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Summary Despite the increasing number of patients
with metastatic pancreatic adenocarcinoma (mPDAC)
receiving second-line chemotherapy, little data have
been reported about long-term survivors of mPDAC
and prognostic factors. The study analyzes the prog-
nostic variables of mPDAC in patients with a survival
of 10 months or longer (long-term survivors). Pa-
tients registered in an institutional database receiving
chemotherapy for mPDAC were selected, and two
models defined the most relevant variables at base-
line and after the first cycle of chemotherapy in
short- and long-term survivors. A total of 110 pa-
tients were included, 69 short- and 41 long-term
survivors. At baseline, long-term survivors reported
significantly low rates of elevated carbohydrate anti-
gen (CA) 19-9 (odds ratio [OR] 0.81, confidence inter-
val [CI] 0.67-0.97) and liver involvement (OR 0.35, CI
0.14-0.90). After the first cycle of chemotherapy, poly-
chemotherapy regimens (OR 5.26, CI 1.57-17.67) and
neutrophil reduction (OR 0.16, CI 0.03-0.80) were the
only independent variables associated with a long-
term survivorship. mPDAC long-term survivors rarely
present elevated serum CA 19-9 concentrations or
liver metastases at baseline. Although they receive
more intensive chemotherapy regimens, they more
frequently experienced neutrophil reduction after the
first cycle of chemotherapy regardless of the regimen.

Keywords Metastatic pancreatic adenocarcinoma -
Prognosis - Chemotherapy - Liver metastases -
Treatment outcome

Data availability Data will be shared upon reasonable
request to the corresponding author.

Dr. G. A. Colloca (<) - A. Venturino

Department of Oncology, Ospedale Civile di Sanremo, Via
Giovanni Borea n. 56, Sanremo, Italy
ga.colloca@europe.com

Introduction

Pancreatic ductal adenocarcinoma (PDAC) is one of
the most lethal types of cancer, with a 5-year survival
of less than 10% [1]. A Surveillance, Epidemiology,
and End Results (SEER) analysis on 57,263 patients
with PDAC with a diagnosis between 1993 and 2013
documented that in 2013 only 12.7% of cases reported
an overall survival (OS) longer than 12 months, while
50.6% died within 2 months from diagnosis [2].

However, median OS of patients with unresectable
or metastatic pancreatic adenocarcinoma (mPDAC)
has progressively increased since 2011, thanks to the
introduction of new chemotherapy regimens [3, 4].
Despite the poor prognosis, the even longer OS and
the request of second-line chemotherapy from more
and more patients [5], it is important to revisit and
standardize the prognostic factors for mPDAC [6] in
order to better plan future trials and improve the man-
agement of chemotherapy in clinical practice.

To date, the number of reliable prognostic vari-
ables of mPDAC is limited, such as performance sta-
tus, serum carbohydrate antigen (CA) 19-9, and liver
metastases. On the other hand, few observational
studies of long-term survivors of mPDAC exist. A ret-
rospective study of two cohorts of 47 mPDAC pa-
tients showed that in the cohort of long-term survivors
a low neutrophil-to-lymphocyte ratio (NLR) was more
prevalent, whereas a lymphopenia was less frequent
[7].

The current study aims to retrospectively analyze,
at baseline and early during chemotherapy, a set of
potential prognostic variables in patients with mPDAC
receiving systemic antineoplastic treatment.
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Methods
Patients selection

All patients with mPDAC, registered in the database
of the division of Medical Oncology of the Ospedale
Civile di Sanremo, were evaluated, and data from
those who received first-line cytotoxic chemotherapy
between May 2010 and May 2018 were collected. Pa-
tients were included in the present analysis if they
were diagnosed with unresectable locoregional or
metastatic disease, signed an informed consent form,
and only if the day of death was reported in the
medical record.

OS was calculated from the start of first-line
chemotherapy until death by any cause. The sample
was divided into three tertiles based on OS: the
first tertile comprised patients with a median OS
of 0-5 months, the second tertile patients with an OS
of 5-10 months, and the third tertile comprised pa-
tients with a good prognosis exceeding 10 months.
All patients with a survival of 10 months or less were
classified as short-term survivors, while the others
were classified long-term survivors.

