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Neoadjuvant chemotherapy with gemcitabine-based
regimens improves the prognosis of node positive
resectable pancreatic head cancer
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Abstract. The effectiveness of preoperative (neoadjuvant)
chemotherapy (NAC) for resectable pancreatic ductal
adenocarcinoma (PDAC) remains unclear. The present study
retrospectively evaluated the efficacy of NAC with gemcitabine
(GEM)-based regimens or GEM monotherapy for resectable
PDAC.Between 2006 and 2015, NAC with GEM was performed
in 52 cases (head 31, and body and tail 21) and compared with
34 resection-only cases serving as controls (head 20, and body
and tail 14). According to the Response Evaluation Criteria
In Solid Tumors guidelines, the treatment effect was a partial
response in 5 cases, stable disease in 45 cases, and progres-
sive disease in 2 cases. Maximum standardized uptake values
and carbohydrate antigen (CA19-9) values were significantly
reduced after preoperative chemotherapy. Using the Evans
grading system, the treatment effect was grade I in 31 patients,
grade Ila in 8, and grade IIb in 3 cases. There were signifi-
cant differences in the overall survival rate between the NAC
and control groups, only in the patients with node-positive
pancreatic head cancer. Significantly higher CA19-9 values in
peripheral blood and higher lymph node metastasis and plexus
invasion rates were observed in early-recurring cases within a
year. The preoperative CA 19-9 cutoff value as an early recur-
rence risk factor was calculated as 30 U/ml in the NAC group
and 88 U/ml in the control group. NAC with GEM prolonged
survival in patients with node-positive pancreatic head cancer.
High CA19-9 values before operation, lymph node metastases
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and plexus invasion were risk factors for early tumor recur-
rence after surgery. Preoperative chemotherapy would be
necessary for resectable pancreatic head cancer as lymph
node metastasis was observed in >60% with resectable PDAC.
Moreover, if normalization of CA19-9 values is not achieved
with NAC, extension of preoperative chemotherapy should be
considered as for borderline resectable PDAC cases.

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is a fatal disease
with an overall survival (OS) rate of <6% (1,2). Although the
advent of nab-paclitaxel (nab-PTX) plus gemcitabine (GEM)
therapy (GnP therapy) and 5-FU, leucovorin, irinotecan and
oxaliplatin (FOLFIRINOX) therapy improved treatment
outcome of unresectable PDAC (3,4), surgery is the only
method to achieve long-term survival. Curative (R0) resec-
tion comprising wide lymph node dissection and complete
removal of the extrapancreatic nerve plexus of the superior
mesenteric artery (SMA) or celiac axis (5-10) has been shown
to be one of the key factors influencing survival of patients
with PDAC. However, even in patients who undergo resection,
5-year survival is poor at <30% and the prognosis of PDAC
has not improved. Nimura et al (11), reported that extended
lymphadenectomy does not improve prognosis in pancreatic
head cancer. These disappointing results indicate that surgery
alone is inadequate and the poor survival is likely attributable
to early hematogenous spread, because in most patients' metas-
tases are present at the time of surgery (12). Investigation of
postoperative adjuvant chemotherapy is based on this hypoth-
esis. Oettle e al (13), reported that adjuvant chemotherapy
with GEM produced a statistically significant improvement
in OS. Recently, the JASPAC-01 study in Japan showed that
S-1, an oral fluoropyrimidine analogue, confers significantly
improved OS and recurrence-free survival after pancreatic
cancer resection compared with GEM (14).

A major drawback of adjuvant therapy for PDAC is that
20-30% of patients are ineligible to receive the designated
therapy because of postoperative complications, such as
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delayed surgical recovery, patient refusal, comorbidity, or
early disease recurrence (15-17). This could be overcome
by the preoperative (neoadjuvant) chemotherapy (NAC) or
chemoradiotherapy so that more patients can receive poten-
tially beneficial treatment. Other theoretical advantages of this
approach include the following: Early treatment of microme-
tastases; sparing those who already have occult metastases
the morbidity and mortality associated with major surgery if
disseminated disease becomes apparent at the time of reas-
sessment; reduced risk of tumor seeding at the time of surgery;
and improved tolerance compared with postoperative therapys.

