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Optimal fixation for total preanalytic phase evaluation in
pathology laboratories. A comprehensive study including
immunohistochemistry, DNA, and mRNA assays

Masaaki Sato,' Motohiro Kojima,' Akiko Kawano Nagatsuma,' Yuka Nakamura,! Norio Saito? and

Atsushi Ochiai’

'Division of Pathology, Research Center for Innovative Oncology, National Cancer Center, ®Colorectal and Pelvic
Surgery Division, National Cancer Center Hospital East, Kashiwa, Chiba, Japan

The purpose of this study was to set the optimal
preanalytical fixation protocol to enhance analytical and
postanalytical phase accuracy and consistency. Twenty-five
normal colorectal tissues were fixed using various formalin
concentrations, pHs, and fixation periods. All specimens
were embedded in paraffin and 4 pm sections were used for
immunohistochemistry of Ki-67, and extraction and amplifi-
cation of DNA and RNA. The Ki-67 labeling index and the
successful gene amplification rate for DNA and mRNA were
evaluated and compared among variously fixed tissue
samples. Ki-67 positivity was enhanced by low pH and short
fixation time, and was influenced by the type of antibody,
but not by the staining (with or without using an autostainer)
method. DNA amplification by PCR was strongly influenced
by pH of formalin. ¢cDNA ampilification could be accom-
plished only with the shortest PCR fragment of 142 bp, and
longer fixation times impaired the amplification. These data
suggest that multiple different factors influence immunohis-
tochemical results and gene amplification using DNA and
mRNA. We recommend, based on data from this compre-
hensive analysis, a 10% neutral buffered formalin and fixa-
tion times of no longer than 1 week to produce consistent
immunohistochemical slides and DNA amplification within
500 bp in pathology laboratories.
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The numerous components of laboratory test processes can
be categorized into preanalytic, analytic, and postanalytic
phases. Many laboratory tests using formalin-fixed and
paraffin-embedded tissue samples in the preanalytic phase
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have been developed. Fixation is one of the most important
steps in the preanalytic phase in pathological testing. Multiple
factors including kinds of fixative, fixation duration, and acidity
levels have been reported to have an effect on immunochisto-
chemical results and gene amplification. For these reasons, a
standardized and optimized fixation protocol for pathology
laboratories would allow for more consistent and accurate
data to be produced and enable better informed decisions
based on the results.™®

However, the current recommendations for preanalytic
phase testing vary depending on what organ, therapy, or
procedure (such as protein, DNA, or RNA assay) is being
used.®*'® Furthermore, most studies investigating the effects
of fixation in laboratory testing have dealt with only one kind of
laboratory test target. A standardized fixation protocol for
pathology laboratories should be made available. We ana-
lyzed Ki-67 immunohistochemistry (IHC) testing and poly-
merase chain reaction (PCR)-based gene amplification using
DNA and mRNA from one samples that was fixed by different
protocols to clarify how variations in fixation influence
postanalytic results in different assays. In regards to IHC
testing, we also evaluated the effect of staining procedures,
autostainer or manual staining, and different antibody clones,
to search for the best way to reduce the effect of
nonstandardized fixation protocols.

In this study, we performed comprehensive analyses using
IHC and PCR procedures on one tissue block to develop an
optimized fixation protocol available for use in pathology
laboratories to enhance testing accuracy and consistency.

MATERIALS AND METHODS
Sample preparation

Twenty-five cases of the normal colorectal tissue samples 2.0
X 1.0 cm in size were obtained from surgically resected
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Table 1 Types of fixatives

Fixatives Buffer pH value
10% NeuBF 7.5
10% NonBF non 4.1
10% at pH 4 100 mM citrate 44
10% at pH 6 100 mM phosphate 6.1
10% atpH 7 100 mM phosphate 7.0
10% at pH 8 100 mM phosphate 7.9
20% NeuBF 7.5
20% NonBF non 3.9

10% NeuBF, 10% neutral buffered formalin (Wako); 10% NonBF, 10%
formalin; 10% at pH 4, 10% formalin with buffer at pH 4; 10% at pH 6,
10% formalin with buffer at pH 6; 10% at pH 7, 10% formalin with buffer
at pH 7; 10% at pH 8, 10% formalin with buffer at pH 8; 20% NeuBF, 20%
neutral buffered formalin (Wako); 20% NonBF, 20% formalin.

colorectal cancer cases at the National Cancer Center Hos-
pital East between 2011 and 2012. All obtained tissues were
fixed in 100 mL of formalin with various pHs and concentra-
tions within 1 hour after removal from the colon. The eight
types of formalin solutions are shown in Table 1. These
specimens were fixed for 24 h, 48 h, 1 week, or 2 weeks. All
differently fixed tissues were processed using Vacuum
Rotary VRX-23 (Sakura Finetek, Tokyc, Japan), and embed-
ded in paraffin. The present study was approved by the local
research ethics committee of the National Cancer Center
Hospital East (No.21-080).

Immunohistochemistry

The tissue was cut from paraffin blocks in 4 um sections
using a microtome and stretched on a water bath at 43°C,
then mounted on glass slides. The slides were incubated at
37°C overnight. Ki-67 staining was performed manually by
the standard immunohistochemical method. The slides were
deparaffinized in xylene and hydrated in ethanol. Antigen
retrieval was performed with 10 mM citrate buffer (pH 6.0} in
a microwave oven at 95°C for 20 min. Endogenous peroxi-
dase was blocked by incubation for 15 min with 0.3% hydro-
gen peroxidase in methanol. Nonspecific binding was
blocked by incubating in phosphate-buffered saline (PBS)
containing 2% normal swine serum and 0.1% sodium azide
for 30 min. The primary antibody was diluted in PBS contain-
ing 2% normal swine serum and 0.1% sodium azide. The
sections were incubated with mouse anti-human Ki-67 anti-
body with 1:100 dilutions for 1 h at room temperature. The
clone MIB-1 (Dako, Glostrup, Denmark) monoclonal antibody
against Ki-67 was used. After the wash with PBS, slides were
incubated for 30 min using Dako Envision Labelled Polymer-
HRP anti-mouse. The staining was visualized with 3,3'-
diaminobenzidine for 4 min and counterstained with Mayer's
hematoxylin, dehydrated in ethanol, and cleared in xylene.
Other antigen retrieval methods were also performed using

Target Retrieval Solution, pH 9 (Dako) or Dako Proteinase K,
Ready-to-use (Dako).

Additionally, to evaluate the effect of different staining pro-
cedures, the staining for Ki-87 was carried out with a Dako
Autostainer Link 48 (Dako) and a BenchMark Ultra (Ventana
Medical Systems, Tucson, AZ) according to the manufactur-
ers instructions. The clone used in the autostainer was
MIB-1 in Dako Autostainer Link 48, and it was 30-9 in
BenchMark Ultra; the effect of the different clones was evalu-
ated. Ki-67 stained slides were digitized using Hamamatsu
NanoZoomer (Hamamatsu Photonics, Hamamatsu, Japan),
and then Ki-67 positive nuclei were counted manually using
the hot spot method.™ High power x40 field photos with
0.1 mm? field view were taken and all nuclei and Ki-67 posi-
tive nuclei were counted to evaluate Ki-67 positivity.

Nucleic acids extraction

Nucleic acids were extracted from 10 x 10 pum-thick sections
for DNA and from 5 x 10 pm-thick sections for RNA using
QlAamp DNA FFPE Tissue Kit (Qiagen, Tokyo, Japan) and
RNeasy FFPE Kit (Qiagen), respectively.

