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Background/Aims: Second-line chemotherapy in patients 
with advanced pancreatic ductal adenocarcinoma (PDAC) 
that progresses following gemcitabine-based treatment has 
not been established. This study aimed to investigate the ef-
ficacy and safety of second-line combination chemotherapy 
with capecitabine and oxaliplatin (XELOX) in these patients. 
Methods: Between August 2011 and May 2014, all patients 
who received at least one cycle of XELOX (capecitabine, 1,000 
mg/m2 twice daily for 14 days; oxaliplatin, 130 mg/m2 on 
day 1 of a 3-week cycle) combination chemotherapy for un-
resectable or recurrent PDAC were retrospectively recruited. 
The response was evaluated every 9 weeks, and the tumor 
response rate, progression-free survival and overall survival, 
and adverse events were assessed. Results: Sixty-two pa-
tients were included; seven patients (11.3%) had a partial tu-
mor response, and 20 patients (32.3%) had stable disease. 
The median progression-free and overall survival were 88 
days (range, 35.1 to 140.9 days) and 158 days (range, 118.1 
to 197.9 days), respectively. Patients who remained stable 
longer with frontline therapy (≥120 days) exhibited signifi-
cantly longer progression-free and overall survival. The most 
common grade 3 to 4 adverse events in patients were vomit-
ing (8.1%) and anorexia (6.5%). There was one treatment-
related mortality caused by severe neutropenia and typhlitis. 
Conclusions: Second-line XELOX combination chemotherapy 
demonstrated an acceptable response and survival rate in 
patients with advanced PDAC who had failed gemcitabine-
based chemotherapy. (Gut Liver 2017;11:298-305)
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INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is well known as 
an aggressive malignancy, and is mostly diagnosed at advanced 
stage, which makes it unsuitable for curative resection.1-3 Even 
after a curative resection, recurrence rates are high and median 
overall survival (OS) of patients reaches only 15 to 19 months.4 
For unresectable or recurrent PDAC, anticancer chemotherapy 
is the mainstay of treatment and gemcitabine is the key agent. 
Several gemcitabine-based regimens are established as standard 
chemotherapy;5 however, the efficacy of those regimen is un-
satisfactory.6,7 FOLFIRINOX regimen which is a combination of 
oxaliplatin, 5-fluorouracil (5-FU) and irinotecan demonstrated 
a better outcome than a gemcitabine-based regimen; however, 
because of the substantial increase in toxicity, only selected 
patients who had good performance status could be therapeu-
tic targets.8 Various alternative gemcitabine-based regimens, 
which added cytotoxic chemotherapeutic agents such as cispla-
tin and capecitabine or targeted agents such as sorafenib and 
bevacizumab, were tried. However, these attempts, too, failed 
to show satisfactory results.9-12 A gemcitabine-based regimen in 
combination with albumin-bound paclitaxel improved patient 
survival. However, median progression-free survival (PFS) of 
patients was only 5.5 months.13

High failure rate and short duration of disease control of first-
line treatment regimens in PDAC patients prompted the need for 
second-line treatment regimens. Current guidelines only vaguely 
recommend to switch to fluoropyrimidine-based regimens when 
treatment with gemcitabine-based first-line regimens fails.14 
There have been several studies on second-line regimens for pa-
tients whose cancers progress after treatment with gemcitabine-
based regimens. Several phase II studies investigated the effi-
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cacy of 5-FU and oxaliplatin combination therapy, and reported 
a response rate of up to 23%, a PFS of 6 to 22 weeks, OS of 15 
to 31 weeks.15-17 More recently, a phase III study using 5-FU, 
leucovorin, and oxaliplatin for a 6-week cycle showed better 
outcomes than use of 5-FU and leucovorin without oxaliplatin 
(PFS, 2.9 months vs 2.0 months; OS, 5.9 months vs 3.3 months, 
respectively).18 On the other hand, there has been a recent study 
of therapy using nanoliposomal irinotecan in combination with 
5-FU and leucovorin, that showed longer survival than therapy 
with 5-FU and leucovorin alone (6.1 months vs 4.2 months).19