Potential disadvantages of neoadjuvant therapy include the
following: A requirement for biliary decompression before
chemotherapy and the potential for complications associated
with biliary stents; delayed surgery, allowing progression to an
unresectable stage in patients whose disease does not respond
to therapy; and the potential for an increase in postoperative
complications. Recently, results of randomized clinical trials
and data analyses of preoperative therapy for borderline resect-
able and locally advanced PDAC have been reported (18-22).
However, there have been few reports with high evidence
levels on preoperative therapy for resectable PDAC.

We have used neoadjuvant chemotherapy (NAC) for
resectable PDAC since December 2006, and previously
conducted some clinical studies of NAC with a GEM plus
S-1 (GS) regimen for resectable PDAC as a pilot study and
phase I trial (23,24). From August 2013, NAC with a GnP
protocol has been used for resectable PDAC in a pilot clinical
trial. GEM monotherapy was performed at the transition of
two regimens. We report our local experience and long-term
outcomes with NAC with GEM-based regimens for resectable
PDAC, compared with those treated with upfront surgery
retrospectively. In addition, we evaluate risk factors for recur-
rence after surgery for potentially resectable PDAC cases in
the same period.

Materials and methods

Patients and NAC regimens. From January 2006 to December
2015, 91 patients with radiologically-proven PDAC considered
‘resectable’ according to the National Comprehensive
Cancer Network (NCCN) guidelines and 86 (50 males and
36 female) patients were operated on at the Department of
Gastroenterological Surgery, Kanazawa University Hospital.
Five patients did not undergo surgery due to rapid tumor local
progression in two cases, distant metastasis detected after
preoperative chemotherapy in two cases and a case of portal
vein thrombosis caused by biliary drainage during preoperative
chemotherapy. In this period, NAC with GEM-based regimens
was performed in 52 cases (NAC group) of the 86 resectable
PDAC cases, and in the remaining 34 cases, surgery was
performed without preoperative chemotherapy (Control group)
at the discretion of the attending physician. In 52 cases of NAC
group, there were 31 pancreatic head cancer and 21 body and
tail cancer. Control group obtained 20 pancreatic head cancer
and 14 body and tail cancer. Three types of GEM based
regimens, GEM alone, GS, and GnP therapies were adopted
in the NAC group. The case numbers of each treatment was
10 cases of GEM alone, 33 cases of GS and 9 cases of GnP. In
GEM monotherapy, 1,000 mg/m? of GEM was administered
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as a 30 min intravenous infusion on days 8, 15 and 22 of each
cycle. The cycle was performed twice every 28 days (Fig. 1A).
In GS therapy, S-1 was administered orally postprandially for
14 consecutive days at the dose of 20 mg/m?/day (from the
evening of day 1 to the morning of day 15), and 1,000 mg/m?
of GEM was administered as a 30 min intravenous infusion on
days 8 and 15 of each cycle. The cycle was performed twice
every 21 days (Fig. 1B). In GnP therapy, 25 or 50 mg/m? of
nab-PTX and 1,000 mg/m? of GEM were administered as 60
and 30 min intravenous infusions, respectively, on days 8§, 15
and 22 of each cycle. The cycle was performed twice every
28 days (Fig. 1C). In all the NAC regimens, surgery was
performed >14 days after the two cycles of chemotherapy
ended.

Written informed consent was obtained from each patient
prior to treatment, and the present study was approved by the
Ethics Committee of Kanazawa University Hospital (review
number: 2799-1). The authors declare that they have no
competing interests about this study.

