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Abstract
Background: Nab- paclitaxel plus gemcitabine is a standard treatment for metastatic/
locally advanced pancreatic cancer. The effectiveness of neoadjuvant therapy with 
nab- paclitaxel plus gemcitabine (GnP- NAT) in patients with borderline resectable 
pancreatic cancer (BRPC) remains unclear.
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1  |  INTRODUC TION

Upfront surgery for pancreatic ductal adenocarcinoma (PDAC) in-
volving major vessels potentially results in a high incidence of resid-
ual cancer at the surgical margin and in rapid recurrence, even after 
radical resection.1 Patients with a high risk of R1 status at the sur-
gical margin have therefore been categorized into the borderline re-
sectable pancreatic cancer (BRPC) group. Neoadjuvant therapy aims 
for a higher R0 resection rate.2 The survival benefits of neoadjuvant 
therapy for patients with BRPC remain controversial, however, be-
cause of its systemically enhanced malignant character.3 The overall 
survival of patients with BRPC who underwent neoadjuvant therapy 
followed by surgical resection has tended to be better than that of 
patients who underwent upfront surgery.2– 5

Recently, the introduction of chemotherapies with stron-
ger regimen and promising rapid response have led to their 
higher adoption rate as a neoadjuvant therapy for BRPC.6,7 In 
restrictively- selected patients, FOLFIRINOX (leucovorin and fluo-
rouracil plus irinotecan and oxaliplatin) was applied and modified 
as a neoadjuvant therapy to intensify the local response and to re-
duce myelosuppression, such as severe neutropenia.2,8 However, 
irinotecan used within the FOLFIRINOX regimen has significant 
side effects, including neutropenia and delayed- type diarrhea. 
The risk of life- threatening neutropenia of irinotecan has been 
consistently associated with genetic variations in UGT1A1.9 
Meta- analyses have shown that individuals with reduced UGT1A1 

activity, as detected by the presence of the UGT1A1*28 allele, 
have increased risk of the two major adverse effects of irinotecan: 
neutropenia and diarrhea.10 Meanwhile, nab- paclitaxel plus gem-
citabine has been used for metastatic/locally advanced unresect-
able PDAC with safety and efficacy; a previous study reported 
rapid and higher response rates not only for metastatic lesions, 
but also for the primary tumor.11 Several studies, including pro-
spective intention- to- treat- based or retrospective analyses, have 
indicated considerable benefits of neoadjuvant therapy with gem-
citabine and nab- paclitaxel (GnP- NAT) in BRPCs for long- term 
survival. This contributes to improved tumor suppression, patient 
selection, and facilitation of surgical procedures.12– 14 However, 
the effectiveness of GnP- NAT in patients with BRPC remains in-
sufficiently understood.

Attention should be paid to the balance of benefits and harm for 
the stronger regimen of neoadjuvant therapy. Recently, we reported 
on the safety of GnP- NAT for BRPC in a phase I study.15 Despite the 
proven safety, the survival benefit of GnP- NAT remains unclear, and 
the primary concern is still the adverse effects of the protocol treat-
ment shown in a prospective multicenter clinical trial.16

We therefore conducted a prospective multicenter single- arm 
phase II trial of patients with BRPC to investigate the safety of the 
protocol treatment and the efficacy of GnP- NAT on overall sur-
vival.16 This study was conducted as a specified clinical study using 
off- label pharmaceuticals specified by the Ministry of Health, Labor, 
and Welfare of Japan (jRCTs051180104).

Patients and Methods: This single- arm phase II trial included 61 patients with BRPC 
that were treated with two cycles of GnP- NAT, (nab- paclitaxel 125 mg/m2 and gem-
citabine 1000 mg/m2), on days 1, 8, and 15 over a 4- week period, which comprised 
one cycle. The primary endpoint was overall survival time. In the absence of disease 
progression, patients underwent planned pancreatectomy.
Results: Median overall survival, the primary endpoint, was 25.2 months, and the me-
dian recurrence- free survival was 12.3 months. The overall rate of grade 3/4 events 
was 73.8%. One patient, who had a history of radiation therapy for past esophageal 
cancer, died from exacerbation via pneumonia. The overall resection rate was 73.8% 
(n = 45), and the R0 resection rate was 63.9% (n = 39). Overall, postoperative compli-
cations were found in 19 patients (42%) with 24 events, and nine patients (20%) with 
nine events ≥ grade IIIa, based on Dindo's classification.
Conclusions: This protocol treatment is thought to be a feasible, safe, and promis-
ing treatment regimen, but we caution against its use in patients with a history of 
interstitial lung disease and/or prior pulmonary irradiation. The survival data from 
this study suggest the need for further investigations of GnP- NAT efficacy in patients 
with BRPC, as well as prospective evaluation of adverse events.
Clinical Trial Registration: UMIN Clinical Trials Registry, UMIN000024154 and Clini 
calTr ials.gov, NCT02926183.
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2  |  PATIENTS AND METHODS

