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Table II. ICs, values for each of the pancreatic cancer cell
lines.

IC,, value
Cell line GEM (nM) 5-FU (uM)
AsPC-1 170 325
BxPC-3 17.9 6.29
Capan-1 62.6 235
Capan-2 307.0 2.89
CFPAC1 328.0 2.52
H48N 24.0 0.93
Hs766T 314.0 120
KP-1N 5243 3.76
KP-2 4353 2.50
KP-3 4.7 1.00
MIA PaCa-2 510 9.00
NOR-P1 304.0 297
Pancl 27.0 385
SUIT-2 35 401
SW1990 270.7 5.68

QuantiTect SYBR-Green reverse transcription-PCR kit
(Qiagen) according to the manufacturer's instructions (36).
Specific primers were designed (Table 1), and BLAST
searches were performed to ensure the primer specificities.
The levels of hENTI, dCK, RRMI, RRM2, TP, OPRT and TS
mRNA were calculated from standard curves constructed
using total RNA from Capan-1 cells. The levels of CDA and
DPD mRNA were calculated from standard curves
constructed using total RNA from SUIT-2 cells. The level of
each mRNA was normalized to that of /8S rRNA.

Statistical analysis. Statistical analyses and graphical presenta-
tions were done using JMP 8.0 software (SAS Institute, Cary,
NC, USA). Values were expressed as the mean = SD. Compa-
risons between two groups were done using Student's t-test.
The correlation between two groups was analyzed using
Spearman's rank-correlation test. Statistical significance was
defined as P<0.05.

Results

Correlation between GEM or 5-FU ICs, values and gene
expression levels associated with drug metabolism. To
investigate the chemosensitivity of pancreatic cancer cells to
GEM and 5-FU, the IC;, values after exposure were calculated
for all 15 cell lines (Table II). There was no significant corre-
lation between the IC;, values for GEM and 5-FU in these cell
lines [Fig. 1A; Spearman's rank-correlation coefficient (o):
-0.16, P=0.57].

We next quantified the expression levels of genes involved
in the cellular uptake and metabolism of GEM and 5-FU
(Tables IIT and I'V) and analyzed the correlation between the
ICy, values for these agents and the expression level of each
gene (Tables V and VI). The results showed a significant
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Figure 1. There was no significant correlation between the ICs, values for
GEM and 5-FU in 15 pancreatic cancer cell lines [Spearman's rank-corre-
lation coefficient (@): -0.16, P=0.57] (A). There was a significant correlation
between GEM ICy, values and RRM1 expression levels [Spearman's rank-
correlation coefficient (g): 0.52, P=0.048] (B). There was a significant
correlation between 5-FU IC, values and TS x DPD expression levels
[Spearman's rank-correlation coefficient (g): 0.55, P=0.035] (C). "P<0.05.

correlation between the ICs, values for GEM and RRM]
expression levels [Fig. 1B and Table V; Spearman's rank-
correlation coefficient (g): 0.52, P=0.048], suggesting that
pancreatic cancer cells with high RRM] expression levels
were more resistant to GEM. Although the ratio of AENTI x
dCK/RRMI x RRM2 expression is thought to be useful for
predicting GEM- sensitivity in pancreatic cancer cells (37),
we found no significant correlation [Table V; Spearman's

rank-correlation coefficient (g): -0.27, P=0.33]. In addition,
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Table I1I. Relative expression levels of mRNAs associated with GEM metabolism in pancreatic cancer cell lines.

Relative mRNA expression levels normalized to those of 185 rRNA

Cell line hENT] dCK RRM1 RRM?2 CDA

AsPC-1 0.079+0.0083 0.150+0.0140 0.190+0.085000 0.190+0.0170 10.01£1.7000
BxPC-3 0.062+0.0079 0.190+0.0033 0.120+0.037000 0.160+0.0040 3.700+0.6700
Capan-1 0.180+0.0012 0.360+0.0710 0.390+0.080000 0.450+0.0230 0.043+0.0084
Capan-2 0.091+0.0039 0.190+0.0390 0.170+0.007700 0.270+0.0210 0.201+0.0630
CFPACI1 0.130+0.0021 0.120+0.0260 0.510+0.160000 0.350+0.0220 5.150+0.1400
H48N 0.100+0.0061 0.052+0.0270 0.110+0.000690 0.250+0.0110 1.430+0.2500
Hs766T 0.083+0.0067 0.240+0.0100 0.440+0.110000 0.200+0.0067 0.039+0.0087
KP-1N 0.410+0.0340 0.230+0.0390 0.260+0.051000 0.600+0.0350 0.056+0.0150
KP-2 0.046:+0.0030 0.099+0.0042 0.120+0.054000 0.092:+0.0046 0.550+0.1100
KP-3 0.055+0.0066 0.150+0.0074 0.064:0.000046 0.270+0.0098 0.620+0.1200
MIA PaCa-2 0.190+0.0031 0.074+0.0092 0.094+0.013000 0.240+0.0021 4.780+3.0800
NOR-P1 0.140+0.0096 0.130+0.0190 0.089+0.029000 0.290+0.0011 0.260+0.0220
Pancl 0.330+0.0061 0.091+0.0028 0.200+0.007600 0.260+0.0190 0.039+0.0067
SUIT-2 0.140+0.0058 0.320+0.0800 0.110+0.005000 0.410+0.0022 0.690+0.2000
SW1990 0.074+0.0043 0.120+0.0043 0.250+0.031000 0.280+0.0150 6.420:0.9200

Table IV. Relative expression levels of mRNAs associated with 5-FU metabolism in the pancreatic cancer cell lines.

Relative mRNA expression levels normalized to those of 185 rRNA

Cell line TP DPD OPRT N

AsPC-1 2.80+0.440 0.2600+0.00099 0.088+0.000073 0.087+£0.0091
BxPC-3 7.80+4.350 0.3500+0.04200 0.077+0.004000 0.170+0.0240
Capan-1 0.41+0.140 0.0023+0.00056 0.073+0.002500 0.250+0.0420
Capan-2 1.40+0.390 0.0200+0.00180 0.062+0.002100 0.130+0.0270
CFPAC1 0.18+0.019 0.3000+0.07000 0.049+0.000043 0.240+0.0430
H48N 6.64+3.770 0.2900+0.02000 0.110+0.002200 0.120+0.0110
Hs766T 0.22+0.077 0.0047+0.00230 0.083+0.014000 0.170+0.0057
KP-1N 1.22+0.150 0.2800+0.02300 0.068+0.000530 0.290+0.0330
KP-2 0.67+0.044 0.6300+0.04600 0.038+0.004100 0.180+0.0340
KP-3 0.87+0.050 0.4300+0.01500 0.057+£0.010000 0.075+0.0019
MIA PaCa-2 0.19+0.034 1.0900+0.07400 0.130+0.020000 0.240+0.0072
NOR-P1 1.86+0.130 0.0340+0.00810 0.061+0.007000 0.150+0.0078
Pancl 1.06:0.800 0.3300+0.05500 0.053+0.001600 0.130+0.0041
SUIT-2 1.77+1.140 0.9700-+0.06300 0.110+0.002600 0.44020.0400
SW1990 0.39+0.061 0.2600+0.03100 0.033+0.000250 0.180+0.0790

there was no significant correlation between the ICs, values
for GEM and the expression of genes associated with 5-FU
metabolism (data not shown). Also, there was no significant
correlation between the ICs, values for 5-FU and the
expression levels of these genes (Table VI). However, a
significant correlation was found between the ICs, values for
5-FU and the expression of TS x DPD [Fig. 1C and Table VI;
Spearman'’s rank-correlation coefficient (g): 0.55, P=0.035],
suggesting that pancreatic cancer cells with high TS and/or

DPD expression levels were more resistant to 5-FU. Although
the ratios of TP/DPD and OPRT/DPD were reported to be
useful for predicting patients' prognosis or sensitivity to
5-FU-based chemotherapy (38,39), we found no significant
correlation [Table VI, Spearman's rank-correlation coefficient
(0): -0.38 and -0.44, P=0.16 and 0.10, respectively]. There was
also no significant correlation between the ICy, values for
5-FU and the expression of genes associated with GEM
metabolism (data not shown). Although RR is reported to
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Table V. Correlation between the IC,, values for GEM and the
mRNA expression levels of genes associated with GEM meta-
bolism.