Assessments of efficacy. All the patients with resectable
PDAC were diagnosed by multidetector computed tomog-
raphy (MDCT), magnetic resonance imaging enhanced with
gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA) (EOB-MRI), and 18-fluorodeoxyglu-
cose-positron emission tomography/computed tomography
(®FDG-PET/CT) imaging. In the NAC group tumor response
was by comparing pretreatment and posttreatment images, and
was graded according to the Response Evaluation Criteria in
Solid Tumors (RECIST) version 1.0 (25). Complete response
(CR) was defined as the disappearance of all clinical evidence
of the measurable tumor. Partial response (PR) was defined
as a 30% or greater reduction in the sum of the products of 2
perpendicular diameters of all measurable lesions compared
with the baseline values, with no evidence of new lesions.
Stable disease (SD) was defined as <30% reduction or <20%
increase in the sum of the products of 2 perpendicular diam-
eters of all measurable lesions compared with the baseline
values, with no evidence of new lesions. Progressive disease
(PD) was defined as an increase of 20% or more in the sum of
the products of 2 perpendicular diameters of all measurable
lesions compared with the baseline values, the appearance
of any new lesion, or deterioration in clinical status consis-
tent with disease progression. To assess objective treatment
responses, patients were reevaluated with MDCT, EOB-MRI
and FDG-PET/CT after two cycles of preoperative chemo-
therapy. Carcinoembryonic antigen (CEA), carbohydrate
antigen (CA) 19-9, and sialyl-lcat-N-tetraose (DUPAN-2) were
measured before and after chemotherapy. In the control group,
the same markers were measured before operation.

Pathological diagnosis. All surgically resected specimens
were immediately fixed in 10% neutral-buffered formaldehyde
solution. After the specimens had been cut horizontally into
5-mm tissue blocks (26), they were dehydrated and embedded
in paraffin. Finally, 5-ym sections were cut and stained with
hematoxylin and eosin. Each section was carefully examined
using light microscopy. The tumors were evaluated according
to the NCCN guidelines of Pancreatic Adenocarcinoma version
3.2017. The grading system of Evans et al (27), was used to
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Figure 1. Treatment protocol for NAC with GEM-based regimens. (A) GEM monotherapy. GEM (1,000 mg/m?) was administered on days 1, 8 and 15 of the
first cycle, and on days 29, 36 and 43 in the second cycle. (B) GEM plus S-1 therapy: S-1 (20-40 mg/m?/day) was given orally for 14 consecutive days, and
GEM (1,000 mg/m?) was administered intravenously on days 8 and 15 in the first cycle, and on days 29 and 36 in the second cycle. (C) nab-PTX plus GEM
therapy: 25-50 mg/m? of nab-PTX and 1,000 mg/m? of GEM were administered intravenously on days 1, 8 and 15 in the first cycle, and on days 29, 36 and 43
in the second cycle. In all NAC regimens, surgery was performed >2 weeks after the 2 treatment cycles. NAC, neoadjuvant chemotherapy; GEM, gemcitabine;

nab-PTX, nab-paclitaxel.

assess the pathological effects of preoperative chemotherapy.
The degrees of cytological changes and tumor destruction
were graded on a scale of I-IV, as follows: Grade I, presence
of characteristics cytological changes of malignancy, but
little (<10%) or no evident tumor cells destruction; grade Ila,
destruction of 10-50% of tumor cells; grade IIb, destruction of
51-90% of tumor cells; grade I11, presence of few (<10%) viable
tumor cells; grade IIIM, presence of sizeable pools of mucin;
grade IV, presence of no viable tumor cells; and grade IVM,
presence of acellular pools of mucin.

Patient follow up. After operation, patients were examined for
recurrence with enhanced MDCT every 3-4 months and blood
tests including tumor marker analysis every month. When
recurrence was suspected, *FDG-PET/CT was performed.
Two radiologists reviewed the scans. The tumor relapse day
was the date when CT confirmed the recurrence.

Risk factors for early recurrence after surgery. There were
35 recurrences within 1 year after surgery (E group) out of
86 resected PDAC cases from 2006 to 2015. We compared
the remaining 51 patients with no relapse or recurrence after
>1 year (L group), looking for differences in risk factors.

