
Abstract. Background/Aim: The aim of this study was to
investigate the safety and feasibility of neoadjuvant nab-
paclitaxel plus gemcitabine therapy for patients with
borderline resectable pancreatic carcinoma (BRPC). Patients
and Methods: The study was a prospective single-center phase
I trial for patients with BRPC. The primary endpoint was the
toxicity, and secondary endpoints were the resection rate, the
R0 resection rate and quality of life (QOL) regarding the
peripheral sensory neuropathy (PSN). This trial was registered
on the UMIN Clinical Trials Registry (UMIN000018382) and
on ClinicalTrials.gov (NCT02506803). Results: The overall
rate of any grade and grade 3-4 events (CTCAE ver. 4.0
criteria) were 100% and 90%. The majority of these adverse
events represented expected neutropenia. The resection and
R0 resection rates were 80% and 70%, respectively.
Conclusion: We found that neoadjuvant nab-paclitaxel plus
gemcitabine therapy was safe and feasible without stringent
selection of patients with BRPC.

Pancreatic cancer has extremely poor prognosis among
digestive cancers as it spreads rapidly and is rarely detected
in its early stage (1, 2). A multidisciplinary approach with
R0 surgical resection and completion of adjuvant therapy is
necessary for favorable survival time (1, 2). Therefore,
patients with a high risk of R1 status at the surgical margin
have been categorized into the borderline resectable
pancreatic carcinoma (BRPC) to be selected for a candidacy
of neoadjuvant therapy to obtain a better R0 resection rate
(3, 4). A recent study by Chaterdee et al. reported that

patients who had pathologic complete response or minimal
residual tumor showed favorable survival rates compared to
patients who had moderate to poor response (5). 

These days, for patients with metastatic pancreatic cancer,
the introduction of FOLFIRINOX or nab-paclitaxel plus
gemcitabine therapies, known for its promising rapid
response and safety has attracted many surgeons who in turn
adopt these therapies as a neoadjuvant therapy for BRPC (6,
7). FOLFIRINOX therapy should be applied as a
neoadjuvant therapy to restrictively selected patients because
of the high incidences of severe cholangitis, liver abscess or
variants of UGT1A1 which have been reported to intensify
myelosuppression such as severe neutropenia (8-10). Recent
studies reported the safety and efficacy of modified
FOLFIRINOX regimen as a neoadjuvant therapy in selected
patients (11-13). 

From this point of view, surgeons should pay attention to
the balance of benefits and harms for the stronger regimen of
neoadjuvant therapy. Hence, there is a demand for new
regimens with stronger oncological outcome without
restrictions or limitations for safe and effective preoperative
therapy (14). In spite of the proven benefits, in the previous
report the pancreatic tumors were assessed as non-targeted
lesions. Also, the histopathological impact on the tumor cell
destruction of BRPC in terms of R0 resection still remains
controversial (15). Notably, the incidence and frequency of
severe neutropenia or peripheral sensory neuropathy (PSN)
may affect the treatment schedule, dosage of administration,
or perioperative quality of life (QOL) of BRPC patients in the
limited preoperative period. Therefore, the aim of this study
is to investigate the safety and feasibility of nab-paclitaxel plus
gemcitabine therapy as a neoadjuvant chemotherapy.

Patients and Methods

Patients’ characteristics. Criteria of eligible patients enrolled in this
study were histologically or cytologically confirmed pancreatic
adenocarcinoma or adenosquamous carcinoma, an Eastern Cooperative
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Oncology Group (ECOG) PS of 0 or 1, age between 20 and 80 years
old, had, a BRPC according to the NCCN clinical practice guideline
Version 1. 2014 (16). Pancreatic body carcinoma indicated for distal
pancreatectomy with en bloc celiac axis resection (DP-CAR) was
determined to be eligible for this trial (17, 18). Otherwise, eligibility
criteria were the same as described previously (15).

Study design. The study was a prospective single center phase I trial
with BRPC. The trial was approved by the institutional review
board of Wakayama Medical University (No. 1657). This trial is
registered on the UMIN Clinical Trials Registry (UMIN000018382)
and on ClinicalTrials.gov (NCT02506803). The patients underwent
neoadjuvant chemotherapy as outpatients. The final analysis would
be carried out after discharge of the last patient. 