PCR assays

DNA and RNAwere assessed by PCR, and 1 pL of the sample
was used as a PCR template. PCR was performed using the
PrimeSTAR Max DNA Polymerase (Takara Bio, Shiga, Japan)
according to the manufacturer's recommendations (thermal
cycling conditions: 35 cycles of 98°C for 10 s, 55°C for 5 s, and
72°C for 5 s). RT-PCR was performed using the PrimeScript
RT reagent Kit (Perfect Real Time) (Takara Bio, Shiga, Japan)
for cDNA synthesis using random 6 mers according to the
manufacturer's recommendations (thermal cycling conditions:
1 cycle of 37°C for 15 min and 85°C for 5 s). PCR amplification
of ACTB (142 bp and 307 bp) and GAPDH (500 bp) were
evaluated in genomic DNA. PCR ampilification of GAPDH (142
bp) and TBP (161 bp, 252 bp, and 300 bp) were evaluated in
cDNA. The 142 bp fragment of GAPDH and the 161 bp and
300 bp fragments of TBP span 1 intron, and the 252 bp
fragment of TBP spans 2 intron sequences. The primer
sequences are shown in Table $1.22' Degraded DNA was
evaluated using an Agilent 2100 Bioanalyzer (Agilent, Santa
Clara, CA, USA).

Statistical analysis

To evaluate the effect of different type of formalin in the result
of Ki-87 positivity, sections fixed with 10% NeuBF were used
as a control, and the differences between the other types
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were evaluated. To evaluate the effect of fixation time in the
result of Ki-67 positivity, sections fixed for 24 h were used as
a control, and sections fixed for 2 weeks were evaluated. To
elucidate the effect of using an autostainer versus manual
staining and of using different antibodies, manual staining
was used as a control.

Student’s ttest was used to determine statistically signifi-
cance differences. The P value was set at 0.05.

RESULTS

Effect of pH and concentration of formalin
in Ki-67 positivity

All sections under various fixation protocols showed nuclear
expression in the basal crypt of epithelial cells in Ki-67 IHC.
Figure 1 shows the Ki-67 positivity by fixation under different
conditions such as various pHs, formalin concentrations, fixa-
tion times, and fixations by manual staining. Compared to the
10% NeuBF fixation, specimens fixed with the low pH forma-
lin of pH 4 showed higher Ki-67 positivity in the 24 hand 48 h
fixations. Ki-67 positivities in 10% NonBF for the 24 h and
48 h fixations, and in 10% formalin at pH 6 for the 48 h
fixation, were significantly higher than that seen in 10%
NeuBF (P < 0.05, Fig. 1a,b). The high pH formalin of pH 7 or
pH 8 tended to show less Ki-67 positivity in the 1 week and 2
week fixations, but it was not statistically significant
(Fig. 1¢,d). Ki-67 positivity was not affected by 20% NeuBF
and NonBF. Ki-87 positivity in all fixation protocols was low in
the 2 week fixation when compared to the 1 week fixation.
Furthermore, pH values of NonBF changed from 4 to 5 or 6
during the duration of the fixation (Fig. 1e,f).

Effect of fixation time in Ki-67 positivity

The effect of fixation time on Ki-87 positivity was evaluated
under variable fixation times and using different staining pro-
cedures (Fig. 2). Ki-67 positivity was attenuated by longer
fixation time, regardless of the difference in fixatives. Further-
more, this attenuation was notable after 1 or 2 week fixation
(Fig. 2a). The same phenomenon was observed with either
the manual or auto staining (Fig. 2b,c). And the same phe-
nomenon was confirmed by using different antigen retrieval
of pH 9 in manual staining. Sections treated with proteinase
K for 3min or 6 min were also performed, but positive
stainings were not observed (Fig. 2d).

Effect of staining procedure

We evaluated the effect of the staining protocol between the
manual and the autostaining system and also the effect of
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using different antibodies. Ki-67 positivity was compared
between manual stained and Dako Autostainer Link 48
stained samples using the same MIB-1 antibody. Equivalent
Ki-67 positivity was found between sections stained manually
and with the Autostainer Link 48 (Fig. 3). In addition, regard-
less of the difference in the fixation protocol, similar Ki-67
positivity was observed between manual and Dako
Autostainer Link 48 staining. The effect of different antibody
clones on Ki-67 positivity was evaluated by using clones of
MIB-1 (Dako) with manual staining and the Dako Autostainer
Link 48, and by using 30-9 (Ventana) with the BenchMark
Ultra. Ki-87 positivity was much higher in sections using 30-9
and stained by the BenchMark Ultra (Fig. 3). The same ten-
dency was preserved with different fixation solutions. These
results indicated that different clones also have an effect on
Ki-67 positivity.

Figure 4 shows the immunohistochemical staining of the
Ki-67 expressions with different fixatives and fixation periods.
Ki-67 positivity and intensity of expression were different
depending on the fixation protocols. The intensity of Ki-67
(MIB-1) expression in the section fixed by 10% NonBF was
stronger than that seen in samples fixed by 10% NeuBF
(Fig. 4a,b). Fixation for 24 h showed stronger intensity of
Ki-67 (MIB-1) expression than that seen after 2 weeks of
fixation (Fig. 4b,c). In addition, the intensity of clone 30-9
expression by BenchMark Ultra was stronger than that of
MIB-1 and manual staining (Fig. 4a,d). These results show
that not only positivity, but also the staining intensity, were
influenced by the fixation protocol or staining procedure.

Effect of pH and concentration of formalin and fixation
time on PCR assay

Genomic DNA and total RNA were extracted from blocks
using the different fixation protocols. The results of PCR
amplification of different fragment sizes are shown in Table 2.
As for genomic DNA, the success rate of PCR assay was
higher in 10% neutral or high pH formalin fixation than in low
pH (pH 4.1) or 20% formalin fixation. In 10% NeuBF, 10%
formalin at pH 7 or 8 fixations, PCR within 500 bp was suc-
céssfully performed within 2 weeks of fixation time. In low pH
and 20% formalin fixation, the success rate was lower
depending on the fragment size and fixation time. As for the
cDNA from mRNA, perfect amplification was observed only in’
short fragments within 252 bp. Fragments of 142 bp were
successfully amplified within 48 h. The success rate was
correlated with the small size of the fragment and short time
of fixation. Figure 5 shows the degree of degradation of
genomic DNA from NeuBF and NonBF under variable fixation
times. Genomic DNA from NonBF increased low molecular
weight smear depending on fixation times. Genomic DNA
from 10% NeuBF was little affected by fixation times.
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Figure 1 The effect of pH value and concentration in formalin with 24 h, 48 h, 1 week, and 2 week fixations by Ki-67 (MIB-1) manual staining.
Box-and-whisker plots for comparison of the rate of Ki-67 positive nuclei stained manually in each fixative. Ki-67 (MiB-1) manually stained from
specimens fixed (a) for 24 h, (b) for 48 h, (c) for 1 week, and (d) for 2 weeks. *P < 0.05. **P < 0.01. Change of pHvalue before and after fixation.
(e) 10% NeuBF for 2 weeks; 10% with buffer at pH (4, 6, 7, and 8) for 2 weeks. 10% NonBF for 24 h, 48 h, 1 week and 2 weeks. (f) 20% NeuBF
for 2 weeks; 20% NonBF for 24 h, 48 h, 1 week and 2 weeks. () ~, 10% NeuBF 2w; —, 10% at pH4 2w; ~—, 10% at pH6 2w; ~—, 10%
at pH7 2w; —, 10% at pH8 2w; ~, 10% NonBF 24h; —, 10% NonBF 48h; -~-, 10% NonBF 1w; ~~, 10% NonBF 2w. (f) —, 20% NeuBF
2w; = 20% NonBF 24h; ~, 20% NonBF 48h; =~ 20% NonBF 1w; ——, 20% NonBF 2w.