2.1  |  Protocol digest of the study

2.1.1  |  Objective

Overall survival after neoadjuvant therapy and surgery for BRPC is 
recognized as a goal of a multidisciplinary approach.1 The NAC- GA 
trial was a prospective, multicenter, single- arm, open- label, phase 
II trial. Its implementation was planned for patients with BRPC 
defined as “borderline” by the National Comprehensive Cancer 
Network (NCCN Clinical Practice Guidelines in Oncology, pancre-
atic adenocarcinoma- Version 2.2016) to investigate improvement 
of overall survival after the first day of initial therapy.17 Staging 
laparoscopy, when possible, is included in routine preoperative 
examinations.

2.1.2  |  Study oversight

The NAC- GA trial was conducted at 15 leading high- volume centers 
for pancreatic surgery certified by the Japanese Society of Hepato- 
Biliary- Pancreatic Surgery. The trial was approved by the institutional 
review board of each participating institution. The protocol was ap-
proved by the institutional review boards of Wakayama Medical 
University (No. 1881) and all participating institutions. This trial is 
registered on the UMIN Clinical Trials Registry (UMIN000024154) 
and on Clini calTr ials.gov (NCT02926183) and was carried out in ac-
cordance with the Declaration of Helsinki and the Ethical Guidelines 
for Clinical Studies of the Ministry of Health, Labor, and Welfare of 
Japan. The study was designed and initiated by the academic inves-
tigators and was funded by Taiho Pharmaceutical Co. Ltd. Employees 
of Taiho Pharmaceutical Co. Ltd. had no access to the data during 
the trial, they did not participate in the data analysis, and did not 
participate in the preparation of the manuscript other than to review 
it. An independent data and safety monitoring board provided regu-
latory oversight by annually reviewing concealed patient data. The 
data and safety monitoring board did not conduct a prespecified in-
terim analysis after the enrollment of the 61 patients with confirmed 
eligibility for the study.

2.1.3  |  Endpoints

This clinical trial focused upon evaluation of overall survival time 
from the first day of protocol therapy to death from any cause. It was 
censored on the final confirmation date of survival, or on the date 
of the final confirmation of patient's survival before being lost to 
follow- up. Secondary endpoints were recurrence- free survival (first 
day of protocol therapy to the date of relapse or death from any 
cause), safety of the protocol therapy (adverse effects), morbidity 
(≥grade I of Dindo's classification),18 response rate (the proportion 
of patients with complete response or partial response; determined 

per RECIST 1.119), disease control rate (the proportion of patients 
with complete response, partial response, or stable disease,19) pre-
operative/postoperative tumor marker (carbohydrate antigen [CA] 
19- 9, carcinoembryonic antigen [CEA]), rate of normalization, re-
duction rate of maximum standardized uptake (SUV- max) value on 
PET- CT (institutions with PET- CT only), chemotherapeutic effect 
(grade based on Evans classification), resection rate, R0 resection 
rate, surgical data, overall morbidity rates, rate of patients under-
going postoperative adjuvant therapy, dose intensity, quality of life 
(QOL) shown by fatigue and malaise assessed by the questionnaire 
of FACIT- F (Japanese version),20 and peripheral sensory neuropa-
thy (PSN) assessed by the questionnaire of FACT/GOG- NTX sub-
scale (Version 4; Japanese version)21 and Patient Neurotoxicity 
Questionnaire (PNQ).

2.1.4  |  Eligibility criteria

Inclusion and exclusion criteria were described previously.16

2.1.5  |  Registration

Eligibility report forms were sent for registration at the Clinical 
Study Support Center at Wakayama Medical University. Information 
regarding the necessary follow- up tests was then sent from there to 
all participating institutions.

2.1.6  |  Treatment

Enrolled patients were administered a 30- min intravenous infusion 
of nab- paclitaxel (125 mg/m2), followed by a 30- min intravenous 
infusion of gemcitabine (1000 mg/m2), on days 1, 8, and 15 over 
a 4- week period as one cycle of regimen.9 All patients were given 
1 week of rest between cycles. This regimen was repeated twice 
based on the result of a previous study, in which the median time 
to response was 43.0 days.11 Prior to the study treatment, a 5- HT3 
receptor antagonist and dexamethasone were given. Selective neu-
rokinin- 1 receptor antagonistic antiemetics were recommended to 
reduce the degree of nausea and vomiting. Enrolled patients had to 
receive neoadjuvant nab- paclitaxel plus gemcitabine therapy within 
12 weeks. Chemotherapy was started when a patients' recovery sta-
tus fulfilled the following criteria on day 1 in each cycle of treatment: 
neutrophil count >1500/mm3, platelet count >100 000/mm3, AST/
ALT ≤2.5xULN, and no febrile neutropenia, grade 2 or lower mucosi-
tis oral, diarrhea or peripheral sensory neuropathy. Dose adjustment 
was required if there were predefined toxic events in the proto-
col. During the rest period of 2 to 8 weeks, preoperative restaging 
scans and staging laparoscopy were performed upon completion of 
therapy. In the absence of disease progression, patients underwent 
planned pancreatectomy within 8 weeks (Figure 1). Postoperative 
adjuvant therapy was unregulated.

