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Abstract

Background We aimed to construct a prognostic model to
predict survival in patients with advanced pancreatic can-
cer (APC) receiving palliative chemotherapy using readily
available pretreatment factors.

Methods The model was constructed using data from
306 consecutive patients with APC who received palliative
chemotherapy between January 2006 and March 2013. The
predictive accuracy of the model was assessed using a con-
cordance index (c-index) and calibration curves.

Results Among the 12 potential prognostic factors inves-
tigated, multivariate analysis identified the following six
independent negative prognostic factors—performance
status (PS), the presence of distant metastatic disease, the
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status of initially unresectable disease, carcinoembryonic
antigen (CEA) level, carbohydrate antigen 19-9 (CA19-9)
level, and neutrophil-lymphocyte ratio (NLR). A prog-
nostic index (PI) based on the coefficients of these fac-
tors was constructed as follows—PI = 2 (if PS 2-3) + 1
(if distant metastatic disease) + 1 (if initially unresectable
disease) + 1 (if CEA level >5.0 ng/ml) 4+ 1 (if CA 19-9
level >1,000 U/ml) + 2 (if NLR >5). The patients were
classified into three prognostic groups—favorable (PI 0-1,
n = 73), intermediate (PI 2-3, n = 145), and poor (PI 4-8,
n = 88). The median overall survival times for each prog-
nostic group were 16.5, 12.3, and 6.2 months, respectively
(P <0.001). Bootstrapping verified the good fitness of this
model for predicting 1-year survival, and the c-index was
0.658.

Conclusions This simple prognostic model could help
clinicians to estimate survival in patients with APC who
receive palliative chemotherapy.

Keywords Pancreatic cancer - Palliative chemotherapy -
Prognostic model

Introduction

Pancreatic cancer, particularly pancreatic ductal adeno-
carcinoma, is among the most intractable types of cancer
and the 5-year survival rate rarely exceeds 5 % [1]. Despite
significant recent improvements in diagnostic techniques
and therapeutic modalities, the prognosis of patients with
pancreatic cancer remains poor because the majority of
patients present with advanced disease or experience recur-
rence despite curative surgery. Palliative chemotherapy has
been shown to prolong survival in patients with advanced
pancreatic cancer (APC), but their prognosis is generally
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very poor. Therefore, it is important to identify prognostic
factors and predict patient survival to help clinicians imple-
ment better therapeutic strategies.

Several clinical and laboratory factors have been iden-
tified as independent prognostic factors in patients with
APC [2-8]. Recently, we reported that an increased neu-
trophil-lymphocyte ratio (NLR) and the status of initially
unresectable disease are associated with a poor prognosis
in patients with APC [9, 10]. NLR is an easily obtained
clinical biomarker and numerous studies have shown that
an increased NLR is strongly associated with poor cancer-
specific survival in various cancers [11-16]. Thus, it is
necessary to integrate several prognostic factors for each
patient to more accurately predict survival, and prognos-
tic models for predicting survival have been proposed
for various cancers [17-20]. However, few studies have
reported clinically available prognostic models for pre-
dicting survival in patients with APC receiving palliative
chemotherapy.

The aim of this study was to construct a prognostic
model to predict survival in patients with APC receiving
palliative chemotherapy using readily available clinical and
laboratory factors that are assessed during routine clinical
management.