DISCUSSION assay from formalin fixed, paraffin-embedded tissue samples.
Our study is the first to attempt to establish a standard fixation

Pathology laboratories are required to produce consistent protocol suitable for multiple laboratory tests.
data that are not affected by differences between laboratories. Ki-67 protein expression used in IHC has been utilized for
Recent progress in laboratory testing enables researchers to multiple purposes including pathological diagnoses or thera-
analyze not only protein expression but also DNA and mRNA peutic determinations in many types of cancers. Therefore,
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Figure 2 The effect of fixation time in Ki-67 (MIB-1) positivity using different staining procedures. Positive rate of (a) Ki-67 (MIB-1) staining
manually, (b) Ki-67 (MIB-1) staining using Dako Autostainer Link 48, and (c) Ki-67 (30-9) staining using BenchMark Ultra with the change of
fixaive time for each fixative. (d) The Ki-67 positivity by fixation under 10% NeuBF, 10%NonBF, various fixation times, and fixations by pH 9
antigen retrieval and manual staining. *P < 0.05. **P < 0.01. 4, 10% NeuBF; &, 10% NonBF; 4, 10% at pH4; =, 10% at pH8; :, 10% at pH7;

@, 10% at pH8; -+, 20% NeuBF; =, 20% NonBF.
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* P<0.05.**P<0.01.

we selected the Ki-87 protein to study the effect of fixation
protocols in protein assays. We evaluated the effect of acidity
levels from pH 4 to pH 8, and Ki-67 positivity was strongly
influenced by the pH level of the formalin. Furthermore, the
pH value in non-buffered formalin changed during fixation.
This result suggested that a neutral buffer is absolutely
required to produce consistent data within different pathologi-
cal laboratories, as reported in many recommendations.?

© 2014 The Authors
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The concentration of formalin can also be one of the impor-
tant factors to be managed in pathology laboratories.??
However, compared with pH or fixation time, the effect of
fixation was not as substantial, at least between 10% and
20% formalin solutions. As for the fixation times, although
Ki-67 is reported to be robust across fixation times, our
results show marked reduction in the protein expression
between 1 to 2 week fixation, regardless of the different

Pathology International © 2014 Japanese Society of Pathology and Wiley Publishing Asia Pty Lid
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Table 2 PCR results in genomic DNA and cDNA

Fixation PCR results in genomic DNA PCR results in cDNA
Fixative time ACTB142bp ACTB 307bp GAPDH500bp GAPDH 142bp  TBP 161bp TBP 252bp TBP 300bp
10% NeuBF
24h 100% (n=9) 100% (n=9) 100% (n=9) 100% (n=9) 100% (n=9) 100% (n=9) 0% (n=9)
48h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n1=3) 66.6% (n=3) 66.6% (n1=3) 0% (n=23)
1w 100% (n=38) 100% (n=3) 100%(n=38)  100% (n=3) 33.3% (n=3) 0% (n=23) 0% (n = 3)
2w 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 33.3% (n=3) 0% (n=3)
10% NonBF
24h 100% (n=3) 100% (n=3) 100%(n=3) 100% (n=3) 66.6% (n=3) 66.6% (n=3) 0% (n=3)
48h 100% (n=3) 100% {n=3) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 0% (n=3)
w 50% (n=4) 75%(n=4) 0% (n=4) 100% (n=4) 0% (n=4) 0% (n=4) 0% (n=4)
2w 0% (n=3) 0% (n = 3) 0% (n = 3) 100% (n=3) 0% (n=3) 0% (n=23) 0% (n=3)
10% at pH 4
24h 66.6% (n=3) 66.6% (n=3) 66.6% (n=3) 100% (n=3) 100% (n=38) 66.6%(n=3) 0% (n=3)
48h 66.6% (n=3) 100% (n=3) 333% (n=3) 100% (n=3) 100% (n=3) 333%{(n=3) 0% (n=3)
w 0% (n=3) 0% (n = 3) 0% (n=3) 100% (n=3) 0% (n=23) 0% (n=3) 0% (n=3)
2w 0% (n=3) 0% (n=3) 0% (n=3) 33.3% (n=3) 0% (n=3) 0% (n=23) 0% (n=23)
10% at pH 6
24h 100% (n=3) 100% (n=3) 100% (n=38) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3)
48h 66.6% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
1w 100% (n=38) 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 0% (n=3) 0% (n=3)
2w 100% (n=3) 100% (n=3) 0% (n=3) 100% (n=3) 33.3% (n=3) 0% (n=3) 0% (n=3)
10% at pH 7
24h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% {(n=38) 100% (n=3) 0% (n=23)
48n 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
1w 100% (n=3) 100% (n=3) 100% (n=38) 100% (n=3) 100% (n=3) 33.3% (n=3) 0% (n=3)
2w 100% (n=3) 100% (n=3) 100% (n=3) 66.6% (n=3) 33.3% (n=3) 33.3% (n=3) 0% (n=3)
10% at pH 8
24h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
48h 100% (n=3) 100% (nh=3) 100% (n=3) 100% (n = 3) 66.6% (n=3) 33.3% (n=3) 0% (n=23)
1w 100% (n=3) 100% (n=3) 100% (n=8) 100% (n=3) 83.3% (n=3) 0% (n=3) 0% (n=3)
2w 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=38) 33.3% (n=3) 0% (n=23) 0% (n=3)
20% NeuBF
24h 100% (n=38) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 0% (n=3)
48h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=8) 100% (n=3) 0% (n=3)
Tw 100% (n=38) 100% (n=3) 100% (n=3) 100% (n=3) 33.3%(n=3) 0% (n=23) 0% (n=23)
2w 100% (n=3) 100% (n=3) 33.3% (n=3) 100% (n=3) 33.3% (n=3) 33.3% (n=3) 0% (n=3)
20% NonBF
24h 100% (n=3) 100% (n=3) 100% (n=3) 100% (n=23) 66.6% (n=3) 33.3% (n=3) 0% (n=23)
48h 66.6% (n=23) 383.3% (n=3) 33.3% (n=3) 100% (n=3) 100% (n=38) 100% (n=3) 0% (n=3)
1w 66.6% (n=3) 0% (n=3) 0% (n=3) 66.6% (n=3) 33.3% (n=3) 0% (n=3) 0% (n=23)
2w 0% (n=3) 0% (n=3) 0% (n=3) 33.3% (n=3) 0% (n=3) 0% (n=23) 0% (n = 3)

ACTB, beta-actin; GAPDH, glyceraldehyde 3-phosphate dehydrogenase; TBP, TATA-binding protein.

fixatives or clones used. Therefore, fixation times no longer
than 1 week can be a practical standard for IHC. Use of an
autostainer can provide stable IHC data, and the consistent
data between autostaining and manual staining supports the
routine utility of an autostainer after the establishment of a
proper staining protocol. However, the clones must be
chosen - carefully because Ki-67 positivity was different
between clones of MiB-1 and 30-9. In addition, fixation with
low pH showed higher Ki-67 positivity, but may not produce a
consistent result. Therefore, we must be aware that a proto-
col with higher Ki-67 positivity may not always be the best to
produce consistent data.

In addition to the IHC, DNA and RNA assays are increas-
ingly required to be performed on one sample embedded in

paraffin. In those cases, stable PCR gene amplification is
required in the analytical phase. It has been reporied that
acidic pH levels cause degradation of nucleic acids, and we
also confirmed that the success rate of PCR gene amplifica-
tion was lower in a pH 4 fixation.?* As for genomic DNA, using
10% and 20% NeuBF, we consistently performed PCR
assays of DNA amplification for those fragments shorter than
or equal to 500 bp that had been fixed for between 24 h to 1
week. These data also support the use of NeuBF. As for
c¢DNA from mRNA, the amplification was largely dependent
on the length of the product size. However, the shortest
fragment of 142 bp was successfully amplified after 1 week in
NeuBF. These results also indicated it would be practical to
use NeuBF solution and fixation times of between 24 h to 1
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Figure 4 The immunohistochemical
staining of Ki-67 expression with different
fixatives and fixation periods. Ki-67 (MIB-1)
staining manually (a-c), and Ki-67 (30-9)
staining using BenchMark Ultra (d) of
normal colonic mucosa according to the
fixatives and fixation times. (a, d) 10%
NeuBF for 24 h, (b) 10% NonBF for 24 h,
(c) 10% with buffer at pH 4 for 2 weeks.
Bar: 50 pm.