http://clinicaltrials.gov
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2.2  |  Criteria of dose reduction and 
discontinuation of the protocol treatment

Toxicities and adverse events were evaluated in accordance with 
the National Cancer Institute Common Terminology Criteria for Adverse 
Events [CTCAE], version 4.0. If patients had PSN, only nab- paclitaxel 
was reduced. The reduced dose was set at 100 or 75 mg/m2 for nab- 
paclitaxel, and 800 or 600 mg/m2 for gemcitabine. During the trial, 
patients were not allowed to receive concomitant radiotherapy or 
chemotherapy. The number of administrations during two cycles 
was determined as six times, facilitated by rescheduling to a later 
date within a 3- week period.

2.3  |  Assessment of quality of life

Before and after administration of nab- paclitaxel plus gemcitabine, 
enrolled patients completed FACIT- F (version 4),20 and question-
naires on any additional concerns, a numerical rating scale test 
on degree of pain and sensory disorder (cold, burning) and PNQ. 
FACIT- F was assessed by the degree of fatigue, and FACT/GOG- 
NTX subscale (additional concern)21 was assessed by degree of PSN, 
which were converted to numerical values (0: “not at all”; 1: “a lit-
tle bit”; 2: “somewhat”; 3: “quite a bit”; 4: “very much”). Total val-
ues were recorded for each questionnaire before and after therapy. 
Fatigue and sensory/motor neurotoxicity were assessed with PNQ 
converted to 0– 4.

2.4  |  Central review for confirmation of 
eligibility criteria

To ascertain whether or not the subjects met the study criteria by 
central review, the investigator in charge of case registration submit-
ted all multi- detector computed tomography images of the chest and 
abdomen diagnosed as BRPC from each institution to the research 
office. This was followed by a review by an experienced independent 
radiologist and surgeon.

2.5  |  Pathological assessment

The grading of the extent of residual carcinoma in specimens was per-
formed according to the grading scheme reported by Evans et al., which 
is based on the percentage of residual tumor cells. R0 resectability (R0- 
status) was defined as the absence of tumor cell infiltration within 1 mm 
of the resection margin, and R1 status was defined as the presence of 
tumor cell infiltration within 1 mm of the resection margin.22

2.6  |  Data collection

Data for all patients were collected prospectively, including history, 
physical examination, laboratory data, pathologic examination, peri-
operative clinical information, toxicity following treatment, ques-
tionnaire for QOL assessment, and complications.

F I G U R E  1  Consort diagram.
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2.7  |  Study design and statistical analysis

Study design and statistical analysis regarding the primary objective 
were described previously.4,5,15,16,23– 25

3  |  RESULTS

3.1  |  Patient characteristics

Between October 4, 2016, and March 31, 2019, 63 patients were 
enrolled from 15 institutions. A consort flow diagram is shown in 
Figure 1; one patient dropped out and another turned out to be 
ineligible after enrollment. The per- protocol population thus com-
prised 61 patients (Figure 1). Table 1 shows the baseline charac-
teristics of the intention- to- treat population (full analysis set) with 
PDAC. Subgroups were predominant in the patients with borderline 
resectable- artery (BR- A) at 62% in this study.

3.2  |  Dose intensity

The median dose intensity of nab- paclitaxel and gemcitabine was 
99.0% [98.1%, 99, 9%] and 98.8% [98.0%, 99.7%], respectively. 
There was no delay between the last chemotherapy and operative 
days in accordance with the study protocol.

3.3  |  Discontinuation of protocol treatment

Reasons for discontinuation of protocol treatment included progres-
sion of disease during neoadjuvant chemotherapy (n = 3, 4.9%), not 
meeting criteria for surgery (n = 10, 16.4%), treatment- related death 
(n = 1, 1.6%), withdrawal of consent (n = 1, 1.6%), and exceeding the 
criteria for the interval period from preoperative treatment to sur-
gery (n = 1, 1.6%).