Two sets of variables were examined: those at
baseline and those calculated after the first cycle of
chemotherapy. The first series consisted of 23 base-
line variables, which were extracted for each patient
from the clinical records, such as Eastern Coopera-
tive Oncology Group performance status (ECOG PS),
age, stage, gender, body mass index (BMI), body
surface area (BSA), number of comorbid conditions,
tumor location, timing of metastasis, previous resec-
tion of primary tumor, baseline serum carbohydrate
antigen 19-9 (CA 19-9), baseline serum carcinoem-
bryonic antigen (CEA), presence of liver metastasis,
lung metastasis, peritoneal metastasis, neutrophil
count, lymphocyte count, platelet count, hemoglo-
bin, derived neutrophil-to-lymphocyte ratio (dNLR),
platelet-to-lymphocyte ratio (PLR), and trilinear pe-
ripheral blood cell score (TRIS). Furthermore, at
the beginning of the second cycle the following four
variables were measured: first-line chemotherapy
regimen (mono- vs. polychemotherapy), chemother-
apy-induced neutropenia after 1 month (CIN-1),
neutrophil reduction rate (NR), and lymphocyte re-
duction rate (LR). TRIS was calculated by assigning
1-point for neutrophil count >7000/ul, platelet count
>400,000/ul, or hemoglobin decrease (<11g/dl for
women, <12 for men). Patients who received gran-
ulocyte-colony stimulating factors before the second
cycle were excluded. The determination of cell blood
counts and oncological markers was performed by
the Laboratorio Analisi department of the same insti-
tution.

Statistical analysis

A correlation analysis was performed using Pearson’s
test (rtho) to exclude collinearity between similar vari-
ables. In the case of a significant Pearson test, the vari-
able with fewer missing cases was retained. Similarly,
a distribution analysis of each variable was performed
using the Kolmogorov-Smirnov test, and whenever
a normal distribution was not confirmed, the scale
of the variable was transformed.

Considering OS, patients were classified in short-
vs. long-term survivors, and for every variable a bi-
variate logistic regression was performed to identify
which prognostic factors were more frequently ex-
pressed among patients with good prognosis.

After selecting the variables that differed signifi-
cantly on the univariate analysis, the first multivari-
ate analysis of all baseline variables was performed
and the second analysis included also those that dif-
fered significantly between the two subgroups after
the first cycle of chemotherapy. Therefore, two fi-
nal logistic multivariate regression models defined the
most important differences in the distribution of the
prognostic variables at baseline and after the first cy-
cle of chemotherapy between short- and long-term
Survivors.

The odds ratio (OR) and 95% confidence intervals
(CIs) were calculated by Cox regression, and a two-
tailed P-value <0.05 was considered statistically sig-
nificant.

All statistical analyses were conducted with the
statistical computing language R (version 3.6.0 for
Linux, R Core Team, 2017. R Foundation for Sta-
tistical Computing, Vienna, Austria. https://www.R-
project.org/).

Results

Of 169 patients with mPDAC, 110 were eligible for
the present analysis. Median OS was 7.68 months,
progression-free survival 3.96 months, whereas dis-
ease control rate after first-line chemotherapy was
55.2%. The median duration of chemotherapy was
10.8 weeks, 12.7 weeks for polychemotherapy and
8.7 weeks for monochemotherapy. Patient character-
istics are reported in Table 1.

The collinearity of the selected variables was ver-
ified, and three variables were excluded: NLR was
excluded due to the close relationship with dNLR
(rtho=0.908; p-value <0.001). Likewise, NG (Pearson
rho=0.884; p-value <0.001) and dNLR R10 (Pearson
rho=-0.650; p-value <0.001) were ruled out because
of the close correlation with NR. After the normality
test, three variables resulted in a nonnormal distri-
bution, so that a logarithmic transformation was ap-
plied (absolute neutrophil count, lymphocyte count,
platelet count).

Subsequent analyses were then performed with the
27 remaining variables. The results of the bivariate
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Table 1 Characteristics of patients at baseline (n=110)

and postchemotherapy variables

Variable Short-term survivors  Long-term survivors
(n=69) (n=41)

Prior to chemotherapy

Gender

Male 37 24

Female 32 17

ECOG PS

0 37 29

1 29 11

>2 6 1

Age (years)

Median 67 65

Tumor location

Head 39 22

Body-tail 30 19

Family history of PDAC

Positive 4 1

Negative 46 22

Comorbid conditions

0 11 8

1 16 10

2 18 15

>2 24 8

Body mass index

Median 23.0 23.7

Body surface area (m?)