Patients and methods
Patients

We evaluated data from 306 consecutive patients who
received first-line palliative chemotherapy for unresectable
or recurrent pancreatic cancer at Kyoto University Hospi-
tal or Kitano Hospital between January 2006 and March
2013. All patients were histopathologically or cytologi-
cally diagnosed with pancreatic ductal adenocarcinoma and
underwent at least one chemotherapy cycle. Chemothera-
peutic regimens included gemcitabine monotherapy [21],
S-1 monotherapy [22], gemcitabine plus S-1 combination
therapy [23], and gemcitabine plus erlotinib combination
therapy [24]. The standard doses and regimen schedules
were adjusted at the discretion of the treating physicians
according to the incidence of adverse events or the general
condition of the individual patient. Patient characteristics
evaluated for prognostic significance were age; sex; Eastern
Cooperative Oncology Group (ECOG) performance status
(PS) score [25]; presence of distant metastatic disease; sta-
tus of recurrent or initially unresectable disease; the levels
of lactate dehydrogenase (LDH), albumin, C-reactive pro-
tein (CRP), carcinoembryonic antigen (CEA), and carbohy-
drate antigen 19-9 (CA 19-9); NLR; and platelet-lympho-
cyte ratio (PLR). LDH, albumin, CRP, NLR, and PLR were

obtained 0-7 days before the initiation of chemotherapy.
CEA and CA 19-9 were assessed by the most recent val-
ues obtained before chemotherapy initiation. NLR and PLR
were derived by respectively dividing either neutrophil or
platelet counts with the lymphocyte count. These cut-off
values were decided according to published studies [9, 10,
26-28]. This study was approved by the institutional review
boards of both hospitals.

Statistical analysis

Overall survival was defined as the period from the date
of chemotherapy initiation to the date of death from any
cause or censored on the last follow-up visit. In patients
with recurrent disease, the date of chemotherapy initiation
after the relapse of cancer was chosen. Data from patients
who were alive at the end of the follow-up period (March
2014) were regarded as censored. Overall survival and
1- and 2-year survival rates were analyzed using Kaplan—
Meier curves, and P values were calculated using the log-
rank tests. A P value <0.05 was considered statistically sig-
nificant. The Cox proportional hazards model was used to
estimate the hazard ratio (HR). The regression coefficient
(B) for each independent prognostic factor was derived
from the Cox regression equation (HR = ¢?) and rounded
to score as described elsewhere [29].

The model performance was assessed with respect to
calibration and discrimination [30]. Calibration was exam-
ined using calibration curves of the relationship between
the observed 1-year survival rate and the predicted prob-
abilities for each group. We used bootstrapping with 200
repetitions to obtain relatively unbiased estimates. Discrim-
ination was evaluated by the concordance index (c-index)
[31]. Statistical analyses were performed with StatView
version 5.0 (SAS institute Inc., Cary, NC, USA) and R
version 2.15.3 (R Foundation for Statistical Computing,
Vienna, Austria).

Results
Patient characteristics

Of the 306 patients, 249 (81.4 %) died and the median fol-
low-up time was 10.8 months (range 1.7-72.1). The clini-
cal characteristics of the patients are shown in Table 1. The
median age was 67 years (range 31-86). Gemcitabine mon-
otherapy was most commonly used as the first-line regimen
(n = 180; 58.8 %). Other regimens included gemcitabine
plus S-1 combination therapy (n = 96; 31.4 %), S-1 mon-
otherapy (n = 28; 9.1 %), and gemcitabine plus erlotinib
combination therapy (n = 2; 0.7 %).
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Table 1 Baseline characteristics of the patients

Characteristics Number of patients (%)
(n =306)

Age

<65 122 (39.9)

>65 184 (60.1)
Sex

Female 148 (48.4)

Male 158 (51.6)
ECOG performance status score

0-1 294 (96.1)

2-3 12 (3.9)
Presence of distant metastatic disease

Non-distant metastatic 80 (26.1)

Distant metastatic 226 (73.9)
Status of recurrent or initially unresectable disease

Recurrent 73 (23.9)

Initially unresectable 233 (76.1)
LDH (UN)

<250 264 (86.3)

>250 42 (13.7)
Albumin (g/dl)

<3.5 84 (27.5)

>3.5 222 (72.5)
CRP (mg/dl)

<0.5 205 (67.0)

>0.5 101 (33.0)
CEA (ng/ml)

<5.0 166 (54.2)

>5.0 140 (45.8)
CA19-9 (U/ml)