3.4  |  Efficacy

Response rate at the last tumor assessment after GnP- NAT was 27.9% 
(95% CI 17.1% to 40.8%; 17 partial responses), although no patients 
had a complete response. The disease control rate was 86.9% (95% CI 
[75.8%, 94.2%]); 36 patients (67.9%) had stable disease, and eight pa-
tients (13.1%) had progressive disease according to RECIST 1.1 crite-
ria. Resection rate was 73.8% (95% CI [60.9%, 84.2%]) (n = 45), and R0 
resection rate was 63.9% (95% CI [50.6%, 75.8%]) in overall enrolled 
patients (intention- to- treat population) (n = 39) (Tables 1 and 3).

At the last follow- up in October 12, 2021, median follow- up 
time was 25.2 months (IQR 13.0, NA) from the first day of the pro-
tocol therapy to death from any cause. Four patients were lost to 
follow- up within 5 years after enrolment. Median overall survival, 
the primary endpoint, was 25.2 months (90% CI [20.4, 34.8]), and 

the estimated overall survival was 36.2% at 3 years (95% CI [25.6%, 
51.1%]) and 29.8% at 5 years (95% CI [19.3%, 46.2%]) (Figure 2A). 
Median recurrence- free survival was 12.3 months (95% CI [9.4, 
16.7]), and the estimated recurrence- free survival at 3 years was 
18.2% (95% CI [10.6%, 31.2%]) and 12.5% at 5 years (95% CI [5.8%, 
26.6%]) (Figure 2B). As for survival time after surgery (n = 45), median 
overall survival was 28.6 months (95% CI [21.0, NA]), and the me-
dian recurrence- free survival was 12.4 months (95% CI [8.4, 17.0]). 
Regarding subgroup analysis of borderline resectable category, the 
median overall survival was 40.8 months (95% CI [23.9, NA]) with 
borderline resectable- portal vein (BR- PV) (n = 23) and 23.2 months 
(95% CI [15.1, 32.1]) with BR- A (n = 38) (p = 0.097) (Figure 2C). The 
median recurrence- free survival was 18.6 months (95% CI [11.5, 
NA]) in the BR- PV group and 9.4 months (95% CI [8.5, 15.5]) in the 
BR- A group (p = 0.037) (Figure 2D). The recurrence rate was 84% in 
patients who underwent pancreatectomy and 62% in patients en-
rolled in this study. Most initial recurrences were in the liver (n = 12), 
with the most frequent site of recurrence in the present series being 
locoregional (n = 9) (Table 1).

3.5  |  Adverse events

Adverse drug reactions deemed to be potentially related to the trial 
protocol are shown in Table 2. The overall rate of any grade events 
(CTCAE ver. 4.0 criteria) during the protocol treatment was 96.7%. 
The overall rate of grade 3 and 4 events was 73.8%. The majority 
of these adverse events represented expected neutropenia (n = 40). 
One patient had treatment- related death in this study; he had a his-
tory of irradiation therapy for past esophageal cancer and died from 
exacerbation via pneumonia. Otherwise, there were no incidences 
of life- threatening serious adverse events, such as Grade 4 unex-
pected non- hematologic toxicity or Grade 4 hematologic toxicity 
with fever and hemorrhage. Other adverse events were generally 
within the expected range (Table 2).

3.6  |  Surgical procedures

Table 3 shows surgical and pathological outcomes of patients who un-
derwent pancreatectomy (n = 45). Thirty- five (77.8%) patients under-
went pancreatectomy combined with vascular resection of the artery or 
portal vein or both. Two patients underwent pancreatoduodenectomy 
with en- bloc resection of common hepatic artery and portal vein,26 two 
patients underwent distal pancreatectomy with en- bloc resection of the 
celiac axis and portal vein,27 and one patient underwent pancreatoduo-
denectomy with en- bloc resection of the splenic artery.28

3.7  |  Postoperative complications

Postoperative complications are shown in Table 3; they were found 
in 19 patients (42.2%) comprising 24 events, and nine patients 
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(20.0%) had nine events graded ≥ IIIa. No patients had postopera-
tive complications that were assessed to be ≥ grade IIIb morbidity 
of the Dindo's classification found in patients, with one exception. 
This patient presented portal venous thromboembolism on postop-
erative day 4 after distal pancreatectomy combined with portal vein 
resection, and had intravenous heparin infusion for 5 days. However, 
this treatment was not effective for the thromboembolism, so the 
patient underwent laparotomy to place the catheter into the portal 
vein for thrombolytic therapy with urokinase injection. After the re-
operation, the portal vein had re- perfused, and the patient made a 
rapid recovery.

