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Abstract

Purpose Neoadjuvant therapy (NAT) is increasingly used to improve the prognosis of patients with borderline resectable
pancreatic cancer (BRPC) albeit with little evidence of its advantage over upfront surgical resection. We analyzed the prognostic
impact of NAT on patients with BRPC in a multicenter retrospective study.

Methods Medical data of 165 consecutive patients who underwent treatment for BRPC between January 2010 and December
2014 were collected from ten institutions. We defined BRPC according to the National Comprehensive Cancer Network
guidelines, and subclassified patients according to venous invasion alone (BR-PV) and arterial invasion (BR-A).

Results The rates of NAT administration and resection were 35% and 79%, respectively. There were no significant differences in
resection rates and prognoses between patients in the BR-PV and BR-A subgroups. NAT did not have a significant impact on
prognosis according to intention-to-treat analysis. However, in patients who underwent surgical resection, NAT was indepen-
dently associated with longer overall survival (OS). The median OS of patients who underwent resection after NAT (53.7 months)
was significantly longer than that of patients who underwent upfront (17.8 months) or no resection (14.9 months). The rates of
superior mesenteric or portal vein invasion, lymphatic invasion, venous invasion, and lymph node metastasis were significantly
lower in patients who underwent resection after NAT than in those who underwent upfront resection despite similar baseline
clinical profiles.

Conclusions Resection after NAT in patients with BRPC is associated with longer OS and lower rates of both invasion to the
surrounding tissues and lymph node metastasis.
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Introduction

Pancreatic cancer (PC) is one of the most lethal malignan-
cies; patients with this disease have a 5-year survival rate
of only 7% [1]. Surgical resection is the only potentially
curative therapy for PC; however, local invasion to the
surrounding vessels and organs owing to rapid
locoregional growth as well as the early systemic spread
of cancer cells often preclude curative resection [2].

The National Comprehensive Cancer Network (NCCN)
guidelines define borderline resectable (BR) PC as a tu-
mor that exhibits intermediate radiographical findings that
fall between resectable and unresectable status [3]. BRPC
differs from resectable PC in that it carries a higher risk of
positive surgical resection margins and requires more ex-
tensive surgery [4]. The positive resection margin rates
and overall median survival times (MSTs) after upfront
surgery for BRPC are reported to be 36—64% and 13—
15 months, respectively [5, 6]. To improve the curative
resection rates and prognoses, a variety of neoadjuvant
therapies (NATs) have been adopted for patients with
BRPC [7-12]. The goals of NAT include achieving RO
resection following the locoregional control of the prima-
ry tumor, sterilization of metastatic lymph nodes, early
treatment for occult distant metastases, and selection of
patients who are likely to benefit from surgical resection
[13]. Moreover, a neoadjuvant setting ensures a higher
chemotherapy completion rate than adjuvant treatment.

The NCCN guidelines recommend NAT for BRPC
treatment [3]. However, there is little medical evidence
of the benefit of NAT in patients with BRPC; this is
partly because of the lack of standardization of clinical
trial designs that are optimized for BRPC owing to its
rarity (it accounts for 10% of non-metastatic PCs), and
also because of the lack of a common definition for
BRPC [14]. Recent meta-analyses did not demonstrate
a definitive survival benefit when using NAT for BRPC
[15, 16]. High-quality prospective studies aimed at com-
paring survival outcomes following NAT for BRPC to
those following upfront surgery are challenging to per-
form because NAT has been increasingly administered
to patients with BRPC to improve their poor survival
rates after upfront surgery. In the clinical setting, thera-
peutic strategies for BRPC vary greatly among institu-
tions. It is important to analyze the differences in the
prognoses of patients with BRPC according to therapeu-
tic methods such as upfront surgery and NAT during the
same period. In this multicenter study, we compared the
outcomes of patients with BRPC who received upfront
surgical resection to those who underwent preoperative
NAT at multiple institutions in Kyushu Island, Japan.
Furthermore, we compared the pathological findings in
patients of both groups.
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Materials and methods
Patient enrollment