<1,000 216 (70.6)

>1,000 90 (29.4)
Neutrophil lymphocyte ratio

<5 257 (84.0)

>5 49 (16.0)
Platelet lymphocyte ratio

<150 126 (41.2)

>150 180 (58.8)
First-line chemotherapeutic regimens

Gemcitabine monotherapy 180 (58.8)

Gemcitabine and S-1 96 (31.4)

S-1 monotherapy 28 (9.1)

Gemcitabine and erlotinib 2(0.7)

ECOG Eastern Cooperative Oncology Group, LDH lactate dehy-
drogenase, CRP C-reactive protein, CEA carcinoembryonic antigen,
CA19-9 carbohydrate antigen 19-9
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Identification of prognostic factors by multivariate
analysis

The results of univariate and multivariate analyses are sum-
marized in Table 2. Of the 12 factors tested in the univari-
ate analysis, the following 10 factors were identified as sig-
nificant (at P < 0.05)—ECOG PS score (0-1 or 2-3), the
presence of distant metastatic disease (non-distant meta-
static or distant metastatic disease), the status of recurrent
or initially unresectable disease (recurrent or initially unre-
sectable disease), LDH level (<250 or >250 U/I), albumin
level (<3.5 or >3.5 g/dl), CRP level (<0.5 or >0.5 mg/dl),
CEA level (<5.0 or >5.0 ng/ml), CA 19-9 level (<1,000
or >1,000 U/ml), NLR (<5 or >5), and PLR (<150
or >150). After multivariate analysis, the following six fac-
tors remained as independent negative prognostic factors—
ECOG PS score (2-3), the presence of distant metastatic
disease (distant metastatic disease), the status of recurrent
or initially unresectable disease (initially unresectable dis-
ease), CEA level (>5.0 ng/ml), CA 19-9 level (>1,000 U/
ml), and NLR (>5).

Establishment of the prognostic model

The prognostic model was based on the regression coef-
ficients of the six significant independent negative prog-
nostic factors, and the significant prognostic factors were
assigned a prognostic index (PI) score (Table 3). If a fac-
tor was not independently significant, a score of 0 was
assigned. The value of each significant prognostic fac-
tor was summed to obtain a PI as follows—PI = 2 (if PS
2-3) 4+ 1 (if distant metastatic disease) + 1 (if initially
unresectable disease) + 1 (if CEA level >5.0 ng/ml) 4 1 (if
CA 19-9 level >1,000 U/ml) + 2 (if NLR >5). PI was dis-
tributed between 0 and 8 (0, n = 13; 1, n = 60; 2, n = 78;
3,n=67;4,n=63;5n=11;6,n =12; 7, n = 1; 8,
n = 1). Patients were categorized into the following three
prognostic groups—favorable (PI 0-1, n = 73), intermedi-
ate (PI 2-3, n = 145), and poor (PI 4-8, n = 88).

The median overall survival time of the 306 patients was
11.3 months (95 % confidence interval [CI], 10.2-12.4) and
the 1-year survival rate was 45.9 % (95 % CI 40.3-51.5)
(Fig. 1; Table 4). On the other hand, the median overall sur-
vival times for the favorable, intermediate, and poor prog-
nosis groups were 16.5 (95 % CI 13.3-18.7), 12.3 (95 % CI
10.9-13.7), and 6.2 (95 % CI 4.4-8.0) months, respectively,
whereas the 1-year survival rates were 67.3 % (95 % CI
56.3-78.3), 51.3 % (95 % C1 42.9-59.7), and 19.1 % (95 %
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Table 2 Univariate and multivariate analysis of prognostic factors for survival
Characteristics Number of patients Median OS (95 % CI) Univariate analysis Multivariate analysis
HR 95 % CI P value HR 95 % CI P value

