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Abstract

Background Little is known about the effects of
neoadjuvant therapy on outcomes in patients with pancreatic
cancer. This study evaluated the effects of neoadjuvant
therapy on resectability and perioperative outcomes.
Methods A total of 992 patients were enrolled, with 971
deemed eligible. Of these, 582 had resectable tumors and
389 had borderline resectable tumors, and 388 patients
received neoadjuvant therapy. Demographic characteristics
and peri- and postoperative parameters were assessed by a
questionnaire survey.

Results The RO rate was significantly higher in patients
with resectable tumors who received neoadjuvant therapy
than in those who underwent surgery first, but no significant
difference was noted in patients with borderline resectable
tumors. Operation time was significantly longer and blood
loss was significantly greater in patients who received
neoadjuvant therapy than in those who underwent surgery
first, but there were no significant differences in specific
complications and mortality rates. The node positivity rate
was significantly lower in the neoadjuvant than in the
surgery-first group, indicating that the former had signifi-
cantly lower stage tumors.

Conclusions Neoadjuvant therapy may not increase the
mortality and morbidity rate and may be able to increase the
chance for curative resection against resectable tumor,

Keywords Neoadjuvant - Pancreatic cancer -
Perioperative outcome - Resectability - Surgery

Introduction

Patients with pancreatic cancer have a dismal prognosis,
even when tumors are resectable. Both local and systemic
recurrences are common after curative (RO) resection, and
long-term survival rates are low. The standard treatment for
patients with resectable pancreatic cancer is surgery fol-
lowed by adjuvant chemotherapy [1-5], but the 2-year post-
operative survival rate remains below 50% [3-5].
Neoadjuvant therapy has been used as an alternative
approach in other types of cancer, including breast and
esophageal cancers. In breast cancer patients, neoadjuvant
chemotherapy has been shown to effectively reduce tumor
burden in the breast and axilla without compromising
survival [6]. In esophageal cancer patients, preoperative
chemotherapy was found to result in longer overall
survival than postoperative chemotherapy, and therefore,
neoadjuvant chemotherapy became the standard treatment
strategy for patients with resectable esophageal cancer [7].
Although reports from single institutions and prospective
phase I trials found that neoadjuvant treatment had survival
benefits in patients with pancreatic cancer [§-11], no large

randomized trials have been performed yet to confirm these
results.

The neoadjuvant strategy is subject to two major hypo-
thetical risks: (1) possible increases in operative morbidity
and mortality; and (2) the possibility that the disease may
metastasize or become unresectable during the course of
neoadjuvant chemotherapy [12]. The resectability and
perioperative outcomes in patients with resectable and bor-
derline resectable pancreatic cancer could not be assessed in
prospective trials of adjuvant chemotherapy [3-5] because
these trials did not include patients with metastases detected
intraoperatively or soon after surgery, patients who died due
to surgical complications, and those who experienced severe
morbidity and delayed surgical recovery. A survey is
required to evaluate the effects of neoadjuvant treatment in
patients intended for pancreatic resection.

Therefore, to clarify this situation, the Japanese Society
of Hepato-Biliary-Pancreatic Surgery (JSHPBS) surveyed
high-volume centers throughout Japan that had experience
with neoadjuvant therapy to evaluate the influence of
neoadjuvant therapy on resectability and perioperative
outcomes.

Patients and methods

A questionnaire was sent to all patients with pancreatic
cancer who were scheduled to undergo resection with cura-
tive intent between January 2007 and December 2009 at the
17 high-volume centers participating in the JSHPBS study.
This study was approved by the institutional review board of
Tohoku University.