Treatment protocol. Enrolled patients were administered a 30-min
intravenous infusion of nab-paclitaxel at a dose of 125 mg/m2,
followed by a 30-min intravenous infusion of gemcitabine at a dose
of 1000 mg/m2, on day one, eight and fifteen over a four-week
period as one cycle of regimen (15). If the dose on eighth day was
skipped, the next dose was still administered on day fifteen of the
same cycle as originally scheduled. All patients were given one
week of rest between two cycles. This regimen was repeated twice
based on the result of a previous study which reported that the
median time to response a 43.0 days (15). Prior to the study
treatment, a 5-HT3 receptor antagonist and dexamethasone were
given. Selective neurokinin-1 receptor antagonistic antiemetics were
recommended to reduce the degree of nausea and vomiting. The
treatment was repeated until disease progression or toxicity levels
became unacceptable, or when discontinuation was decided by the
investigators or by patient refusal. Chemotherapy was restarted
when patients’ recovery status fulfilled the following criteria:
neutrophil count at >1,500⁄mm3, platelet count at >75,000⁄mm3,
total bilirubin at <1.5 mg⁄dl, grade 1-2 peripheral sensory
neuropathy and grade 1-2 diarrhea. When the predefined toxic
events in the protocol occurred, dose adjustment was required.
During the two to eight week rest period, preoperative restaging
scans and staging laparoscopy were performed upon completion of
therapy. In the absence of disease progression, patients underwent
planned pancreatectomy.

Primary and secondary endpoints. The primary endpoint was the
toxicity of nab-paclitaxel plus gemcitabine therapy as a neoadjuvant
chemotherapy for BRPC patients throughout the entire period of
protocol treatment. Secondary endpoints were the resection rate, the
R0 resection rate, postoperative morbidity, and QOL regarding the
PSN assessed by the questionnaire of FACT/GOG-NTX subscale
(Version 4) (Japanese version) (19). Pathologic response was graded
according to the system developed by Evans et al. (20) R1-status
was defined as the presence of tumor cells and R0-status as the
absence of tumor cells at the resection margin.

Adverse events and dose modifications. Toxicities and adverse
events were evaluated in accordance with the National Cancer
Institute Common Terminology Criteria for Adverse Events
[CTCAE] version 4.0 (21). The criteria for dose reduction and
discontinuation of the protocol treatment were followed as
previously reported (15). The date of each administration during two
cycles was determined as being fixed scheduled regardless of
skipping of administration.

Assessments. Complete blood counts and differential count of
leukocytes, blood chemical tests and physical examinations were
carried out at least once a week until the end of the two cycles and
every two weeks thereafter. In cases of grade 4 hematological toxicity,
re-examination within four days was required. Computed tomography
was carried out when the tumor marker was extremely elevated.
Tumor response was reviewed in accordance with Response
Evaluation Criteria in Solid Tumors (RECIST) version 1.1.

Postoperative complications. The global morbidity rate and type of
complications were evaluated by the Dindo’s classification (22).
Mortality was defined as any deaths related to surgery.

Statistical analyses. The statistical analysis methods used were as
previously described (15). Dose intensity of each drug was
calculated based on the data from protocol therapy. A value of
p<0.05 was considered significantly different. All of the analyses
were performed using the SPSS II statistical software package
(version 20.0; SPSS Inc., Chicago, IL, USA).

Results

Patient characteristics. Between July 2015 and November
2015, 10 patients were assessed for eligibility. Among them,
no patients were excluded based on the eligibility criteria.
Tumor response evaluated in accordance with RECIST
revealed SD (n=9) and PD (n=1). Two patients did not
undergo surgery, one due to disease progression with liver
metastasis (n=1) and the other due to circumferential invasion
of the nervous plexus around the superior mesenteric artery
(n=1). All 10 patients received the nab-paclitaxel plus
gemcitabine therapy; thus, all 10 patients were included in the
safety analysis (Figure 1). The patient characteristics at
baseline are shown in Table I. The median age was 70 years
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Figure 1. CONSORT flow diagram used in this study.



(range, 57-79). All patients had an ECOG PS 0. The primary
site of the tumor was the head of the pancreas in 80% of the
patients, and 20% of the patients had a biliary stent.

The mean frequency of administration was 4.6±0.8 during
2 cycles of regimen. The median dose intensity of nab-
paclitaxel and gemcitabine was 83% and 83%, respectively.
There was no delayed duration between the last
chemotherapy and operative days in terms of protocol.

Adverse events. Adverse drug reactions deemed to be
potentially related to the trial protocol are shown in Table II.
The overall rate of any grade events (CTCAE ver. 4.0

criteria) during the protocol treatment was 100%. The overall
rate of grade 3 and 4 events was 90%. The majority of these
adverse events represented expected neutropenia (n=9). All
patient data with grade 3-4 neutropenia were recovered to a
grade <3 by G-CSF within two weeks. However, there were
no incidences of serious adverse events (SAE) such as febrile
neutropenia, sepsis, grade three or higher interstitial
pneumonia, peripheral sensory neuropathy (n=1) or several
adverse events of more than grade 3 were observed (Table
II). There were no treatment-related deaths in this study.