Chemically, capecitabine is oral fluoropyrimidine carba-
mate designed to generate 5-FU preferentially in tumor tis-
sue, through exploitation of high intratumoral concentrations 
of thymidine phosphorylase.20 It has proved to be active for 
therapy in PDAC.21 Thus, a combination of capecitabine and 
oxaliplatin (XELOX) is also expected to be as effective as the 
combination of 5-FU and oxaliplatin, used as a second-line 
regimen for PDAC patients whose cancers have progressed after 
treatment with a gemcitabine-based regimen. XELOX combi-
nation chemotherapy has advantages over oral chemotherapy 
with a combination of 5-FU and oxaliplatin. However, very few 
phase II studies exist22,23 and more data are needed. Therefore, 
we aimed to evaluate the efficacy and adverse effects of XELOX 
combination chemotherapy in pancreatic cancer patients whose 
cancer had advanced or recurred, despite initial gemcitabine-
based therapy.

MATERIALS AND METHODS

1. Patients

We consecutively included all patients who received XELOX 
combination chemotherapy as salvage treatment for advanced 
or recurred pancreatic cancer, between August 2011 and May 
2014, at our institution (Seoul National University Hospital, 
tertiary referral hospital). All included patients had cancer that 
had progressed after a gemcitabine-based chemotherapy. All of 
the patients had Eastern Cooperative Oncology Group (ECOG) 
performance status of 0 to 2,24 and had adequate hepatic, renal, 
and bone marrow function.

Demographic data, initial cancer stage, initial chemothera-
peutic regimen, performance status at initiation of XELOX 
combination chemotherapy, and prior treatment modalities 
were identified by retrospective review of medical records. Du-
ration of initial chemotherapy was also reviewed and 120 days 
were used as a cutoff to discriminate patients who were stable 
for long or short periods with frontline therapy which was ad-
opted from previous study.25 The seventh edition of the tumor-
node-metastasis system from the American Joint Committee 
on Cancer was used to determine the clinical stage of the study 
patients.26

2. Chemotherapy

XELOX combination chemotherapy consisted of oxaliplatin, 
(dosage, 130 mg/m2) given intravenously as a 120-minute infu-
sion on day 1, and capecitabine (dosage, 1,000 mg/m2), given 
orally, two times daily for 14 days. Chemotherapy was adminis-
tered at the outpatient clinic and the patients were followed up 
every 3 weeks; this was defined as a cycle of therapy. Treatment 
response after chemotherapy was determined by the revised Re-
sponse Evaluation Criteria in Solid Tumors (RECIST) guidelines 
(version 1.1).27 Tumor response was evaluated at baseline, and 
at every 9 weeks thereafter, by pancreatic protocol computed 
tomography. In patients who had significant comorbidities or 
poor performance (ECOG performance status 2), dosage was 
as follows: oxaliplatin, 110 mg/m2; and capecitabine, 750 mg/
m2. XELOX combination chemotherapy was continued until the 
tumor progression occurred, or the patient had unacceptable 
toxicity, or refused further chemotherapy.

Dose modifications and treatment delays were based on ob-
served drug-related toxicity, and the attending physician’s as-
sessment. Adverse events were assessed according to the Com-
mon Terminology Criteria for Adverse Events, version 3.0.28 The 
study protocol was based on the Declaration of Helsinki and 
was approved by the Institutional Review Board of Seoul Na-
tional University Hospital (IRB approval number: H-1407-109-
596). 

3. Statistical analyses

Data are shown as the number (in percentages) for categorical 
variables, the mean±standard deviation for continuous vari-
ables, and as median (95% confidence interval) for PFS and OS 
of patients. The Kaplan-Meier method and log-rank test were 
used to compare the PFS and OS. To identify the independent 
factors associated with these outcomes, a Cox proportional haz-
ard model was used for the multivariate analysis. All of the sur-
vival analyses were performed as an intention-to-treat analysis; 
thus, all of the enrolled patients were included in the analysis. 
Two-tailed p-values of <0.05 were considered to be statistically 
significant. All analyses were performed using SPSS version 
21.0 software (IBM Corp., Armonk, NY, USA).