Statistical analyses. Categorical variables were compared using
the chi-squared test, Student's 7-test, and the paired 7-test. The
OS and disease free survival (DFS) rates were calculated from
the start of the study treatment until death or the final date of
follow up and determined by the Kaplan-Meier method, and
the log-rank test was applied for comparison of survival rates
between groups. A CA19-9 cutoff value as a risk factor for early
recurrence was calculated with receiver operating characteristics
(ROC) analysis. All the analyses were performed using commer-
cial software (SPSS® v.23, SPSS Inc., Chicago IL, USA). P<0.05
was considered to indicate a statistically significant difference.
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Table I. Patient characteristics of the NAC and Control groups.
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Characteristics NAC group (n=52) Control group (n=34) P-value
Gender, Male:Female 29:23 21:13 0.582
Median age, years (range) 65.4 (48-82) 68.0 (52-84) 0.636
Tumor location, Head:Body and tail 31:21 20:14 0.942
Tumor size via CT, mm 0.180
Before NAC 23.3+6.5 26.6+9.8
After NAC 22.0+6.2
SUVmax 0.624
Before NAC 47+42 5.6+3.7
After NAC 3.0+3.2°
CA19-9, U/ml 0.699
Before NAC 183.5+£329.0 155.9+223.9
After NAC 93.2+198.1°

1P=0.003; "P<0.001. NAC, neoadjuvant chemotherapy; CT, computed tomography; SUVmax, maximum standardized uptake value; CA19-9,

carbohydrate antigen 19-9.

Results

Patient characteristics. The characteristics of the NAC group
and Control (surgery-only) groups are listed Table I. There
were not significant differences in terms of gender, age, tumor
location, tumor size on CT, ®FDG maximum standardized
uptake value (SUVmax), or in tumor marker (CA19-9) values.
Comparisons of resected histopathological findings are shown
in Table II. There were no significant differences between the
NAC group and the Control group in any histopathological
findings (tumor size; serosal, retroperitoneal, neural and
plexus invasion rate; lymph node metastasis rate; and RO rate).

Intraoperative bleeding was 471.9+344.2 ml in the NAC
group and 502.1+374.6 ml in the Control group. There were no
significant differences in the amount of bleeding between the
two group (P=0.702), and the overall postoperative mortality
rate was 0% in both groups. No differences in rates of post-
operative complications were found between the two groups.
Postoperative adjuvant chemotherapy was performed in 43
of 52 cases (82.7%) in the NAC group, and in 13 of 34 cases
(38.2%) in the Control group (P<0.0001). There was no
difference about side effects among three chemotherapeutic
regimens except for epilation of GnP therapy.

Efficacy of NAC. Five of 52 NAC group patients (9.6%) showed
a PR, 45 (86.5%) showed SD and 2 (3.9%) showed PD. In
comparison of the clinical objective treatment effects before
and after NAC listed in Table I, no significant tumor shrinkage
on CT scan was observed after NAC. Of the tumor markers,
only the CA 19-9 mean value significantly decreased from
183.5+329.0 to 93.2+198.1 TU/ml (P<0.001). ®*FDG-PET/CT
was performed in 34 of 52 patients, before and after NAC.
Significant decreases in the SUVmax value from 4.7+4.2 to
3.0+£3.2 were documented after preoperative chemotherapy
(P=0.003). All the tumor specimens showed histopathological
evidence of tumor cell injury, although none of the patients
exhibited a pathological CR. The NAC treatment effect, as

judged by the Evans grading system, was grade [ in 41 patients
(78.8%), grade Ila in 8 (15.4%), and grade IIb in 3 (5.8%).
There was no statistically significant difference in the 5-year
OS rates of pancreatic head cancer patients in the NAC group
compared with the Control group (median survival time
(MST): 41.6 months vs. 24.5 months) (P=0.083; Fig. 2A). OS
rate was significantly improved only in node-positive (UICC
stage IIB) pancreatic head cancer patients (MST: 29.8 months
vs. 19.1 months) (P=0.016; Fig. 2B). In pancreatic body and tail
cancer patients, OS rates of the NAC group were not signifi-
cantly improved compared with the Control group (MST:
37.2 months vs. 45.2 months) (P=0.772; Fig. 2C). Subgroup
analysis stratified according to postoperative adjuvant chemo-
therapy demonstrated significant difference only in the 5-year
OS rates of pancreatic head cancer patients. In pancreatic head
cancer patients who received postoperative adjuvant chemo-
therapy, OS rate of the NAC group was significantly improved
compared with the Control group (P=0.012; Fig. 2D).