The eligibility of this study was invasive ductal
adenocarcinoma of the pancreas, which was resectable or
borderline resectable intending to surgery. Other types of
histology were ineligible, such as acinar cell carcinoma,
neuroendocrine tumor, cystic neoplasms. The demographic
and clinical characteristics evaluated included patient age,
gender, body mass index (BMI), comorbid illness, preop-
erative tumor staging and resectability [13], and pre- and
post-treatment levels of tumor markers. Preoperative treat-
ment data included chemotherapeutic agents; whether or not
radiation was administered; the planned and administered
doses of both; and adverse events (AEs), both hematological
and non-hematological, during preoperative treatment, as
assessed by Common Terminology Criteria for Adverse
Events ver3.0 [14]. Operative findings included macro-
scopic tumor stage and infraoperative parameters, such as
blood loss, duration of operation, and blood transfusion
requirements. Pathological findings included pathological
staging, residual tumor status, the effect of preoperative
treatment, and intraoperative mortality. Postoperative data
included postoperative complications such as pancreatic
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Fig. 1 Flow diagram

fistula, defined according to ISGPF (postoperative pancre-
atic fistula: an international study group) criteria [15];
delayed gastric emptying, as defined by the ISGPS [16];
other non-abdominal complications; postoperative hospital
stay; and types of adjuvant treatment.

Of the 992 patients enrolled, 21 were excluded: 14 with
primary unresectable tumors, six who were not assessed
for resectablity, and one with no clinical records. Thus,
971 patients were included. Primary outcomes included
resectability and perioperative morbidity and mortality. To
minimize biases associated with tumor stage, all eligible
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patients were stratified according to the presence of
resectable or borderline resectable tumors, as defined by the
National Comprehensive Cancer Network (Fig.1). The
tumor without any abutment of major vessel including
portal vein/superior mesenteric vein (PV/SMYV), superior
mesenteric artery, hepatic artery, celiac artery was catego-
rized in resectable. The tumor with impingement of
PV/SMV but reconstructable and/or major arterial abut-
ment within 180 degrees, which was considered to be
separable at surgery was categorized as borderline. The indi-
cation of resection depended on each institution surveyed.
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Fig. 2 Radiological tumor response

Assessment of resectability was answered by questionnaire
survey. Resectability and RO-resectability were calculated
on an intention-to-treat basis, and therefore, patients who
did not undergo surgery for any reason were included.
Perioperative morbidity and mortality of patients receiving
neoadjuvant therapy (neoadjuvant patients) and those under-
going surgery without neoadjuvant therapy (surgery-first
patients) were compared separately in subgroups of patients
with resectable and borderline resectable tumors, because of
differences in operative procedures, such as major vessel
resection (Tables 4,5). The efficacy of neoadjuvant therapy
could be assessed radiologically in 325 of the 389 patients
(83.5%). Best percentage change from baseline in the size of
the primary tumor was shown by waterfall plot analysis
(Fig. 2).

Statistics

Continuous variables were expressed as median and range.
Between group differences in patient characteristics and

perioperative and postoperative factors were compared
using ¥ tests, Fisher’s exact test, and Mann-Whitney’s
U-test, as appropriate. Statistical significance was defined as
P <0.05.

Results
Patient characteristics

Of the 971 included patients, 582 had resectable and 389
had borderline resectable tumors. The clinical characteris-
tics of these patients are shown in Table 1. Patients with
borderline resectable tumors were significantly younger
(P <0.001) and had jaundice followed by biliary drainage
more frequently (P <0.001) than those with resectable
disease. Pre-treatment serum concentrations of tumor
markers were significantly higher in patients with borderline
resectable tumors than in those with resectable tumors.
Medical history did not differ significantly, except that pre-
vious malignancies were significantly more frequent in the
resectable group (P =0.012). In each subgroup, of patients
with resectable and borderline resectable tumors, there were
no statistically significant differences in age, sex, presence
of jaundice, and serum tumor markers between patients who
received neoadjuvant treatment and those who underwent
surgery first (data not shown).

Neoadjuvant therapy

A total of 388 patients (40%) received neoadjuvant
treatment, including 254 who received radiotherapy or
chemoradiotherapy and 115 who received systemic chemo-
therapy. Types of therapy and agents are summarized in
Table 2. Neoadjuvant treatment was significantly more
common in patients with borderline resectable than in
those with resectable cancers (52% vs. 32%, P <0.0001).
Gemcitabine or a gemcitabine-based regimen was the most
frequently provided for chemoradiotherapy and systemic
chemotherapy. In regard to neoadjuvant radiotherapy, the
duration of preoperative therapy in the resectable group was
significantly longer than that in the borderline group (99.5
days vs. 82 days). Whereas in regard to neoadjuvant che-
motherapy, the duration in the resectable group was signifi-
cantly shorter than that in the borderline group (28 days vs.
81.5 days).