Age

<65 122 11.0 (9.5-12.5) 1

>65 184 11.7 (9.7-13.7) 1.05 0.81-1.35 0.73
Sex

Female 148 11.2 (10.6-11.8) 1

Male 158 11.7 (10.2-13.2) 1.03 0.80-1.32 0.82
ECOG PS score

0-1 294 11.7 (10.1-13.3) 1

2-3 12 4.3 (3.1-5.5) 2.29 1.28-4.10 <0.01 2.04 1.11-3.76 0.02
Presence of distant metastatic disease disease

Non-distant metastatic ~ 80 15.0 (9.8-20.2) 1

Distant metastatic 226 10.8 (9.8-11.8) 1.96 1.43-2.67 <0.01 1.68 1.22-2.32 <0.01
Status

Recurrent 73 14.0 (7.7-20.3) 1

Initially unresectable 233 10.8 (10.0-12.6) 1.73 1.27-2.35 <0.01 1.50 1.08-2.09 0.02
LDH (U/1)

<250 264 12.0 (11.4-12.6) 1

>250 42 5.8 (1.2-10.4) 1.48 1.04-2.11 0.03 1.28 0.87-1.87 0.21
Albumin (g/dl)

>3.5 222 12.0 (11.5-12.5) 1

<35 84 9.0 (8.2-9.8) 1.46 1.10-1.93 0.01 0.80  0.59-1.09 0.17
CRP (mg/dl)

<0.5 205 12.8 (11.1-14.5) 1

>0.5 101 8.5 (2.0-15.0) 1.84 1.41-2.39 <0.01 1.24 0.93-1.65 0.15
CEA (ng/ml)

<5.0 166 13.4 (12.6-14.2) 1

>5.0 140 10.0 (9.5-10.5) 1.75 1.36-2.26 <0.01 1.46 1.11-1.91 <0.01
CA19-9 (U/ml)

<1,000 216 13.3 (12.2-14.4) 1

>1,000 90 7.1 (4.4-9.8) 2.14 1.63-2.81 <0.01 1.65 1.21-2.24  <0.01
NLR

<5 257 12.3 (10.3-14.3) 1

>5 49 4.8 (3.1-6.5) 2.48 1.78-3.46 <0.01 2.54 1.75-3.69 <0.01
PLR

<150 126 13.4 (12.7-14.1) 1

>150 180 10.3 (7.9-12.7) 1.33 1.03-1.72 0.03 096  0.72-1.28 0.78

ECOG Eastern Cooperative Oncology Group, LDH lactate dehydrogenase, CRP C-reactive protein, CEA carcinoembryonic antigen, CA79-9 car-
bohydrate antigen 19-9, NLR neutrophil-lymphocyte ratio, PLR platelet—lymphocyte ratio

CI 10.5-27.7), respectively (P < 0.001; Fig. 2; Table 4). In
addition, the 2-year survival rates were 38.9 % (95 % CI
26.9-50.9), 14.2 % (95 % CI 7.7-20.7), and 3.1 % (95 %
CI 0-7.2), respectively (Table 4). If the favorable prognosis
group was set as reference, the HRs of the intermediate and
poor prognosis group were 2.06 (95 % CI 1.46-2.91) and
3.95 (95 % CI 2.69-5.81), respectively.

Validation of the prognostic model

This model was well calibrated to predict 1-year survival,
where overestimation (2.4 % and 0.2 % in the favorable
and poor prognosis groups, respectively) and underesti-
mation (3.6 % in the intermediate prognosis group) were
observed (Fig. 3). The c-index of the model was 0.658.
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Table 3 Prognostic index score according to the hazard ratio

Characteristics HR B(HR = ) Prognostic index score
ECOG PS score 2-3 2.04 0.713 2
Presence of distant metastatic disease; distant metastatic 1.68 0.519 1
Recurrent or initially unresectable disease; initially unresectable 1.50 0.408 1
CEA >5.0 ng/ml 1.46 0.377 1
CA19-9 >1,000 U/ml 1.65 0.501 1
NLR >5 2.54 0.934 2