Median 1.68 1.72

Stage

Locally advanced 14 13

Metastatic 55 28

Previous primary tumor resection

No. patients with PTR 23 1

Metastatic site

Liver 44 15

Peritoneum 9 6

Lung 17 4

Baseline CA 19-9 (U/mL)

Median 477.0 103.7

Baseline CEA (ng/mL)

Median 8.8 4.1

Neutrophil count (number/mm?’)

Median 5110 4795

Lymphocyte count (number/mm®)

Median 1600 1600

Platelet count (number/mm®)

Median 239,000 245,000

Hemaglobin (g/aL)

Median 12.6 12.9

NLR

Median 3.36 2.57

dNLR

Median 2.07 1.93

Table 1 (Continued)

Variable Short-term survivors ~ Long-term survivors
(n=69) (n=41)

PLR

Median 132.3 151.2

TRIS

0 37 27

1 17 8

2 9 1

3 2 0

After chemotherapy

Chemotherapy regimen

FOLFIRINOX 8 13

S-GEMOX 12 15

Gemcitabine + nab-paclitaxel 5 3

Other gemcitabine-based 0 2

Other polychemotherapy 3 1

Gemcitabine 32 7

Fluoropyrimidine 9 0

CIN-1

No. patients with neutropenia 13 7

NR

Median 0.95 0.63

NG

Median -0.22 -1.78

LR

Median 0.91 1.01

DCR

Patients with disease control ~ 70.7 87.8

(%)

PFS

Median (range) 2.9 months 8.3 months

0S

Median (range) 4.5 months 15.3 months
0.3-9.9 10.3-66.2

CA 19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen,

CIN-1 chemotherapy-induced neutropenia after 1 cycle, DCR disease con-
trol rate, dNLR derived neutrophil-to-lymphocyte ratio, ECOG PS Eastern
Cooperative Oncology Group—performance status, LR lymphocyte reduction
rate, NG neutrophil growth rate, NLR neutrophil-to-lymphocyte ratio, NR neu-
trophil reduction rate, 0S overall survival, PDAC pancreatic adenocarcinoma,
PFS progression-free survival, PLR platelet-to-lymphocyte ratio, PTR primary
tumor resection; 0S overall survival, TRIS trilinear peripheral blood cell score

analyses between the baseline variables and OS as
well as the early postchemotherapy variables are com-
piled in Table 2. After bivariate analysis a significant
relationship was reported for the ECOG PS, the base-
line CA 19-9, the occurrence of liver metastases, the
baseline hemoglobin, and TRIS. In addition, after the
first cycle of chemotherapy, the chemotherapy regi-
men and the NR appeared to be associated with OS.
Finally, two multivariate regression models were
built with baseline variables and with those available
after the first cycle of chemotherapy (Table 3). At base-
line, long-term survivors had significantly low rates
of elevated CA 19-9 (OR 0.81, CI 0.67-0.97) and liver
involvement (OR 0.35, CI 0.14-0.90). After the first
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Table 2 Bivariate logistic regression analyses of baseline variables and of early postchemotherapy variables

Variable

Baseline variables

ECOG PS (lower vs. higher)

Age (younger vs. older)

Stage (locally advanced vs. metastatic)
Gender (male vs. female)

Family history (negative vs. positive)
BMI (lower vs. higher)

BSA (lower vs. higher)

No. comorbid conditions (lower vs. higher)
Tumor location (head vs. body-tail)
Timing (synchronous vs. metachronous)
Primary tumor (present vs. removed)
Baseline CA 19-9 (normal vs. high)
Baseline CEA (normal vs. high)

Liver metastases (yes vs. no)

Lung metastases (yes vs. no)
Peritoneal metastases (yes vs. no)
Neutrophil count (higher vs. lower)
Lymphocyte count (higher vs. lower)
Platelet count (higher vs. lower)
Hemoglobin (low vs. high)

dNLR (higher vs. lower)

PLR (higher vs. lower)

TRIS (higher vs. lower)

Early postchemotherapy variables
First-line regimen (poly- vs. monochemotherapy)
CIN-1 (yes vs. no)

