along with actual POD using logistic
regression analysis.

Results: Of the 433 patients, 147 selected paliiative
care units (PCUs) as the POD; 229, hospital; and 57,
home with hospice care. POD selection was associated
with several factors. Notably, EOL care selection,
especially the use of complementary and alternative
medicine (CAM), is associated with POD selection
(death in PCU; OR=0.23, p=0.02).

Conclusions: This study is, to the best of our
knowledge, the first to unveil that EOL care selection is
associated with POD in Japan. Certain factors such as
gender, medical environment and EOL care selection
might influence the POD. Patients who pursue
aggressive anticancer therapies, such as CAM use,
were passibly deprived of a chance of early reference
to a PCU.

INTRODUCTION

In Japan, the Cancer Control Act was estab-
lished to improve the quality of life (QOL) of
all patients with cancer, and disseminating pal-
liative care was identified as one of the most
important areas to be improved. To dissemin-
ate quality palliative care, palliative care units

(PCUs) and palliative care team were estab-
lished. Although PCU is the most common
type of specialised palliative care service in
Japan,' patients with cancer can choose their
place of death (POD) as either PCUs, home
with hospice or non-PCU hospitals.

Dying at a preferred place is one of the most
important determinants for terminally ill
patients with cancer.” ® In some previous
reports, POD for patients with cancer was
influenced by several factors such as illness,
demographic variables, personal variables,
social support and relationship with the phys-
ician.* ® Moreover, patients who optimistically
estimated their prognoses are more likely to
undergo aggressive treatment, but controlling
for known prognostic factors, their 6-month
survival is no better.”

Choice of cancer therapy at the EOL is
becoming increasingly complex due to more
options for therapy, high expectations from
therapy, less toxic treatments and better sup-
portive care. Consequences of these choices
may have an enormous impact on patients
and families (caregiver) and societal health-
care costs. Although less aggressive care,
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especially palliative care, at the EOL is associated with
better QOL near cleath,7 “ patients with cancer are
receiving increasingly aggressive care at the EOL.” '
The use of complementary and alternative medicine
(CAM) as an aggressive anticancer therapy has been
increasing worldwide over the past two decades, and an
estimated 40-60% of adult patients with cancer use
CAM, although it does not provide definite survival
benefit and its users report clinically poor QOL."'

We hypothesised that aggressive anticancer therapy,
especially CAM chosen by patients with cancer, limited
their options of POD selection. Hence, we conducted
this study to analyse the factors that influence POD and
to show the evidence of influence of EOL care selection
after standard chemotherapy on patients’ POD.
Moreover, we also analysed the factors that influence
EOL care selection in this study.

METHODS

Selection criteria

Patients receiving hospice care at the National Cancer
Center Hospital (NCCH) between April 2008 and April
2011 were selected. The inclusion criteria were as
follows: confirmed as having carcinoma according to the
results of histological tests, had advanced or recurrent
pancreatic carcinoma, were receiving systemic palliative
chemotherapy at the NCCH, failed to respond to stand-
ard chemotherapy and had discussed about EOL care
with their attending physician. Prior to the start of
chemotherapy, all patients included in the analysis were
clearly informed that the chemotherapy being adminis-
tered was not curative but aimed at prolonging their sur-
vival and palliating their symptoms. Their signed
informed consent for the same was obtained. From the
analysis, we excluded patients who had not been receiv-
ing standard chemotherapies or who did not choose
POD. This study protocol was approved by the

Institutional Review Board of the NCCH, Tokyo, Japan.

Data exiraction and definition of terms

The following information was collected with regard to
patients: (1) demographic (age, sex, relation with the
attending physician, main family caregiver and state of
disease), (2) geographical differences (distance from the
cancer centre), (3) medical environment (involvement
of a palliative care team, a case worker, a primary care
doctor and regional healthcare cooperation during
chemotherapy) and (4) EOL care selection (best sup-
portive care (BSC), non-standard chemotherapy and
CAM use).

In this study, we defined PCU as the institute has been
covered by National Medical Insurance since 1990 and
plays a central role in providing specialised palliative
care services to patients with cancer. Since the NCCH
does not have beds assigned for palliative care, patients
were provided with information about PCUs near their
homes or according to their wish at the start of

chemotherapy or completion of standard chemotherapy.
Dying at home was defined as dying at home with
hospice. Other hospitals except PCUs and homes with
hospice were defined as non-PCU hospitals in this study.

