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Conclusions  FGS might be effective and well tolerated as 
salvage chemotherapy in a practical setting. The inflamma-
tion-based prognostic score is a simple and reliable indica-
tor of survival in the setting of salvage chemotherapy.
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Introduction

Gemcitabine (GEM) monotherapy has been applied for 
advanced pancreatic cancer (PC) as a standard treatment 
since a randomized controlled trial demonstrated improved 
overall survival (OS) compared with that with fluoroura-
cil [1]. Although various GEM-based combination regi-
mens have been evaluated, only nab-paclitaxel or erlotinib 
added to GEM showed a survival benefit over GEM alone 
in a phase III study [2–4]. Fluorouracil/leucovorin plus 
irinotecan plus oxaliplatin (FOLFIRINOX), a GEM-free 
combination regimen, demonstrated a clear survival benefit 
compared with GEM for patients with metastatic PC [5]. 
Therefore, these combination therapies have been consid-
ered to be standard first-line therapies.

However, after disease progression during first-line 
chemotherapy, the options for further anticancer treatment 
are limited. In Japan, clinical trials of S-1 (TS-1; Taiho 
Pharmaceutical, Tokyo, Japan) have been conducted since 
the early 2000s for patients with PC. A phase II study of 
S-1 first-line monotherapy led to a median progression-
free survival (PFS) time of 2.0  months and a median OS 
time of 4.5  months in GEM-refractory metastatic PC [6]. 
In GEM-refractory metastatic PC, a recent phase I/II study 
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of fixed dose infusion (FDR) GEM and S-1 combination 
therapy (FGS) yielded results that demonstrated activity 
including a response rate of 18 %, a median PFS time of 
2.8 months, and a median OS time of 7.0 months, with a 
favorable toxicity profile [7]. A randomized phase II study 
comparing GEM administration via 30-min infusion and 
FDR infusion showed that FDR-GEM was associated with 
higher intracellular drug concentrations and efficacy [8]. 
A phase III study E6201 designed to test two promising 
approaches, FDR-GEM and GEM and oxaliplatin combi-
nation therapy (GEMOX), against standard GEM showed 
that OS time for FDR-GEM was longer than that for stand-
ard GEM (p  =  0.04), but the difference was not statisti-
cally significant with respect to the parameters of the study 
(p  <  0.025) [9]. The results of a phase I/II study of FGS 
for GEM-refractory PC suggested that even after the failure 
of standard GEM, the increased intracellular concentration 
of GEM as a result of FDR infusion and/or the synergistic 
effect of GEM and S-1 might play an important role in the 
antitumor effect of FGS for advanced GEM-refractory PC.

No standard salvage chemotherapy has been established 
for patients with advanced PC after the failure of GEM-based 
treatment. It is important to clarify the prognostic factors for 
patients with GEM-refractory advanced PC as well as to 
evaluate the efficacy and safety of salvage chemotherapy. 
With respect to measurement of the systemic inflammatory 
response, the combination of C-reactive protein and albu-
min (the original Glasgow prognostic score and the modified 
Glasgow prognostic score (mGPS)) has been shown to have 
prognostic value in a variety of common solid tumors [10, 
11]. To our knowledge, there has been no report on the rela-
tionship between the modified Glasgow prognostic score and 
outcome in salvage chemotherapy for advanced PC.

As noted above, FGS was reported to provide promis-
ing antitumor activity and tolerable toxicity in patients 
with GEM-refractory PC. However, the previous study of 
FGS was limited in patient number, and the efficacy and 
safety of FGS for patients with GEM-refractory advanced 
PC are not well known. The aim of the present study was 
to retrospectively evaluate the efficacy and safety of FGS 
as salvage chemotherapy for advanced GEM-refractory PC 
in a clinical setting and to establish a method of selecting 
patients who will benefit from salvage chemotherapy.

Materials and methods

The subjects were consecutive patients with advanced 
GEM-refractory PC who received FGS between March 
2009 and December 2013 as second-line or third-line treat-
ment at Kyorin University Hospital. We retrospectively 
reviewed their medical records. All patients had a patho-
logical and clinical diagnosis of PC. Informed consent was 

obtained from each patient, and this retrospective study was 
approved by the independent ethics committee of Kyorin 
University School of Medicine.

