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Abstract Background: The current trial assessed whether the addition of cisplatin and cape-

citabine to the nab-paclitaxelegemcitabine backbone is feasible and active against borderline

and locally advanced pancreatic adenocarcinoma (PDAC).

Method: Fifty-four chemo-naive patients, aged between 18 and 75 years, with a pathological

diagnosis of locally advanced or borderline resectable PDAC were randomised to receive

either nab-paclitaxel, gemcitabine, cisplatin and oral capecitabine (PAXG; arm A;

N Z 26) or nab-paclitaxel followed by gemcitabine (AG; arm B; N Z 28).
(M. Reni).

ts reserved.
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AG;

PAXG
The primary end-point was the tumour resection rate. If at least four such resections were

performed, the treatment was considered as active. The secondary end-points were

progression-free survival (PFS), overall survival (OS), Response Evaluation Criteria in Solid

Tumours response rate, Hartman’s pathologic response, carbohydrate antigen 19.9 response

rate and toxicity.

Results: Eight patients (31%) in the PAXG arm and nine (32%) in the AG arm underwent

resection. PFS at 1-year was 58% in arm A and 39% in arm B. OS at 18-month was 69% in

arm A and 54% in arm B.

Conclusions: In this phase II study, the addition of cisplatin and capecitabine to the AG back-

bone was feasible and yielded promising results in terms of disease control without detrimental

impact on tolerability. The approach warrants further investigation in a phase III study.

Trial registration: NCT01730222.

ª 2018 Elsevier Ltd. All rights reserved.
1. Introduction

Pancreatic adenocarcinoma (PDAC) is the fifth cause of
death in cancer patients [1]. About 80% of cases present

at diagnosis a locally advanced or metastatic disease. In

metastatic disease, combination chemotherapy is the

standard treatment due to the improved overall survival

(OS) over gemcitabine [2e4]. Despite the absence of

randomised data, the same chemotherapy used for

metastatic disease is commonly recommended also in

borderline/locally advanced disease. Several reasons
concur with the lack of adequate level of evidence. The

most relevant reason is that most randomised clinical

trials did not complete the planned accrual [5e7]. In

addition, the definition of locally advanced and

borderline resectability is heterogeneous, changed over

time and is different across institutions. The aforemen-

tioned facts hamper the comparability of different re-

ports, wider applicability [8] and interpretation of the
results. Finally, radiological assessment to define

resectability relies on centre volume [9] and on intrinsic

limits of the instrument [10].

We have recently reported the results of a phase Ib

trial conducted to determine the recommended phase II

dose of nab-paclitaxel in combination with cisplatin,

capecitabine and gemcitabine (PAXG regimen) [11]. The

scientific rationale for choosing this investigational
combination has been previously reported [11] and

comprises the well-known synergism of taxanes with

fluoropyrimidines, cisplatin and gemcitabine [4,12,13].

The regimen showed an encouraging preliminary

antitumour activity for patients with chemo-naive,

borderline or locally advanced pancreatic cancer.

Herein, we report the results of an open-label, single

institution, randomised phase II trial that explored the
feasibility and antitumour activity of either nab-pacli-

taxel plus gemcitabine (AG) or the PAXG regimen in

patients with locally advanced or borderline resectable

PDAC (NCT01730222).
2. Material and methods

This trial was approved by the local ethics committee
and conformed to the Declaration of Helsinki. Written

informed consent was obtained from each patient once

eligibility was confirmed and after patient’s review of the

protocol contents.