Gene expressions Spearman's rank- P-value
correlation

coefficient ()

hENTI 0.12 0.67
dCK -0.025 0.93
RRM1 0.52 0.048
RRM?2 0.14 0.63
CDA -0.34 0.21
hENTI x dCK 0.18 0.52
RRMI x RRM?2 0.40 0.14
hENTI x dCK/RRM1 x RRM?2 -0.27 0.33
RRM]I x RRM2 x CDA -0.28 0.31
hENTI x dCK/RRMI x RRM2 x CDA -0.21 044

P<0.05.

Table VI. Correlation between the ICs, values for 5-FU and the
mRNA expression levels of genes associated with 5-FU meta-
bolism.

Gene expressions Spearman's rank- P-value
correlation coefficient (o)

TP 0.064 0.82
DPD 0.37 0.17
OPRT 0.086 0.76
IS5 041 0.12
TP/DPD -0.38 0.16
OPRT/DPD -0.44 0.10
TP x OPRT 0.043 0.88
TS x DPD 0.55 0.035
TP x OPRT/TS x DPD -0.48 0.074

P<0.05.

catalyze another process that yields 5'-fluoro-2'-deoxyuridine-
5-monophosphate, which forms a stable ternary complex with
TS to block DNA synthesis and repair (40), there was no
significant correlation between the ICs, values for 5-FU and
the expression levels of RRMI or RRM2.

Establishment of GEM-resistant pancreatic cancer cells. To
investigate the altered expression levels of GEM transport- and
metabolism-related genes in GEM-resistant cells, the GEM-
resistant pancreatic cancer cells SUIT-2-GR and Capan-1-GR
were generated from the parental cell lines (SUIT-2-parent
and Capan-I-parent). The GEM ICs, values for both of these
GEM-resistant cell lines were significantly higher than those
of the parental cells (Table VII, Fig. 2A and B; P<0.001).
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Figure 2. Viability of parental and GEM-resistant cells (SUIT-2-GR and
Capan-1-GR) exposed to GEM (A and B). Both GEM-resistant cell lines
were significantly more resistant to GEM than the parental cells. Quantitative
analyses of hENT! (C), dCK (D), RRMI (E), RRM2 (F) and CDA (G)
mRNAs in parental and GEM-resistant cells (SUIT-2-GR and Capan-1-GR).
P<0.05; ""P<0.01; NS, not significant.

Although SUIT-2-GR cells showed significantly decreased
expression levels of AENTI, Capan-1-GR cells showed a
significant increase in expression (Fig. 2C). The expression
levels of dCK significantly decreased (Fig. 2D) and those of
RRM]I and RRM2 significantly increased in both of the
GEM-resistant cell lines (Fig. 2B and F). The expression level
of CDA in SUIT-2-GR cells was significantly higher than that
in SUIT-2-parent cells, whereas expressions in the Capan-I-
parent and Capan-1-GR cells were very low (and not
significantly different) (Fig. 2G). The data regarding the
expression levels of RRMI in GEM-resistant cells were
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Table VII. ICs, values of GEM-resistant, 5-FU-resistant and
parental cell lines.

1C,, value
Cell line GEM (nM) 5-FU (uM)
SUIT-2-parent 3.53+0.062 401+0.17
SUIT-2-GR 12.24+1.07 2.12+0.15
SUIT-2-FR 3.03+0.096 7.33+0.24
Capan-1-parent 62.63+6.86 2.35+0.24
Capan-1-GR > 8000 0.78+0.17
Capan-1-FR 2.69+0.13 7.27+0.63

consistent with the above results in all 15 pancreatic cancer
cell lines. Although previous reports show that decreased
expression of RENTI (20) and increased expression of CDA
(16), which were only observed in SUIT-2-GR cells, is asso-
ciated with the development of GEM-resistance, our results
from both of the GEM-resistant cells indicated that lower
dCK, expression, coupled with higher RRMI and RRM?2
expressions, are important factors for developing resistance to
this agent.

Establishment of 5-FU-resistant pancreatic cancer cells. We
generated 5-FU-resistant SUIT-2 (SUIT-2-FR) and Capan-1
(Capan-1-FR) cells by exposure to gradually increasing concen-
trations of 5-FU. The 5-FU ICs, values for both of these
resistant cell lines were significantly higher than those of the
parental cell lines (Table VII and Fig. 3A and B; P<0.001). As
outlined above for the GEM-resistance cells, we measured the
expression of genes associated with 5-FU metabolism
(Fig. 3C-F). The expression levels of TP, DPD, OPRT and TS
in SUIT-2-FR cells were significantly higher than those in the
parental cells (Fig. 3C-F). Meanwhile, Capan-1-FR cells
showed a significant increase in TP expression compared with
Capan-1-parent cells (Fig. 3C). Although the level of DPD
expression in Capan-1-FR cells was significantly higher than
that in Capan-1-parent cells, it was still extremely low (Fig. 3D)
compared with that in the SUIT-2 cell lines. The expression
levels of OPRT and TS in both of the Capan-1 cell lines were
almost the same (Fig. 3E and F). Although previous reports
showed that increased expressions of OPRT and TS, which we
observed only in SUIT-2-FR cells, were associated with resis-
tance to 5-FU and its prodrugs (32,38,40), our results from
both of the 5-FU-resistant cell lines indicated that increased
expressions of TP and DPD are important for developing
5-FU-resistance. We also calculated the 7'S x DPD expression
level in these cell lines and found that both 5-FU-resistant cell
lines showed significantly higher levels of combined expression
than the parental cells, although expression levels in Capan-1
cells were lower than those in SUIT-2 cells (Fig. 3G).

GEM-sensitivity of 5-FU-resistant pancreatic cancer cells.
To investigate whether there was any cross-resistance to 5-FU
and GEM, we examined the sensitivity of 5-FU-resistant cells
to GEM. The GEM ICs, value of SUIT-2-FR cells was slightly
(but significantly) lower than that of the parental cells (Fig. 4A
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Figure 3. Viability of parental and 5-FU-resistant cells (SUIT-2-FR and
Capan-1-FR) exposed to 5-FU (A and B). Both 5-FU-resistant cell lines were
significantly more resistant to 5-FU than the parental cells. Quantitative
analyses of TP (C), DPD (D), OPRT (E) and TS (F) mRNAs in parental and
5-FU-resistant cells (SUIT-2-FR and Capan-1-FR). Combined expression of
TS x DPD in parental and 5-FU-resistant cells (G). "P<0.05; “"P<0.01; NS,
not significant.

and Table IV; P<0.001); however, there was no significant
difference in GEM-sensitivity between Capan-1-FR cells and
Capan-1-parent cells (Fig. 4B). This suggests that the acqui-
sition of 5-FU-resistance had no effect on GEM-sensitivity.
To assess the effects of 5-FU-resistance on the expression
levels of genes related to GEM transport and metabolism, we
measured the expression levels of these genes in 5-FU-resistant
and parental cells. SUIT-2-FR cells expressed significantly
higher levels of RENTI, dCK, RRMI and RRM?2, and signifi-
cantly lower levels of CDA, than the parental cells (Fig. 4C-G).



INTERNATIONAL JOURNAL OF ONCOLOGY 39: 473-482, 2011

>
os]

e Capan-1-parent
~ = - Capan-1-FR

Cell viability
IS
n

Cell viability
<
w

0 20 40 60 S0

Concentration of GEM (nM)

0
0 2 4 6 8 0
Concentration of GEM (nM)

C D
E3 £33
s e ! '
Ex s 2 .
2 5 Z <
EE ¥
6 35 i ,
(3]
£ % 28
5° £ °
<& & = s g & &
“’ X @ X &% &5
T F e TV §F &
A \S\ N > v ® . &
SEESI A &S
$ s e 3
¢ o
E o NS F e N§
e 20 ! =
S ; =] |
5 < i g <€ 4
[SR=] 1 =] i
A >
; 3 ; %‘; 2 i ,
ik R l
& 0 - 2 0 0
F & & & S & & &
& ot &5 & b &S
AP ,\’Qd,@ PRSI
3 SO
‘6\ O’b&% %6' O@Q‘b

Relative expression of
CDA mRNA
<
U’l

Q{égﬁ l<§‘ & (8“
v \’)6) ‘\'Q’ Q‘bQ’
S &
c}§ C)@Q@

- Figure 4. Viability of parental and 5-FU-resistant cells (SUIT-2-FR and
Capan-1-FR) exposed to GEM (A and B). SUIT-2-FR cells were slightly, but
significantly, more sensitive than SUIT-2-parent cells (A). Quantitative
analyses of hENTI (C), dCK (D), RRMI (E), RRM2 (F) and CDA (G)
mRNAs in parental and 5-FU-resistant cells (SUIT-2-FR and Capan-1-FR).
"P<0.05; "P<0.01; NS, not significant.