Eligibility

The patient selection criteria for this study were as fol-
lows: both a pathological and clinical diagnosis of PC; 
disease progression under GEM-based chemotherapy; an 
Eastern Cooperative Oncology Group performance sta-
tus (PS) of 0–2; good bone marrow function (white blood 
cell count ≥3,000/mm3, platelet count ≥75,000/mm3, and 
hemoglobin ≥8.0  g/dl); renal function (serum creatinine 
≤1.5  mg/dl); and liver function (total bilirubin ≤2.0  mg/
dl and transaminase levels ≤5 times the upper limit of 
the respective normal ranges). Patients who had obstruc-
tive jaundice were eligible, but only after their serum 
transaminase levels had decreased to within five times the 
upper normal limit after biliary drainage. Exclusion crite-
ria were as follows: severe complications, such as active 
infection, uncontrolled diabetes, massive pleural effusion 
or ascites, active concomitant malignancy, or severe drug 
hypersensitivity.

Treatment

GEM was administered every 2 weeks by FDR intravenous 
infusion of 1,200 mg/m2/120 min on day 1. S-1 was admin-
istered orally twice daily on day 1 to day 7, followed by 
a 1-week rest. The initial dose was determined according 
to the body surface area (BSA) as follows: BSA < 1.25 m2, 
80 mg/day; 1.25 m2 ≤ BSA < 1.50 m2, 100 mg/day; and 
BSA  ≥  1.50  m2, 120  mg/day. Treatment cycles were 
repeated every 2 weeks until disease progression or unac-
ceptable toxicity occurred.

Evaluation

Tumor response was assessed approximately every 
2  months by contrast-enhanced computed tomography 
according to the Response Evaluation Criteria in Solid 
Tumors (RECIST, version 1.1). Toxicity was evalu-
ated according to the Common Terminology Criteria for 
Adverse Events (CTCAE) version 4.0. Laboratory vari-
ables were initially recorded as continuous variables, and 
later dichotomized according to the median and refer-
ence value of each variable. mGPS was constructed, using 
C-reactive protein and albumin, as follows: Patients with 
both elevated C-reactive protein (≥1.0  mg/dl) and low 
albumin (<3.5 g/dl) were allocated a score of 2; patients in 
whom only C-reactive protein was elevated (≥1.0  mg/dl) 
were allocated a score of 1, and those with normal C-reac-
tive protein were allocated a score of 0 [11].
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Statistical analysis

PFS was counted from the date of treatment initiation to 
the date of documentation of disease progression or death, 
and OS was counted from the date of treatment initiation 
to the date of death or the last follow-up. OS and PFS 
were calculated using the Kaplan–Meier method. Sub-
group analyses were evaluated with the log-rank test, and 
prognostic factors were identified by univariate analy-
sis. Multivariate analysis was carried out using stepwise 
Cox proportional hazards regression modeling to identify 
independent prognostic factors. For the analysis of fac-
tors predictive for response to FGS, the univariate rela-
tionship between each clinical variable and the achieve-
ment of partial response was evaluated using Pearson’s 
Chi-square test or Fisher’s exact probability test. These 
variables were also evaluated by a multivariate logistic 
regression model using backward stepwise selection. The 
variables with p values <0.1 were selected for multivariate 
analysis. P values <0.05 were considered statistically sig-
nificant. The SPSS statistical software program (version 
20.0; SPSS, Chicago, IL, USA) was used for all statistical 
analyses.