1% NeuBF 48h
10% NeuB3lFF 2w
10% NonBF 24h
10% NonBF 48h
10% NonBF 2w
20% NonBF 24h
20% NonBF 48h
20% NonDF Tw

6 NeulF 24h
10% NeuBF Iw

Laddor
10

Thp}
T000 -~
2000 -~
1000~

[HU

500

00—

300~

200

150

100

35 e

f11

1L 1 2 3 1 5 6 7 8 9 10 11

Figure 5 The degree of degradation of genomic DNA from NeuBF
and NonBF under variable fixation times. L: Ladder; Lane 1: 10%
NeuBF for 24 h; Lane 2: 10% NeuBF for 48 h; Lane 3: 10% NeuBF
for 1 week; Lane 4: 10% NeuBF 2 weeks; Lane 5: 10% NonBF for
24 h; Lane 6: 10% NonBF for 48 h; Lane 7: 10% NonBF for 1 week;
Lane 8: 10% NonBF for 2 weeks; Lane 9: 20% NonBF for 24 h; Lane
10: 20% NonBF for 48 h; Lane 11: 20% NonBF for 1 week.

week in the evaluation of DNA and RNA assays. Recently,
alternative fixative with better preservation of nuclear acid
than formaldehyde were reported.?® Such a fixative may also
be available when longer fragment analysis was required for
the pathology laboratory in the future. On the other hand, at
present, it is thought that NeuBF is a superior fixative for both
protein and nucleic acids than NonBF.26%

In conclusion, fixation protocols must be standardized to
provide consistent result from multiple assays performed in
different pathology laboratories. Taking these comprehensive
results together, we recommend 10% NeuBF solution and

© 2014 The Authors
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fixation time of no longer than 1 week to obtain a uniform
result in IHC, DNA, and RNA assays.
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Abstract  Background: Neural invasion is a characteristic pattern of invasion and an impor-
tant prognostic factor for invasive ductal carcinoma (IDC) of the pancreas. M2 macrophages
have reportedly been associated with poor prognosis in various cancers. The aim of the pres-
ent study was to investigate the prognostic impact of M2 macrophages at extrapancreatic
nerve plexus invasion (plx-inv) of pancreatic IDC.

Methods: Participants comprised 170 patients who underwent curative pancreaticoduodenec-
tomy for pancreatic IDC. Immunohistochemical examination of surgical specimens was per-
formed by using CD204 as an M2 macrophage marker, and the area of immunopositive cells
was calculated automatically. Prognostic analyses of clinicopathological factors including
CD204-positive cells at plx-inv were performed.

Results: Plx-inv was observed in 91 patients (53.5%). Forty-eight patients showed a high per-
centage of CD204-positive cell area at plx-inv (plx-inv CD204%™2h). Plx-inv CD204%"¢® was
an independent predictor of poor outcomes for overall survival (OS) (P < 0.001) and disease-
free survival (DFS) (P < 0.001). Patients with plx-inv CD204%™" showed a shorter time to
peritoneal dissemination (P <0.001) and locoregonal recurrence (P <0.001). In patients
who underwent adjuvant chemotherapy, plx-inv CD204%"€" was correlated with shorter
OS (P =0.011) and DFS (# = 0.038) in multivariate analysis.
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prognosis.

Conclusions: Plx-inv CD204%M" was associated with shortened OS and DFS and early
recurrence in the peritoneal cavity and locoregional space. The prognostic value of plx-inv
CD204%"8" was also applicable to patients who received adjuvant chemotherapy. High
accumulation of M2 macrophages at plx-inv represents an important predictor of poor

© 2014 Elsevier Ltd. All rights reserved.

1. Introduction

Pancreatic cancer is an aggressive malignancy with a
high incidence of recurrence and low rates of survival,
even when curative resection is achieved [1,2]. However,
the mechanisms underlying this intractability have yet to
be elucidated. Neural invasion has been accepted as an
important prognostic factor for invasive ductal carci-
noma (IDC) of the pancreas [3-7]. Patients with severe
neural invasion are categorised as unresectable cases
[8] and experience pain, cachexia, peritoneal dissemina-
tion and poor prognosis [9-11].

In vivo and in vitro models have been established to
shed light on the mechanisms underlying neural invasion
[9,12-15]. In our previous study [12], highly expressed
genes in nerve tissues of the mouse model using
Capan-1, a human pancreatic cancer cell line, included
macrophage-related genes such as lysozyme [16], macro-
phage-expressed gene 1 glycoprotein [16] and early
growth response 1 [17] In other experimental studies,
the paracrine regulation of neurotrophins was associ-
ated with the recruitment of macrophages in neural
invasion and the migration of tumour cells [14,15].
Accumulation of macrophages at sites of neural inva-
sion is considered to support tumour cell proliferation
and is presumably related to poor prognosis.

Macrophages that have infiltrated into cancer
stroma are termed tumour-associated macrophages
(TAMs) and promote tumour progression and metas-
tasis [18]. Increased density of TAMs is associated with
poor prognosis in cancers of the thyroid, prostate,
stomach, bile duct and pancreas [19-23]. TAMs
express an M2-skewed phenotype, which is activated
in chronic inflammation, scavenge debris and promote
angiogenesis and tissue remodelling [18]. M2 macro-
phages show high expression of scavenger receptor
(SR)-A (CD204). High accumulation of CD204-posi-
tive cells at the periphery of pancreatic IDC was cor-
related with shorter overall survival (OS) and disease-
free survival (DFS) in our previous study [23]. How-
ever, to the best of our knowledge, the clinical impact
of M2 macrophages in neural invasion sites has not
been elucidated in any kind of malignancies. The aim
of the present study was to investigate the prognostic
value of M2 macrophages at neural invasion in
patients with pancreatic IDC who underwent curative
pancreaticoduodenectomy.

2. Methods
2.1. Patients

A total of 177 patients underwent curative (RO) pan-
creaticoduodenectomy and were histologically diag-
nosed with pancreatic IDC at our institution between
September 1992 and June 2011. Seven patients were
excluded due to surgical mortality (n = 3), incomplete
follow-up data (n = 2) and poor-quality surgical speci-
mens (n = 2). The remaining 170 patients were included
in this investigation. The median patient age at the time
of surgery was 65 years [range, 34-84 years], and 63
(37.1%) were women. Sixty patients received postopera-
tive adjuvant chemotherapy, consisting of gemcitabine
in 40 patients (66.7%), S-1 (an oral fluoropyrimidine)
in 10 (16.7%), gemcitabine plus S-1 in 6 (10.0%) and
S-fluorouracil plus cisplatin in 4 (6.7%). Inclusion crite-
ria for adjuvant chemotherapy basically conformed to
the criteria of the nationwide Japanese randomised
phase 1T trial [24]. Neoadjuvant therapy was performed
in four patients. Lymphadenectomy was performed
according to the Japanese General Rules for the Study
of Pancreatic Cancer [25]. All patients signed an institu-
tional review board-approved informed consent form.