In this multicenter study, data were collected from consecutive
patients who underwent treatment for BRPC at ten institutions
on Kyushu Island, Japan, between January 2010 and
December 2014. The study was approved by the ethics review
board of each participating institution. Imaging examinations
including computed tomography and magnetic resonance im-
aging were performed to diagnose BRPC; only patients with
confirmed pathological diagnoses of pancreatic adenocarcino-
ma or adenosquamous carcinoma were included. Patients
underwent upfront surgery or NAT based on each institution’s
preferred therapeutic strategy. S-1 (TS-1, Taiho
Pharmaceutical Co., Ltd. Tokyo, Japan) or gemcitabine
(GEM)-based chemotherapy was used as the postoperative
adjuvant therapy. All resected specimens were examined his-
tologically according to the seventh tumor-node-metastasis
(TNM) classification system [17].

Definition of BRPC

The NCCN guideline (version 2.2017) defines BRPC based
on the tumor’s venous (superior mesenteric vein [SMV] and
portal vein [PV]) and arterial (common hepatic artery [CHA],
celiac axis [CA], and superior mesenteric artery [SMA]) char-
acteristics [3]. We divided BRPC into BR-PV (suggestive of
invasion to the SMV/PV alone) and BR-A (suggestive of in-
vasion to the SMA/CHA/CA) based on the “Classification of
Pancreatic Carcinoma” (Fourth English Edition, Japan
Pancreas Society) [18]. The criteria for BR-PV are as follows:
a tumor with no evidence of contact with the SMA, CA, and
CHA; or a tumor contacting the SMV/PV at 180° or greater—
or causing occlusion of the SMV/PV—that does not exceed
the inferior border of the duodenum for safe reconstruction.
The criteria for BR-A are as follows: a tumor contacting the
SMA and/or CA at less than 180° with no evidence of stenosis
or deformity, or a tumor contacting the CHA without
contacting the proper hepatic artery and/or the CA. Cases of
contact are classified as BR-A for both the portal venous and
arterial systems.

Data collection

We reevaluated the computed tomography and magnetic res-
onance imaging scans of the enrolled patients to diagnosis
BRPC according to the above definitions. The following var-
iables were extracted: age, sex, Eastern Cooperative Oncology
Group performance status score, tumor position, tumor size,
BR classification, pretreatment serum CA 19-9 levels, NAT
administration, date of surgery, type of surgery, pathological
PV/SMV invasion, pathological T status, lymph node status,
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surgical margin status, adjuvant therapy, date of recurrence,
and survival status. We evaluated the tumor response rate after
NAT according to the Response Evaluation Criteria in Solid
Tumors (RECIST), version 1.1.

Statistical analysis

Associations between different categorical variables were
assessed using the x? test or Fisher’s exact test. The multivar-
iate regression model was used to estimate the odds ratio (OR)
and corresponding 95% confidence intervals (Cls) using fac-
tors found to be significant on univariate analysis as covari-
ates. Survival curves were plotted using the Kaplan—Meier
method and analyzed using the log-rank test. Overall survival
(OS) was calculated as the interval between initial treatment
(NAT or surgery) and death by any cause. The multivariate
Cox proportional hazards model was used to estimate the ad-
justed hazard ratios (HRs) and corresponding 95% Cls using
factors found to be significant on univariate analysis as covar-
iates. P values <0.05 indicated statistical significance.
Statistical evaluation was performed using SigmaPlot version
12.5 for Windows (HULINKS Inc., Tokyo, Japan).

Results
Patient characteristics
During the study period, 165 patients who were diagnosed

with BRPC at the ten institutions were enrolled
(Supplementary Table 1). The baseline demographic and