ECOG Eastern Cooperative Oncology Group, CEA carcinoembryonic antigen, CA79-9 carbohydrate antigen 19-9, NLR neutrophil-lymphocyte
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Fig. 1 Overall survival of the total cohort (n = 306). OS overall sur-
vival, CI confidence interval

Discussion

In the present study, we developed and validated a novel
prognostic model to predict the survival of patients with
APC receiving palliative chemotherapy. Based on six read-
ily available prognostic factors, the patients were well clas-
sified into favorable, intermediate, and poor prognostic
groups, where they had significantly different median over-
all survival times of 16.5, 12.3, and 6.2 months, respectively.

Systemic palliative chemotherapy is the standard treat-
ment for patients with APC. However, despite recent
advances in this field [21-24, 32-35], the prognosis of

Table 4 Comparison of overall survival according to prognostic index

patients with APC remains poor. Several clinical and lab-
oratory factors are known to be associated with the prog-
nosis of patients with APC [2-10]. A single prognostic
factor may not be sufficient to predict survival; thus, it is
reasonable to integrate several factors and to develop a
prognostic model using statistical methods. However, there
are few clinically available prognostic models for pre-
dicting survival in patients with APC receiving palliative
chemotherapy.

Therefore, we constructed a simple prognostic model
using readily available factors in daily clinical practice.
First, we explored the clinical and laboratory factors that
could predict the survival of patients with APC and identi-
fied the following six independent prognostic factors that
are routinely assessed in daily clinical practice—ECOG PS
score, the presence of distant metastatic disease, the status
of recurrent or initially unresectable disease, CEA level,
CA 19-9 level, and NLR. In agreement with previous stud-
ies [2-7], we confirmed that the ECOG PS score, the pres-
ence of distant metastatic disease, CA 19-9 level, and NLR
have prognostic significance in patients with APC. In par-
ticular, NLR is an easily obtained clinical biomarker and
increasing evidence demonstrates that NLR is a promising
prognostic marker in various cancers including pancreatic
cancer [11-16, 36-38]. The HR for NLR observed in this
study was comparable with the data from other groups,
suggesting that our study cohort was representative of
patients with APC who receive palliative chemotherapy in
daily clinical practice.

Prognostic index

Median OS (95 % CI)

1 year survival rate (95 % CI) 2 year survival rate (95 % CI)

Favorable prognosis (n = 73) 0-1
Intermediate prognosis (n = 145) 2-3
Poor prognosis (n = 88) 4-8
Total (n = 306) -

6.2 (4.4-8.0)

16.5 (13.3-18.7)
12.3 (10.9-13.7)

11.3 (10.2-12.4)

67.3 (56.3-78.3)
51.3 (42.9-59.7)
19.1 (10.5-27.7)
45.9 (40.3-51.5)

38.9 (26.9-50.9)
14.2 (7.7-20.7)
3.1 (0-7.2)

17.2 (12.5-21.9)

OS overall survival, CI confidence interval
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Fig. 3 Calibration curve for 1-year survival in all patients. Dots cor-
respond to apparent predictive accuracy. Blue X denotes bootstrap-
corrected estimates

Simplicity is the strength of our model. All the prog-
nostic factors used in this model are routinely collected
in daily pretreatment assessment, making it feasible for
clinicians to estimate patient survival with this approach.
The calibration curves demonstrated that the probabilities
predicted from this model were within approximately 5 %
of the actual probability. Moreover, the c-index of 0.658
suggests that this model has a clinically relevant ability to
discriminate the prognosis of patients with APC receiving
palliative chemotherapy. To make this model much simpler,
we derived a modified PI by excluding ECOG PS score
and allocating the flat coefficients as follows—PI = 1 (if