Results

Between March 2009 and December 2013, 61 patients with 
GEM-refractory PC received FGS. The patient characteristics 
of the subjects are shown in Table 1. Of the 61 patients, the 
median age was 63 years, 40 (66 %) were male, 58 (95 %) 
had an ECOG PS of 0–1, and 60 (98 %) had metastatic dis-
ease. Disease progression had been confirmed before FGS 
in all patients. All patients had received prior GEM-based 

Table 1   Patient characteristics

Patients (n = 61) Percent (%)

Age (years)

 Median 63

 Range 37–83

Gender

 Male 40 (66)

 Female 21 (34)

ECOG performance status

 0 22 (36)

 1 36 (59)

 2 3 (5)

Primary tumor

 Head 29 (48)

 Body/tail 32 (52)

Extent of disease

 Locally advanced 1 (2)

 Metastatic 48 (79)

 Recurrence after surgery 12 (20)

Metastatic site

 Liver 38 (62)

 Lung 17 (28)

 Peritoneum 36 (59)

 Lymph node 45 (74)

 Ascites 22 (36)

Prior treatment

 First Line

  GEM 37 (61)

  GEM+S-1 19 (31)

  GEM+erlotinib 1 (2)

  GEM+ganitumab 2 (3)

  GEM+nab-paclitaxel 1 (2)

  S1 1 (2)

 Second Line

  Yes 17 (28)

   S-1 9 (15)

   GEM+S-1 2 (3)

   GEM 1 (2)

   Clinical trial drug 3 (5)

   Others 2 (3)

  No 44 (72)

History of S-1 administration

 Yes 29 (48)

 No 32 (52)

TTF of prior treatment (months)

 Median 6.3

 Range 0.47–32.43

CEA (ng/ml)

 Median 8.6

 Range 0.9–1,412

CA19-9 (IU/ml)

ECOG, Eastern Cooperative Oncology Group; GEM, gemcitabine; 
TTF, time to treatment failure; CEA, carcinoembryonic antigen; 
CA19-9, carbohydrate antigen 19-9; ALP, alkaline phosphatase; Alb, 
albumin; CRP, C-reactive protein

Table 1   continued

Patients (n = 61) Percent (%)

 Median 1,805

 Range 0.1–120,000

ALP (IU/l)

 Median 301

 Range 147–1,429

Alb (g/dl)

 Median 3.7

 Range 2.3–4.6

CRP (mg/dl)

 Median 0.3

 Range 0.0–7.1
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therapy. Before FGS, 44 (72 %) received one regimen, and 
17 (28 %) received two regimens. As for prior treatment regi-
mens, 29 (48 %) had received S-1 as monotherapy or GEM 
plus S-1 combination therapy. Median time to treatment fail-
ure of prior treatment was 6.3 months (range 0.5–32.4).

A total of 542 courses were administered, with a 
median of five courses (range 1–62). Dose reduction in 
GEM and S-1 because of adverse events was conducted 
in 11 (18.0  %) and 12 (19.7  %) patients, respectively. 
A rest period of more than 14 days during treatment was 
required in 22 (36.1  %) patients. The relative dose inten-
sity for GEM and S-1 was 92.6 and 92.3 %, respectively. 
FGS was discontinued in 56 (91.8 %) patients because of 
disease progression and in five (8.2 %) patients because of 
adverse events (Grade 3 cholangitis in two patients, grade 3 
interstitial lung disease in one patient, grade 3 stroke in one 
patient, and grade 3 sick sinus syndrome in one patient). 
All the patients had died at the time of analysis.

After FGS treatment failure, 17 patients (27.9  %) 
received chemotherapy: paclitaxel in five patients, clini-
cal trial drugs in four patients, GEM monotherapy in four 
patients, and others in four patients.

Toxicity

The toxic effects are summarized in Table 2. Hematologic 
and non-hematologic toxicity were generally mild, with 
grade 3 neutropenia observed in nine patients (14.8  %), 
grade 3 diarrhea in two patients (3.3 %), grade 3 anorexia 
in only one patient (1.6 %), and grade 3 fatigue in only one 

patient (1.6  %). Grade 3 stroke, which was irreversible, 
occurred in one patient (1.6  %). Other than this case, all 
of the adverse events were reversible. There were no treat-
ment-related deaths.

Efficacy

Eight (13.1 %) patients showed a partial response and 22 
(36.1  %) showed stable disease, resulting in an overall 
objective response rate of 13.1 % and a disease control rate 
of 49.2 %. The median OS time was 6.0 months (95 % CI 
3.6–8.4), and the median PFS time was 2.7 months (95 % 
CI 1.9–3.5) (Fig. 1). The median OS time after the start of 
first-line therapy was 15.4 months.