QOL assessment. The QOL assessment regarding peripheral
sensory neuropathy using the questionnaire of FACT/GOG-
NTX subscale (additional concern) is shown in Table III. All
patients except one answered “Not at all” for all questions,
but the remaining patient answered “Quite a bit” to “Very
much” for 9 of 11 questions. This patient presented grade 3
PSN within the first week of the treatment.

Postoperative complications. Table IV shows the perioperative
complications in the groups. Treatment-related SAE occurred
in a patient who presented gastric ischemia on postoperative
day 5 after DP-CAR. This patient underwent reoperation for
total gastrectomy and recovered soon. This case was assessed
as a grade IV morbidity of the Dindo’s classification.
Resection and R0 resection rates. The resection rate was
80% in the present study. Two patients did not undergo
surgery due to occurrence of distant metastasis and the
exacervation of local invasion. Table IV shows the results of
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Table I. Baseline and operative characteristics of patients. Values are
mean±standard deviation or number, unless otherwise stated. 

Characteristic                                                                                 N

Baseline                                                                                           
    Gender (male/female)                                                             6/4
    Age, years                                                                             70±7.4
    Location of pancreatic cancer (Body-Tail/Head)                  2/8
    Comorbidity, patient no                                                            0
    Diabetes Mellitus                                                                      4
    Hypertension                                                                             5
    Biliary stent or drainage                                                           2
Frequency of administration                                                    4.6±0.8
Abutment vessel (with overlapping)                                             
    Portal vein                                                                                 5
    Artery (SMA/CA)                                                                8 (6/2)
UICC-Stage                                                                                     
    IB                                                                                               1
    IIA                                                                                             1
    IIB                                                                                              2
    III                                                                                               6
Discontinuation of protocol                                                          2
Response evaluation                                                                       
    PR                                                                                              0
    SD                                                                                              9
    PD                                                                                              1
Decrease rate of CA 19-9 value                                             0.49±1.0
Resection rate (%)                                                                        80
Operative procedure                                                                       
    Pancreaticoduodenectomy                                                        7
    DP-CAR                                                                                    1
Combined resection                                                                        
    Other organ                                                                               1
    Portal vein                                                                                 4
    Artery                                                                                        1
Operative time (min)                                                                407±79
Transfusion                                                                                    1
Adjuvant chemotherapy with S-1                                                 7
    Completion                                                                                3

SMA, Superior mesenteric artery; CA, celiac axis; PR, partial response;
SD, stable disease; PD, progressive disease; CA, carbohydrate antigen;
DP-CAR, distal pancreatectomy with en-bloc celiac axis resection; S-
1, TS-1; Taiho Pharmaceutical Co., Ltd., Tokyo, Japan).

Table II. Toxicity following treatment with neoadjuvant nab-paclitaxel
plus gemcitabine therapy. Values are number of events. Safety was
evaluated in accordance with the Common Terminology Criteria for
Adverse Events version 4.0 (21).

Treatment toxicity                               All grade           G3               G4

Leukopenia                                                 9                   5                  0
Anemia                                                       7                   1                  0
Thrombocytopenia                                     8                   2                  0
Neutropenia                                               10                  5                  4
Liver dysfunction                                       5                   1                  0
Appetite loss                                              3                   0                  0
Nausea                                                        2                   0                  0
Vomit                                                          1                   0                  0
Diarrhea                                                      0                   0                  0
Fatigue                                                        3                   0                  0
Oral inflammation                                     2                   1                  0
Hand foot syndrome                                  2                   1                  0
Hair loss                                                    10                  2                  0
Febrile neutropenia                                    0                   0                  0
Cholangitis                                                 1                   0                  0
Interstitial pneumonia                                0                   0                  0
Peripheral sensory Neuropathy                 3                   1                  0



R0 resection rates of this series and the intraoperative
peritoneal cytology. The examination of the histopathological
treatment effect based on the Evans grade revealed grade I
(n=3), IIa (n=5) (Table IV).

Discussion

The introduction of nab-paclitaxel plus gemcitabine therapy for
patients with metastatic pancreatic cancer is attractive to
surgeons as this therapy may yield rapid response and improved
safety (7). This therapy is therefore used as a neoadjuvant
therapy for BRPC patients. We found that neoadjuvant
chemotherapy with nab-paclitaxel plus gemcitabine was safe
and feasible in terms of adverse events and resection rate (23).
The present findings are consistent with those from the Phase
I/II study of nab-paclitaxel plus gemcitabine with metastatic
pancreatic carcinoma regarding the frequency of neutropenia
(15). Despite the high incidence of severe neutropenia, there
was no incidence of serious adverse effects such as febrile
neutropenia, sepsis, or interstitial pneumonia. Notably, all of the
patients who were assessed for eligibility could be enrolled in
this study. In contrast to the FOLFIRINOX regimen, there were
less concerns about severe cholangitis, liver abscess, and
variants of UGT1A1, which have been reported to intensify
myelosuppression such as severe neutropenia (24). In the
present study, neutropenia was a controllable condition and
recovery rate was quick by G-SCF. These facts reflect the better
feasibility of applying this regimen to patients with BRPC than
the other known regimen in the clinical setting. However, dose
modification of nab-paclitaxel plus gemcitabine is not
necessarily negative on survival (25) and skipping once or twice
should be taken into consideration if we apply original nab-
paclitaxel plus gemcitabine regimen to neoadjuvant therapy so
not to reduce the efficacy of treatment.