2.2. Evaluation of clinicopathological features

Each resected specimen was fixed in 10% formalin at
room temperature, and the size and gross appearance
of the tumour were recorded [3]. The entire tumour was
cut at intervals of 0.5-0.7 cm, and the specimens were
routinely processed and embedded in paraffin. Serial
sections (3-pm thick) of each tumour were cut, and one
section was stained with haematoxylin and eosin (HE).
Histopathological findings were examined according to
the definitions of the Japan Pancreas Society [25]. The
following clinicopathological factors were investigated
to assess their prognostic value: age; sex; Eastern Coop-
erative Oncology Group performance status (ECOG
PS); presence of adjuvant chemotherapy; serum level of
carcinoembryonic antigen (CEA); serum level of carbo-
hydrate antigen (CA)I9-9; tumour differentiation;
tumour size; serosal invasion; retroperitoneal invasion;
portal vein invasion; lymphatic invasion (ly); vessel inva-
sion (v); intrapancreatic neural invasion (ne); lymph node
involvement and extrapancreatic nerve plexus invasion
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Fig. 1. (a) CD204-positive cells at an extrapancreatic nerve plexus invasion (plx-inv) (magnification, x400). (b) Red areas represent CD204-positive
cells, and the percentage area of CD204-positive cells was calculated as (area of CD204-positive cells/measured area) x 100 using the automeasure
function in Axio Vision 4.7.1 software (Carl Zeiss, Oberkochen, Germany). {¢) CD204-positive cells at the tumour periphery (magnification, x400).

(d) CD204-positive cells are expressed as red areas.

(plx-inv). Ly, v and ne were classified into four groups
based on the most extensively involved area observed
under low-power magnification (x100): no invasion of
cancer cells; slight invasion of a few cancer cells (1-3
points); moderate invasion (4-8 points) and severe inva-
sion (>8 points). Pathological stage was evaluated
according to the 7th edition of the International Union
Against Cancer (UICC) classification (IA/IB/ITA versus
IIB/IIT/TV) [26]. Cut-off values for continuous variables
were determined {rom median values for all patients.

2.3. Definition of the tumour periphery and plx-iny

HE-stained sections at the maximal diameter of the
tumour were evaluated at a magnification of x40, and
the margin of the tumour was marked on each slide.
The periphery of the primary tumour was defined as
fields that included cancer cells and adjacent nomn-
cancerous cells at a magnification of x100 [23]. As
described in our previous study [3], plx-inv was defined
as invasion of tumour cells inside the perineurium, apart
from both the pancreatic capsule and main tumour, and
was evaluated at a magnification of x400 in all sections.
Plx-inv distance was defined as the distance from the
plx-inv to the main tumour. The cut-off for plx-inv

distance was set at 2500 um, and the prognostic value
was evaluated [3].

2.4. Immunohistochemical staining and evaluation

Mouse anti-human CD204 antibody (Scavenger
Receptor class A-E5, [:400 in blocking buffer;
Transgenic, Kumamoto, Japan) was used for immuno-
histochemical staining [23]. The percentage area of
CD204-positive cells (CD204%) was calculated as (area
of CD204-positive cells/measured area) x 100 using
the automeasure function in Axio Vision 4.7.1 software
(Carl Zeiss, Oberkochen, Germany) [23]. The mean
CD204% for three hot spots at the tumour periphery
and plx-inv was calculated in each patient. Median
CD204% for all patients with plx-inv was used to deter-
mine CD204%"#" as equal to or above the median.
Prognostic analyses for CD204%™M¢" at the periphery
and plx-inv were performed.

2.5. Assessment of recurrence
Contrast-enhanced computed tomography or mag-

netic resonance imaging was performed every 3 months
after surgery. Sites of recurrence were categorised as
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Table 1

Prognostic analyses for overall survival and disease-free survival in patients with invasive ductal carcinoma of the pancreas (n = 170).

Parameter n % Overall survival Disease-free survival

HR 95% CI P HR 95% CI P
(a) Univariate analysis
Age > 65 80 47.1 1.077 0.775-1.498 0.657 1.114 0.808-1.535 0.510
Sex, male 107 62.9 0.876 0.625-1.227 0.442 0.960 0.689-1.339 0.811
ECOGPS > 1 28 16.5 1.975 1.266-3.081 0.003" 1.403 0.909-2.166 0.126
Absence of adjuvant chemotherapy 110 64.7 1.715 1.186-2.481 0.004" 1.501 1.061-2.123 0.022"
CEA > 34 ng/ml 88 51.8 1.419 1.019-1.975 0.038" 1.584 1.147-2.186 0.005"
CA19-9 = 111.5 U/ml 85 50.0 0.904 0.648-1.260 0.550 1.026 0.743-1.417 0.877
Tumour differentiation, moderate/poor 126 74.1 1.248 0.857-1.817 0.248 1.514 1.042-2.199 0.030"
Tumour size > 3.0 cm 81 47.6 1.615 1.160-2.248 0.005" 1.596 1.156-2.203 0.004"
Serosal invasion (+) 46 27.1 0.865 0.591-1.266 0.457 1.164 0.811-1.671 0.411
Retroperitoneal invasion (-) 145 85.3 1.174 0.724-1.904 0.516 1.060 0.668-1.682 0.805
Portal vein invasion (+) 40 23.5 1.479 1.014-2.156 0.042" 1.186 0.818-1.722 0.368
Ly, moderate to severe 46 27.1 1.634 1.130-2.365 0.009" 1.620 1.135-2.312 0.008"
V, moderate to severe 103 60.6 1.779 1.254-2.524 0.001" 1.636 1.168-2.292 0.004"
Ne, moderate to severe 106 62.4 [.812 1.270-2.583 0.001" 1.637 1.164-2.302 0.005
Lymph node involvement (+) 141 82.9 1.505 0.968-2.341 0.069 1.554 1.002-2.409 0.049°
Pathological stage IIB/III/IV 143 84.1 1.414 0.903-2.214 0.130 1.463 0.937-2.284 0.094
Peripheral CD204%:"sh 85 50.0 1.777 1.272-2.484 0.001" 1.570 1.135-2.172 0.006"
Plx-inv (+) 91 53.5 1.612 1.147-2.264 0.006" 1.785 1.280-2.489 0.001"
Pix-inv distance = 2500 um 56 32.9 1.949 1.368-2.777 <0.001" 2.274 1.597-3.238 <0.001"
Plx-iny CD204%"sh 48 28.2 1779 1.247-2.539 0.001" 1.904 1.341-2.703 <0.001"
(b) Multivariate analysis
Absence of adjuvant chemotherapy 110 64.7 1.741 1.143-2.651 0.0107 1.559 1.042-2.332 0.031"
CEA > 3.4 ng/ml 388 51.8 1.437 1.011-2.041 0.043" 1.602 1.139-2.253 0.007"
Tumour size > 3.0 cm 81 47.6 1.610 1.147-2.262 0.006" 1.616 1.160-2.250 0.005"
Ly, moderate to severe 46 27.1 1.254 0.839-1.876 0.270 1.151 0.775-1.709 0.487
V, moderate (o severe 103 60.6 1.503 1.010-2.242 0.045" 1.291 0.879-1.897 0.192
Peripheral CD204%"s" 85 50.0 2.167 1.522-3.086 <0.001" 1.831 1.297-2.583 0.001°
Plx-inv CD204%"s" 48 28.2 2.008 1.362-2.962 <0.001" 2.046 1.400-2.991 <0.001"

* P <0.05. Prognostic analyses were carried out using Cox regression model. HR, hazard ratio; 95% CI, 95% confidence interval; ECOG PS,
Eastern Cooperative Oncology Group performance status; CEA, carcinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; Ly, lymphatic
invasion; V, vessel invasion; Ne, intrapancreatic neural invasion, Peripheral CD204%M88 percentage of CD204-positive cells area al the periph-
ery > 3.34; Plx-inv, extrapancreatic nerve plexus invasion; Plx-inv CD204%"5" percentage of CD204-positive cells area at plx-inv > 0.57.

liver metastasis, peritoneal dissemination, locoregional
recurrence and distant lymph node metastasis. Perito-
neal dissemination was defined as marked peritoneal
nodules, increased ascites or malignant ascites as con-
firmed by cytology. Locoregional recurrence was defined
as tumour in a dissected space or metastasis in regional
lymph nodes according to the 7th edition of the UICC
classification [26]. Distant lymph node metastasis was
defined as marked lymph node swelling apart from the
regional space.