Meanwhile, Capan-1-FR cells showed no significant changes
in expression levels of hENTI, RRMI and RRM2 compared
with the parental cells (Fig. 4C, E and F), although they did
show significantly decreased expressions of dCK and CDA
(Fig. 4D and G). Despite significantly increased expressions of
RRM]I and RRM?2, SUIT-2-FR cells did not become resistant
to GEM. These results suggest that there may be a substantial
number of patinets who become sensitive to GEM (via
increased expressions of dCK and hENTI) after developing
resistance to 5-FU.
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Figure 5. Viability of parental and GEM-resistant cells (SUIT-2-GR and
Capan-1-GR) exposed to 5-FU (A and B). Quantitative analyses of 7P (C),
DPD (D), OPRT (E) and TS (F) mRNAs in parental and GEM-resistant cells
(SUIT-2-GR and Capan-1-GR). Combined expression of TS x DPD in
parental and GEM-resistant cells (G). "P<0.05; “P<0.01; NS, not significant.

5-FU sensitivity of GEM-resistant pancreatic cancer cells.
We also investigated the sensitivity to 5-FU of GEM-resistant
cells and found that GEM-resistant cells had similar levels of
5-FU-sensitivity to the parental cells (Fig. SA and B). These
data suggest that GEM-resistance did not affect 5-FU-
sensitivity.

Similarly, we measured the expression levels of the genes
related to 5-FU metabolism in GEM-resistant cell lines
(Fig. 5C-F). Although there was no significant change in the
expression level of TP, the levels of OPRT, 7S and TS x DPD
expression were significantly higher in both of the GEM-
resistant cell lines than in parental cells (Fig. 5C, E-G).
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SUIT-2-GR cells showed significantly higher level of DPD
expression than the SUIT-2-parent cells, whereas the expression
levels in Capan-1-GR and Capan-1-parent cells were too low
to compare (Fig. 5D). Although GEM-resistant cells showed
significant increases in DPD, OPRT, TS and TS x DPD expres-
sion levels (as observed in 5-FU-resistant cells) (Fig. 3C-G),
they did not become resistant to 5-FU. This suggests that
increased expression of TP may be essential for the develop-
ment of 5-FU-resistance in both cell lines.

Discussion

Although GEM-based chemotherapy is still the standard
palliative chemotherapy for pancreatic cancer (5,11), the
efficacy of GEM as a single agent is limited, and clinicians
are often torn when faced with GEM-refractory patients. To
improve the prognosis of patients with pancreatic cancer,
much effort has been put into developing other effective first-
and second-line chemotherapy regimens such as 5-FU
prodrugs, used alone or in combination with GEM; however,
their therapeutic effects are modest or disappointing.
Therefore, individualized chemotherapy based on the gene
expression profiles of the individual's own cancer tissues
would be a helpful strategy for selecting those patients that
are likely to respond to treatment (20,33). Many studies of the
mechanisms of GEM and 5-FU metabolism have suggested
that certain genes/proteins are associated with sensitivity to
these drugs (12-15,17-26,39,40). However, to our knowledge,
there is no study evaluating acquired cross-resistance between
GEM and 5-FU and its correlation with gene expression.

In the present study, we analyzed the ICs, values for GEM
and 5-FU in 15 pancreatic cancer cell lines and found no
correlation between sensitivity to either drug. Moreover, we
evaluated sensitivity to these agents using pancreatic cancer
cell lines resistant to either GEM or 5-FU and found that these
GEM- or 5-FU-resistant cells acquired no cross-resistance to
the other agent. These data suggest that first line chemotherapy
using either GEM- or 5-FU may not promote resistance to the
other drug and confirm that combination therapy, or second-
line chemotherapy using one or other of the drugs, may be a
useful strategy for treating pancreatic cancer. Notably, SUTT-
2-FR cells showed slightly (but significantly) higher sensitivity
to GEM than parental cells. However, recent clinical studies
have not shown striking results with second-line chemotherapy
(41-43); therefore, further investigation is needed to select the
best agents for first- or second-line chemotherapy for pancreatic
cancer.

To evaluate whether any changes occurred in cells that
developed resistance to GEM or 5-FU, we also analyzed the
expression levels of the genes associated with transport and
metabolism in 15 pancreatic cancer cell lines and GEM- or
5-FU resistant cells. Regarding GEM, the present data suggest
that lower expression of dCK, coupled with higher expressions
of RRMI and RRM2 may be important factors for developing
the resistance to this drug. Akita et al (44) demonstrated that
only patients with low levels of RRM1 expression derive
significant benefit from GEM in terms of preventing disease
recurrence. Therefore, RRM1 expression may contribute to
GEM-resistance in pancreatic cancer. However, SUIT-2-FR
cells did not become resistant to GEM, despite increased
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RRM]I expression levels, suggesting that quantification of
several genes and a combined evaluation of the results may be
needed if individualized chemotherapy based on gene expres-
sion profiles is to be used in a clinical setting.

The data regarding 5-FU-resistant cells suggest that higher
TP, DPD and TS x DPD expressions may be important factors
for developing the resistance to this drug. There was no
significant change in 5-FU-sensitivity in GEM-resistant cells
expressing higher levels of DPD, OPRT, TS and TS x DPD,
suggesting that increased expression levels of TP may be
essential for the development of 5-FU-resistance. Increased TP
expression was initially reported to be correlated with increased
sensitivity to 5-FU, possibly due to increased synthesis of
2'-deoxy-5'-fluorouridine (FUDR) (45). However, higher TP
expression was also reported to correlate with a poor response to
5-FU-based treatment and shorter survival times in colorectal
(45) and pancreatic cancer (39) patients, although there are
conflicting results (46). TP is identical to platelet-derived
endothelial cell growth factor (PD-ECGF) in terms of its
pro-angiogenic activity; therefore, the activity of this enzyme is
used as a prognostic indicator (47). Conversely, TP is also an
enzyme that metabolizes the 5-FU prodrug, capecitabine
(N4-pentoxycarbonyl-5'-5-fluorocytidine). This is an attractive
novel fluoropyrimidine analogue with great clinical potential. It
is metabolized in the liver and tumor tissues to 5'-deoxy-5-
fluorouridine (5-DFUR) by CDA. 5-DFUR is then converted to
5-FU by TP (26,46). Because TP is highly expressed in tumor
tissues relative to host cells, capecitabine can be selectively
activated in tumor tissues, suggesting that TP may contribute to
capecitabine sensitivity (26,31). Additionally, CDA is also
associated with GEM-resistance due to its ability to inactivate
GEM (48). Therefore, capecitabine may be a potent drug for
treating GEM-resistant patients showing high CDA expression,
or for 5-FU-resistant patients showing high TP expression.
However, further studies are needed to elucidate the correlation
between capecitabine-sensitivity and CDA and/or TP expression.

In conclusion, we found no cross-resistance between GEM
and 5-FU, even in pancreatic cancer cell lines that developed
resistance to the other drug. These results suggest that it may
be possible to use either of these drugs as second-line chemo-
therapy in patients with pancreatic cancer that has developed
resistance to one of these agents. In addition, quantitative
analyses of RRMI, TP, DPD and TS may be a potent strategy
for developing individualized chemo-therapeutic regimens.
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ABSTRACT

Background. To improve the prognosis of patients after
resection of pancreatic cancer, the most appropriate and
efficient treatment should be provided to specific subsets of
patients. Our aim was to identify promising microRNAs as
markers to predict responses to gemcitabine in patients
with resected pancreatic cancer.