clinical data of all patients are summarized in Table 1.
NAT was administered to 58 (35%) of all patients. NAT
included neoadjuvant chemoradiotherapy (NACRT) and
neoadjuvant chemotherapy (NAC) that were administered
to each of 29 patients, respectively. Patients in the NACRT
group received radiotherapy at a dose of 50-58 Gy over
4 weeks with S-1 at a dose of 80 mg/m? for the first 21 days.
One month after radiotherapy completion, S-1 was admin-
istered for 2 weeks followed by a 2-week rest period.
Patients in the NAC group received GEM or S-1 based che-
motherapy; GEM plus S-1 was the most common regimen
(17 of 29 patients), followed by GEM alone (n =9) and S-1
alone (n =3). In patients receiving the GEM plus S-1 regi-
men, GEM was administered at a dose of 1000 mg/m2 on
days 1 and 8 of each cycle. S-1 was administered orally at a
dose of 80 mg/m? for the first 14 consecutive days followed
by a 7-day rest period. Each cycle was repeated every
21 days. No patient experienced side effects that prevented
the completion of the NAT regimens. The median duration
of NAT administration was 5.0 months (interquartile range,
2.8-7.0 months). Of the 58 patients who underwent NAT, 17
(29%), 19 (33%), and 22 (38%) showed a partial response,
stable disease, and progressive disease according to the
RECIST criteria, respectively. Of the 58 patients who
underwent NAT, 32 (55%) did not undergo surgical resec-
tion. The most common reason was distant metastasis (n =
13) followed by local progression (n = 9), refusal of surgical
resection (n =5), peritoneal dissemination at laparotomy
(n =3), severe comorbidity (n = 1), and unknown (n = 1).
The median follow-up duration was 15.6 months (mean,
20.8 months).

Table 1  Characteristics of patients with borderline resectable pancreatic cancer (n = 165)
Factors Total (n=165) BR-PV (n=103) BR-A (n=62) P value (PV vs.
A)

Age Median value (interquartile 69.0 years (61.0-74.5) 69.0 years (61.0-75.0) 66.5 years (60.8-73.3) 0.489
range)

Sex Male 87 (53%) 54 (52%) 33 (53%) 0.951
Female 78 (47%) 49 (48%) 29 (47%)

Performance status score 0/1 149 (90%) 92 (89%) 57 (92%) 0.781
2 16 (10%) 11 (15%) 5 (8%)

Tumor location Head 132 (80%) 89 (86%) 43 (69%) 0.014
Body/tail 33 (20%) 14 (14%) 19 (31%)

Tumor size <20 mm 16 (10%) 13 (13%) 3 (5%) 0.176
>20 mm, <40 mm 119 (72%) 74 (72%) 45 (73%)
>40 mm 30 (18%) 16 (16%) 14 (23%)

Pretreatment serum CA  Median value (interquartile 184.0 U/mL 149.9 U/mL 250.9 U/mL 0.058

19-9 range) (24.7-524.7) (14.5-404.7) (49.6-1113.8)

NAT No 107 (65%) 68 (66%) 39 (63%) 0.812
Yes 58 (35%) 35 (34%) 23 (37%)

Resection No 35 21%) 20 (19%) 15 (24%) 0.596
Yes 130 (79%) 83 (81%) 47 (76%)

BR-A, borderline resectable (arterial invasion); BR-PV, borderline resectable (superior mesenteric vein/portal vein invasion alone); CA 19-9, carbohydrate

antigen 19-9; NAT, neoadjuvant therapy
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Association between clinical factors and prognoses
in all patients

Female sex and resection were significant factors associated
with longer OS on univariate analysis (Table 2). We divided
the ten institutes into three high-volume centers that registered
> 25 patients and seven low-volume centers that registered <
25 patients. There was no significant difference in the OS
between the high and low-volume centers. Only resection
was an independent prognostic factor on multivariate analysis.
The MSTs of patients who underwent upfront surgery and
NAT were 16.7 (95% CI, 11.4-22.0) and 22.0 (95% CI,
16.2-27.8) months, respectively. NAT had no significant im-
pact on prognosis according to intention-to-treat (ITT) analy-
ses of all patients (Fig. 1a).