Feasibility and efficacy of neoadjuvant therapy

Hematological and non-hematological AEs during
neoadjuvant therapy are shown in Table 3. There were
no neoadjuvant therapy-related deaths. Neutropenia and
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Table 1 Baseline demographics
‘ . Resectable Borderline P-value
Number of patients 582 389 -
Age (y), median (range) 68 (27-90) 65 (32-87) <0.001
Sex (male : female) 320:262 229:160 0.23
Past medical history or Comorbid illness
Hypertension, n (%) 166 (29) 92 (24) 0.091
Coronary arterial disease, 1 (%) 66 (11) 36 (11) 0.30
Diabetes mellitus, 7 (%) 175 (30) 120 31) 0.80
Other malignancy, 1 (%) 94 (16) 41 (11 0.012
Peptic ulcer, n (%) 45 (7.8) 25(6.4) 0.44
Hepeatitis, n (%) 39 (6.7) 20(5.1) 0.31
Other digestive disease?, n (%) 98 (17) 49 (13) 0.074
Respiratory disease, n (%) 41 (7.1) 20(5.1) 0.22
Cerebral Vascular disease, n (%) 25 (4.3) 17 (4.4) 0.96
Jaundice, 1 (%) 190 (33) 169 (43) <0.001
Biliary drainage, n (%) 187 (32) 169 (43) <0.001
Pre-treatment serum tumor marker
CEA (ng/ml), median (range) 3 (0-435) 3.5 (0-675) 0.0039
CA19-9 (U/ml), median (range)® 78 (0-47,470) 203.75 (0-220,540) <0.001

* Other digestive disease included appendicitis (n=47), cholecystolithiasis (n=33), colonic polyps (n = 16), pancreatitis (n = 10), gastri-
tis (n=8), gastric polyps (n=15), intestinal obstruction (n=4), liver cirrhosis (n =3), reflux esophagitis (n=2), fatty liver (n=2), hepatic
hemangioma (n= 2), pancreatic cyst (n = 2), hemorrhoid (n = 2), irritable bowel disease, trauma, situs inversus, colonic derticulitis, ulcerative

colitis, Peutz-Jeghers syndrome (n= 1), unknown (n=195)
® The values of CA19-9 were measured after biliary drainage when the patients with jaundice

Table 2 Types of neoadjuvant therapy and agents

Resectable Borderline P-value
Neoadjuvant therapy, n (%) 185 (32) 203 (52) <0.0001
Types of therapy
Radiotherapy, n (%) 114 (20) 140 (36) <0.0001
Irradiation (Gy), median (range) 50 (35.2-54) 45 (10.8-67.5) <0.0001
Agents provided
With Gemcitabine 95 90
With S1 8 28
With Gemcitabine+S1 5 13
With Other agents® 4 7
Radiation alone 4 7
Duration® (days), median (range) 99.5 (56-278) 82 (46-391) <0.0001
Chemotherapy, 1 (%) 65 (1D 50 (13) 043
Agents provided
Gemcitabine 17 22
S1 5 2
Gemcitabine+S1 26 24
Gemcitabine+Other agents® 17 2
Duration® (days), median (range) 28 (13-138) 81.5 (16-137) 0.0029
No record 6 13

# Other agents was 5-FU + CDDP + MMC (n = 11)
® Duration represents the days from the start of neoadjuvant therapy to operation
¢ Other agents included 5-FU (n = 18) and CDDP (n=1)



J Hepatobiliary Pancreat Sci (2013) ee:eo—ce

Table 3 Adverse events during neoadjuvant therapy

Grade 1-4 (%)

Grade 34 (%)