Methods. Two gemcitabine-resistant pancreatic cancer cell
lines were established, and global microRNA expression
analyses was performed by quantitative reverse transcription—
polymerase chain reaction (QRT-PCR). Eleven miRNAs were
selected as putative predictive markers and analyzed by means
of macrodissected formalin-fixed, paraffin-embedded sam-
ples obtained from 90 patients with or without gemcitabine
treatment afler resection of pancreatic cancer.

Resuits. We identified 24 microRNAs whose expression
was altered in gemcitabine-resistant cells. gRT-PCR anal-
yses showed that patients with high miR-142-5p and miR-
204 expression had significantly longer survival times than
those with low miR-142-5p (P = 0.0077) and miR-204
(P = 0.0054) expression in the gemcitabine-treated group.
This was not seen in the nontreated group. Mullivariate
analyses showed that miR-142-5p expression was an
independent prognostic marker only in patients treated with
gemcitabine (P = 0.034).
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Conclusions. miR-142-5p is a promising predictive mar-
ker for gemcitabine response in patients with resected
pancreatic cancer.

Pancreatic cancer is the fourth most common cmwe of
tumor-related death in the industrialized world.'* Only
10-20% of pancreatic cancer patients are candidates for
surgery at the time of presentation, and fewer than 20%
of patients who undergo curative resection are alive
afler 5 years.™" A few recent reports have described the
successtul use of adjuvant chemotherapies such as 5-fluo-
rouracil and gemcitabine.™ However, not all patients
benefit from such adjuvant chemotherapy, and we cannot
predict which patients will benefit most from this treat-
ment. Therefore, to improve the prognosis of patients with
resected pancreatic cancer, we need to identify specific
markers that can predict responses to adjuvant therapy.
Such a personalized therapy. based on the predictive
markers, may provide the most appropriate and efficient
treatment for a specific subset of patients.

Gemcitabine is a deoxycytidine analog with antitumor
activity that bears a resemblance, both structurally and
metabolically, to arabinosyl cytosine.” Gemcitabine is
widely accepted as the first-line treatment for patients with
advanced or resected pancreatic cancer.”" However, recent
reports showed that the complete plus partial response rate
and the disease control rate in advanced pancreatic cancer
are 8.0-13.5% and 49.2-62. 1% respectively, even with
combination-treatment arms.”'’ The data suggest that
approximately half of patients with resected pancreatic
cancer do not benefit from gemcitabine-based combination
therapies. Therefore, predictive markers are needed to
select those patients who may benefit most from gemcita-
bine-based therapy. So far, research into the mechanism of
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resistance to gemcitabine has led to identification of several
candidate predictive markers. These include genes related
to gemcitabine metabolism and transport, such as deoxy-
cytidine kinase, ribonucleotide reductase, and human
equilibrative nucleoside transporter-1.'*'> However, the
usefulness of such markers in a clinical setting remains
unclear because of difficulties in evaluating their protein or
mRNA levels. Even when well-established methods are
used, immunohistochemical evaluation and its interpreta-
tion are different between laboratories.'® Also, accurate
quantitative analyses of mRNA from clinical samples are
often difficult as a result of degradation. Therefore, we
need more reliable methods-based biomarkers to predict
responses to gemcitabine.

MicroRNAs (miRNAs) are small noncoding RNA gene
products of approximately 22 nt that are found in a variety of
organisms. They play key roles in regulating the translation
and degradation of mRNAs through base pairing to partially
complementary sites, predominantly in the 3'-untranslated
regions of mRNAs."*'” Because microRNAs are well pre-
served, even in formalin-fixed, paraffin-embedded (FFPE)
samples, the quantitative analysis of miRNA in many types
of clinical sample is accurate and reliable.'®'” Therefore,
miRNAs are promising molecular markers. '

There is increasing evidence that miRNAs are mutated
or differentially expressed in many types of cancers, and
thus are also potential diagnostic markers.""™" The
expression levels of several miRNAs, such as miR-21,
miR-196a-2, miR-155, and miR-210 in pancreatic cancer,
are known to correlate with a poor prognosis.}9’21"22 Thus,
there is a possibility that specific miRNAs that can be used
as predictive markers for a gemcitabine response exist.

Here, to identify predictive markers, we established two
gemcitabine-resistant pancreatic cancer cell lines and per-
formed global miRNA expression analyses. We then
further investigated 11 selected miRNAs as potential pre-
dictive markers using macrodissected FFPE samples
derived from 90 patients with resected pancreatic cancer.

MATERIALS AND METHODS

Cell Lines and Establishment of Gemcitabine-Resistant
Cells

Two human pancreatic cancer cell lines, SUIT-2 and
CAPAN-1 (the gift of Dr. H. Iguchi, National Shikoku
Cancer Center, Matsuyama, Japan), were used in this study.
Gemcitabine-resistant cells were generated by exposing
these cell lines to gradually increasing concentrations of
gemcitabine. The initial concentration of gemcitabine was
1 nM, which did not seem to affect the proliferation of
either the SUIT-2 or CAPAN-1 cells. When the cells had

adapted to the drug, the concentration of gemcitabine was
gradually increased by 10-100 nM per week to a final
concentration of 200 nM (SUIT-2) and 1 pM (CAPAN-1).
Gemcitabine was dissolved in phosphate-buffered saline
and added to the cell culture media.

Propidium lodide Assay

Cell proliferation was evaluated by measuring the
fluorescence intensity of propidium iodide as described
previously.”® The fluorescence intensity corresponding to
the total cells was measured with a CytoFluor multiwell
plate reader (PerSeptive Biosystems, Framingham, MA,
USA). The results were converted to percentage survival
rates by comparing treated cells with untreated cells.

miRNA Expression Profiling

Expression profiles for the 365 mature miRNAs were
obtained by quantitative polymerase chain reaction (QPCR)
using the TagMan Array Huoman MiRNA (TLDA) or
TagMan MiRNA Assays (Applied Biosystems; ABI) on an
ABI Prism 7900HT according to the manufacturer’s
instructions. Mature miRNAs were normalized to RNU44
and are expressed as fold changes relative to controls.

Patients and Parncreatic Tissues

From 1992 through 2008, a total of 104 patients
underwent pancreatic resection for pancreatic cancer at the
Department of Surgery and Oncology, Kyushu University
Hospital (Fukuoka, Japan). Survival was measured from
the time of pancreatic resection, and death was the end
point. The follow-up data for 103 cases were available.
Thirteen of the 103 patients were excluded from the present
study because they had received combination therapy with
gemcitabine and other chemotherapeutic agents such as
S1(tegafur/gimestat/potassium oxonate).

Our final study series consisted of 90 patients with
resected pancreatic cancer with available follow-up data.
The patients (57 men and 32 women) had a median age of
65 years (range, 36-86 years). The median observation
time for overall survival was 14.7 months, ranging
0.5-108 months. Sixty-three patients died during follow-
up; the other patients were alive and censored.

All resected specimens were fixed in formalin and
embedded in paraffin for pathological diagnosis. All tissues
adjacent to the specimens were evaluated histologically
according to the criteria of the World Health Organization.™
Diagnoses were confirmed independently by two patholo-
gists with regard to the pathological features of all cases.
Tumor stage was assessed according to the International
Union Against Cancer classification.”® Clinicopathological
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characteristics of the tumors are shown in Table 1. The study
was approved by the Ethics Committee of Kyushu Univer-
sity and was conducted according to the Ethical Guidelines
for Human Genome/Gene Research enacted by the Japanese
government and the Helsinki Declaration.

Macrodissection

After a review of representative hematoxylin and eosin-
stained slides, 4-7 sections (5 pym thick) were cut from
FFPE blocks for macrodissection. Adjacent normal tissues,
including normal acinar tissues and adipose tissues, in the
sections were removed macroscopically with a scalpel.
Only the cancerous parts were used for the isolation of
miRNA.