Regarding PSN, although the previous phase I/II study
reported the median time to develop grade 3 PSN was 108.5
days, the present study revealed grade 3 PSN with just a
single dose. However, the incidence was similar to the result
of a previous study, the severe PSN exacerbated the QOL of
the patient during the treatment period (15). This should be
taken into consideration when a investigator design the
dosage or a longer schedule of nab-paclitaxel plus
gemcitabine as a neoadjuvant therapy.

Patients who underwent surgery presented a stable
course after receiving neoadjuvant therapy of nab-paclitaxel
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Table III. FACT/GOG-NTX (v 4.0) additional concerns.

Question                                                                                                                                                                                   Degree

                                                                                                                                                               0                  1                  2                 3                4

NTX1             I have numbness or tingling in my hands                                                                     0                  0                  0                 0                1
NTX2             I have numbness or tingling in my feet                                                                        0                  0                  0                 0                1
NTX3             I feel discomfort in my hands                                                                                       0                  0                  0                 0                1
NTX4             I feel discomfort in my feet                                                                                           0                  0                  0                 1                0
NTX5             I have joint pain or muscle cramps                                                                               0                  0                  0                 0                1
HI12               I feel weak all over                                                                                                        0                  0                  0                 1                0
NTX6             I have trouble hearing                                                                                                    0                  0                  0                 0                0
NTX7             I get a ringing or buzzing in my ears                                                                           0                  0                  0                 0                0
NTX8             I have trouble buttoning buttons                                                                                   0                  0                  0                 0                1
NTX9             I have trouble feeling the shape of small objects when they are in my hand            0                  0                  0                 1                0
An6                I have trouble walking                                                                                                   0                  0                  0                 0                1

0, Not at all; 1, a little bit; 2, somewhat; 3, quite a bit and 4, Very much. 

Table IV. Surgical and histopathological results. Values are
mean±standard deviation or number, unless otherwise stated.

Surgical outcome                                                                      N

Morbidity (Dindo’s classification)                                            
    Grade I, II                                                                              6
    Grade IIIa                                                                              1
    Grade IIIb                                                                              0
    Grade IV                                                                                1
    Grade V                                                                                 0
Interval duration between last chemotherapy 
and operative day, days                                                      32±7.3
Mortality, no. (%)                                                                     0
R0 rate (%)                                                                             70.0
R0 rate in resection case (%)                                                 87.5
Intraoperative peritoneal cytology                                           9
    Positive                                                                                  2
    Negative                                                                                7
Evans grade                                                                               
    I                                                                                              3
    IIa                                                                                           5
    IIb                                                                                          0
    III                                                                                           0



plus gemcitabine except for a patient who underwent DP-
CAR. This patient with DP-CAR had resection of both
celiac axis and left inferior phrenic artery caused the
necrotic ischemia especially in the fundic area of the
stomach. It was most likely surgery-related SAE which
would be overcome by the improvement of DP-CAR
procedure (18, 26).

Another aim of this study was to evaluate the
histopathologic efficacy of treatment as a neoadjuvant
therapy for BRPC. Although the previous study reported
high disease control rate, pancreatic tumors evaluable
according to the RECIST (ver 1.1) were assessed as non-
targeted lesions (15). In this study, we investigated the
resection rate and the R0 resection rate by intention to treat,
or the histopathologic response of the primary pancreatic
tumor as the clinical outcomes of neoadjuvant therapy using
nab-paclitaxel plus gemcitabine. This study demonstrated not
only the safety and feasibility of nab-paclitaxel plus
gemcitabine therapy for patients with BRPC, but the
feasibility to obtain the data on resection rate, R0 resection
rate, and the histopathologic response. However, this study
demonstrated that resection and R0 rates were similar to
previous studies (23), the relatively poor to moderate
histopathologic response may depend on number of nab-
paclitaxel plus gemcitabine administration.

In conclusion, the severe adverse drug reaction of
neutropenia and PSN can affect the dose intensity or QOL
for BRPC patients. In this study, we found that nab-
paclitaxel plus gemcitabine therapy was safe and feasible
without strict selection of patients with BRPC. We are
planning a multicenter phase II study to investigate the
efficacy of neoadjuvant nab-paclitaxel plus gemcitabine
therapy on overall survival (UMIN000024154).
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