3.8  |  Pathological outcomes

The results of overall R0 resection rates and the intraoperative peri-
toneal cytology are also shown in Table 3. The R0 resection rates of 
BR- A/BR- PV were 55.3%/78.3% in the per- protocol population, and 
84.0%/90.0% in resected patients. The examination of the histo-
pathological treatment effect based on the Evans grade revealed the 
following number of patients per grade: grade I = 10, IIa = 26, IIb = 8, 
III = 1, and ≥IIIM = 0.

3.9  |  Assessment of quality of life

The QOL assessment before and after GnP- NAT regarding fatigue 
and peripheral sensory neuropathy proved an increase from 10.0 
[7.0, 12.2] to 14.0 [9.0, 20.0] (p < 0.001) in the FACIT- F questionnaire, 
increase from 1.0 [0.0, 2.0] to 3.5 [1.0, 9.0] (p < 0.001) in FACT/GOG- 
NTX, and increase from 3.0 [2.0, 3.0] to 4.0 [3.0, 5.0] (p < 0.001) in 
PNQ, respectively. GnP- NAT exacerbated fatigue and peripheral 
sensory neuropathy. However, no patients required postponement 
of the scheduled surgery due to fatigue or PSN.

3.10  |  Value change of parameters

In tumor markers of corresponding data of the same cases without miss-
ing data before and after GnP- NAT, median CA19- 9 value (U/mL) (n = 56) 
decreased from 103.0 [42.3, 395.3] to 20.5 [10.7, 65.4] (p < 0.001) and 
median CEA value (ng/mL) (n = 55) from 3.0 [2.1, 4.5] to 2.8 [1.8, 4.1] 
(p = 0.999). The rates of patients with normal range increased from 
21.3% [11.9%, 33.7%] to 64.3% [50.4%, 76.6%] in CA19- 9, and de-
creased from 80.0% [67.7%, 89.2%] to 78.6% [65.6%, 88.4%] in CEA 
value in all available data. As for metabolic parameter, median SUV- max 
value (n = 30) decreased from 6.3 [4.0, 8.3] to 3.2 [2.3, 4.6] (p < 0.001).

3.11  |  Prognostic factors

The univariate and multivariate logistic regression analyses of prog-
nostic factors among patients who underwent pancreatectomy are 

TA B L E  1  Patient characteristics (N = 61).

Baseline

Sex (male/female) 34 (56%)/27 (44%)

Age (years) 69 [45, 80]

PS (ECOG) (0/1/2– 4) 56 (92%)/5 (8%)/0

Body weight (kg) 54.8 [30.0, 77.7]

BMI 21.5 [14.3, 33.4]

Location of pancreatic cancer 
(Head/Body- Tail)

41 (67%)/20 (33%)

Tumor maximum size (mm) 28.1 [15.7, 61.0]

Subgroup of borderline category

Vein 23 (38%)

Artery 38 (62%)

Comorbidity, patient no.

No/yes 32 (52%)/29(48%)

Diabetes mellitus 14 (23%)

Hypertension 17 (28%)

Angina pectoris 2 (3%)

Overall responsea

CR/PR/SD/PD/NE 0/17 (28%)/36 (59%)/8 
(13%)/0

Resection rate 45 (74%)

Introduction of adjuvant 
chemotherapy

38 (62%)

S- 1 36 (59%)

Gemcitabine 2 (3%)

Completion of adjuvant 
chemotherapy

24 (39%)

Recurrence pattern

Overall recurrence 38 (62%)

Locoregional recurrence 9 (15%)

Systemic recurrence 6 (10%)

Liver 16 (26%)

Peritoneal seeding 6 (10%)

Lung 5 (8%)

Lymph node 3 (5%)

Remnant pancreas 2 (3%)

Para- aortic lymph node 1 (2%)

Median overall survival time (months) 25.2 (90% CI [20.4, 34.8], 
95% CI [19.2, 38.7])

Median recurrence- free survival 
(months)

12.3 (95% CI [9.4, 16.7])

Note: The continuous variable represents the median [minimum, 
maximum], and the qualitative variable represents the frequency 
(percentage). BRPC defined as borderline by the National 
Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in 
Oncology, pancreatic adenocarcinoma- Version 2.2016.
Abbreviations: BMI, body mass index; CI, confidence interval; CR, 
complete response; NE, unevaluable; PD, progressive disease; PR, 
partial response; PS, performance status; SD, stable disease.
aPercentage changes from baseline in size of target lesions according to 
the RECIST criteria.



    |  1003OKADA et al.

shown in Table 4 (n = 45). Among them, elevated CA19- 9 value after 
GnP- NAT (HR, 0.271; 95% CI, 0.117– 0.631; p = 0.002), distal pancre-
atectomy (HR, 0.323; 95% CI, 0.142– 0.733; p = 0.007), and incom-
pletion of adjuvant chemotherapy (HR, 0.302; 95% CI, 0.138– 0.661; 
p = 0.003) remained independent predictors of prognosis, even after 
control for the other variables.