In this study, we defined standard therapy as
gemcitabine-based or S-1-based chemotherapy. Aggressive
anticancer therapy was defined as non-standard che-
motherapies and CAM. Non-standard chemotherapy was
defined as chemotherapy with other cytotoxic agents and
included participation in a clinical trial. We used the defin-
ition of CAM adopted by the National Cancer Institute:
‘CAM is the term for medical products and practices that
are not part of standard medical care.” NCI categorises
CAM as follows: CAM (any medical system, practice or
product, ie, not thought of as standard care), complemen-
tary medicine (CAM therapy used along with standard
medicine), alternative medicine (CAM therapy used in
place of standard treatments) and integrative medicine
(an approach that combines treatments from conventional
medicine and CAM for which there is some high-quality
evidence of safety and effectiveness).

Statistical analysis

We conducted statistical analyses using IBM SPSS V.18.0
(SPSS, Chicago, Illinois, USA). All patient characteristics
and background factors were analysed using the logistic
regression analyses. Multivariate logistic regression ana-
lyses were performed after univariate analyses to reveal
strong correlation factors between POD and EOL care.
p Values less than 0.05 in a two-sided test were consid-
ered significant.

RESULTS

Patient characteristics

A total of 433 patients received systemic chemotherapy
for advanced and recurrent pancreatic carcinoma at the
NCCH (figure 1). Of these, 147 (34%) patients chose
PCU, 57 (13%) patients chose home with hospice and
229 (53%) patients chose non-PCU hospitals as their
POD. In total, 357 (82%) patients chose to receive BSC
and 76 (18%) patients chose aggressive anticancer treat-
ment as EOL care. In patients with aggressive anticancer
therapy, 64 (15%) patients used non-standard che-
motherapies and 57 (13%) patients used CAM as EOL
care (table 1).

Factors influencing POD

In multivariate logistic regression analysis using strong
factors that correlated with POD in univariate analyses,
patients who selected PCUs as the POD were most likely
to be of female gender (OR 1.85; 95% CI 1.23 to 2.79;
p=0.003) and CAM users (OR 0.23; 95% CI 0.06 to 0.81;
p=0.02). Patients who selected dying at home were most
likely to be supported by a case worker (OR 3.50; 95%
CI 1.22 to 10.03; p=0.02) and be town dwellers (OR
2.13; 95% CI 1.18 to 3.85; p=0.01). Patients who died at
non-PCU hospitals were likely to be of male gender (OR
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Figure 1 Patient distribution in the study. A total of 468
patients with advanced or recurrent pancreatic carcinoma
were seen at the National Cancer Center Hospital. Nine
patients chose best supportive care without receiving
chemotherapy. Twenty-six patients are still alive and are
continuing with standard chemotherapy.

1.64; 95% CI 1.10 to 2.44; p=0.02), rural dwellers (OR
1.85; 95% CI 1.24 to 2.74; p=0.002) and had involvement
of a case worker (OR 2.44; 95% CI 1.43 to 4.17;
p=0.001) (table 2). Although we conducted additional
analyses including all variables (age, gender, caregiver,
distance from the cancer centre, attending physician,
state of disease, EOL selection and medical environ-
ment) into the model, the results were materially
unchanged.

Factors influencing EOL care selection

Table 3 shows the results of multivariate analyses using
significant factors after univariate analyses associated
with EOL care selection were performed. Patients who
selected BSC as EOL care were of older age (OR=1.67;
95% CI 1.02 to 2.78; p=0.04) and had recurrence after
surgical resection (OR=1.82; 95% CI 1.02 to 3.23;
p=0.04). Patients who selected non-standard che-
motherapies were of younger age (OR=2.04; 95% CI
1.18 to 3.51; p=0.01). Patients who selected CAM use
were of younger age (OR=2.57; 95% CI 1.43 to 4.63;

p=0.01) and depended on the attending physician.
Although we conducted additional analyses including all
variables into the model, the results were materially
unchanged.