There were no significant differences in DFS rates of
pancreatic head cancer and body and tail cancer patients
between the two groups.

Risk factors for early recurrence after surgery. There were 35
(40.7%) early recurrent PDAC cases within a year after surgery
(E group). The remaining 51 cases (L group) consisted of
34 patients without recurrence and 17 patients with recurrence
>1 year after surgery. In the E and L groups, there were no
significant differences in gender, age, tumor location, or pre-
and post-operative adjuvant chemotherapy rates. In comparison
of tumor size on CT, ®FDG PET SUVmax and tumor marker
values as listed in Table III, significantly higher CA19-9 values
were observed in the E group than the L group (P=0.021). The
cut-off value of CA19-9 values of 30 U/ml in the NAC group
and 88 U/ml in the Control group were arrived at with ROC
analysis. According to the results of the ROC curve analysis,
the optimal cut-offs for risk of early recurrence were as follows
in the NAC group and the Control group (Fig. 3). When
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Table II. Histopathological characteristics of the NAC and Control groups.
Characteristics NAC group (n=52) Control group (n=34) P-value
Tumor size, mm 29.8x15.6 30.4+10.1 0.862
Serosal invasion, % 673 52.9 0.180
Retroperitoneal invasion, % 76.9 58.8 0.074
Lymph node metastasis, % 67.3 61.8 0.598
Neural invasion, % 84.6 88.2 0.636
Plexus invasion, % 423 324 0.353
RO rate, % 80.8 794 0.901
NAC, neoadjuvant chemotherapy.
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Figure 2. OS curves of patients with PDAC. (A) OS of patients with resectable pancreatic head cancer. The difference was not significant (P=0.124). (B) OS rate
of node-positive pancreatic head cancer. OS rate of the NAC group was significantly better than that of the Control group in node positive pancreatic head cancer
(P=0.016). (C) OS rate of pancreatic body and tail cancer. OS rate was not improved with preoperative chemotherapy in patients with pancreatic body and tail cancer.
(D) In pancreatic head cancer patients who received postoperative adjuvant chemotherapy, the OS rate of the NAC group was significantly improved compared
with the Control group (P=0.012). PDAC, pancreatic ductal adenocarcinoma; OS, overall survival; NAC, neoadjuvant chemotherapy; MST, median survival time.

CA19-9 in the NAC group was 30.0 U/ml, it had a sensitivity of
47.8%, specificity of 44.8%, positive predictive value (PPV) of
45.8%, and negative predictive value (NPV) of 57.1%, and the
area under the ROC curve (AUC) was 0.63 [95% confidence
interval (CI): 0.48-0.79]. When CA19-9 in the Control group
was 88 0U/ml, it had a sensitivity of 41.7%, specificity of
54.5%, PPV of 29.4%, and NPV of 58.8%, and the AUC was
0.51 [95% CI: 0.29-0.74]. In pathological comparison, signifi-
cantly larger tumor size, higher rates of lymph node metastasis,

nerve, and plexus invasion rates were observed in the E group
(Table IV). Differences in tumor size were also significant by
multivariate analysis. In comparing recurrence sites (Table V),
the frequency of liver metastasis and peritoneal dissemination
was significantly higher in the E group than in the L group. Of
course OS rate of the E group was significantly poor compared
with the L group (MST: 55.6 months vs. 20.9 months). However
surprisingly, the prognosis of the E group was similar to NAC
dropped out patients (MST: 20.0 months).
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Table III. Clinical factors of the E and L groups.
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Clinical factors E group (n=35) L group (n=51) P-value
Tumor size on CT, mm 23.1+6.3 22.7+8.1 0.814
BEDG-PET SUVmax 4.8+3.2 4.0£3.5 0.403
CEA, ng/ml 4.0+5.0 34+3.1 0.468
CA19-9, U/ml 180.5+302.2 75.1£90.0 0.021
DUPAN-2, U/ml 456.5+1,833.8 841.1+4,343.6 0.623

BFEDG-PET SUVmax, 18-fluorodeoxyglucose-positron emission tomography maximum standardized uptake value; CT,
computed tomography; CA19-9, carbohydrate antigen 19-9; CEA, carcinoembryonic antigen; DUPAN-2, sialyl-lcat-N-tetraose.
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Figure 3. Receiver Operator Characteristic curves for serum carbohydrate antigen 19-9 levels in the (A) NAC group and the (B) Control group. The areas under
the curves were 0.63 for the NAC group and 0.51 for the Control group, respectively.