4  |  DISCUSSION

Results from the NAC- GA trial showed that GnP- NAT is an effec-
tive regimen in patients with BRPC.4 This protocol treatment is thus 
indicated to be a promising treatment regimen. The overall survival 
was comparable, even when compared with a systematic review and 

F I G U R E  2  (A) Kaplan– Meier graph shows the median overall survival was 25.2 months (90% CI [20.4, 34.8]), and the estimated overall 
survival at 3 years was 36.2% (95% CI [25.6%, 51.1%]) and 29.8% at 5 years (95% CI [19.3%, 46.2%]). (B) Kaplan– Meier graph shows the 
median recurrence- free survival was 12.3 months (95% CI [9.4%, 16.7%]), and the estimated recurrence- free survival was 18.2% at 3 years 
(95% CI [10.6%, 31.2%]) and 12.5% at 5 years (95% CI [5.8%, 26.6%]). C. Kaplan– Meier graph shows the median overall survival was 
40.8 months (95% CI [23.9, NA]) with BR- PV (n = 23) and 23.2 months (95% CI [15.1, 32.1]) with BR- A (n = 38) (p = 0.097). D. Kaplan– Meier 
graph shows the median recurrence- free survival was 18.6 months (95% CI [11.5, NA]) in the BR- PV group and 9.4 months (95% CI [8.5, 
15.5]) in the BR- A group (p = 0.037).
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patient- level meta- analysis of neoadjuvant FOLFIRINOX in patients 
with BRPC, which demonstrated the patient- level median OS was 
22.2 months (95% CI [18.8, 25.6]).8 No deaths were attributed to 
GnP- NAT, except for one patient with treatment- related death that 
died with exacerbation from pneumonia, probably due to a prior 
history of irradiation therapy for esophageal cancer. This result 
cautions against GnP- NAT therapy in patients with a history of inter-
stitial lung disease and prior pulmonary irradiation. The occurrence 
of pneumonitis as a result of various neoadjuvant therapies followed 
by radiation therapy might be of minor importance. Nonetheless, 
Li et al. reported on patients with lung cancer who had received 
chemotherapy with gemcitabine. The percentage of lung volume 

receiving ≥5 Gy was 50% or more, and those with subclinical inter-
stitial lung disease involving ≥25% of lung volume had an increased 
risk of grade ≥3 radiation pneumonitis in patients with lung cancer 
with subclinical interstitial lung disease.29 Elsewhere, Vasiljevic et al. 
reported that mean total lung doses of >10 Gy escalate the risk of 
lung tissue complications in adjuvant- treated patients with breast 
cancer.30 Neutropenia and leukopenia were the most commonly 
reported grade III– IV adverse events, although the incidences of 
non- hematological grade III– IV adverse events, such as diarrhea and 
fatigue, were low. In terms of feasibility and level of toxicity as a neo-
adjuvant therapy, the setting dose and cycles of the protocol treat-
ment were confirmed to be feasible and safe. In addition, subjective 
assessment of QOL also revealed tolerable fatigue and PSN under 
the regimen of this study. Furthermore, unlike FOLFIRINOX therapy, 
the GnP- NAT regimen, which is not subject to UGT1A1 restrictions 
in its indications, may benefit more patients as a neoadjuvant ther-
apy, regardless of race, age, or genetic polymorphism.

The primary endpoint of this study was overall survival time, al-
though the regimen was determined to include only two cycles based 
on the result of a previous study, which reported the median time to 
response as 43 days.11 The histologic response of patients who com-
pleted the trial protocol was not as strong as expected. However, 
this therapeutic effect may be improved by increasing the number of 
treatment cycles or by adding radiation therapy. Conversely, overall 
survival would be affected not only by the local treatment effect of 
neoadjuvant therapy, but also by the systemic effect. The ability to 
select patients with occult cancer cells may be a benefit of neoad-
juvant therapy, but the disappearance of occult tumor cells during 
neoadjuvant treatment cannot be proven. A recent study reported 
that the escape mechanism of chemo- resistant cancer cells could in-
duce early distant metastasis and might not contribute to prolonging 
survival, even if the local treatment effect was enhanced by stronger 
chemotherapy or in combination with radiation therapy.31

The resection rate in the present study, 74%, was compara-
ble with the results of meta- analysis of neoadjuvant FOLFIRINOX 
in patients with BRPC, which was 68% (95% CI [60.1% to 74.6%]). 
However, the R0 resection rate of 64% in the present study was 
lower than that of FOLFIRINOX, which was 84% (95% CI [76.8% 
to 89.1%]).11 The predominant population of the BR- A subgroup in 
this study, or conversion diagnosis from R0 to R1 (n = 6, 13%) on 
dissected peripancreatic tissue margin by the 1- millimeter rule as-
sessment of this study might be related to the difference between 
them.22