2.6. Statistical analysis

Uni- and multivariate analyses for OS, DFS and time
to each type of recurrence were performed using a Cox
regression model. Factors showing values of P <0.05
for both OS and DFS in univariate analyses were
included in multivariate analyses. Pearson’s correlation
coefficient r was used to evaluate the correlation among
covariates. The observation period was until March
2013, and the median duration was 17.6 months [95%
confidence interval (CI), 14.5-20.6]. -OS was defined as

the time from surgery to death or the date censored at
last follow-up. DFS was calculated as the time from
surgery to tumour relapse or death or the date censored
at last follow-up. Survival curves were drawn using the
Kaplan—-Meier method, and the differences between
patient groups were analysed by log-rank test. P-values
were two-sided, with the significance level at P <0.05.
Statistical analyses were performed using SPSS version
19.0 software (SPSS, Chicago, IL).

3. Results
3.1. Distribution of CD204%

CD204 accumulation at the primary tumour was
measured in all 170 patients, and median CD204% at
the tumour periphery was 3.34% [range, 0.16-14.04%)].
Plx-inv was observed in 91 patients (53.5%). CD204-
positive cells and the measured area at plx-inv are shown
in Fig. la and b, and CD204-positive cells and the mea-
sured area at the tumour periphery are shown in Fig. Ic
and d. Median CD204% at plx-inv was 0.57% [range,
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Fig. 2. (a) Kaplan—Meier curve for overall survival stratified by the level of CD204-positive cell area as a percentage at extrapancreatic nerve plexus
invasion (plx-inv CD204%). (b) Kaplan—-Meier curve for disease-free survival stratified by the level of CD204-positive cell area as a percentage at
extrapancreatic nerve plexus invasion (plx-inv CD204%). (¢) Kaplan-Meier curve for peritoneal dissemination-free survival stratified by the level of
CD204-positive cell area as a percentage at extrapancreatic nerve plexus invasion (plx-inv CD204%). (d) Kaplan~Meier curve [or locoregional
recurrence-free survival stratified by the level of CD204-positive cell area as a percentage at extrapancreatic nerve plexus invasion (plx-inv

CD204%).

0.00-7.76%)]. Forty-eight patients with CD204% at plx-
inv >0.57% were categorised as plx-inv CD204%"e",
There were 43 patients with CD204% at plx-inv
<0.57% and 79 patients without plx-inv, who were cate-
gorised as plx-inv CD204%"°.

3.2. Prognostic analyses of clinicopathological factors

The median OS and DFS were 17.8 months [95% CI,
14.7-20.9] and 9.8 months [95% CI, 7.9-11.6],
respectively. Univariate analysis identified absence of
adjuvant chemotherapy, CEA > 3.4 ng/ml, tumour
size > 3.0 cm, moderate to severe ly, v and ne, periphe-
ral CD204%Met plx-inv, plx-inv distance > 2500 pm
and plx-inv CD204%"" as candidates for correlation
with both shorter OS and shorter DFS (P <0.05)
(Table 1a). Strong correlations were observed between
plx-iny  CD204%"" and the following covariates:
moderate to severe ne, r=0.299, P<0.001; plx-inv,
r=0.584, P<0.001; and plx-inv distance > 2500 um,
r=0.534, P <0.001. Therefore, these covariates were
excluded [rom the multivariate analysis. Multivariate
analysis revealed absence of adjuvant chemotherapy
(hazard ratio [HR], 1.741; P = 0.010), CEA > 3.4 ng/ml
(HR, 1.437, P=0.043), tumour size = 3.0cm (HR,
1.610; P=0.006), moderate to severe v (HR, 1.505;

P =0.045), peripheral CD204%"€" (HR, 2.167; P<
0.001), and plx-inv CD204%"&" (HR, 2.008; P < 0.001)
as independent risk factors for shorter OS (Table 1b).
In terms of DFS, absence of adjuvant chemotherapy
(HR, 1.559; P=0.031), CEA > 3.4 ng/ml (HR, 1.602;
P =0.007), tumour size = 3.0cm (HR, 1.616; P=
0.005), peripheral CD204%"" (HR, 1.831; P =0.001)
and plx-inv CD204%"€" (HR, 2.046; P < 0.001) repre-
sented independent risk factors for shorter DFS
(Table ib). OS and DFS curves according to the level
of plx-inv CD204% are shown in Fig. 2a and b.

3.3. Time to relapse according to site of recurrence

Median times to tumour relapse were 7.3 months
[95% CI1, 5.5-9.1] for liver metastasis (71 patients,
41.8%), 12.1 months [9.2-15.0] for peritoneal dissemina-
tion (57 patients, 33.5%), 10.0 months [7.1-13.0] for
locoregional recurrence (76 patients, 44.7%) and
8.8 months [4.0-13.6] for distant lymph node recurrence
(46 patients, 27.1%). Multivariate analyses showed that
absence of adjuvant chemotherapy (HR, 1.924;
P =0.030) and moderate to severe ly (HR, 2.634;
P <0.001) correlated with early relapse to liver metasta-
sis (Table 2). Peripheral CD204%"¢" was a predictor of
peritoneal  dissemination (HR, 1.815; P =0.031)
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(Table 2). Plx-inv CD204%"" was independently
associated with peritoneal dissemination (HR, 2.886;
P <0.001) and locoregional recurrence (HR, 2.483;
P <0.001) (Table 2 and Fig. 2¢c and d).

3.4. Prognostic analyses stratified by presence of adjuvant
chemotherapy

Adjuvant chemotherapy represented an independent
prognostic factor for OS and DFS as a definitive thera-
peutic modality (Table 1, Fig. 3a and b). Multivariate
analyses to test prognostic factors with adjuvant
chemotherapy were re-examined and revealed that only
plx-inv CD204%Me" was associated with both shorter
0OS (HR, 2.624; P=0.011) and shorter DFS (HR,
2.257, P=10.038) in patients with plx-inv who under-
went postoperative adjuvant chemotherapy (Table 3).

4, Discussion

The present study demonstrated that the accumula-
tion of CD204-positive cells, representing M2 macro-
phages, at plx-inv of pancreatic IDC was an
independent predictor of shorter OS and DFS in
patients who underwent curative pancreaticoduodenec-
tomy for pancreatic IDC. The prognostic impact of
plx-inv CD204%"2" was maintained in patients who
received adjuvant chemotherapy. Infiltration of M2
macrophages at plx-inv of pancreatic IDC was revealed
as a key factor to explain the aggressiveness of pancre-
atic IDC for the first time in this study.

Peritoneal dissemination has long been considered a
poor prognostic factor for patients with pancreatic
IDC [27-29]. Patients with plx-inv CD204%"%" showed
early relapse to the peritoneal cavity in this study. The
interaction between M2 macrophages and tumour cells
at plx-inv was suggested to play a crucial role in perito-
neal recurrence, which led to poor survival. From the
perspective of surgical anatomy, nerve fibres of the
plexus pancreaticus capitalis might provide a convenient
pathway for infiltrating tumour cells. As recent experi-
mental study showed that macrophages around nerves
were recruited in response to cytokine secreted by invad-
ing tumour cells and increased migration of tumour cells
[15], M2 macrophages might promote the invasiveness
of tumour cells at plx-inv, leading tumour cells to
disperse into the peritoneal space and resulting in perito-
neal dissemination. This speculation warrants further
studies to observe the distribution of M2 macrophages
in metastatic sites of pancreatic IDC and to test the role
of M2 macrophages in metastatic tumour models.