Discussion

Surgical resection is the only way to cure PDAC. However,
the majority of pancreatic cancer resections are reported to be
R1 (28), and even after undergoing curative resection, patients
with pancreatic cancer face a 50-80% local recurrence rate
and a 25-50% chance of developing distant metastases (27).
We have developed a surgical procedure for PDAC with
emphasis on anatomy and embryology (9,10,26,29). Whereby
the long-term prognosis of PDAC was improved to some
extent (9,10), it is not yet satisfactory even for resectable
cases, because of distant metastasis. For this reason, postop-
erative adjuvant chemotherapy with S-1 (14) was introduced
and hepatic arterial infusion chemotherapy with GEM for
early postoperative liver metastasis was developed (30-32).
Although, the adaptation of NAC to resectable PDAC is still
controversial, we made a policy to introduce preoperative
chemotherapy even for resectable PDAC to improve treatment
outcomes (23,24).

This study retrospectively analyzed patients who
underwent resection for resectable PDAC at a single center.
Between the NAC group and the Control group, there were
no significant differences in patients' clinicopathological
characteristics including perioperative factors. We have
confirmed all cases are adenocarcinomas, but many cases had
plural pathological subtype. Therefore, we did not consider
about pathological subtypes of the patients. In the NAC
group, significant reduction of CA19-9 value and FDG-PET

SUVmax were observed after preoperative chemotherapy.
The effect of NAC according to RECIST guidelines was
SD in 86.5% cases and the pathological effect judged with
Evans grade was I in 78.8% cases. In the survival analysis
of this study, only the patients with node-positive pancreatic
head cancer receiving NAC had significantly longer survival
time than those in the Control group. Subgroup analysis in
postoperative adjuvant chemotherapy group showed that
pancreatic head cancer of the NAC group had significantly
longer survival time than the Control group. In the analysis
of early recurrent cases, there was no correlation with pre- or
postoperative chemotherapy; however, a significantly higher
CA19-9 value was observed in the E group compared with
the L group (P=0.021). Moreover, cut-off values of CA19-9
were calculated to be 30 U/ml in the NAC group and 88 U/ml
in the Control group, respectively, with ROC analysis. In
pathological comparison, a significantly higher rate of lymph
node metastasis, nerve, and plexus invasion rates were
observed in the E group. However, it is difficult to accurately
grasp lymph node metastasis and plexus infiltration from
preoperative image findings. Even in resectable PDAC cases,
if elevated CA19-9 value is not normalized after preoperative
chemotherapy, extension of the preoperative chemotherapy
period should be considered as for borderline resectable or
unresectable PDAC cases (33,34).

The most important purpose of NAC is prevention of
metastasis form the primary site and treatment of occult
metastasis. However, it has been recently described that
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Feature E group (n=35) L group (n=51) P-value (univariate) P-value (multivariate)
Tumor size, mm 35.3+15.7 26.5+10.8 0.003 0.037
Serosal invasion, % 65.7 58.8 0.519 0.490
Retroperitoneal invasion, % 743 66.7 0.450 0.443
Lymph node metastasis, % 82.9 53.0 0.004 0.132
Node positive number 42 0.005 0.980
Neural invasion, % 97.1 784 0.014 0.159
Plexus invasion, % 514 294 0.039 0.626
RO rate, % 714 86.3 0.089 0.714

Table V. Recurrent sites of E and L groups.