Another issue with the borderline resectable category is the 
poor treatment outcome in the BR- A group. In this study, the prog-
nosis in the BR- A group was worse than that of patients in the 
BR- PV group due to progression of disease during preoperative 
treatment and early recurrence after surgery. One explanation for 
the poor efficacy of GnP- NAT in patients with BR- A may be related 
to its malignant potential as systemic disease. Another would be 
the difficulty in obtaining adequate surgical margin on the dissec-
tion layer in patients with major artery invasion of PDAC. Kato et al. 
reported the R0 resection rate was significantly lower in patients 

TA B L E  2  Toxicity following treatment with GnP- NAT therapy 
(N = 61).

Treatment toxicity
Any 
grades Grade 2 Grade 3– 4a

Leukopenia 21 (34%) 6 (10%) 14 (23%)

Anemia 16 (26%) 5 (8%) 2 (3%)

Thrombocytopenia 16 (26%) 5 (8%) 3 (5%)

Neutropenia 50 (82%) 8 (13%) 40 (66%)

Elevated AST/ALT 5 (8%) 1 (2%) 1 (2%)

Elevated Bilirubin 1 (2%) 1 (2%) 0

Appetite loss 10 (16%) 2 (3%) 1 (2%)

Fever 3 (5%) 1 (2%) 0

Nausea 2 (3%) 1 (2%) 0

Vomiting 1 (2%) 1 (2%) 0

Urticaria 5 (8%) 1 (2%) 0

Maculopapular rash 5 (8%) 3 (5%) 2 (3%)

Papulopustular rash 1 (2%) 1 (2%) 0

Acneiform rash 2 (3%) 0 0

Abdominal pain 2 (3%) 1 (2%) 0

Diarrhea 3 (5%) 0 0

Constipation 3 (5%) 3 (5%) 0

Small bowel 
obstruction

1 (2%) 0 1 (2%)

Fatigue 14 (23%) 2 (3%) 2 (3%)

Oral inflammation 1 (2%) 1 (2%) 0

Hair loss 15 (25%) 11 (18%) 0

Febrile neutropenia 2 (3%) 0 2 (3%)

Cholangitis 1 (2%) 0 1 (2%)

Interstitial pneumonia 1 (2%) 0 1 (2%)

Upper respiratory 
inflammation

3 (5%) 2 (3%) 1 (2%)

Peripheral sensory 
neuropathy

13 (21%) 3 (5%) 0

Note: Values are number of events (%). Safety was evaluated in 
accordance with the Common Terminology Criteria for Adverse Events 
version 4.0.
aGrade 4 toxicity was found in only one patient with leukopenia (2%), 
and in 13 patients with neutropenia (21%).
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with BR- A than in those with BR- PV,4 and Bolm et al. recently de-
scribed that only perivascular stranding around the superior mes-
enteric artery rather than alterations of the superior mesenteric 
and portal vein remained a predictive factor of positive resection 
margins after neoadjuvant treatment.32 Patients with BR- A should 
be assessed with multiple imaging modalities during long- term 
treatment rather than undergoing neoadjuvant therapy for a de-
fined period.33 Algorithmic therapy may be suitable, determining 
the appropriateness of resection indication according to the ther-
apeutic response. At least, preoperative chemotherapy for GnP- 
NAT therapy may be a preferable regimen if limited to patients 
with BR- PV. Lastly, we investigated the prognostic factors among 
patients who underwent pancreatectomy. Elevated CA19- 9 value 
after GnP- NAT, distal pancreatectomy, and incompletion of adju-
vant chemotherapy remained independent predictors of prognosis. 
These factors might be helpful in construction of the algorithmic 
strategy for patients with BRPC.

TA B L E  3  Surgical and pathological outcomes.

N = 45

Surgical outcomes

Procedure

Pancreatoduodenectomy 34 (76%)

Distal pancreatectomy 9 (20%)

Total pancreatectomy 2 (4%)

Non- therapeutic surgery 0

Combined resection

Portal vein 30 (67%)

Artery (CA/HA/SA/LGA/SMA) 6 (13%)/7 (16%)/1 
(2%)/0/0

Inferior vena cava 1 (2%)

Other organ (gallbladder/left 
adrenal gland)

2 (4%)/1 (2%)

Operative time (min) 426 [156, 1056]

Blood loss (ml) 410 [10, 4848]

Intraoperative transfusion (yes/no) 10 (22%)/35 (78%)

Dindo's classification

Grade I

Diarrhea 3 (7%)

Others 0

Grade II

Postoperative pancreatic fistula 1 (2%)