Prognostic factors

The median survival time and p values for univariate anal-
ysis are shown in Table 3. Among these variables, ECOG 
performance status (PS) >0, the presence of ascites, serum 
carcinoembryonic antigen (CEA) level >10  ng/ml, serum 
carbohydrate antigen 19-9(CA19-9) level >2,000  IU/ml, 
serum alkaline phosphatase level (ALP) >500 IU/ml, serum 
albumin level (ALB) <3.5  g/dl, serum C-reactive protein 
(CRP) level ≥1.0 g/dl, and a high mGPS were significantly 
associated with poor survival. A previous history of S-1 
administration was not a prognostic factor. The results of 
the Cox proportional hazards model are shown in Table 4. 
High mGPS, ECOG PS >0, and CA19-9 level >2,000 IU/
ml were independently associated with a poor outcome.

Table 2   Toxicity according to 
CTCAE v 4.0

Grade

1 2 3 4

n n n n

Hematologic

 Anemia 41 (67 %) 20 (33 %) 0 (0 %) 0 (0 %)

 Leukopenia 12 (20 %) 11 (18 %) 7 (11 %) 0 (0 %)

 Neutropenia 10 (16 %) 9 (15 %) 9 (15 %) 1 (2 %)

 Thrombocytopenia 23 (38 %) 0 (0 %) 0 (0 %) 0 (0 %)

Non-hematologic (0 %) (0 %)

 Anorexia 32 (52 %) 14 (23 %) 1 (2 %) 0 (0 %)

 Nausea 21 (34 %) 11 (18 %) 0 (0 %) 0 (0 %)

 Diarrhea 19 (31 %) 5 (8 %) 2 (3 %) 0 (0 %)

 Oral mucositis 12 (20 %) 5 (8 %) 0 (0 %) 0 (0 %)

 Fatigue 38 (62 %) 14 (23 %) 1 (2 %) 0 (0 %)

 Dysgeusia 22 (36 %) 4 (7 %) 0 (0 %) 0 (0 %)

 Skin hyperpigmentation 24 (39 %) 0 (0 %) 0 (0 %) 0 (0 %)

 Vomiting 7 (11 %) 1 (2 %) 0 (0 %) 0 (0 %)

 Constipation 11 (18 %) 9 (15 %) 0 (0 %) 0 (0 %)

 Rash 3 (5 %) 1 (2 %) 0 (0 %) 0 (0 %)
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Predictive factors

The relationships between clinical factors and the attain-
ment of partial response to FGS were evaluated. ECOG PS 
>0 (p  =  0.103), site of primary lesion(p =  0.588), num-
ber of prior chemotherapy regimens (p  =  0.607), history 
of S-1 administration (p =  0.162), time to treatment fail-
ure of prior treatment (p  =  0.548), the presence of liver 
metastasis (p  =  0.346), the presence of lung metastasis 
(p  =  0.281), the presence of ascites (p  =  0.608), CEA 
level >10 ng/ml (p = 0.452), CA19-9 level >2,000  IU/ml 
(p = 0.588), ALP > 500 IU/ml (p = 0.128), ALB < 3.5 g/
dl (p = 0.136), CRP level ≥1.0 g/dl (p = 0.281), and a high 
mGPS (p =  0.153) were not significantly associated with 
response to FGS. There were no variables with p values 
<0.1 selected for multivariate analysis.

Discussion

This retrospective study of FGS in patients with GEM-
refractory PC demonstrated an ORR of 13 %, DCR of 49 %, 
and median PFS and OS of 2.7 and 6.0 months, respectively. 
FGS showed efficacy in both S-1-naïve and non-naïve 
patients in this study. We explored the independent variables 
associated with survival in a salvage chemotherapy setting 
for advanced PC. This study demonstrated that the inflam-
mation-based prognostic score (mGPS) was independently 
associated with survival in patients with GEM-refractory 
advanced PC receiving salvage chemotherapy.