Immunophysiologically, neural injury leads to the
accumulation of macrophages in the peripheral nerve
system, although few macrophages exist in intact nerves
[30]. Ceyhan et al. reported that neuritis was caused by
the invasion of malignant tumour cells into the pancreas

Table 2

Multivariate analysis for early relapse according to the sites of recurrence in patients with invasive ductal carcinoma of the pancreas (n = 170).

Distant lymph node metastasis (n = 46)

Locoregional recurrence (1 = 76)

Liver metastasis (n =71) Peritoneal dissemination (n = 57)

Parameter

95% CI P

HR

il

[0

n

P

95% C1

52 684 1.734 0.995-3.022

36 474
0.909 34 44.7 1.114 0.698-1.780

0.601

HR

(3

0,

n

P

HR  95% CI

0.030" 34 59.6 1.107 0.602-2.036

(']

0,

n

P

95% C1

HR
Absence of adjuvant chemotherapy 50 70.4 1.924 1.065-3.476

%

n

0.178

1.516  0.810-2.839 0.193
1.327 0.732-2.407 0.351

1.660 0.794-3.471
1.909  0.993-3.671

32 69.6

0.052
0.374 26

0.743
0.811

56.5

1.238 0.773-1.985

23 404 0.934 0.531-1.640

1.347 0.819-2.215 0.241
38 53.5 1.492 0.925-2.405

40 56.3

CEA > 3.4 ng/m!

50.0
17 370
29 63.0

0.650 23
0.649
0.306

22 38.6 0.968 0.558-1.681

0.101
28 39.4 2.634 1.574-4.408 <0.001" 14 24.6 0.839 0.436-1.617

Tumour size = 3.0cm

0.053

21 27.6 0.878 0.501-1.539

Ly, moderate to severe
V, moderate to severe

1.133 0.560-2.292  0.729

1.323 0.774-2.261

0.698 47 61.8

0.095 30 52.6 1.815 1.055-3.124 0.031" 36 47.4 1.501

0.629 30 52.6 1.126 0.618-2.052

1.146  0.660-1.988
1.517 0.931-2.472

25.4 0.916 0.518-1.619

46 64.8

1.305  0.706-2.412  0.396
1.564  0.795-3.073 0.195

45.7
15 326

0.094 21
<0.001"

0.933-2.417

24 421 2.886 1.615-5.159 <0.001" 28 36.8 2.483 1.485-4.151

0.763
P < 0.05. Multivariate analysis was carried out using Cox regression hazard model. HR, hazard ratio; 95% CI, 95% confidence interval; CEA, carcinoembryonic antigen; Ly, lymphatic invasion; V,

vessel invasion; Peripheral CD204%"€" percentage of CD204-positive cells area at the periphery > 3.34; Plx-inv CD204%

invasion = 0.57.

52.1

37
18

Peripheral CD204%"ie
Plx-inv CD204%"iE

w

*, percentage of CD204-positive cells area at extrapancreatic nerve plexus
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Fig. 3. (a) Kaplan-Meier curve for overall survival stratified by the presence of adjuvant chemotherapy. (b) Kaplan-Meier curve for disease-free

survival stratified by the presence of adjuvant chemotherapy.

Table 3

Multivariate analysis for overall survival and disease-free survival in patients who received adjuvant chemotherapy (n = 60).

Parameter n % Overall survival Disease-free survival
HR 95% CI P HR 95% CI P

CEA = 3.4 ng/ml 23 38.3 1514 0.704-3.257 0.289 1.883 0.969-3.658 0.062
Tumour size > 3.0 cm 26 43.3 1.283 0.663-2.484 0.460 1.179 0.641-2.170 0.596
Ly, moderate to severe 21 35.0 1.775 0.833-3.782 0.137 1.475 0.667-3.263 0.337
V, moderate to severe 19 317 2.178 1.059-4.479 0.034" 1.476 0.769-2.833 0.242
Peripheral CDZO%%'“‘““ 32 53.3 1.206 0.601-2.420 0.598 0.890 0.472-1.679 0.719
Plx-inv CD204%"s" 20 333 2.624 1.242-5.544 0.011" 2257 1.045-4.879 0.038"

Y P <0.05. Multivariate analysis was carried out using Cox regression model. HR, hazard ratio; 95% CI, 95% confidence interval; CEA, carci-
noembryonic antigen; Ly, lymphatic invasion; V. vessel invasion; Peripheral CD204%"ME"  percentage of CD204-positive cells area at the
periphery = 3.34; Plx-inv CD204%,Nsh, percentage of CD204-positive cells area at extrapancreatic nerve plexus invasion > 0.57.

[31]. In our previous experimental study [12], neural
invasion over a long distance could lead to severe neural
damage. Additionally, the present study showed strong
positive correlations among ne, plx-inv, long plx-inv dis-
tance and plx-inv CD204%"&". Taken together with the
paracrine regulation between macrophages and tumour
cells at plx-inv {14,15], severe neural invasion of tumour
cells appears to recruit M2 macrophages due to neural
damage. Moreover, the neural system was suggested as
an expedient structure for interaction between tumour
cells and M2 macrophages that promotes pancreatic
cancer cell proliferation.

Adjuvant chemotherapy after complete resection of
pancreatic IDC has been established as the definitive
standard of care within the last decade [24,32,33]. In
the present study, plx-inv CD204%"€" was the only
independent prognostic factor for poor OS and DFS
in the group of patients with adjuvant chemotherapy.
According to recent reports, immunoregulatory cyto-
kines such as interleukin-6 and prostaglandin E2, which
are present in the tumour microenvironment, are associ-
ated with chemoresistance and tumour-induced differen-
tiation of tumour-promoting M2 macrophages [34,35].
Additional therapy to suppress M2 macrophages might
thus prove effective, particularly against cases with
plx-inv and high accumulation of M2 macrophages.
Depletion of macrophages by zoledronic acid has been

reported to enhance the effects of sorafenib in an
in vivo model of metastatic liver cancer [36]. A
phase II randomised controlled study of tasquinimod
(oral quinolone-3-carboxamide) for metastatic castrate-
resistant prostate cancer patients prolonged progres-
sion-free survival and confirmed the pharmacological
efficacy of this agent for inhibiting SI00A9 [37], which
is a protein expressed in inflammatory cells that induces
the maturation of macrophages [38]. Therefore, anti-M2
macrophage therapy may have potential as an innova-
tive treatment for pancreatic IDC.

Limitations of this study include the retrospective
manner of the investigation. Adjuvant chemotherapy
was performed in 60 patients and was an independent
factor predictive of OS and DFS, but the indication
was influenced by time trends, and some degree of selec-
tion bias might have been present. Although OS and
DFS for our patient cohort were comparable with the
other previous studies [24,32,33], further investigation
in patients with standardised adjuvant chemotherapy is
needed. Moreover, since only resectable pancreatic can-
cer was studied, it is unknown whether the results can be
extrapolated to the much higher numbers of unresec-
table cases.