distant metastatic disease) + 1 (if initially unresectable dis-
ease) + 1 (if CEA level >5.0 ng/ml) 4 1 (if CA 19-9 level
>1,000 U/ml) + 1 (if NLR >5). Using the PI, the patients
were classified into three prognostic groups—favorable (PI
0-1; n = 75), intermediate (PI 2-3; n = 169) and poor (PI
4-5; n = 62). The median overall survival times for favora-
ble, intermediate and poor prognosis groups were 16.2
(95 % CI 12.9-19.6), 11.7 (95 % CI 10.0-13.4), and 6.0
(95 % CI 4.9-7.1) months, respectively, whereas the 1-year
survival rates were 65.4 % (95 % CI 54.4-76.4), 47.8 %
(95 % CI 40.0-55.6), and 17.0 % (95 % CI 7.2-26.8),
respectively (P < 0.001). Furthermore, this model was well
calibrated to predict 1-year survival, in which overestima-
tion (3.4 % in the favorable prognosis group) and under-
estimation (1.6 % in the poor prognosis group and 2.0 %
in the intermediate prognosis groups) were observed. The
c index of this modified model (0.641) was slightly lower
than that of original PI model (0.658); however, consider-
ing the advantage of the simplicity, this modified model
might be also helpful in daily clinical practice.

In our cohort, all the patients received gemcitabine or
S-1-based regimen as first-line chemotherapy. Gemcit-
abine has been recognized as a key drug for patients with
APC over the past few decades [21]. Recently, three ran-
domized Phase III studies have demonstrated the survival
benefit of gemcitabine plus erlotinib combination therapy,
fluorouracil/leucovorin plus irinotecan plus oxaliplatin
(FOLFIRINOX), and nab-paclitaxel plus gemcitabine com-
bination therapy compared with gemcitabine monotherapy,
and these regimens are now recognized as the standard
first-line chemotherapeutic regimens for APC [24, 33, 35].
On the other hand, fluoropyrimidine-based chemotherapy,
particularly S-1, has been a therapeutic alternative for
patients with APC in Japan [22, 23, 32]. S-1 is an oral fluo-
ropyrimidine that comprises tegafur, 5-chloro-2, 4-dihy-
droxypyridine, and potassium oxonate [39]. A recent ran-
domized Phase III study reported that the survival benefit
of S-1 monotherapy is comparable to that of gemcitabine
monotherapy for patients with APC, although the superior-
ity of gemcitabine plus S-1 combination therapy compared
with gemcitabine monotherapy was not demonstrated [34].
Thus, all the patients in our cohort received gemcitabine or
S-1-based regimen as the first-line chemotherapy. Because
most of the patients (99.3 %) in our cohort received gemcit-
abine monotherapy, S-1 monotherapy, or gemcitabine plus
S-1 combination therapy, it is unlikely that differences in
the chemotherapeutic regimen affected our results.

Hamada et al. recently reported a nomogram for predict-
ing survival in patients with unresectable pancreatic cancer
receiving gemcitabine-based chemotherapy [7]. In their
study, the following six factors were used to estimate the
survival—age, sex, ECOG PS score, tumor size, regional
lymph node metastasis, and distant metastasis. Using these
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six factors, a nomogram was designed to predict the sur-
vival probabilities at 6, 12, and 18 months as well as the
median survival time. The c-index of our model was 0.658
compared with 0.686 using their nomogram; however, we
believe that our model is easier to use in daily clinical prac-
tice and has an encouraging level of predictive accuracy.

This study had some limitations. First, this model was
derived from retrospective data, making it susceptible to a
data collection bias. Second, the portability of this model to
other cohorts needs to be externally validated.

In conclusion, we developed and validated a simple
prognostic model based on six readily available pretreat-
ment factors for patients with APC receiving palliative
chemotherapy. This prognostic model can help clinicians to
predict the survival of patients with APC receiving pallia-
tive chemotherapy, thereby facilitating the adoption of bet-
ter therapeutic strategies in daily clinical practice.
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