In regard to treatment for GEM-refractory PC, the 
results of a randomized trial comparing best supportive 
care (BSC) versus oxaliplatin, fluorouracil, and folinic acid 
(OFF) indicated the benefit of second-line chemotherapy as 
compared to BSC alone for patients with GEM-refractory 
advanced pancreatic cancer. Median second-line survival 
time was 4.8 months for OFF treatment and 2.3 months for 
BSC alone [12]. However, since the patient number was 
small (n = 46), OFF has not been recognized as standard 
salvage chemotherapy in patients with advanced pancre-
atic cancer. Thus, no standard salvage chemotherapy has 
been established. Several clinical trials (mainly phase II) 
of oral fluoropyrimidine monotherapy such as S-1 have 
been conducted in patients with advanced PC after fail-
ure of first-line GEM or a GEM-based combination regi-
men [6, 13–16]. Median PFS time and median OS time 
of oral fluoropyrimidine monotherapy were 2.1–4.1 and 
4.5–7.6  months (Table  5), which are almost the same as 
the results of a previous prospective study of FGS [7]. As 
FOLFIRINOX regimen demonstrated survival benefit over 
GEM in first-line setting, it could be promising salvage 
chemotherapy for GEM-refractory patients. Although there 
is no prospective study using FOLFIRINOX in second-
line setting. A retrospective analysis of 27 patients with 
GEM-refractory PC showed median time to progression of 
5.4 months, and median OS was 8.5 months [17]. Another 
retrospective from Korea assessed 18 patients with GEM-
refractory PC noted progression-free survival of 2.8 months 
and overall survival of 8.4 months [18]. These results sug-
gest the modest clinical activity regarding efficacy with the 

Fig. 1   Kaplan–Meier curves 
for overall survival (black line) 
and progression-free survival 
(dotted line). Median progres-
sion-free survival and overall 
survival were 2.7 months (95 % 
CI 1.9–3.5) and 6.0 months 
(95 % CI 3.6–8.4), respectively
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FOLFIRINOX regimen as a second-line treatment. How-
ever, FOLFIRINOX is a potentially highly toxic combina-
tion of drugs with serious side effects, and only patients 
with good performance status are candidates for the regi-
men even in the first-line setting. Significant toxicity is a 
concern with FOLFIRINOX in any setting. Prospective 
studies are needed to better define risks and to determine 
FOLFIRINOX in the salvage setting.

Whether gemcitabine as FDR infusion is active even 
after progression during treatment with standard 30-min 
administration of GEM was the critical clinical question 
examined in this study. Differentiation between the relative 
roles of GEM and S-1 in overcoming tumor resistance is 
difficult. This retrospective study included patients with a 
history of S-1 administration. Subgroup analysis showed 
that a history of S-1 administration was not a significant 
prognostic factor (p = 0.842). This might suggest that FDR 
infusion of gemcitabine is efficacious ever after failure of 
standard GEM-based regimens.

Regarding toxicity, grade 3–4 adverse events were not 
frequent. One death was observed after grade 3 stroke, in 
a patient with other risk factors, such as age of 82  years 
and poor performance status. Other than this event, most 
episodes were reversible, and treatment was generally well 
tolerated in this study. The median relative dose intensity 
of GEM and S-1 was 92.6 and 92.3 %, respectively, indi-
cating that treatment was carried out as scheduled in most 
patients. The safety profile in this study suggests that FGS 
can be safely administered to patients with PC even in a 
salvage setting, at least in selected populations. Since the 
FGS regimen was applied in a practical setting in this study, 
physical examination and laboratory tests usually were not 
conducted on day 8. The biweekly schedule allows enough 
time for recovery from myelosuppression and non-hemato-
logic toxicity before the following cycle, enabling patients 
to receive treatment as scheduled.