In conclusion, pancreatic cancer patients with high
accumulation of CD204-positive cells at plx-inv who
underwent curative resection showed a high incidence
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of recurrence in the form of peritoneal dissemination
and locoregional recurrence and shorter OS and DFS.
The impact of CD204-positive cells at plx-inv on OS
and DFS was maintained in the setting of adjuvant che-
motherapy. Increased infiltration of M2 macrophages at
plx-inv may represent an important finding for detecting
patients with aggressive IDC of the pancreas.
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What 1s the nature of pancreatic
consistency? Assessment of the elastic
modulus of the pancreas and
comparison with tactile sensation,
histology, and occurrence

of postoperative pancreatic fistula
after pancreaticoduodenectomy

Motokazu Sugimoto, MD, PhD,*® Shinichiro Takahashi, MD, PhD,* Motohiro Kojima, MD, PhD,"
Naoto Gotohda, MD, PhD,” Yuichiro Kato, MD,* Shingo Kawano, MD,” Atsushi Ochiai, MD, PhD,?

and Masaru Konishi, MD,* Chiba, Japan

Background. Although pancreatic consistency is a factor known to have an impact on the occurrence of
posioperative pancreatic fistula (POPF) after pancreaticoduodenectomy (PD), it usually is assessed
subjectively by the surgeon.. Measurement of the elastic modulus (EM), a parameter characterizing the

elasticity of a material, may be one approach for achieving objective and quantitative assessment of pancreatic
comsistency. This study was conducted to investigate the utility of determining the EM of the pancreas.
Methods. Fifty-nine patients who underwent FD and measurement of the EM of the ex vivo pancreas were
investigated. Data for EM were compared with the tactile evaluation made by surgeons, histologic
Jfindings, and the occurrence of POPE

Resulis. The EM of the pancreas was correlated with the lactile evaluation made by the surgeon (soft
pancreas, 1.4+ 2.1 kPa vs hard pancreas, 4.4+ 5.1 kPa; P < .001). An EM of > 3.0 kPa was correlated
wilh histologic findings including increased ratios of azan-Mallory positivity (P = .003) and c-smooth
muscle actin positivity (P = .006), a decreased lobular vatio (P = .021), and an increased vessel density
(P < .001). Patients with a pancreatic EM of <3.0 kPa had an increased risk of POPF (hazard ratio,
9.333; P = .002).

Conclusion. Assessment of the EM of the resected pancreas reflects the tactile evaluation made by the
surgeon, and histological degree of pancreatic fibrosis, and is correlaled with the occurrence of POPF after
PD. (Surgery 2014;156:1204-11.)
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THE CONSISTENGY OF THE PANGREAS is a factor known to
have an impact on the occurrence of postoperative
pancreatic fistula (POPF) after pancreatic resec-
tion. In relation to pancreaticoduodenectomy
(PD), it is accepted among pancreatic surgeons
that in comparison with a “hard” pancreatic con-
sistency, a “soft” consistency is associated with a
greater incidence of POPF."® Pancreatic consis-
tency usually is evaluated intraoperatively on the
basis of the tactile sensation felt by surgeons and
is thus a subjective and qualitative assessment.
The elastic modulus (EM) is a physical param-
eter’ that characterizes the elasticity of a material. Tt
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Pancreatic’cut edge

Tig 1. (A) Elastic material is indented vertically by a rigid spherical indenter probe. The elastic modulus (EM) of the
material is caleulated based on the contact stress theory of Hertz. I Force exerted on an object under tension; ¢ variant
of compression; R, radius of the spherical indenter probe. (B) Pancreatc cut surface (shown in orange) was indented
vertically by a rigid spherical probe and released at a constant computer-controlled velocity. EM of the pancreas at
an arbitrary indentation depth was calculated automatically. This procedure was performed using a Venustron

apparatus,

has been applied for direct measurement of the elas-
ticity of human tissues such asskin, bone, breast, and
brain.”"” Different organs have a wide range of elas-
ticity, and the elasticity of a specific organ may be
altered as a result of various disease processes. For
instance, Samani et al'® reported that the mean
EM of normal breast tissue was 1.9 kPa, that of fibroa-
denoma was 11.42 kPa, and that of invasive ductal
carcinoma was 22.55 kPa.

With recent advances in diagnostic radiology,
ultrasound elastography of the pancreas via the use
of a transcutaneous or endoscopic approach has
been reported increasingly for differental diag-
nosis of focal pancreatic lesions and pancreatic
fibrosis.'™" Analyses that use endoscopic ultra-
sound elastography have demonstrated that the
elastic parameters of the pancreatic parenchyma
calculated by setting the surrounding soft tissue as
a control are correlated with the degree of fibrotic
change in the resected specimen.'” The technique
of elastography has now made it possible to evaluate
a region of interest both qualitatively and quantita-
tively by monitoring the localized tissue displace-
ment resulting from short-duration acoustic
excitation to derive information on elasticity.'?

To our knowledge, however, the feasibility of
direct measurement of the EM of pancreatic tissue
has never been evaluated. Comparison between
the EM and the histologic characteristics of the
pancreas may allow a better understanding of
pathologic alterations of the pancreatic paren-
chyma, which may affect the consistency of the
pancreas. Moreover, objective and quantitative

evaluation of the EM of the pancreatic paren-
chyma might become a more widely acceptable
means of assessing the risk of POPF after PD than
is the case for subjective and qualitative assessment
by the surgeon. The aim of the present study was to
investigate the utility of assessment of the EM of
the pancreas by evaluating its correlation with
tactile sensation, histological findings, and the
occurrence of POPF after PD.

METHODS

Patients and clinical data collection. Between
November 2011 and May 2013, 59 PD specimens
were used for ex vivo measurement of the EM of
resected pancreas at the National Cancer Center
Hospital East. The cutedge of the resected pancreas
was evaluated histopathologicallyin all specimens to
determine whether a sufficient operative margin for
exclusion of tumor cells had been secured. Clinico-
pathologic data were reviewed from the medical
records. During this period, the method used for
reconstruction of the remnant pancreas and post-
operative management were standardized. The
study was appr ovgd by the institutional review board
of the National Cancer Center (2012-067).

Operative techniques and perioperative man-
agement. Details of the operative maneuvers and
perioperative m(mdgcmem were described in our
previous paper. 0 To summarize, subtotal stomach-
preserving PD with D2 lymphadenectomy and
modified Child’s reconstruction were performed
in all cases. End-to-side pancreaticojejunostomy
was performed as a two-layered anastomosis with
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Fig 2. Histologic evaluation of the pancreatic stump. In this case, the EM of the pancreas was 18.0 kPa and the patient
did not develop postoperative pancreatic fistula (POPF). (4) Loupe image of hematoxylin and eosin (HE)-stained slide.
The outer circumference of the entire cut surface (ved line) and the inner circumference of the main pancreatic duct
(MPD) lumen (blue line) were automatically outlined, and these areas were calculated using the wacing algorithm of the
WinROOF version 6.3 software (Mitani Corporation, Tokyo, Japan). The area of an entire cut surface (within the red
line) was 367.0 mm?, and the MPD area (within the blue line) was 10.59 mm?> The MPD ratio was 2.89%, calculated
as the percentage area of MPD in the entire cut surface. (B) The HE-positive area was determined as the visualized
area stained with HE using the colordetecting algorithm of the software and identified as bright green in this image.
The area of [at was defined as the area of an entire cut surface minus the MPD area and the HE-positive area. The
fat ratio was 37.5%, calculated as the percentage area of fat in an entire cut surface. (C) Azan-Mallory (azan) staining
was evaluated on the loupe image to determine the degree of fibrosis. (D) The azan-positive area was determined as the
visualized area stained with aniline blue using the color-detecting algorithm of the software, and identified as bright green
in this image. The azan-positive ratio was 24.8%, calculated as the percentage area of azan positivity in an entire cut
surface. The lobular area was defined as the HE-positive area minus the MPD area and the azan-positive area. The
lobular ratio was 34.8%, calculated as the percentage area of lobules in an entre cut surface. (£) Loupe image of