E group L group
Site (n=35),n (%) (n=51),n (%) P-value
Liver 19 (54.3) 5(09.8) <0.0001
Peritoneum 11 (314) 4(7.8) 0.005
Local 7(22.9) 509.8) 0.097
Lung 3(11.4) 4(7.8) 0.574
Lymph node 2(5.7) 4(7.8) 0.703

cancer stem cells (CSCs) and cancer associated fibroblasts
(CAFs) play an important role in tumor invasion, metas-
tasis, and chemoradioresistance in pancreatic cancer (35).
These resistant cells often change the expression of several
proteins while acquiring resistance to the therapies. One of
the common changes is epithelial mesenchymal transition
(EMT). EMT is a biological process that allows epithelial
cells to undergo multiple changes, enabling them to assume
a mesenchymal cell phenotype, and is positively associated
with the malignancy of cancer cells, and their invasiveness,
motility, and resistance to apoptosis (36). It has recently been
reported that anti-cancer treatments can also induce EMT
in cancer cells (37-39). We reported that residual pancreatic
cancer tissues resected after preoperative chemotherapy are
rich in chemoresistant cancer stem-like cells (40). If this
theory is correct, the effectiveness of preoperative therapy for
occult metastatic lesions is moot. It will be necessary to select
agents with EMT inhibitory effect for the primary lesion
during preoperative treatment. It is well known that low-dose
paclitaxel (41-44), metformin (45-47), angiotensin receptor
blocker (48,49), statins (50,51), and histone deacetylase
inhibitors (52,53) have all been indicated as agents that can
inhibit the EMT of tumor cells or activation of stromal cells.
Many papers have focused on the inhibition of tumor EMT
and CAFs activation with paclitaxel (44,54,55). These data
corroborate that tumor shrinkage and a decrease in stroma
was observed in tumors treated with GnP therapy (56-58).
Hence, GnP therapy comprising paclitaxel seems to be most
suitable for preoperative chemotherapy theoretically.

Several authors reported that predictors of poor prognosis
after surgery for PDAC include early recurrence, elevated

serum CA19-9, lymph node metastasis, positive surgical
margin (59,60). Serum risk factors for early recurrence have
been reported to be elevated Span-1 and CA19-9 (61,62).
Kurahara et al (63) reported that serum CA19-9 >85 U/ml was
independent risk factor for recurrence within 6 months after
upfront surgery. This result is almost the same CA19-9 value
(85 U/ml) of the Control group as this study. This study demon-
strated that high serum CA19-9, larger tumor size, lymph node
metastasis and plexus invasion would be the risk factors for
early recurrence after surgery. However, CA19-9 recognition
is affected by the patient's Lewis phenotype (64), and preop-
erative diagnosis of the extent of tumor spread, lymph node
metastasis and plexus invasion with CT image is not accurate
enough. Even in this study, lymph node metastasis was found
to be more than 60%, nerve infiltration was found to be more
than 80%, and tumor spread was also larger than preoperative
diagnosis in many cases. Therefore, preoperative chemo-
therapy is considered necessary even for resectable cases, and
PDAC with the preoperatively diagnosable risk factors for
early recurrence requires preoperative chemotherapy as does
borderline resectable PDAC.

In this study period, five patients could not undergo surgery
because of tumor progression during preoperative chemotherapy
or complication of biliary drainage. In four tumor progression
cases, chemotherapy could be continued by changing to another
treatment regimen. If upfront surgery was performed in these
cases, there is a high possibility that the prognosis was still
poor. Preoperative chemotherapy for PDAC may be valuable in
the selection of patients without chemoresistant metastases or
aggressive local progression. Since this study is a retrospective
cohort and included three regimens, prospective randomize
study with a fixed regimen is necessary in the future.

In conclusion, NAC with GEM prolonged the survival
period of node-positive pancreatic head cancer patients, and
SUV max and serum CA19-9 values are useful for judgment
of treatment effect. However, high serum CA19-9 value, larger
tumor size, lymph node metastasis, and plexus invasion are risk
factors for early tumor recurrence after surgery. Especially,
in the NAC group normalization of CA19-9 after preopera-
tive chemotherapy will be required. Therefore, preoperative
therapy same for borderline resectable cases should be consid-
ered even for resectable PDAC cases with early recurrence
risk factors. Moreover, postoperative adjuvant chemotherapy
is important especially for pancreatic head cancer.
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