Chemotherapy Radiotherapy P-value Chemotherapy Radiotherapy P-value
Neutrocytopenia 58.8 65.4 0.30 33.8 20.0 0.0164
Leukocytopenia 53.8 75.5 0.0003 16.3 36.7 0.0007
Anemia 28.2 61.5 <0.0001 1.4 3.9 0.45
Thrombocytopenia 26.7 35.7 0.16 4.0 2.8 0.70
Fatigue 20.8 332 0.048 0.0 0.0 >0.99
Allergy 13.7 9.7 0.37 0.0 1.1 >0.99
Nausea/Vomiting 9.7 29.6 0.0006 14 2.2 >0.99
Liver dysfunction 3.1 0.4 0.055 0.0 0.0 >0.99
Pigmentation 23 1.8 0.70 0.0 .00 >0.99
Anorexia 1.7 8.6 0.010 0.9 22 0.67
Cholangitis/Cholecystitis 0.8 2.5 0.43 0.0 2.1 0.17
Pneumonitis 0.0 2.5 0.094 0.0 1.3 0.56
Body weight loss 0.0 2.1 0.17 0.0 0.0 >0.99
Other* 6.1 2.5 0.93 0.0 0.0 >0.99

? Other non-hematological adverse events included thrombosis, peptic ulcer, oral mucositis, renal dysfunction, constipation

leukocytopenia occurred in more than half of the patients
who received neoadjuvant therapy. Any grade leuko-
cytopenia (P =0.0003), anemia (P <0.0001), fatigue
(P =0.048), nausea/vomiting (P =0.0006), and anorexia
(P=0.01) were significantly more frequent in patients
receiving chemoradiotherapy than systemic chemotherapy.
Grade 3/4 neutropenia was significantly more frequent
in patients receiving chemotherapy (P =0.0164), whereas
grade 3/4 leukocytopenia was significantly more frequent in
patients receiving chemoradiotherapy (P =0.0007). There
were significant differences in any other AE,

Radiological tumor response to neoadjuvant therapy
was assessed by tumor reduction rate, shown by waterfall
chart analysis (Fig.2). The median tumor reduction
rate was 6.3% (range, —45.2-93.9%). According to
Response Evaluation Criteria In Solid Tumors (RECIST)
guidelines, 16% of patients showed a partial response,
80% had stable disease, and 4% had progressive disease
(PD); none had a complete response to neoadjuvant
therapy. Responses to neoadjuvant therapy were similar in
patients with resectable and borderline resectable tumors
(P=0.14).

Resectability

Of the 388 patients who received neoadjuvant treatment, 25,
including eight with resectable and 17 with borderline
resectable tumors, did not undergo surgery, including 21
(84%) with PD and one with an AE during preoperative
treatment. Of the 582 patients with resectable disease, 397
were scheduled for surgery-first, and, of these, 375 (94.5%)
underwent resection. Similarly, of the 185 patients with

resectable disease who received neoadjuvant therapy, 171
(92.4%) underwent resection (P =0.34), RO resection was
performed on 305 patients in the surgery-first group and 164
in the neoadjuvant group. The RO rate was significantly
higher in the neoadjuvant than in the surgery-first group,
both by on-treatment (P <0.0001) and intention to treat
(P =0.0003) analysis (Table 4a), Of the 389 patients with
borderline resectable disease, 186 were scheduled to
undergo surgery first, and, of these, 156 (83.9%) underwent
resection. Similarly, of the 203 patients with borderline
resectable disease who received neoadjuvant treatment, 156
(77.8%) underwent resection (P = 0.16). Curability assess-
ment showed no significant differences between the two
groups, both by on-treatment and intention-to-treat analysis
(Table 4b).

Perioperative outcomes

Perioperative morbidity and mortality were evaluated in the
870 patients who underwent pancreatic resection, after
excluding the 76 patients who underwent exploratory or
bypass surgery. Of these 870 patients, 16 (1.8%) died. In the
546 patients with resectable tumors, there were no signifi-
cant differences between the neoadjuvant and surgery-first
groups in the proportions that underwent various operative
procedures or combined resection of major vessels. Opera-
tion time was significantly longer (P =0.0001) and blood
loss was significantly greater (P =0.0059) in the neo-
adjuvant than in the surgery-first group. There were six
operative deaths (1.6%) in the surgery-first group and
one (0.6%) in the neoadjuvant group (P =0.44). Median
postoperative hospital stay was significantly longer
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Table 4 Resection and RO-resection rate: (a) Resectable (z = 582) and (b) Borderline (n = 389)