DISCUSSION

The present study results indicate that EOL care
selected by Japanese patients with pancreatic cancer
after complete standard chemotherapy was correlated
with the selection of POD. Notably, the factors of (1)
demographic (gender), (2) geographical differences
(distance from the cancer centre), (3) medical environ-
ment (involvement of a case worker) and (4) EOL care
selection (CAM use) were strongly correlated with selec-
tion of POD. Moreover, patients’ age, state of disease
and dependence on the attending physician were strong
factors that correlated with EOL care selection. We
found that patients who selected aggressive anticancer
therapy as EOL care, especially CAM use, tended to lose
the opportunity to die in a PCU.

In Japan, a series of national surveys was conducted by
the Ministry of Health, Labour and Welfare in 2008 to
reveal the preferred place of care and POD. Home was
the preferred place of care in general, with 29% of
respondents reporting that they wanted to receive care
at home and be admitted to a PCU if necessary, and
23% preferring to receive care at home and be admitted
to a hospital if necessary. Another 11% chose home
until death, while a considerable number of respondents
reported that they want to be admitted to a hospice
earlier and stay until death (18%) or be admitted to a
hospital earlier and stay until death (10%). The distribu-
tion of POD in this study reflected the trend in the pref-
erence of Japanese patients with cancer with regard to
place of care and POD.

In some previous reports, factors that influence selec-
tion of POD for patients with cancer were related to
illness,'” individual factors that account for the mainten-
ance of patients’ individuality, comparison of demo-
graphic variables and personal variables,”” social
support’ and relationship with the physician.” The
present study showed gender female associated with
PCU as actual POD. On the other hand, a previous
British report showed gender was not associated with
POD.* In this study, EOL care selection, especially CAM
use, influenced POD. Moreover, selection of best sup-
portive care as EOL care associated with PCU as actual
POD. Patients select aggressive anticancer therapies
closer to death, with unintended consequences of late
PCU referral.'* Moreover, physicians can predict the sur-
vival time of their patients based on experience and clin-
ical data.”” On the other hand, patients pursue
aggressive anticancer therapies, such as CAM use due to
lack of awareness of their prognosis. Selecting a treat-
ment mode without prediction of prognosis causes these
patients to lose their chance of early reference to their
preferred POD.
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Geographical differences in established PCUs, BSC at
home and regional hospitals with palliative care teams
reduce the choice of POD available to patients.
According to studies conducted in Europe, patients
living in rural areas have increased difficulty in accessing
healthcare’ and palliative care’®; yet, they are more
likely to die at home.” In the present study, the choice
of dying at home with hospice increased with the closer
distance from the cancer centre, which is located in the
centre of Tokyo. These results support the view that geo-
graphical trends affect the choice of POD in Japan and

Europe.

The present study also showed that social support and
involvement of a case worker affect the selection of
POD. Specifically, social support influenced death at
home through arrangement of medical environment by
case workers. On the other hand, involvement of a pal-
liative care team can potentially improve the timing of
referral to a PCU.'” In this study, the palliative care team
had no role in influencing the selection of POD of
patients with cancer. Comprehensive cancer teams
including the palliative care team, psycho-oncologist and
case workers can involve patients in discussions about
advance planning for care or POD.
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The trend

of use of aggressive chemotherapy
increased even in older patients, and the use of PCU as
simply a place to die in rather than to control symptoms
became common.” ' In this study, 18% of patients with
pancreatic cancer used aggressive anticancer treatment
as EOL care. In the USA, the proportion of patients
who choose cancer therapy at the EOL has increased
from 13.8% to 18.5%.'® Our study shows a similar pro-
portion when compared with previous reports. On the
other hand, in this study, the prevalence of CAM use in
patients with pancreatic cancer was 13%. This rate was
slightly lower than that found in previous studies.'? 2
The prevalence of CAM use was potentially affected by
several factors, including primary cancer site. In terms
of cancer site, the rate of CAM use was higher in
patients with lung, breast and hepatobiliary cancers than
in those with other cancers, including gastrointestinal

cancer. Hence, the ratio of CAM use in pancreatic
cancer may be lower than that in the previous report.*
The multivariate analysis also revealed a close association
between aggressive anticancer therapies and younger
age. Previous studies showed that some factors, including
younger age, were si§r]1(i)ﬁi%agllt independent predictors of
aggressive EOL care.” ™ "7 ©

Certain limitations of this study should be considered,
including its retrospective nature and the involvement of
a single institution. Therefore, the findings may not be
entirely representative of patients receiving cancer treat-
ment at other Japanese cancer hospitals; moreover, we
could not determine some other factors that influenced
the selection of POD by patients with cancer. Above all,
the study focused on factors associated with choosing
EOL care and how these factors affect POD choice, but
it did not include analysis of some other factors such as
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income of patients, religion and timing of EOL
discussions.