RESULTS

1. Patient characteristics

During the study period, a total of 62 patients were adminis-
tered XELOX combination chemotherapy as salvage treatment 
for advanced pancreatic cancer that had progressed after initial 
gemcitabine-based chemotherapy. The baseline characteristics 
of these patients are described in Table 1. The mean age of pa-
tients was 61.4±9.7 years; of this, 36 (58.1%) were male and 26 
(41.9%) were female. Initial cancer stage was stage III (locally 
advanced disease) in 27 patients (43.5%) and stage IV (metastatic 
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disease) in 25 patients (40.3%). In 10 patients (16.1%), tumor 
had recurred after curative resection, and one patient received 
palliative resection for residual tumor. Initial chemotherapy was 
gemcitabine and erlotinib regimen in 43 patients (69.4%), gem-
citabine single regimen in 16 (25.8%), and gemcitabine plus cis-
platin regimen in three (4.8%). Concurrent chemoradiotherapy 
was performed in 15 of the 62 patients (24.2%). Tumor status 
at the time of failure of first-line gemcitabine-based treatment 
(or, conversely, at the start of XELOX combination therapy) was 
locally advanced tumor in 32 patients (51.6%), and metastatic 
disease in 30 of them (48.4%). ECOG performance status score 
was 0 in six patients (9.7%), 1 in 30 (48.4%), and 2 in 26 (41.9%). 

Median number of days between initial diagnosis and initiation 
of secondary chemotherapy (i.e., XELOX) was 241 (range, 56 to 
913). 

2. Treatment response and adverse events

At least one cycle of XELOX combination chemotherapy was 
administered to every patient, and a median of three cycles 
(range, 1 to 21 cycles) were delivered to patients. Initial tu-
mor response to XELOX combination chemotherapy could be 
evaluated in 49 patients (79.0%) after 9 weeks (three cycles) of 
treatment initiation. Treatment response by RECIST criteria was 
partial response in seven patients (11.3%), stable disease, in 20 
(32.3%), and progressive disease, in 22 (35.5%). Response could 
not be evaluated in 13 patients (21.0%). Among them, nine 
stopped further chemotherapy before completion of the three 
cycles of XELOX chemotherapy, due to onset of adverse events 
(five patients experienced vomiting; one duodenal ulcer bleed-
ing) or deterioration of general medical condition (in three pa-
tients). Four patients were lost to follow-up after the first cycle 
of chemotherapy. Tumor control rate (partial response or stable 

Table 1. Baseline Characteristics of Study Patients

Characteristic XELOX (n=62)

Sex

    Male 36 (58.1)

    Female 26 (41.9)

Age, yr 61.4±9.7

Initial cancer stage

    III 27 (43.5)

    IV 25 (40.3)

    Recurred tumor 10 (16.1)

Initial chemotherapeutic regimen

    Gemcitabine+erlotinib 43 (69.4)

    Gemcitabine monotherapy 16 (25.8)

    Gemcitabine+cisplatin 3 (4.8)

Surgical resection 11 (17.7)

Concurrent chemoradiotherapy 15 (24.2)

Tumor status at failure of first-line treatment

    Locally advanced 32 (51.6)

    Metastatic 30 (48.4)

ECOG 

    0 6 (9.7)

    1 30 (48.4)

    2 26 (41.9)

Comorbidity

    Hypertension 15 (24.2)

    Diabetes mellitus 29 (46.8)

    Chronic hepatitis B 2 (3.2)

    Atrial fibrillation 1 (1.6)

    COPD 1 (1.6)

    Parkinsonism 1 (1.6)

    Asthma 1 (1.6)

    Cerebrovascular disease 3 (4.8)

Dx. to secondary chemotherapy, day  241 (56–913)

Data are presented as number (%) or mean±SD or median (range).
ECOG, Eastern Cooperative Oncology Group; COPD, chronic obstruc-
tive pulmonary disease; Dx., diagnosis.