NR (lower vs. higher)

LR (lower vs. higher)

Patients, n OR 95% Cl P-value
109 0.42 0.20-0.89 0.024
110 0.97 0.93-1.01 0.971
110 0.55 0.23-1.32 0.181
110 0.82 0.37-1.79 0.616
73 0.52 0.05-4.96 0.572
104 0.97 0.88-1.08 0.641
103 1.26 0.18-8.92 0.815
110 0.77 0.57-1.05 0.096
110 1.12 0.52-2.44 0.770
110 0.69 0.27-1.76 0.434
110 0.73 0.31-1.72 0.476
105 0.79 0.68-0.92 0.003
104 0.79 0.61-1.02 0.066
110 0.15 0.15-0.73 0.006
110 1.14 0.37-3.48 0.814
110 0.33 0.10-1.06 0.063
101 0.49 0.18-1.32 0.160
76 1.19 0.40-3.57 0.758
101 0.96 0.34-2.73 0.942
101 1.39 1.04-1.85 0.024
92 0.96 0.70-1.32 0.821
67 1.00 0.99-1.01 0.696
101 0.47 0.24-0.93 0.030
110 7.11 2.76-18.29 <0.001
88 1.51 0.58-3.91 0.397
89 0.12 0.03-0.46 0.002
54 3.93 0.56-27.85 0.170

BMI body mass index, BSA body surface area, CA 19-9 carbohydrate antigen 19-9, CEA carcinoembryonic antigen, C/ confidence interval, CIN-1 chemothera-
py-induced neutropenia after 1 month, dNLR derived neutrophil to lymphocyte ratio, ECOG PS Eastern Cooperative Oncology Group—Performance Status, LR lym-
phocyte reduction rate, NR neutrophil reduction rate, OR odds ratio, PLR platelet to lymphocyte ratio, TRIS trilinear peripheral blood cell score

cycle, polychemotherapy (OR 5.26, CI 1.57-17.67) and
NR (OR 0.16, CI 0.03-0.80) were more frequent among
long-term survivors.

Discussion

The current study documents the expression of dif-
ferent prognostic factors in patients with mPDAC
surviving more than 10 months, such as a greater
likelihood to receive a polychemotherapy regimen,
fewer liver metastases, lower serum CA 19-9 concen-
trations, and more frequent neutrophil reduction after
chemotherapy. Contrary to previous series, the sys-
temic inflammatory response (SIR)-related variables
for dNLR, PLR and absolute neutrophil, lympho-
cyte and platelet counts in the present study were
not different between short- and long-term survivors
(Table 2). The only exception was TRIS, since the
score was significantly lower among long-term sur-
vivors (odds ratio [OR] 0.47, confidence interval [CI]
0.24-0.93).

These differences with respect to the few papers
published so far could be related to the arbitrary
definition of longer survivorship. In fact, the vari-
ous authors used different OS cut-offs, ranging from
12 months [2] to 18 months [7], up to 24 months [8].
Even the reasons for the long survival are not always
clear in the individual case, although OS is likely to be
associated with the biology of the disease, as the me-
dian OS is longer among patients with mPDAC who
are carriers of germline mutations of various predis-
posing genes such as those of mismatch repair and
BRCA. However, given the 10-month cut-off in our
series, the different prognosis of long-term survivors
may be partly due to the response to chemotherapy
even more than in the previous studies [7, 8].

The SIR indicators correlate inversely with the
host’s immune system ability to respond to cancer
and antineoplastic treatments [9]. A low degree of
SIR activation, mostly expressed as low NLR, was
correlated with OS independently of other prognostic
variables in a large randomized study of two first-
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Table 3 Multivariate logistic regression of baseline prog-
nostic variables (short- vs. long-term survivors) and mul-
tivariate logistic regression including postchemotherapy
variables (short- vs. long-term survivors)

Variable OR 95% Cl P-value
With baseline prognostic variables

ECOG PS (higher vs. lower) 0.61 0.25-1.48 0.275
Baseline CA 19-9 (higher vs. lower) 0.81 0.67-0.97 0.021
Liver metastases (yes vs. no) 0.35 0.14-0.90 0.029
Hemoglobin (low vs. high) 1.47 0.99-2.16  0.050
TRIS (higher vs. lower) 0.97 0.41-2.30  0.940
With postchemotherapy variables