TABLE 1 Correlation between median OS and clinical and patho-
logical factors in patients with resected pancreatic cancer

Factor n OS (95% CI) P value

Age 0.675
>065 years 47 19 (13.07-27)
<64 years 42 19 (12-26)

Sex 0.7544
Male 57 23 (13.07-30.17)
Female 32 14 (10-24.2)

pT category 0.0019
pTpT2/pT3 55 23 (16.30-43)
pd 33 12 (9.43-19)

pN category 0.0070
pNO 26 43 (16.93-)
pN1 62 13.27 (11.6-22)

Histological grade 0.0804
Gl 19 31 (9-)
G2 33 23 (14-30.16)
G3 35 12 (10-23)

Residual tumor <0.0001
RO 53 26 (19-45)
R1 34 12 (9-13.73)

Vessel invasion 0.0204
Positive 57 13.73 (12-23)
Negative 31 27 (15-)

Lymphatic invasion 0.3004
Positive 76 15 (12-24.2)
Negative 18 27 (14.53-)

‘Neural invasion 0.6849
Positive 73 16.93 (13.07-26)
Negative 5 23 (4.7-)

Adjuvant therapy 0.0382
Yes 59 23 (14.53-30.17)
No 30 12 (7.7-24.2)

OS overall survival, CI confidence interval

Isolation of miRNA

miRNA was extracted from the macrodissected FFPE
samples with the RNeasy FFPE kit (Qiagen, Tokyo, Japan)
using a method modified from the manufacturer’s
instructions. Briefly, macrodissected FFPE sections were
deparaffinized with xylene, washed with ethanol, and dried.
Lysis buffer and proteinase K were added to the dried
sections. The sections were incubated and Binding buffer
was then added to the lysate and transferred to a gDNA
Eliminator spin column (Qiagen) to remove genomic DNA.
After eliminating DNA, 100% ethanol was added to the
flow-through. After mixing, the samples were transferred to
an RNeasy MinElute column (Qiagen), which binds total
RNA. After washing, the purified RNA was eluted with
50 wl of RNase-free water.

Quantitative Reverse Transcription—Polymerase Chain
Reaction

Quantitative reverse transcription—polymerase chain
reaction (QRT-PCR) was performed in a Chromo4 Real-
Time PCR Detection System (Bio-Rad Laboratories,
Hercules, CA, USA) using TagMan MicroRNA Reverse
Transcription Kit and TagMan Universal PCR Master Mix
(Applied Biosystems, Tokyo, Japan). For the measurement
of miRNA expression, we performed two-step qRT-PCR
with specific primers for the indicated miRNAs (designed
by Applied Biosystems) following the manufacturer’s
protocol. Each sample was run in triplicate. The level of
miRNA expression was calculated from a standard curve
constructed by using small RNAs from CAPAN-1 cells.
The expression levels of the indicated miRNAs were nor-
malized to those of RNUGB. The accuracy and integrity of
the PCR products were confirmed with an Agilent 2100
Bioanalyzer (Agilent Technologies Inc., Palo Alto, CA,
USA).

Statistical Analysis

A data mining technique provided by the SAS Institute
was used to split gene expression in high- and low-level
groups on the basis of a platform that recursively partitions
data according to a relationship between the X and ¥ val-
ues, creating a tree of partitions (recursive descent partition
analysis).” By searching all possible cuts, it finds a set of
cut points of X values (gene expression) that best predict
the ¥ value (survival time). These data splits are done,
recursively forming a tree of decision rules until the desired
fit is reached; the most significant split is determined by
the largest likelihood ratio chi-square statistic. In either
case, the split is chosen to maximize the difference in
the responses between the two branches of the split.
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Categorical variables were compared by a chi-square test
(Fisher’s exact probability test). Survival curves were
constructed using the Kaplan-Meier product-limit method
and compared by the log rank test. To evaluate the inde-
pendent prognostic factors associated with patient survival
(with or without gemcitabine treatment), multivariate Cox
proportional hazard regression analysis was used, with
miR-142-5p expression, miR-34a expression, pN status,
and/or residual tumor status (R factor) as covariates. Sta-
tistical significance was defined as a P value of <0.05. All
statistical analyses were performed by JMP 7.01 software
(SAS Institute, Cary, NC, USA).

RESULTS

Establishment of Gemcitabine-Resistant Pancreatic
Cancer Cells

Gemcitabine-resistant SUIT-2 and CAPAN-1 cells
were generated by exposure to gradually increasing con-
centrations of gemcitabine. The final concentration of
gemcitabine was 200 nM for SUIT-2 cells and 1 pM for
CAPAN-1 cells. The viability of the parental SUIT-2 cells
significantly decreased to less than 20% after treatment
with 10 nM gemcitabine, while the viability of gemcita-
bine-resistant SUIT-2 cells remained unchanged after
treatment with 10 nM gemcitabine. The viability of the
parental CAPAN-1 cells significantly decreased to less than
10% after treatment with 1 pM gemcitabine, while the
viability of gemcitabine-resistant CAPAN-1 cells remained
unchanged after treatment with 1 uM gemcitabine.

miRNA Differentially Exj)ressed between Parent
and Gemcitabine-Resistant Cells

We used the TagMan miRNA atray to obtain the 365
miRNA expression profiles from the parent and gemcita-
bine-resistant pancreatic cancer cell lines. The results show
that the expression of 10 miRNAs was more than 2-fold
higher in both SUIT-2 and CAPAN-1 gemcitabine-resistant
cells compared with the parental cells. We also identified
14 miRNAs in both SUIT-2 and CAPAN-1 gemcitabine-
resistant cells that were downregulated to less than 30% of
that in the parental cells.

To confirm our TagMan miRNA array data, we sub-
jected 11 of the differentially expressed miRNAs (5
upregulated miRNAs: miR-9, miR-27a, miR-424, miR-
449b, and miR-34a; 6 downregulated miRNAs: miR-152,
miR-181c, miR-518b, miR-125a, miR-142-5p, and miR-
204), which were selected on the basis of expression levels
and fold changes as promising candidate of clinical
markers, to triplicate gRT-PCR analysis, and obtained
consistent results (data not shown).

Analysis of miRNA Expression in Relation to Survival
Time of Patients with Pancreatic Cancer after Curative
Resection

Conventional prognostic factors, such as pT category,
pN category, R factor, positive vessel invasion, and adju-
vant therapies, including 5-fluorouracil or gemcitabine,
reached significance for overall survival (Table 1). We also
found that the patients treated with gemcitabine had a
better prognosis than those without, although the difference
was not significant (P = 0.058).

Next, to investigate the correlation between gemcitabine
response and miRNA expression identified by miRNA
expression profiling, patients with resected pancreatic
cancer were divided into two groups: patients who were
treated with gemcitabine and patients who were not.
Within each group, we investigated the correlation between
the expression levels of the 11 miRNAs identified by
miRNA expression profiling and the prognosis of patients
with resected pancreatic cancer. miRNA expression was
also divided into high- and low-level groups by recursive
descent partition analysis, as described by Hoffmann
et al.?®

First, we investigated the correlation between prognosis
and the six downregulated miRNAs: miR-152, miR-181c,
miR-518b, miR-125a, miR-142-5p, and miR-204. For the
gemcitabine group, the high miR-142-5p and miR-204
patients had a significantly longer survival time than the
low miR-142-5p and miR-204 patients (Figs. I and Z,
P = 0.0077 for miR-142-5p; P = 0.0054 for miR-204).
The median survival time was 45 months and 33 months,
respectively, for the high miR-142-5p and high miR-204
patients, and 16.3 months in both the low miR-142-5p and
low miR-204 patients (Table 2). We also found that the
high miR-125a patients had significantly longer survival
times than the low miR-125a patients when the Wilcoxon
test was used (P = 0.035), although the difference was not
statistically significant when the log rank test was used
(Table 2, P = 0.085). However, for the nongemcitabine
group, there were no differences in the survival times
between the high and low miR-142-5p, miR-204, or miR-
125a patients (Table 2). Analysis of both the gemcitabine
and nongemcitabine groups did not revealed any significant
differences in survival time between the high and low miR-
152, miR-181c, and miR-518b patients (data not shown).