Table 2. Tumor Response to Chemotherapy

XELOX (n=62)

Treatment response (after 3 cycles)

    Partial response 7 (11.3)

    Stable disease 20 (32.3)

    Progressive disease 22 (35.5)

    NA 13 (21.0)

Tumor control rate 27 (43.5)

Delivered cycles of chemotherapy 3 (1–21)

Data are presented as number (%) or median (range).
NA, not available.

Table 3. Nonhematologic Adverse Events after the First Three Cycles 
of XELOX

Grade 1 Grade 2 Grade 3

Anorexia 4 6 4

Vomiting 2 4 5

Diarrhea 2 3 2

Oral mucositis 1 0 1

Fatigue 1 3 2

Paresthesia 7 2 1

Insomnia 1 1 0

Nausea 1 1 0

Palmar-plantar  

  erythrodysesthesia syndrome

0 2 0

Abdominal pain 1 3 0

Myalgia 0 1 0

Constipation 2 0 0
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disease) was 43.5% with intention-to-treatment analysis, and 
55.1% with per protocol analysis (Table 2). Adverse events after 
first three cycles of XELOX combination chemotherapy are de-
scribed in Table 3. The most common grade 3 to 4 adverse event 
was vomiting (in 8.1% patients) followed by anorexia (in 6.5% 
patients). There was one treatment related mortality, caused by 
severe neutropenia and typhlitis. 

3. PFS and OS after initiation of XELOX combination  
chemotherapy

Median PFS after initiation of XELOX combination che-
motherapy was 88 days (range, 35.1 to 140.9 days) (Fig. 1). 
Patients who remained stable for longer with frontline therapy 
(more than 120 days) had significantly longer PFS; this is the 
only significant factor which correlated with longer PFS in both 
univariate analysis (PFS, 61 days [range, 53.9 to 68.1 days] in 
<120 days vs 116 days [range, 53.0 to 179.0 days] in ≥120 days, 
p=0.021), and multivariate analysis (hazard ratio [HR] of 0.297 
[range, 0.116 to 0.761] in ≥120 days). Younger age, better tumor 
status at failure of first-line treatment, and initial gemcitabine 
combined with erlotinib chemotherapy regimen failed to yield 
statistically significant result in multivariate analysis (Table 4).

Median OS after initiation of XELOX combination chemo-
therapy was 158 days (range, 118.1 to 197.9 days) (Fig. 2). Fac-
tors that significantly correlated with longer survival in univari-
ate analysis were better tumor stage at diagnosis or failure of 
first-line treatment, and longer duration between diagnosis and 
secondary chemotherapy (≥120 days). In multivariate analysis, 
significant factors related with longer survival were younger 

age, better tumor stage at failure of first-line treatment, gem-
citabine combined with erlotinib as first-line chemotherapy, and 
longer duration between diagnosis and secondary chemotherapy 
(≥120 days) (Table 5).

DISCUSSION

Second-line chemotherapy for PDAC is yet to be elucidated. 
Most recent guidelines recommend fluoropyrimidine-based 
therapy for patients initially treated with gemcitabine-based 
therapy.14 Several fluoropyrimidine-based combination regi-
mens were tried, and a recent study demonstrated that use of 
the fluoropyrimidine, 5-FU, in combination with oxaliplatin for 
therapy resulted in better survival than use of 5-FU alone.18 We 
expected that capecitabine can be used instead of 5-FU in the 
fluoropyrimidine and oxaliplatin combination regimen. In this 
study, we demonstrated a tumor control rate of 43.5%, a PFS 
of 88 days (range, 35.1 to 140.9 days), and a median OS of 158 
days (range, 118.1 to 197.9 days), when we used XELOX as a 
secondary chemotherapy regimen in patients with advanced 
or recurrent PDAC whose cancer had progressed with initial 
gemcitabine-based therapy. 