Eligible patients aged between �18 and � 75 years

with a pathological diagnosis of PDAC were classified

as locally advanced or borderline resectable according to

NCCN criteria [14] and as T3 or T4 according to Union
for International Cancer Control (UICC)eTNM clas-

sification [15]; the Karnofsky Performance Status was

�70; they were chemo and radio naive. Tumour classi-

fication was performed by reviewing computed tomog-

raphy (CT) scans by one of the three senior pancreatic

surgeons (G.B., R.C., M.F.) and by a radiologist expert

in pancreatic diseases (R.N.). The disease was measur-

able as defined by Response Evaluation Criteria in Solid
Tumours (RECIST), 1.1 [16]. Patients had an adequate

bone marrow (GB � 3500/mm3; neutrophils � 1500/

mm3; platelets � 100,000/mm3; haemoglobin �10 g/dl),

liver (total bilirubin �2 mg/dL; SGOT e SGPT � 3

UNL) and kidney function (serum creatinine � 1.5 mg/

dL). Criteria of exclusion were a personal history of

previous or concurrent malignancies at other sites with

the exception of surgically cured carcinoma in situ of the
cervix and basal or squamous cell carcinoma of the skin

and of other neoplasms without evidence of disease at

least from 5 years, symptomatic brain metastases, his-

tory of interstitial lung disease, presence of serious dis-

eases such as cardiac failure, previous myocardial

infarction within the prior 6 months, cardiac

arrhythmia, history of psychiatric disabilities, pregnancy

and lactating and history of connective tissue disorders.
Eligible patients, identified by a multidisciplinary

team, were randomly allocated (1:1) with a permuted

block of four lists that had been previously generated by

our institution clinical trial office by use of a computer-
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generated code to receive either an intravenous infusion

of nab-paclitaxel at 150 mg/m2, followed by gemcitabine

at 800 mg/m2, cisplatin at 30 mg/m2 on day 1 and 15 and

oral capecitabine at 1250 mg/m2 on days 1e28 (arm

A) or an intravenous infusion of nab-paclitaxel at

125 mg/m2 followed by gemcitabine at 1000 mg/m2 on

days 1, 8 and 15 (arm B). Nab-paclitaxel was provided

for free by Celgene S.r.l., Italy, for both arms. Patients
were enrolled by the attending oncologist who registered

them at an internal clinical research assistant team that

conserved the randomisation list and was also respon-

sible for data collection in an electronic database,

monitoring accuracy, completeness and reliability of the

acquired data.

Patients were stratified by a baseline carbohydrate

antigen 19.9 (CA19.9) level (<10 � ULN versus �10 �
ULN). The surgical classification (i.e. borderline versus

locally advanced) was not used as a stratification fac-

tor because prognostic validation was missing [17]. In

both arms, treatment was administered every 28 d (1

cycle) and continued until progressive disease, unac-

ceptable level of adverse events, patient’s refusal or

medical decision. In all other cases, considering the

absence of data on optimal treatment duration,
chemotherapy was administered for a minimum of 6

cycles. Afterwards treatment was continued in case of

clinical benefit. At any radiological assessment, pa-

tients were evaluated for surgery. Evaluation of

resectability was performed during a multidisciplinary

meeting with the participation of both expert radiolo-

gists and high-volume surgeons. Surgery was indicated

when a gross radical resection could be predicted, in
absence of radiological or biological (CA19.9) tumour

progression.

At the end of 6 cycles of chemotherapy, patients who

were unsuitable for resection and were still progression

free received concomitant chemoradiotherapy consisting

of oral capecitabine at 1250 mg/m2/daily and of

40e44.25 Gy by tomotherapy in 15 fractions. The same

chemoradiation was also recommended after resection.
A basal CT or magnetic resonance scan of the chest,

abdomen and pelvis was performed within 3 weeks

before randomisation. A radiologist, blinded to the

treatment arm, assessed tumour response using the

revised RECIST, 1.1, guidelines [16] every 8 weeks until

disease progression or in the case of any symptom sug-

gestive of disease progression. Tumour markers were

assessed every 4 weeks. The worst toxicity observed for
each patient was recorded.

The primary end-point of the study was the per-

centage of patients undergoing a microscopically radical

(R0) or non-radical (R1) surgery after chemotherapy.