Next, we investigated the correlation between prognosis
and the six upregulated miRNAs: miR-9, miR-27a, miR-
424, miR-449b, and miR-34a. For the nongemcitabine
group, the high miR-34a patients had a significantly longer
survival times than the low miR-34a patients (Table 2,
P = 0.012), while there were no significant differences in
survival time between the high and low miR-34a patients in
the gemcitabine group (Table 2, P = 0.175). The median
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TABLE 2 Correlation between median overall survival and micr-
oRNA expression in patients with resected pancreatic cancer

Time after surgery (months)

Time after surgery (months)

Multivariate Analysis of miR-142-5p and miR-34a

Expression in Relation to Survival Time of Patients

significant differences in survival between the high and low
miR-9, miR-27a, miR-424, and miR-449b patients in the
gemcitabine and nongemcitabine groups (data not shown).

with or without Gemcitabine Treatment after Curative
Resection

In three miRNAs identified as potential prognostic
markers in the gemcitabine group, miR-142-5p was the best

candidate and was the most specific for the gemcitabine

group compared with the nongemcitabine group. Therefore,
we focused on miR-142-5p as the most promising predic-

tive marker for gemcitabine. Also, univariate analysis of the

Factor Overall survival (95% CI) P value
High Low
miR-142-5p
Gem group 45 (23-) 16.3 (12-23) 0.0077
Non-Gem group 13.07 (4.7-43) (77147 0.4880
miR-204
Gem group 33 (13.27-) 16.3 (12-23) 0.0054
Non-Gem group 13.07 (8.47-26) 9 (4-14.7) 0.1527
miR-125a
Gem group 30.17 (19-) 14.57(12-31) 0.0854
Non-Gem group 12 (8.47-16.93) 14(3-) 0.8990
miR-34a
Gem group 27 (20.87-47.9) 16.3 (12-) 0.1754
Non-Gem group 16.9 (9-24.4) 8.5 (3-12) 0.0127

C7 confidence interval, Gem gemcitabine

survival time was 16.9 months in the high miR-34a
patients and 8.5 months in the low miR-34a patients in
the nongemcitabine group (Table 2). We also found no

gemcitabine group showed that the only significant clinical
factors were pN status (pN1 vs. pNO), and R factor (R1 vs.
R0). Multivariate survival analysis, based on the Cox pro-

portional hazard model, was performed by using miR-142-

Sp expression (high versus low), pN status, and R factor.
Overall survival time was significantly dependent on miR-
142-5p expression (Table 3, P = 0.034), but not on pN
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TABLE 3 Multivariate survival analysis (Cox regression model) of
clinical prognostic factors and miR-142-5p expression in patients with
gemcitabine treatment

Factor Relative risk 95% CI P value
miR-142-5p 3.109 1.087-10.01 0.0340
pN status 2.055 0.646-9.219 0.2395
R factor 2.197 0.823-5.904 0.1146

CI confidence interval

status (P = 0.24) or R factor (P = 0.11). In the gemcita-
bine group, miR-142-5p expression was an independent
prognostic marker for pancreatic cancer patients, with a
relative risk of 3.109 (Table 3).

Univariate analysis of the nongemcitabine group
showed that the only significant clinical factor was pN
status. Therefore, multivariate survival analysis was per-
formed by using miR-34a expression and pN status. The
results show that the overall survival time was significantly
dependent on both miR-34a expression and pN status
(Table 4, P = 0.0103 for miR-34a; P = 0.0035 for pN
status). In the nongemcitabine group, miR-34a expression
was an independent prognostic marker for pancreatic can-
cer patients with a relative risk of 2.920 (Table 4).

DISCUSSION

The present miRNA profiling study using two gemcit-
abine-resistant pancreatic cancer cell lines and their parent
cell lines identified 24 miRNAs candidates, which were up-
or downregulated in gemcitabine resistant cells. The pres-
ent results also showed that high miR-142-5p and miR-204
patients had statistically significantly longer survival times
than the low miR-142-5p and miR-204 patients in the
gemcitabine group, but not in nongemcitabine group,
although further examination is needed because the number
of patients in the nongemcitabine group is too small to
conclude that there were no differences in survival between
high and low expression patients in the nongemcitabine
group. Liu et al. reported that miR-142-5p was repressed in
human lung cancer, and the transfection of miR-142-5p
significantly repressed lung cancer cell growth.”” miR-204
has been also reported to be downregulated in intrahepatic
cholangiocarcinoma, and the level of miR-204 expression

TABLE 4 Multivariate survival analysis (Cox regression model) of
clinical prognostic factors and miR-34a expression in patients without
gemcitabine treatment

Factor Relative risk 95% CI P value
miR-34a 2.920 1.303-6.295 0.0103
pN status 2.957 1.410-6.812 0.0035

CI confidence interval

was inversely correlated with that of Bcl-2 expression,
possibly leading to chemotherapeutic drug-triggered
apoptosis.”® Taken together, these data suggest that miR-
142-5p and miR-204 are promising predictive markers for
chemotherapeutic responses in patients with resected pan-
creatic cancer.

In neuroblastomas, miR-34a was generally expressed at
lower levels in unfavorable primary tumors, and the rein-
troduction of miR-34a results in a dramatic reduction in
cell prolifemtior.x.29 miR-34a expression was decreased in 9
of 25 (36%) colon cancers, and transient introduction of
miR-34a suppressed the in vitro and in vivo growth of
colon cancer.™ In non-small-cell lung cancer, the miR-34
family was downregulated in tumors compared with
normal tissues, and low levels of miR-34a expression
correlated with a high probability of relapse.”’ These data
suggest that miR-34a functions as a potential tumor sup-
pressor. Our results show that miR-34a is a favorable
prognostic marker in patients without gemcitabine treat-
ment after resection. We also found no correlation between
miR-34a expression and survival time in patients treated
with gemcitabine, possibly suggesting that pancreatic
cancers with low levels of miR-34a are more sensitive to
gemcitabine treatment than those with high levels of miR-
34a, although larger studies are needed to confirm this.

In conclusion, miR-142-5p expression is correlated with
survival time in patients treated with gemcitabine after sur-
gical resection of péncreaﬁc cancer, but not in patients
without gemcitabine treatment. miR-142-5p would be a
promising predictive marker for gemcitabine treatment in
patients with resected pancreatic cancer, although further
examination are needed to analyze the functional role of
these microRNAs. In the present study, we used FFPE
samples to measure the indicated miRNAs. Measurement of
such miRNAs may be possible using plasma, serum, and
pancreatic fluids, suggesting that these miRNAs may be
useful in predicting the effects of chemotherapy for unre-
sectable pancreatic cancer and of neoadjuvant chemotherapy
for resectable pancreatic cancer, where it is difficult to obtain
tissues samples without the use of invasive procedures.
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. TPMIN: R BACKGROUND: Frequency and characteristics of metachronous occurrence of multifocal intraductal
. Multifocal; . - : papillary mucinous neoplasms (IPMNs) or distinct pancreatic ductal adenocarcinomas (PDACs) in the
Pancreatic ductal . remnant pancreas during follow-up evaluation after pancreatectomy for IPMNs have not been well
adenocarcinoma . . known. The aim of this study was to investigate the outcomes after resection of IPMNs, especially

focusing on the metachronous occurrence of multifocal IPMNs and distinct PDACs.

METHODS: Medical records of 172 patients who underwent resection of IPMNs were reviewed
retrospectively, and the data regarding the occurrence of metachronous IPMNs or PDACs in the
remnant pancreas during a mean postoperative follow-up period of 64 months were collected.

RESULTS: The incidence including synchronous and metachronous multifocal occurrence of IPMNs
was 20% (34 of 172), and that of distinct PDACs was 9.9% (17 of 172). Ten metachronous TPMNs
developed in the remnant pancreas after a mean time of 23 postoperative months (range, 12-84 mo),
and 2 with main duct TPMNs (both were carcinoma in situ) required remnant pancreatectomy. Six
distinct PDACs developed in the remnant pancreas after a mean time of 84 postoperative months
(range, 12-150 mo). Four of them were found to have a tumor with a size of less than 2 cm, whereas
the remaining 2 PDACs were found to be unresectable more than 10 years after resection of JPMNG.

CONCLUSIONS: Intense long-term follow-up evaluation is necessary for the early detection of
metachronous occurrence of distinct PDACs as well as malignant IPMNs after resection of TPMNs.
© 2011 Elsevier Inc. All rights reserved.