ECOG PS (higher vs. lower) 0.70 0.24-2.01  0.508
Baseline CA 19-9 (higher vs. lower) 0.83 0.67-1.03  0.085
Liver metastases (yes vs. no) 0.47 0.16-1.40 0.173
Hemoglobin (low vs. high) 1.09 0.68-1.75  0.709
TRIS (higher vs. lower) 0.80 0.30-2.12  0.655
First-line regimen (poly- vs. 5.26 1.57-17.67 0.007
monochemotherapy)

NR (lower vs. higher) 0.16 0.03-0.80  0.026

CA 19-9 carbohydrate antigen 19-9, C/ confidence interval, ECOG PS Eastern
Cooperative Oncology Group Performance Status, MR neutrophil reduction
rate, OR odds ratio, TRIS trilinear peripheral blood cell score

line chemotherapy regimens, although this can be
explained by the intensity of the chemotherapy reg-
imen [10]. Studies with long-term survivors also
documented that NLR was significantly lower than in
patients with poor outcome [7, 8]. In our experience,
however, the most important SIR-related host vari-
able in prognostic terms is NR, which appears more
important than the baseline variables. Unfortunately,
to date the role of early neutrophil reduction is little
studied [11]; therefore, an evaluation of this variable
in prospective studies is strongly recommended. The
importance of evaluating this variable as a prognostic
factor, but also as an end point of first-line treatment,
is also reinforced by the controversial role of the over-
all response rate according to Response Evaluation
Criteria in Solid Tumors (RECIST), given the complex-
ity and low reliability of primary tumor measurements
by imaging, due to its inflammatory and desmoplastic
component [12].

In our experience, only two baseline variables ap-
pear independently unbalanced between short- and
long-term survivors: high serum CA 19-9 concentra-
tions and liver metastases. Both are more frequent
among short-term survivors. Baseline CA 19-9 is
a well-known prognostic factor and predictor of re-
sponse to first-line chemotherapy [13]. As previously
reported, it appears to be lower at baseline more often
in long-term survivors [8].

In our series, the occurrence of liver metastases is
associated with a worse prognosis (Table 3). Few stud-
ies have evaluated the impact of metastasis sites on
the prognosis of mPDAC [14]. Although various se-
ries have reported a good prognosis for isolated lung
metastases [15, 16], several trials and a meta-anal-

ysis documented that the presence of liver metas-
tases correlates with a poor prognosis, while multi-
ple sites of metastasis were not related with OS differ-
ent than that of patients with liver-only dissemination
[17]. Over 13,000 patients with mPDAC were evaluated
in the SEER survey, and patients with isolated hepatic
metastases had a poor outcome, in contrast to those
with an isolated lung or nodal metastasis, who had
longer survival [18]. The study of long-term survivors
of mPDAC also suggested a lower frequency of liver
metastases in these patients [8] and a negative trend
of OS for peritoneal disease [7].

In addition, long-term survivors in our experi-
ence more often have a good performance status and
higher hemoglobin values, without any difference in
age at diagnosis, which is only slightly lower (65 vs
67 years) [8].

Finally, it must be emphasized that there are nu-
merous limits of the study. First, it is retrospective.
Moreover, the sample was separated on the basis of
0S, with all possible biases related to the role of tra-
ditional prognostic variables. This is demonstrated by
the performance status and the chemotherapy regi-
men, which are not balanced in the two subgroups
(Table 1). This imbalance may also partly explain
the higher prevalence of neutrophil depletion after
the first cycle among long-term survivors. However,
it should be reiterated that NR remains the only
independent prognostic variable together with the
chemotherapy intensity (poly- vs. monochemother-
apy), a finding that rather suggests an independent
role of NR from the therapy regimen. However, it is
also necessary to keep in mind that the intent of the
present study is purely descriptive of the subgroup of
patients with mPDAC and OS longer than 10 months,
and that the study sample is homogeneous regard-
ing the fact that all patients had received first-line
chemotherapy.

Take home message

mPDAC long-term survivors more often receive inten-
sive chemotherapy regimens and do not present ele-
vated CA 19-9 or liver metastases, whereas early neu-
trophil reduction is more frequent.
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