The secondary end-points were progression-free survival

(PFS), defined as the time from the day of random-

isation to the disease progression or death for any cause,

whichever occurred first; OS, defined as the time interval
between randomisation and the date of death or of the
last follow-up visit and radiological, pathological

[18] and biochemical response rate [19]. Both the radi-

ologist (R.N.) and the pathologist (C.D.) were blinded

to the treatment arm. Toxicity was defined according to

the National Cancer Institute’s Common Terminology

Criteria for Adverse Events, version 4.

The database lock for the present analysis was 21

March 2018, when all living patients had completed at
least 25 months of follow-up.
2.1. Statistical analysis

All primary analyses were based on the intention to

treat, where all randomised patients had to be included.

Safety analysis was performed on the safety population
defined as all patients receiving at least one dose of study

treatment. The study was designed as a calibrated phase

II clinical trial. The A’Hernesingle-stage phase II design

was used [20]. The calibration group is not a control

group in the traditional sense but is only used to eval-

uate whether the sample of patients who receive the

investigational treatment has the capability of showing a

response. This design has not the power for a head-to-
head comparison. Accordingly, no formal efficacy

comparison between the two groups was planned, and

the analysis of therapeutic effect was performed sepa-

rately for each arm. The null hypothesis that the pro-

portion of patients resected after chemotherapy would

be of 5% was verified against the alternative hypothesis

with a two-tailed test. The total number of patients to

consider in each group was 27. In case that at least four
resections were performed, the null hypothesis had to be

refused and the treatment had to be considered active.

This design has an error Z 5% and a power Z 80%

under the alternative hypothesis Z 20%. PFS and OS

were described using the KaplaneMeier curves. All

analyses were carried out using Statistica, 12.0, statisti-

cal package for Windows (StatSoft Inc, 2011, Tulsa, OK

74104, USA).
3. Results

Between April 2014 and February 2016, 54 patients were
randomised at a single institution to receive PAXG (arm

A; N Z 26) or AG (arm B; N Z 28; Table 1). All pa-

tients received the assigned treatment (Fig. 1). After

chemotherapy, all patients with either locally advanced

or T4 disease remained unresectable, eight patients

(31%; 80% of borderline resectable; 62% of T3) in arm A

and nine (32%; 60% of borderline resectable; 45% of T3)

in arm B underwent surgery, after a partial response
(five arm A; six arm B patients), a reduction of

CA19.9 > 90% (one arm A patient), or an improvement

of vascular contact despite stable radiological disease

according to RECIST criteria (two arm A; three arm B

patients). No difference was observed between the arms



Table 1
Baseline characteristic of the patients according to the randomisation

arm.

Characteristics PAXG AG

Number 26 28

Male/female 13/13 7/21

KPS

90e100 19 (73%) 24 (86%)

70e80 7 (27%) 4 (14%)

Age

Median 61 66

Range 35e75 50e75

Locally advanced 16 (62%) 13 (46%)

Vessel invasiona

Superior mesenteric/portal vein 14 (88%) 10 (77%)

Hepatic artery 6 (38%) 6 (43%)

Superior mesenteric artery 12 (75%) 10 (77%)

Celiac axis 8 (50%) 5 (38%)

Borderline 10 (38%) 15 (54%)

Vessel invasiona

Superior mesenteric/portal vein 9 (90%) 13 (87%)

Hepatic artery 1 (7%)

Superior mesenteric artery 2 (20%) 2 (13%)

Celiac axis 1 (10%) 1 (7%)

T3 11 (42%) 15 (54%)

T4 15 (58%) 13 (46%)

Head 18 (69%) 20 (71%)

Biliary stent 14 (54%) 15 (54%)

CA19.9

>ULN 22 (85%) 21 (75%)

Median U/ml 287 278

Range 92e987 58e12,473

PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine; AG, nab-

paclitaxel, gemcitabine; KPS, Karnofsky Performance Status; CA19.9,

carbohydrate antigen 19.9; ULN, upper limit of laboratory normal

values.
a Percentages add to more than 100% because some patients having

more than one vessel invaded.
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in terms of surgical outcomes (Table 2). Pathological

results are reported in Table 3.