Delayed gastric emptying 2 (4%)

Thromboembolism 1 (2%)

Diarrhea 2 (4%)

Intra- abdominal abscess 2 (4%)

Atelectasis 1 (2%)

Others 3 (7%)

Grade IIIa

Postoperative pancreatic fistula 5 (11%)

Thromboembolism 1 (2%)

Delayed gastric emptying 0

Intra- abdominal bleeding 0

Intra- abdominal abscess 1 (2%)

Ascites 1 (2%)

Others 0

Grade IIIb

Thromboembolism 1 (2%)

Others 0

Grade IV, V 0

Re- admission within 30- days after 
discharge

1 (2%)

Pathological outcomes

Cytology (rapid/permanent/not done) 27(60%)/12(27%)/6(13%)

Negative/suspicious positive/
positive/NE

35 (78%)/3 (7%)/2 (4%)/6 
(13%)

(Continues)

N = 45

R0 resection rate 39(64%)

T factor (UICC 7th edition)

pT3 29 (64%)

pT4 16(36%)

Lymph node metastasis (UICC 7th 
edition)

pN0 35 (78%)

pN1 10 (22%)

UICC- pStage (UICC 7th edition)

0/IA/IB 0/0/0

IIA 27 (44%)

IIB 9 (15%)

III 25 (41%)

IV 0

Histologic response (Evans grade/
CAP score)

I/3 10 (16%)

IIa/3 26 (43%)

IIb/2 8 (13%)

III, IIIM/1 1 (2%)

IV, IVM/0 (pCR) 0

Note: The continuous variable represents the median [minimum, 
maximum], and the qualitative variable represents the frequency 
(percentage). The qualitative variable represents the frequency 
(percentage). The grading of the extent of residual carcinoma in 
specimens was performed by integration of two different grading 
schemes: the grading scheme reported by Evans et al., which is based 
on the percentage of residual tumor cells, and the scoring protocol 
recommended by the College of American Pathologists (CAP), which is 
based on the ratio of residual tumor cells and the stroma.
Abbreviations: CA, celiac artery; HA, hepatic artery; LGA, left gastric 
artery; NE, unevaluable; pCR, pathological complete response; SA, 
splenic artery; SMA, superior mesenteric artery.

TA B L E  3  (Continued)
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We note that the exclusion criteria (inappropriate patients includ-
ing those with high suspicion of distant metastases due to extremely 
high level of tumor markers) was a major limitation of this study. 
Nonetheless, there is little evidence regarding adjuvant therapy for 
patients who underwent neoadjuvant, and non- regulation of post-
operative adjuvant therapy was also a major limitation. GnP- NAT 
could still be another important preoperative chemotherapy op-
tion for BRPC alongside FOLFIRINOX therapy. However, GnP- NAT 
might be avoided, and careful hospitalization might be considered 
for patients with a history of radiotherapy or pulmonary disease who 
have a condition similar to interstitial pneumonia. In summary, the 
survival data from the present study supports further investigations 
of GnP- NAT efficacy in patients with BRPC, as well as prospective 
evaluation of adverse events.
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TA B L E  4  Univariate and multivariate analysis for prognostic factor in patients who underwent pancreatectomy (N = 45).

Prognostic factors

Univariate analysis Multivariate analysis

Hazard ratio p- value Hazard ratio p- value

Age ≤69 0.590 [0.277, 1.258] 0.172 – – 

Sex Man 1.193 [0.573, 2.486] 0.637 – – 

Normalization of CA 19– 9 value after 
GnP- NAT

0.323 [0.147, 0.712] 0.005 0.271 [0.117, 0.631] 0.002

Pancreatoduodenectomya 0.329 [0.151, 0.719] 0.005 0.323 [0.142, 0.733] 0.007

BR- artery 2.643 [1.182, 5.911] 0.018 – – 

Artery combined resection 1.653 [0.727, 3.762] 0.231 – – 

Artery and PV combined resection 1.016 [0.307, 3.367] 0.979 – – 

Pathological T3 0.398 [0.186, 0.852] 0.018 – – 

Pathological N0 0.834 [0.368, 1.888] 0.663 – – 

Dindo's classification < grade III 0.866 [0.352, 2.129] 0.753 – – 

Completion of adjuvant chemotherapy 0.247 [0.115, 0.534] <0.001 0.302 [0.138, 0.661] 0.003

R0 resection 0.549 [0.207, 1.457] 0.228 – – 

aTotal pancreatectomy was categorized into the group of distal pancreatectomy.
Abbreviations: CA, carbohydrate antigen; PV, portal vein.
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suitably constituted institutional ethics review board or independ-
ent ethics committee in each center.
Registry and the Registration No. of the study/trial: N/A.
Animal Studies: N/A.
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