Recent intense investigations regarding intraductal pap-

- - illary mucinous neoplasms (IPMNs) of the pancreas have
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carcinoma, and therefore it is important to determine the
malignant potential of IPMNs preoperatively. We recently
were able to treat most patients with IPMNs appropriately
according to international consensus guidelines,’ which
suggest several predictive factors for malignant TPMNs,
and, as a result, outcomes after the treatment of IPMNs
seem to be satisfactory.*™

There are 2 types of recurrence after resection of IPMNs:
metastatic or local recurrence of invasive carcinoma and
metachronous multifocal occurrence of IPMNs in the rem-
nant pancreas. In addition, recent reports have shown that
distinct pancreatic ductal adenocarcinomas (PDACs) occur
synchronously or metachronously during management of
IPMNs, with a frequency of approximately 10%, and
IPMNs thus have been recognized recently as one of the
predictors for PDAC.°™'" Several reports have shown the
long-term outcome after resection of IPMNs; however, they
have not distinguished such various types of recurrent dis-
eases.”™ Therefore, the frequency and characteristics of
metachronous occurrence of multifocal IPMNs or distinct
PDACs in the remnant pancreas after pancreatectomy for
JPMNs have been unclear, and we do not know how fre-
quent and how long we should check the patients after
resection of IPMNs. The aim of this study was to investigate
the outcomes after resection of IPMNs, especially focusing
on the metachronous occurrence of multifocal IPMNs and
concomitant PDACs.

Patients and Methods

Medical records of 172 patients who underwent pancre-
atectomy for IPMN at the Department of Surgery and On-
cology at Kyushu University Hospital between 1987 and
2010 were reviewed retrospectively. There were 105 men
and 67 women, with a mean age of 66 years (range, 33-85
y). Surgical indication was determined based on the sug-
gestions described in the international consensus guide-
lines'; all the cases of main-duct IPMNs, and branch-duct
IPMNs with symptoms such as abdominal pain, jaundice,
and pancreatitis, the presence of mural nodule, cyst size 30
mm or larger, and dilation of the main pancreatic duct
throughout the study period. However, several patients with
branch-duct IPMNs without any of the earlier-listed factors
underwent pancreatectomy at the initial period of this study.
IPMNs were classified into main-duct and branch-duct
types based on the preoperative radiologic findings as de-
scribed in our previous reports.'>'® The lesions having no
predictive factors usually were left in the remnant pancreas
in the patient with multifocal IPMNs. Pathologic results
were determined by the World Health Organization criteria
published in 2010'7: low-grade, intermediate-grade, and
high-grade dysplasia (carcinoma in situ), and invasive car-
cinoma. The highest degree of pathologic grade was deter-
mined in multifocal lesions. Staging of PDAC was defined
according to the Japanese General Rules for pancreatic

cancer.'® In all cases, resection margins of the pancreas
were checked histologically by frozen sections during sur-
gery as well as permanent sections postoperatively. Pancre-
atectomy would be completed for negative margin status of
main pancreatic duct in frozen section, whereas additional
resection would be considered for the presence of tumor
cells at the cut margin of the main pancreatic duct.
Follow-up evaluation by physical examination and radio-
logic studies was performed according to the pathologic re-
sults. Routine radiologic examination included computed to-
mography (CT) and/or magnetic resonance imaging (MRI)/
magnetic resonance cholangiopancreatography (MRCP). If
there were positive findings in these modalities such as the
presence of a new lesion, dilation of the main pancreatic duct,
or morphologic changes of residual IPMNs, endoscopic ultra-
sound sonography (EUS) and endoscopic retrograde pancre-
atography (ERP) with pancreatic juice cytology were added.
EUS-guided fine-needle aspiration has not been performed to
date at our institution because of the apprehension of seeding
of the tumor cells when malignant. Surveillance was per-
formed every 6 months for noninvasive IPMNs (low- to high-
grade dysplasia) using CT and MRI/MRCP during the initial 2
years after surgery, and every 12 months after that. Recently,
surveillance for noninvasive IPMNs has been changed to al-
ternating CT and MRUMRCP every 6 months. For invasive
IPMNs and IPMNs with distinct PDACs, surveillance was
performed every 3 months using CT during the initial 2 years
to focus on the detection of recurrent metastatic/local diseases,
and then every 6 months using CT and MRI/MRCP after that
for the detection of metachronous IPMNs/PDACs as well as
recurrent diseases. Our recent surveillance flow chart is shown
in Fig. 1. Recurrent IPMNs were defined as metastatic lesions
in the liver, lung, or distant lymph node; dissemination; or local
recurrence owing to microscopic residual cancer cells. Meta-
chronous occurrence of IPMNs or PDACs was defined as new
occurrence of the tumor in the remnant pancreas after complete
resection of the tumor. In such cases, surgical margin of the
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Figure 1  Flow diagram of surveillance after resection of IPMNs
of the pancreas according to pathologic grade. HGD, high-grade
dysplasia; IGD, intermediate-grade dysplasia; LGD, low-grade
dysplasia.

i If abnormal findings ! If recurrence

¥

v
EUS/ERP#* Appropriate treatment

Observation Resection




Surveillance aftér resection of IF‘MNs

T. Ohtsdka et al.

Table 1

Charactenshcs of 172 pa’uents w1th mtraductal paplllary mucmous neoplasms (IPMNS) of the pancreas

~ LGD IMGD. HGD., \Invaswe carcmoma”_ P
et d mesit b s st {n=77) (ﬂ‘33) (ﬂ‘26) . (n=36)
At the mmat assessment and opera’uon T ‘ - RIS S B U T e T LI RN
. Location (pancreas head/pancreas body to. tall) . 35/42 8/25‘ . , 16/10 L0 25/ . cone o B4/88.
- Type (Main duct/Branch duct) . 8/69 7/26 . 13/13 . 16/20 .. . .. ¢
- Synchronous multifocal IPMNs* 13 (10) 40 2 {1) .5 (5) T
~ Synchronous distinct PDACs 9 2 0 -3
~-Dunng follow-up period: b otdain e B L
~Recurrent IPMNs... . S 0 0 S0 16
Recurrent PDAC . = ... B 1 [ 2
" Metachronous IPMNsT T 5.(1) 31 1
‘Metachronous distinct’ PDACSH S X ) 1 o 1
Compreherisive assessments ST SRR e
o Multifocal IPMNs (e - T i b 9 B 6
Distinct PDACs!T . . 13(3) 3 e Qemeiboney ik ot o L S
Dlsease-spemﬁc sur\nval rate (%) (5 /10 year) ...94/91 96/89 .100/100.., . 31/24.

LGD = low grade dysplasia; IMGD = intermediate grade dysplasia; HGD = high grade dysplasia; PDAC =
*The number in parenthesis indicates the number of patlents having residual IPMNs in-the remnant pancreas afterioperation.

pancreatic ductal a’d‘enoca‘rcinoma; S

’(The number in parenthesxs indicates the number of patlents who underwent.remnant total pancreatectomy, for metachronous IPMNs

h‘The number in parenthes1s indicates the number of patuents having both synchronous and metachronous PDACS, an

‘had chstmct PDACs synchronousiy and/or metachronous{y

pancreas at the initial surgery was free from tumor cells, and
the new lesion usually developed apart from the surgical mar-
gin.

Death related to invasive IPMNs or concomitant PDACs
was considered disease specific, and a disease-specific sur-
vival rate was calculated using the Kaplan—-Meier method.

Results

Table 1 shows the characteristics of the study population.
There were 44 main-duct and 128 branch-duct types.
Twenty patients (12%) had a history of pancreatitis preop-
eratively. There were 77 patients with low-grade dysplasia,
33 patients with intermediate-grade dysplasia, 26 patients
with high-grade dysplasia, and 36 patients with invasive
carcinoma. Eight branch-duct TPMNs did not have any
malignant predictors described in consensus guidelines,’' all
of which were low-grade dysplasia, whereas the other 164
had at least one of the predictors. Seventy-seven patients
had pathologically mural nodules, and 45 of them were
malignant (58%; 20 noninvasive and 25 invasive carcino-
mas). The mean follow-up period of this study population
was 64 months (range, 1-283 mo), and 5-year/10-year dis-
ease-specific survival rates of low-grade dysplasia, interme-
diate-grade dysplasia, high-grade dysplasia, invasive carci-
noma, were 94%/91%, 96%/89%, 100%/100%, and 31%/
24%, respectively (Table 1).