Progression occurred in 22 (85%) arm A patients and

in 27 (96%) arm B patients. Median PFS was 12.5

months (95% confidence interval [CI]: 10.8e14.6) in the
PAXG arm and 9.9 months (95% CI: 7.2; 13.3) in the

AG arm (Fig. 2). The rate of PFS at 6 and 12 months

was 96% (95% CI: 90e100) and 58% (95% CI: 43e73) in

the PAXG group, and 68% (95% CI: 54e82) and 39%

(95% CI: 24e54) in the AG group, respectively.

The survival analysis was based on 19 deaths in arm

A (73%) and 21 in arm B (75%). After a median follow-

up of 30.9 months (range 25.1e43.9), the median sur-
vival was 20.7 months (95% CI: 14.5; 28.6) and 19.1

(95% CI, 11.5; 26.8) months and the 18-month survival

rate was 69% (95% CI: 55e83) and 54% (95% CI:

39e69) in arm A and B, respectively (Fig. 3).

The response rate was 50% (95% CI: 35e65%) with

PAXG and 36% (95% CI: 21e51%) with AG. A total of

22 (85%) patients in the PAXG arm and 21 (75%) pa-

tients in the AG arm had a baseline CA19.9 value higher
that the upper limit of laboratory normal. A decrease of
>50% was observed in 91% and 90% and a decrease of

>90% in 41% (95% CI: 26e56) and 19% (95% CI: 7e31)

of patients in arm A and B, respectively.

The median number of chemotherapy cycles was 5

(range: 3e7) in the PAXG group and 5 (range: 2e6) in

the AG group, with 35% and 29% of patients, respec-

tively, receiving treatment for at least 6 months. The

number of administered cycles and reasons for inter-
ruption are reported in Table 4. In arm A, the median

relative dose intensity was 82% for cisplatin, 79% for

nab-paclitaxel, 77% for capecitabine and 72% for gem-

citabine. In arm B, the median relative dose intensity

was 78% for nab-paclitaxel and 77% for gemcitabine.

No fatal event was reported in both groups.

Treatment-related adverse events of grade III or IV are

reported in Table 5. Sepsis was reported in 4% of pa-
tients in arm B.

Chemoradiation was administered to 23 (88%) pa-

tients in PAXG arm and 16 (57%) patients in AG arm.

Three patients in arm A did not receive chemoradiation

due to progression of disease (N Z 1), gastrointestinal

bleeding (N Z 1) and persistent haematologic toxicity

(N Z 1). Twelve patients in arm B did not receive

chemoradiation due to progression of disease (N Z 6),
delayed post-surgical recovery (N Z 1), refusal (N Z 2),

extrahaematologic toxicity (N Z 2) and femoral frac-

ture (N Z 1). Subsequent therapy at time of progression

was administered to 19/22 (86%) patients in arm A and

20/27 (74%) in arm B.

4. Discussion

This phase II trial was designed to evaluate the resect-

ability rate of PAXG and AG regimens for patients with

unresectable or borderline resectable PDAC. Both

groups reached the primary end-point. This trial was
run in a single institution removing bias with regard to

surgical assessment, heterogeneity of the laboratory,

radiologic staging and therapeutic management.

The resectability rate (31e32%) in the current trial is

in the same order of magnitude of that reported with

other treatment strategies. Namely, patients initially

staged as having borderline/locally advanced disease

could undergo resection after primary therapy with
gemcitabine- or fluoropyrimidine-containing regimens,

including or not including chemoradiation, in up to

23%e33% of cases [21e23]. Similarly, with more recent

chemotherapy combinations such as folic acid, fluoro-

uracil, irinotecan and oxaliplatin (FOLFIRINOX) or

AG, the resection rate was in the range of 20e28%

[22e25]. Despite similar resectability rates, median sur-

vival with ‘old’ regimens was apparently shorter
(11.2e14.0 months) [21e23] compared with FOLFIR-

INOX or AG (8.9e25 months) [23e25, current series]

and with PAXG (20.7 months in the present series).