Subgroup analysis of this study showed that high mGPS, 
high CA19-9 level, and poor PS were independently asso-
ciated with a poor outcome. Previous reports indicated that 

Table 3   Univariate analysis of prognostic factors for FGS-treated 
patients

ECOG, Eastern Cooperative Oncology Group; GS, gemcitabine and 
S-1 combination therapy; TTF, time to treatment failure; CEA, car-
cinoembryonic antigen; CA19-9, carbohydrate antigen 19-9; ALP, 
alkaline phosphatase; Alb, albumin; CRP, C-reactive protein; mGPS, 
modified Glasgow prognostic scale

n Median survival (months) p value

ECOG performance status

 0 22 9.6 0.006

 1, 2 39 4.2

Primary tumor

 Head 29 7.4 0.562

 Body/tail 32 5.1

Prior chemotherapy

 First Line 44 6.1 0.911

 Second Line 17 5.2

History of S-1 administration (including GS therapy)

 Yes 29 5.1 0.842

 No 32 7.1

TTF of prior treatment (months)

 ≦6 28 5.0 0.506

 >6 33 7.4

Liver metastasis

 Present 38 4.6 0.095

 Absent 23 9.6

Lung metastasis

 Present 17 5.1 0.490

 Absent 44 7.1

Ascites

 Present 22 3.9 0.021

 Absent 39 7.5

CEA (ng/ml)

 ≦10 33 9.6 <0.001

 >10 28 4.6

CA19-9 (IU/ml)

 ≦2,000 32 7.1 0.028

 >2,000 29 4.8

ALP (IU/l)

 ≦500 48 7.4 <0.001

 >500 13 2.7

Alb (g/dl)

 <3.5 22 3.6 <0.001

 ≧3.5 39 7.6

CRP (mg/dl)

 <1.0 44 7.6 <0.001

 ≧1.0 17 2.4

mGPS

 Low (0, 1) 49 7.5 <0.001

 High (2) 12 2.0

Table 4   Multivariate analysis of prognostic factors for FGS-treated 
patients

mGPS, modified Glasgow prognostic scale; CA19-9, carbohydrate 
antigen 19-9; ECOG, Eastern Cooperative Oncology Group

Variable Odds ratio 95 % confidence 
interval

p value

High mGPS (2) 6.605 2.965–14.709 <0.001

CA19-9 > 2,000 2.573 1.448–4.573 0.001

ECOG performance 
status >0

2.192 1.192–4.031 0.012



463Cancer Chemother Pharmacol (2015) 75:457–464	

1 3

PS, CRP, ALB, and inflammation-based prognostic score 
were important prognostic factors in a first-line setting 
[19–22]. mGPS was reported to be identified as an inde-
pendent predictor of survival in patients undergoing poten-
tially curative pancreatic resection [23]. It is now widely 
accepted that inflammation-based prognostic score is a 
reliable indicator of survival for several malignant tumors 
[10, 11]. Our results suggested that it is also an important 
prognostic factor in the setting of salvage chemotherapy for 
advance pancreatic cancer.

It is important to point out the limitations of this retro-
spective study. Patients who received FGS may have been 
more fit, better able to tolerate it and therefore more likely 
to derive benefit from it. In addition, the gap between the 
median OS time and the median PFS time in the present 
study was relatively large. In this study, 27.9 % of patients 
received chemotherapy after failure of FGS. Post-treat-
ment, including paclitaxel and clinical trial drugs may 
prolong the survival of selected patients. Although the rea-
son for this gap is unknown, bias arising from the selec-
tion of patients with a good general condition may explain 
these findings. On the other hand, this retrospective study 
included patients after failure of second-line chemotherapy 
as well as those after failure of first-line chemotherapy. It 
thus seems that the patient backgrounds were rather poor 
when compared to those in recent phase II trials [6, 7, 13, 
15].

In conclusion, FGS as salvage chemotherapy in patients 
with GEM-refractory advanced PC might be effective and 
well tolerated in a practical setting. Furthermore, the FGS 
regimen might possibly show some benefit in patients even 
after both GEM and S-1 failure. These results suggest that 
it would be of value to further investigate FGS in a clini-
cal trial in patients with GEM-refractory pancreatic cancer. 
mGPS is simple and useful as a novel predictor of survival 
for patients with GEM-refractory advanced PC. mGPS is 
helpful for planning salvage treatment for these patients.
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