There were 24 multiple IPMNs: at the time of initial
diagnosis (Table 1). Complete resection of IPMNs includ-
ing 5 cases of total pancreatectomy was achieved in 156
patients, whereas IPMNs were left in the remnant pancreas
in the remaining 16 patients (Table 1). In the latter group, 14

hus; a totat f117 bétlents :

lesions were branch-duct IPMNs without any predictive
factor for malignancy described in the consensus guide-
lines,' and the remaining 2 were low-grade dysplasia left at
the cut margin of the main pancreatic duct. IPMNs and
synchronous concomitant PDACs were resected in 14 pa-
tients. In these 14 patients with PDACs, there was 1 patient
in stage 0, 4 patients in stage I, 2 patients in stage II, 5
patients in stage III, and 2 patients in stage IVa.

There were 16 and 9 patients having local or distant
metastatic recurrence after resection of invasive IPMNs and
distinct PDACs, respectively, and there was no recurrence
in low- to high-grade dysplasia of IPMNs (Table 1). Ten
metachronous TPMNs occurred in the remnant pancreas
after a mean of 23 postoperatiVe r‘honths (range, 12-84 mo).
They were 6 branch-duct type and 4 main-duct types. In all
10 patients, the _pancreatic cut margins were negative for
tumor cells at the initial surgery. All 6 branch-duct IPMNs
were small size cysts wnhout any sign of mural nodule or
clinical symptom, and dld not require resection. Two of the
4 main-duct IPMNs were Iesected by remnant tolal pancre-
atectomy, and their patholomc results were bolh noninva-
sive carcinomas. The other 2 metachronous main-duct
IPMNs were observed without 1esect1on because of the
absence of infor med consent.

Of 16 patients with IPMN left in place in the remnant
pancreas, 2 patients had recurrence of invasive IPMNs.
The other 14 lesions showed no morphologic change
during the mean follow-up period of 47 months. (range,
6—156 mo). No patients had a metachronous occurrence
of new IPMNs in the remnant pancreas in this group. The
prevalence of multifocal TPMNs including both synchro-
nous and metachronous in this study population was 20%
(34 of 172) (Table 1).
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All 14 IPMNs with concomitant PDACs were branch-
duct type. In these patients, 3 metachronous PDACs devel-
oped after resection of low-grade dysplasia of IPMNs and
concomitant PDACs (Table 1). In addition, 3 PDACs meta-
chronously occurred after resection of IPMNs. Therefore,
occurrence of PDACs after resection of IPMNs was ob-
served in 6 patients after a mean time of 84 postoperative
months (range, 12—-150 mo), and thus the prevalence of
distinct PDACs in the resected IPMNs was 9.9% (17 of 172)
(Table 1). Three patients with metachronous PDACs had
branch-duct IPMNs as well, and thus all 17 patients who
had distinct PDACs had branch-duct IPMNs. By contrast,
metachronous PDACs developed irrespective of the patho-
logic grade and tumor location (head or body to tail) of
JPMNs and there seemed to be no predisposing time point
after the initial surgery. Three of 6 metachronous PDACs
were found by CT with a tumor size of less than 2 cm,
whereas the remaining 2 PDACs were found as unresectable
cancers with liver metastases after more than 10 years after
resection of IPMNs. The intervals between a prior normal
imaging study and detection of PDACs in 2 patients with
unresectable PDACs were 8 and 13 months. The remaining
1 PDAC (noninvasive) was diagnosed by pancreatic juice
cytology obtained by ERP, which was detected by neither
CT nor MRI/MRCP.

Fifty-three extrapancreatic malignancies were found in
47 patients (27%) before (n = 28), at the time of (n = 18),
and after initial surgery (n = 7). There were 16 colorectal,
11 gastric, 6 prostate, 4 gynecologic, 3 lung, 3 bladder, 2
breast, 2 renal, and 6 other malignancies.

Comments

The present study focusing on the metachronous occur-
rence of IPMNs or distinct PDACs in the remnant pancreas
after resection of IPMNs has shown that strict surveillance
would provide a chance to detect noninvasive IPMNs and
early stage PDACs. Those metachronous lesions developed
even long term after initial surgery irrespective of patho-
logic grade, and thus all the patients should be strictly
followed up for a long time after resection of IPMNs. By
contrast, there still have been unresolved issues regarding
diagnostic modalities and intervals of surveillance.

The incidence of multifocal occurrence of IPMNS in this
study is consistent with that in previous reports, ranging
from 14.6% to 36%.%~ In patients with synchronous mul-
tifocal IPMNSs, the international consensus guidelines' rec-
ommend that only those having predictive factors for ma-
lignancy should be resected, and those without predictive
factors might be left in the remnant pancreas. We basically
have followed the recommendation of the guidelines,' and
we have not experienced any cases showing morphologic
changes in IPMNs left in the remnant pancreas during the
follow-up period. We also have experienced metachronous
occurrence of JPMNs after compete resection of initial

IPMNs, and all of them could be managed surgically or
nonsurgically. Surgical management for multifocal IPMNs
described in the guidelines' seem to be appropriate; how-
ever, long-term strict follow-up evaluation is necessary to
detect metachronous occurrence of IPMNs.

Several recent reports”™' ' have investigated the develop-
ment of distinct PDACs during follow-up evaluation of
branch-duct IPMNs, which are not an indication for surgery,
and reported an incidence ranging from 4.5% to 8%. This
report focuses on the metachronous occurrence of PDACs
in the remnant pancreas after resection of IPMNs, Uehara et
al” found 5 PDACs during follow-up evaluation of 60 cases
of branch-duct IPMNs, and 4 of them were resectable. Thus,
branch-duct IPMNs would be a good predictor for early
detection of PDACs during observations of small branch-
duct IPMNs or after resection of branch-duct IPMNs with
malignant predictors.

By contrast, some metachronous PDACs were found as
unresectable cancers more than 10 years after the initial
surgery for IPMNs. A noteworthy fact is that annual exam-
ination was not sufficient to detect all the cases of resectable
PDAGs. This finding suggests the possibility of the rapid
growth of distinct PDACs. Therefore, we are now checking
all the patients on follow-up evaluation at least every 6
months by imaging even long term after resection of
IPMNs, as shown in Fig. 1. However, prospective surveil-
lance is necessary to confirm whether this algorism would
be adequate or not.

One of the metachronous PDACs was found as carci-
noma in situ by pancreatic juice cytology obtained during
ERP, although CT and MRI showed no morphologic abnor-
mality. ERP is not usually included in the routine follow-up
modalities in our department; however, the present case
shows the use of pancreatic juice cytology for the detection
of early pancreatic cancer during management of IPMNG.
EUS fine-needle aspiration cytology recently has taken the
place of pancreatic juice cytology by ERP in terms of definitive
pathologic diagnosis of pancreatic cancer.'” By contrast, we
recently reported a patient with multiple IPMNs with con-
comitant noninvasive and invasive PDACs, which were
detected by pancreatic juice cytology during preoperative
ERP.?° In this patient, multiple PDACs could not be de-
tected by either CT/MRI or EUS, and we consider that
pancreatic juice cytology during ERP has an important role
to detect early pancreatic cancers, which cannot be detected
by regular imaging modalities. Further investigation is nec-
essary to determine whether ERP should be included in
routine follow-up diagnostic modalities, and how frequently
ERP should be performed during follow-up evaluation of
the remnant pancreas after resection of IPMNs.

Another important issue during management of IPMNs
is the occurrence of extrapancreatic malignancies. The prev-
alence of extrapancreatic malignancies in this study is con-
sistent with those in previous reports, ranging from 24% to
32%,"*! and various organs seem to be involved. Therefore,
careful attention should be paid to extrapancreatic diseases
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as well as metachronous diseases in the remnant pancreas
during surveillance after resection of JPMNs.

Recent advances in molecular biology have provided
many insights into biological behaviors of IPMNs as well

222,

as PDACs, > however, molecular analyses regarding
genetic changes in multiple occurrences of IPMNs and
PDACs in the same pancreas have not been used to date.
Others recently have shown that patients with IPMNs often
have extrapancreatic tumors'~' and therefore patients with
IPMNs might have some systemic genetic abnormalities
causing carcinogenesis. Those types of investigations would
provide some hints for the early detection of PDACs during
management of IPMNs.

In conclusion, intense long-term, follow-up evaluation is
necessary for the early detection of metachronous occur-
rence of IPMNs as well as distinct PDACs after resection of
IPMNs.
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