Earlier phase II trials using XELOX as second-line therapy 
for PDAC showed a tumor control rate of 28.6%, a PFS of 9.9 
weeks (range 9.6 to 14.5 weeks) and median OS of 23 weeks 
(range, 17.0 to 31.0 weeks) with 41 patients.22 These results are 
inferior to ours with respect to tumor control rate, and compa-
rable, in case of PFS and OS. The difference in study population 
may be the cause of this. We included a number of ECOG PS 2 

Fig. 1. Kaplan-Meier estimation of progression-free survival. The me-
dian progression-free survival of patients was 88 days (range, 35.1 to 
140.9 days). Patients who remained stable longer with frontline ther-
apy (>120 days) had significantly longer progression-free survival (61 
days [range, 53.9 to 68.1 days] in <120 days vs 116 days [range, 53.0 
to 179.0 days] in ≥120 days, p=0.021). Solid line indicates patients 
who remained stable for more than 120 days, and broken line indi-
cates patients who remained stable less than 120 days. Thick curve 
indicates overall patients.
Dx., diagnosis.
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patients, in contrast to the former, which included only a small 
number of ECOG PS 2 patients (41.9% vs 28.6%). Further, we 
included only 48.4% of metastatic patients but the earlier study 
included almost exclusively metastatic patients (95%). A recent 
study has demonstrated an overall disease control rate of 38.3%, 
PFS of 12 weeks (range, 9.8 to 14.4 weeks), and a median OS of 
23 weeks (range, 16.6 to 29.5 weeks),23 which are much similar 

to our study results. In their study, 34% of patients were ECOG 
PS 2, and 72.3% of the patients had metastatic disease. 

Most of the patients tolerated chemotherapy well, with low-
grade adverse events in some patients with poor medical condi-
tion. Thirteen of 62 patients (21.0%) stopped treatment due to 
the onset of adverse events or worsened general medical condi-
tion. Most of the grade 3 adverse events were gastrointestinal 

Table 4. Factors Related to Progression-Free Survival

Univariate analysis Multivariate analysis

Median PFS (95% CI) p-value HR (95% CI) p-value

Sex 0.141 0.259

    Male 126 (51.8–200.2) 1

    Female 72 (50.6–93.4) 1.694 (0.678–4.230)

Age, yr 0.386 0.276

    <65 116 (57.1–174.9) 1

    ≥65 72 (45.3–98.7) 1.490 (0.727–3.050)

Initial tumor stage 0.261

    Recurred tumor 56 (30.7–81.3)

    Stage III 116 (47.5–184.5)

    Stage IV 103 (32.8–173.2)

Tumor status at failure of first-line treatment 0.184 0.097

    Locally advanced 116 (44.0–188.0) 1

    Metastatic 69 (11.2–126.8) 1.970 (0.884–4.391)

ECOG performance status 0.762

    0 67 (0–268.6)

    1 103 (41.8–164.2)

    2 75 (58.2–91.8)

Hypertension 0.964

    No 75 (38.5–111.5)

    Yes 116 (55.2–176.8)

Diabetes 0.503

    No 116 (45.8–186.2)

    Yes  69 (22.6–115.4)

Initial chemothrapeutic regimen 0.052 0.076

    Gemcitabine+erlotinib 133 (50.9–215.1) 1

    Gemcitabine monotherapy 67 (50.9–83.1) 2.879 (1.153–7.193)

    Gemcitabine+cisplatin 88 (6.4–169.6) 1.236 (0.288–5.301)

Diagnosis to secondary chemotherapy, day 0.021 0.012

    <120 61 (53.9–68.1) 1

    ≥120 116 (53.0–179.0) 0.297 (0.116–0.761)

Surgical resection 0.356

    No 103 (50.5–155.5)

    Yes  56 (30.9 – 81.1)

Concurrent chemoradiotherapy 0.858

    No 116 (51.1–180.9)

    Yes  72 (52.1–91.9)

PFS, progression-free survival; CI, confidence interval; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group.
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problems (e.g., anorexia, vomiting, diarrhea, and oral mucositis). 
The frequency of adverse events was slightly more common 
in our study than in previous studies22,23 which may reflect the 
worse general condition of our study patients at initiation of 
XELOX combination chemotherapy. There was one treatment 
related death caused by severe neutropenia and typhlitis; how-
ever, the patient was 82 years old at initiation of the treatment, 

and tumor progression had been documented at the time of 
death. 