Group Surgery first Neoadjuvant ‘ P-value
(a) Resectable (n = 582)
Total cohort, n 397 185 -
Resection, n 375 171 0.34
Resection rate 94.5% 92.4%
RO resection, n 305 164
RO rate by on-treatment analysis® 81.3% 95.9% <0.0001
RO rate by intention-to-treat analysis® 76.8% 88.6% 0.0003
(b) Borderline (= 389)
Total cohort 186 203 -
Resection 156 158
Resection rate 83.9% 77.8% 0.16
RO resection 118 123
RO rate by on-treatment analysis® 75.6% 77.8% 0.57
RO rate by intention-to-treat analysis® 63.4% 60.6% 0.61

# RO rate by on-treatment analysis was RO resection per all resected cases with a record of residual tumor assessment

® RO rate by intention-to-treat analysis was RO resection per total cases with a record of residual tumor assessment including non-resected and

non-operated cases as R2 resection

(P =0.0020), and morbidity rate was slightly but not sig-
nificantly higher (P =0.084) in the neoadjuvant than in the
surgery-first group. There were no significant differences in
specific postoperative complications, including pancreatic
fistula and delayed gastric emptying, as well as in rates of
severe complications and reoperation (Table 5).

Of the 314 patients who underwent resection for border-
line resectable tumors, those who received neoadjuvant
treatment were significantly more likely to undergo resec-
tion of the pancreas head (P =0.0026) and portal vein
(P=0.0018) than those who underwent surgery first.
Operation time was significantly longer in the neoadjuvant
than in the surgery-first group (P = 0.0005), but there were
no between group differences in blood loss (P = 0.16), mor-
tality (P=0.17), and hospital stay (P=0.50) (Table 6).
Morbidity tended to be less frequent in the neoadjuvant
group than in the surgery-first group (P=0.057). In con-
trast to patients with resectable tumors, the postoperative
pancreatic fistula (POPF) rates in patients with border-
line resectable tumors were significantly lower in the
neoadjuvant group than in the surgery-first group, both
for all grades (P=0.022) and grade B/C (P=0.015).
Fluid collection was significantly more frequent in the
neoadjuvant than in the surgery-first group (P =0.016).
Other specific complications and their severity were similar
in these two groups (Table 6). In the resectable group with
neoadjuvant therapy followed by resection, the proportion
of delayed gastric emptying (DGE) in chemoradiotherapy
was significantly higher than that in chemotherapy (21.6%
vs. 10.1%, P =0.0015). The proportion of other postopera-
tive complications as well as severity of complications and
reoperation listed in Table 5 was similar in both treatment

modalities. In the borderline group with neoadjuvant
therapy followed by resection, the proportion of grade B/C
POPF in chemotherapy was slightly, but not statistically
significant, higher than that in chemoradiotherapy (10.5%
vs. 4.8%, P =0.092). The proportion of other postoperative
complications as well as severity of complications and
reoperation listed in Table 6 was similar in both treatment
modalities.

Histological staging

Table 7 shows a univariate comparison of histological
staging according to the American Joint Committee on
Cancer (AJCC). Of patients with resectable tumors, those
who received neoadjuvant therapy had a lower T grade of
the primary tumor than those who underwent surgery first
(P =0.033). Moreover, the percentage of patients with
lymph node-positive tumors was significantly lower in the
neoadjuvant than in the surgery-first group (30.6% vs.
55.2%, P <0.0001), resulting in a significantly lower stage
in the former (P <0.0001). In patients with borderline
resectable tumors, those who received neoadjuvant treat-
ment had a significantly lower grade of the primary tumor
(P=0.042), a significantly lower rate of node-positive
tumors (44.3% vs. 74.8%, P <0.0001), and a significantly
lower tumor stage (P <0.0001).

Discussion

This survey clarified the feasibility, efficacy, and peri-
operative outcomes including resectability following