Physicians commonly avoid EOL care-related discus-
sions with patients until they fail standard chemother-
apy or are nearing death.”” Physicians who have close,
long-term relationships with patients often wish to avoid
discussions around EOL care.”® Physicians involved in
longitudinal care, however, may be best equipped to
have meaningful discussions about the patient’s values
and goals.” NCCH, all attending physicians informed
their patients before starting chemotherapy that
advanced pancreatic carcinoma had reduced chances
of being cured and that chemotherapy was of limited
use in palliation and prolongation of survival. Some
patients who discussed EOL care or POD during treat-
ment with standard chemotherapy collaterally under-
went a checkup or received palliative care in
community hospitals or PCUs. The selection of CAM
use as EOL care by the attending physician points to
the critical need to recognise the lack of discussion
with patients about EOL care. Moreover, selecting EOL
care after failing standard chemotherapy had a direct
bearing on the selection of POD.

In conclusion, the present study provides new and
important information on the factors influencing
patients’ choices at the EOL. To the best of our knowl-
edge, this is the first report of an investigation on POD
that focuses on EOL care selection, especially aggressive
anticancer treatment including CAM, among Japanese
patients with pancreatic cancer. Importantly, patients
and physicians should share the same information
related to survival benefits and places to receive EOL
care and choose appropriate POD.
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Objective: Ampuliary adenocarcinoma is a rare disease entity and little information regarding
these tumors is available. The aim of the present study was to clarify the treatment outcome of
systemic chemotherapy in patients with advanced ampullary adenocarcinoma.

Methods: This study consisted of a retrospective review of data obtained from patients diag-
nosed as having advanced ampullary adenocarcinoma who received non-surgical treatment at
a single institution between 1997 and 2010.

Results: We identified 26 patients (15 men, 11 women; median age, 62.0 years) who received
treatment for advanced ampullary adenocarcinoma. Twelve patients had Stage 1V disease and
14 had recurrences. The chemotherapy regimens consisted of 5-fluorouracil-based regimens
(5-fluorouracil + cisplatin, n = 3; tegafur-uracil + doxorubicin, n = 5 and tegafur, gimeracil and
oteracil potassium, n=3) and gemcitabine-based regimens (gemcitabine, n=10 and
gemcitabine + cisplatin, n = 5). The overall response rate was 7.7%. The median progression-
free survival period was 3.2 months (2.5 months in the 5-fluorouracil group vs. 3.5 months in
the gemcitabine group), and the median overall survival time was 9.1 months (8.0 months in the
5-fluorouracil group vs. 12.3 months in the gemcitabine group). The median overall survival was
significantly longer in stage |V disease than in recurrent disease. The histological phenotype
was determined in 10 of the 26 patients. Eight patients had intestinal-type adenocarcinomas
and remaining two patients had pancreatobiliary-type adenocarcinomas.

Conclusions: The treatment outcome of patients with advanced ampullary adenocarcinoma
was poor. Further development of novel treatments is necessary to improve the prognosis.

Key words: ampullary adenocarcinoma — chemotherapy — 5-fluorouracil — gemcitabine — histological
phenotype

INTRODUCTION

Ampullary carcinoma is a particularly uncommeon neoplasm.
Between 1985 and 2005, the incidence of ampullary carcin-
oma in the USA was 0.7 cases per 10 000 males and 0.4 cases
per 10 000 females (1), accounting for 0.5% of all gastrointes-
tinal malignancies (2). The number of annual deaths because
of ampullary carcinoma is only 100—200 in the USA and
800—900 in Japan (http:/www.who.int/healthinfo/morttables/

en/). This inconsistency in the number of annual deaths may
be due to the different geographical regions.

Compared with other periampullary adenocarcinomas,
ampullary adenocarcinomas is associated with a higher likeli-
hood of resectability and a more favorable prognosis. Among
patients who undergo radical resection, the overall 5-year sur-
vival rate ranges from 35 to 46%, which is better than that for
patients with distal biliary adenocarcinomas (5-year survival
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