Resectability may be an inadequate and questionable



Table 3
Pathological outcomes of resected patients.

Variable PAXG AG

(N Z 26) (N Z 28)

!
assessable patients (n=26)
actually performed therapy (n=26)  
analysed (n= 26)

Excluded patients (n= 0)

Allocated to PAXG (n=26)
Received allocated intervention (n=26)

excluded patients (n= 0)

Allocated to AG (n= 28)
Received allocated intervention (n= 28)

assessable patients (n=28)
actually performed therapy (n=28)  
analysed (n= 28)

Randomised     (n= 54)

Resected (n= 8) Resected       (n= 9)

Fig. 1. CONSORT flowdiagram. PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine; AG, nab-paclitaxel, gemcitabine.
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surrogate end-point of chemotherapy efficacy because

‘local success’ does not necessarily correlate with the

final outcome in a potentially micrometastatic disease.

However, in borderline resectable/locally advanced
PDAC, there is no validated alternative end-point for

phase II trials. Resectability, R0 rate, PFS at variable

timing, RECIST response, biochemical response,

downstaging and pathological response have all been

used as end-points. All such parameters have limita-

tions, but the randomised design of the present study

may reduce the biases in the interpretation of secondary

end-points.
Table 2
Types of operations and perioperative outcomes of the 17 patients who

underwent a pancreatic resection.

Variable PAXG AG

Resected patients (n) 8 9

Type of resection

Pancreaticoduodenectomy 5 (62.5%) 3 (33%)

Total pancreatectomy 2 (25%) 2 (22%)

Distal pancreatectomy 1 (12.5%) 4 (44%)

Venous resections 2 (25%) 2 (22%)

Arterial resection 0 0

90-d mortality 0 0

Overall morbidity 4 (50%) 3 (33%)

Minor complications (Clavien IeII) 3 (37.5%) 3 (33%)

Major complications (Clavien IIIeIV) 1 (12.5%) 0

Relaparotomy 0 0

30-d readmission (or emergency room visit) 0 0

Mean length of hospital stay; days (SD) 10.7 (�3.4) 13 (�10.3)

PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine; AG, nab-

paclitaxel, gemcitabine; SD, standard deviation.
Both PAXG and AG were effective in terms of dis-

ease control. Moreover, observed toxicities were

manageable and acceptable. Noteworthily, a partial

response rate of 36% with AG arm in our trial is
consistent with the 29% of rate previously reported in

phase III trial for metastatic disease, as per investigator

assessment [4]. Similarly, grade IIIeIV toxicities,
Resected patients 8 (31%) 9 (32%)

T code [15]

pT0-2 3 (37.5%) 1 (11%)

pT3 5 (62.5%) 8 (89%)

N status [15]

pN0 5 (62.5%) 2 (22%)

pN1 3 (37.5%) 7 (78%)

pM1 0 1 (11%)a

R status [15]

R0 5 (67.5%) 4 (44%)

�1 mm 0 3 (33%)

R1 3 (32.5%) 2 (22%)

Tumour size

Median (cm) 2.1 2.4

Range (cm) 0e3.0 1.2e3.0

Pathological response [18]

Marked/complete 3 (37.5%) 1 (11%)

Moderate 3 (37.5%) 3 (33%)

Poor 2 (25%) 5 (56%)

PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine.
a Single omental metastasis.
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Fig. 2. Progression-free survival curves. PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine; AG, nab-paclitaxel, gemcitabine;

PFS, progression-free survival; CI, confidence interval.
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Fig. 3. Overall survival curves. PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine; AG, nab-paclitaxel, gemcitabine; OS, overall

survival; CI, confidence interval.
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percentage of patients receiving 6 cycles (29% in present

trial versus 32% in the MPACT trial) and the dose in-

tensity (77% for both drugs versus 81% for nab-

paclitaxel and 75% for gemcitabine) were also consis-
tent with the previous report [4]. Similarly, outcomes

and toxicity data observed in the PAXG arm replicated

prior phase I data [11].