Association between clinical factors and prognoses
in patients who underwent surgical resection

Of the 130 patients who underwent surgical resection, 104,
22, and 4 underwent pancreatoduodenectomy, distal pan-
createctomy, and total pancreatectomy, respectively.
Resection of the SMV and CHA/CA was performed in 102
(78%) and 10 (8%) of the patients, respectively. None of the

patients underwent resection of the SMA. Table 3 shows the
relationships between various clinical factors and OS in pa-
tients who underwent surgical resection. Univariate analy-
sis revealed that female sex, adjuvant therapy, and NAT
were significant predictors of better prognosis; all three fac-
tors were also independently associated with better progno-
sis on multivariate analysis. Patients who underwent surgi-
cal resection after NAT showed markedly longer OS; their
MST of 53.7 months was significantly better than that of
patients who underwent upfront surgical resection (P =
0.019) or did not undergo surgical resection (P <0.001,
Fig. 1b). In contrast, the MST of patients who underwent
upfront surgical resection (17.8 months) was not signifi-
cantly better than that of patients who did not undergo sur-
gical resection (14.9 months) (P =0.084).

Comparison of pathological findings
between patients who underwent upfront surgical
resection and resection after NAT

The baseline clinical profiles of patients who underwent up-
front surgical resection and resection after NAT were similar
(Supplementary Table 2). Postoperative adjuvant therapy was
administered to 74 (71%) of the 104 patients who underwent

Table 2 Association between
clinical factors and overall

Univariate analysis Multivariate analysis

survival in patients with

borderline resectable pancreatic Factor (1) MST (months) Pvalue Adjusted HR P value
cancer (n=165) (95% CI) (95% CI)
Age (years) <75 (126) 19.9 (14.6-25.2)  0.686
>75(39) 16.2 (10.1-22.3)
Sex Male (87) 14.6 (11.4-17.8)  0.022 0.688 0.059
Female (78) 23.0(13.8-32.3) (0.466—-1.015)
PS 0/1 (149) 20.1 (15.7-24.5) 0.366
2 (16) 9.9 (2.3-17.5)
Tumor location Head (131) 18.0 (13.4-22.7) 0.187
Body/tail (33) 23.4(15.3-31.5)
Tumor size <40 mm (135) 19.9 (14.6-25.2)  0.791
>40 mm (30) 15.6 (8.1-23.1)
Pretreatment serum CA 19-9 <500 U/mL (122)  19.3 (15.2-23.5) 0.857
>500 U/mL (43) 18.9 (8.5-29.3)
BR classification BR-PV (103) 18.0(13.8-22.3)  0.296
BR-A (62) 22.5(9.5-35.5)
NAT No (107) 16.7 (11.4-22.0) 0318
Yes (58) 22.0(16.2-27.8)
Institute 7 LVC (59) 152(12.4-17.9) 0.134
3 HVC (106) 20.8 (15.9-25.6)
Resection No (35) 14.9 (12.0-17.8)  0.012 0.632 0.037
Yes (130) 20.8 (14.9-26.7) (0.411-0.974)
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BR, borderline resectable; CA 19-9, carbohydrate antigen 19-9; CI, confidence interval; HR, hazard ratio; HVC,
high-volume center; LVC, low-volume center; MST, median survival time; NA7, neoadjuvant therapy; PS, per-

formance status
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Fig. 1 Kaplan—Meier survival
curves showing the overall
survival from the time of initial
treatment. a There was no
significant difference in the
overall survival (depicted as
MST) between the NAT and
upfront surgery groups in
intention-to-treat analysis (P =
0.318). b Patients who underwent
resection after NAT showed
significantly longer overall
survival (depicted as MST) than
those who underwent upfront
surgical resection (P =0.019) or
no resection (P <0.001). CI
confidence interval, MST median
survival time, NAT neoadjuvant
therapy

upfront surgical resection and 21 (81%) of the 26 patients who

a b
NAT group (n = 58) Resection after NAT (n = 26)
MST 22.0 months (95% CI, 16.2 to 27.8) MST 53.7 months (95% CI, 18.8 to 88.7)
—————— Upfront surgery group (n =107) = = = = = = Upfront surgical resection (n = 104)
MST 16.7 months (95% CI, 11.4 to 22.0) MST 17.8 months (95% CI, 12.6 to 23.1)
————— No resection (n = 35)

MST 14.9 months (95% CI, 12.0 to 17.8)
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underwent resection after NAT. The rates of pathological in-

vasion into the SMV/PV, lymphatic invasion, venous inva-
sion, and lymph node metastasis were significantly lower in
patients who underwent resection after NAT than in those who
underwent upfront surgical resection (Supplementary
Table 3). Patients who underwent resection after NAT showed

a higher RO resection rate.