In our study, patients who remained stable longer with front-
line therapy had significantly longer PFS during second-line 
XELOX combination therapy. Other factors including sex, age, 
initial or subsequent tumor stage, previous treatment modality, 
performance status, or underlying disease were not significantly 

Table 5. Factors Related to Overall Survival 

Univariate analysis Multivariate analysis

Median OS (95% CI) p-value HR (95% CI) p-value

Sex 0.722 0.949

    Male 184 (91.4–204.6) 1

    Female  158 (104.5–211.5) 1.042 (0.546–1.987)

Age, yr 0.155 0.003

    <65  173 (145.1–200.9) 1

    ≥65 117 (75.8–158.2) 2.411 (1.297–4.483)

Initial tumor stage 0.018

    Recurred tumor 139 (77.0–201.0)

    Stage III  196 (125.7–266.3)

    Stage IV 122 (46.9–197.1)

Tumor status at failure of first-line treatment 0.016 0.004

    Locally advanced 177 (116.0–238.0) 1

    Metastatic 131 (79.2–182.8) 2.583 (1.316–5.069)

ECOG performance status 0.254

    0 158 (94.4–221.6)

    1  173 (147.1–198.9)

    2 104 (56.5–151.5)

Hypertension 0.747

    No 158 (118.0–198.0)

    Yes 227 (64.8–389.2)

Diabetes 0.509

    No 129 (109.9–148.1)

    Yes 177 (139.0–215.0)

Initial chemothrapeutic regimen 0.105 0.011

    Gemcitabine+erlotinib 187 (128.7–245.3) 1

    Gemcitabine monotherapy 132 (71.6–192.4) 3.070 (1.452–6.490)

    Gemcitabine+cisplatin 139 (103.8–174.2) 2.309 (0.641–8.318)

Diagnosis to secondary chemotherapy, day 0.006 <0.001

    <120 117 (62.7–171.3) 1

    ≥120 177 (136.5–217.5) 0.265 (0.127–0.551)

Previous surgical resection 0.878

    No 158 (119.1–196.9)

    Yes 177 (108.8–245.2)

Previous concurrent chemoradiotherapy 0.187 0.892

    No 148 (100.8–195.2) 1

    Yes 187 (126.6–247.4) 0.954 (0.448–2.030)

OS, overall survival; CI, confidence interval; HR, hazard ratio; ECOG, Eastern Cooperative Oncology Group.
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related with PFS. Patients who remained stable longer with 
frontline therapy also had significantly longer OS. The correla-
tion between longer duration of first-line therapy and longer 
PFS was already shown in previous studies that have investigat-
ed the efficacy of second-line chemotherapy in advanced PDAC 
patients.25,29 This is possibly related to less aggressive tumor 
biology of such patient.

The limitations of the present study are that the data were 
collected retrospectively, and no comparative analysis with 
other second-line therapy was performed. A number of patients 
(13 of 62, 21.0%) were not followed up until the first response 
evaluation. However, we were able to acquire the date of death 
in all of the patients at the study endpoint, which enables us 
to reduce the limitations of retrospective study. This study was 
significant since we included a relatively large number of pa-
tients compared with previous studies and many of the included 
patients were ECOG PS 2, which reflects real practice. We also 
tried to reveal the significant factors for better prognosis, and 
some of these factors significantly correlated with better prog-
nosis in multivariate analysis.

In our study, XELOX combination chemotherapy showed 
acceptable response rate and survival rate, and the adverse 
events were manageable. We concluded that XELOX combina-
tion chemotherapy may a good option as salvage treatment for 
advanced pancreatic cancer patients whose cancers have pro-
gressed on gemcitabine-based chemotherapy.
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