Albeit the study design does not have power to

perform head-to-head comparison and no difference
between arms was evident in resection rates, PAXG

regimen may provide potential advantages with respect

to AG as regards to secondary end-points such as effi-

cacy, activity, tolerability and logistical aspects. PAXG
yielded a numerically larger number of RECIST and

CA19.9 responses, a 28% and 19% more patients pro-

gression free at 6 months and 12 months, respectively.

Numerically more pN0, pT0-2, marked/complete patho-

logic response and smaller residual tumours were



Table 4
Reasons for treatment discontinuation before 6 months.

Reason for treatment interruption PAXG AG

1. Completion of 6 months of treatment 9 (35%) 8 (29%)

2. Surgery (before completion of 6 months) 6 (23%) 8 (29%)

3. Physician’s choice 3 (12%) 0

4. Haematological toxicity 4 (15%) 0

5. Extrahaematological toxicity 3 (12%) 4 (14%)

6. Progressive disease 0 6 (21%)

7. Patient’s refusal 1 (4%) 1 (4%)

8. Other reasons 0 1 (4%)*

PAXG, cisplatin, nab-paclitaxel, capecitabine, gemcitabine.
a Post-traumatic femoral fracture.

Table 5
Treatment-related adverse events of grade III or IV occurring in at

least 5% of patients.

PAXG AG

Grade III Grade IV Grade III Grade IV

Anaemia 2 8% 0 0% 4 14% 0 0%

Neutropenia 12 46% 8 31% 10 36% 8 29%

Thrombocytopaenia 1 4% 0 0% 2 7% 0 0%

Nausea 1 4% 0 0% 3 11% 0 0%

Mucositis 1 4% 0 0% 1 4% 0 0%

Diarrhoea 1 4% 0 0% 4 14% 0 0%

Fatigue 4 15% 0 0% 8 29% 0 0%

Neuropathy 0 0% 0 0% 5 18% 0 0%

Venous

thromboembolism

1 4% 0 0% 2 7% 0 0%

Lymphedaema 0 0% 0 0% 3 11% 0 0%

Fever 1 4% 0 0% 2 7% 0 0%

Cholangitis 3 12% 0 0% 3 11% 2 7%

Infections other

than cholangitis

2 8% 0 0% 4 14% 0 0%

PAXG: cisplatin, nab-paclitaxel, capecitabine, gemcitabine; AG: nab-

paclitaxel, gemcitabine.
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observed in patients resected after PAXG as compared

with AG. Finally, survival data also seem to be of in-

terest after the four-drug combination with 15% more

patients living at 18 months.

The PAXG group had worse prognostic factors, such

as fewer KPS 90e100, borderline and T3 patients and

more patients with an elevated baseline CA19.9. This

unbalance between the arms occurred by chance and
was likely related to the limited sample size of the trial.

Data also suggest that PAXG may be better tolerated

than AG when taking into account the neuropathy,

diarrhoea, nausea and fatigue, which usually are more

invalidating for the patient in comparison to haemato-

logic side-effects. A further advantage of PAXG may

rely on the reduced number of hospital accesses for

chemotherapy infusion (two versus three monthly ac-
cesses). At our institution, the medium cost of all drugs

per patient with the PAXG regimen was about 15%

lower than that for the AG regimen, which may also be

relevant in the context of limited health systems’ eco-

nomic resources.
In summary, this phase II randomised trial investi-

gated resection rate with two chemotherapy regimens

without founding any difference between them. All

other outcomes were secondary end-points, and this trial

was not designed nor adequately powered to detect

differences. Notwithstanding these considerations, the

overall results of our study suggest that the addition of

cisplatin and capecitabine to the AG backbone is
feasible and is linked to very good control of the disease

without a detrimental impact on tolerability. Accord-

ingly, this regimen may be considered sufficiently

promising to advice further testing in a phase III study.
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