Table 3 Association between
clinical factors and overall
survival in patients who
underwent surgical resection (n =
130)

Adjuvant therapy following surgical resection is a standard
therapeutic strategy for radiographically resectable PC [19].
On the other hand, various NATs have been administered to
improve the prognosis of patients with BRPC, as this disease
is characterized by more advanced local progression and a

higher risk of occult distant metastases than resectable PC

Univariate analysis

Multivariate analysis

Factor (n) MST (months) Pvalue  Adjusted HR P value
(95% CI) (95% CI)

Age (years) <75(99) 20.9 (13.9-28.0) 0.723
>75(31) 20.8 (9.3-32.3)

Sex Male (66) 13.5(9.2-17.9) 0.010 0.447 <0.001
Female (65) 28.5 (16.1-40.9) (0.279-0.716)

Tumor location Head (107) 20.1 (16.0-24.2) 0.136
Body/tail (23) 53.6 (10.4-96.8)

Tumor size <40 mm (104) 20.9 (14.7-27.2)  0.778
>40 mm (26) 15.6 (2.2-29.0)

BR classification BR-PV (83) 20.1 (15.6-24.6)  0.586
BR-A (47) 22.7 (12.7-32.8)

Pretreatment serum CA 19-9 <500 U/mL (98)  19.9 (15.5-24.3)  0.715
>500 U/mL (32) 30.1(17.9-42.3)

NAT No (104) 17.8 (12.6-23.1)  0.019 0.508 0.030
Yes (26) 53.7 (18.8-88.7) (0.276-0.935)

Institute 7 LVC (51) 159 (11.1-20.6)  0.072
3 HVC (79) 30.1 (18.5-41.7)

Adjuvant therapy No (35) 13.5 (8.7-18.2) 0.004 0.421 <0.001
Yes (95) 25.7 (15.3-36.1) (0.252-0.703)

BR, borderline resectable; CI, confidence interval; HR, hazard ratio; HVC, high-volume center; LVC, low-volume
center; MST, median survival time; NA7, neoadjuvant therapy
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[4]. NAT has several potential advantages over postoperative
adjuvant therapy, such as a higher therapy completion rate that
enables tumor down-staging to achieve a higher RO resection
rate, enabling early treatment for radiographically occult dis-
tant metastases, and facilitating the selection of patients who
are most likely to benefit from surgical resection [20]. NAT
has been administered to patients with BRPC with little med-
ical evidence of its benefit compared to upfront surgery.
Recently, the first prospective randomized controlled trial
demonstrated the oncological benefit of GEM-based
NACRT compared to upfront surgery in patients with BRPC
[21]; the surgical resection and RO rates were 63% and 52%,
respectively. The 2-year survival rate and MST were signifi-
cantly better in the NACRT group (40.7% and 21 months)
than in the upfront surgery group (26.1% and 12 months).

In this multicenter retrospective study, various treatment
approaches including NAC, NACRT, and upfront surgical re-
section were selected for treating BRPC according to the ther-
apeutic strategy of each participating institution. NAT was not
significantly associated with longer OS on ITT analysis of all
patients; however, those who underwent resection after NAT
showed significantly longer OS (MST, 53.7 months) than
those who underwent upfront surgical resection (MST,
17.8 months) or no resection (MST, 14.9 months). In contrast,
OS rates did not significantly differ between patients who
underwent upfront surgical resection and those who did not
undergo resection. On multivariate analysis in patients who
underwent surgical resection, NAT was an independent factor
associated with better prognosis. It was reported that extended
pancreatectomy involving the resection of additional organs
or relevant vascular structures did not improve the prognoses
of patients with BR and locally advanced PC [2]. Our data
suggest that NAT selected patients who could benefit from
surgical resection. In contrast, it is considered difficult for
patients undergoing upfront surgery to attain a long OS even
if they could undergo surgical resection. Patients who devel-
oped distant metastasis or local progression after NAT or at
laparotomy did not undergo surgical resection. The resection
rate in patients who underwent NAT was relatively low at
45%. Patients with aggressive tumors that produce early dis-
tant metastases or local progression are generally considered
ineligible for surgical resection.

Several previous studies demonstrated that BRPC patients
with arterial involvement showed worse prognoses than those
with venous involvement following upfront surgery [5, 22].
Kato et al. reported significant differences between patients
with arterial involvement vs. those with venous involvement
in terms of RO resection rates (55.3% vs. 72.6%, respectively)
and 5-year survival rates (9.9% vs. 16.1%, respectively) [22].
In the present study, there were no significant differences in
the rates of NAT administration or of resection between BR-
PV- and BR-A-group patients; moreover, there were no dif-
ferences in prognosis between these groups. Ramacciato et al.
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performed a multicenter study encompassing 406 patients
who underwent en bloc SMV and/or PV resection for PC
[23]. They found that the median OS was 24 months and that
histological venous invasion was independently associated
with poor prognosis. Their results demonstrated that the OS
of patients with histological invasion to the SMV/PV was
significantly shorter than that of patients without such inva-
sion. BR-PV is thought to have more aggressive oncological
features than radiographically resectable PC. Sho et al. report-
ed that NAT was associated with longer OS in patients with
venous involvement but not those with arterial involvement
[24]. Hence, NAT administration should be considered not
only for BR-A but also for BR-PV.

In terms of surgical resection, we found no significant dif-
ferences in the clinical profiles of patients who underwent
upfront surgical resection vs. those who underwent resection
after NAT. When comparing pathological findings between
the two patient groups, those who underwent resection after
NAT showed significantly lower rates of invasion to the SMV/
PV, lymphatic invasion, venous invasion, lymph node metas-
tasis, and non-RO resection despite having similar baseline
clinical features. These pathological findings may account
for the partly better prognoses in patients who underwent re-
section after NAT. NAT may exhibit a similar antitumor effect
against radiographically occult distant metastases if their bio-
logical behaviors are similar to those of the cancer cells pres-
ent in the lymphatic/blood vessels and metastasized lymph
nodes. Barnes et al. demonstrated that administering postop-
erative adjuvant therapy to patients who underwent resection
after NAT for BRPC had a significant protective effect in
those with lymph node metastases but not in those without
[25]. Their study may support the theory that NAT has similar
effects on both lymph node metastasis and occult distant
metastasis.

This study had several limitations owing to its retrospective
nature. First, selection bias may have existed in both the up-
front surgery and NAT groups, although the baseline clinical
profiles of these two groups were comparable. Second, the
NAT regimen and duration were not uniform across institu-
tions. Third, the resection rate after NAT was relatively low; a
reason for this and for failure to improve the OS on ITT anal-
ysis may be the low intensity of the NAT regimens used to
treat BRPC in this study. Recent studies demonstrated that
NAT using FOLFIRINOX [26, 27] or nab-paclitaxel [6] im-
proved both the resection rates and prognoses in patients with
advanced PC; hence, it is possible that more aggressive NAT
using FOLFIRINOX or nab-paclitaxel may produce greater
oncological benefit in patients with BRPC. Nevertheless, our
study demonstrated that NAT is useful to select patients with
BRPC who benefit from surgical resection, as patients who
underwent resection after NAT in our study achieved a mark-
edly long OS. Notably, we collected data based on a strict
definition of BRPC from multiple centers. Nevertheless,
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several issues remain to be elucidated in prospective studies,
including (1) the most optimal regimen with which to obtain
the highest resection rate and most favorable prognosis, (2) the
optimal duration of NAT administration, and (3) the benefit of
administering radiotherapy in addition to chemotherapy.
Furthermore, the biological, conditional, and anatomical fac-
tors of patients with BRPC [28] should be considered when
planning therapeutic strategies and further trials.

Conclusions

In patients with BRPC, NAT produced OS advantage among
those who underwent surgical resection compared to those
who underwent upfront surgery. NAT was associated with
lower rates of pathological invasion to the SMV/PV,
lymphatic/blood vessel invasion, lymph node metastasis, and
non-RO resection.
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