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ABSTRACT

Background. Metastatic pancreatic ductal adenocarcinoma
(mPDAC) is an aggressive malignancy with a median overall
survival (OS) of between 8 and 11 months. However, a sig-
nificant number of patients experience a longer survival,
more than 18 months. The aim of this study was to describe
the “long-term survivor” population and to evaluate clinical
and pathological factors that might affect survival.
Materials and Methods. All patients with mPDAC diagnosed
in the Centre Leon Bérard (Lyon, France) between January 2010
and June 2015 and who survived more than 18 months were
identified. They were compared with a control cohort matched
on age, sex, performance status, stage at diagnosis, primary
tumor localization, treatment, and livermetastasis. Their clinical
features, treatmentmodalities, and outcomes were analyzed.
Results. A total of 94 patients were included, 47 in each cohort.
Both cohorts had identical characteristics as follows: women

(51%), performance status ≤1 (95.7%), median age at diagnosis
(60 years), and metastasis at diagnosis (83%). Median OS was
26.87 months (95% confidence interval [CI] 23–31.08) in the
long-term survivor group (LS group) and 9.79 months (95% CI
5.75–11.86) in the control group (C group). Potential factors
of long-term survival were explored with a logistic model
(LS group vs. C group). Three factors were identified as signifi-
cant prognostic factors in the univariate analysis: lymphopenia
(odds ratio [OR] ref: yes = 0.26), neutrophil-to-lymphocyte
ratio (NLR; OR ref >5 = 0.31), and peritoneal carcinomatosis
(OR ref: yes = 0.40). NLR was the only remaining factor in our
backward selection procedure.
Conclusion. A significant subset of patients with mPDAC can
achieve long-term survival (≥18 months) in 2018. We identified
low NLR as a significant prognostic factor associated with long-
term survival in mPDAC. The Oncologist 2019;24:1543–1548

Implications for Practice: Metastatic pancreatic ductal adenocarcinoma (mPDAC) is one of the most lethal types of cancer.
A subset of patients with mPDAC can achieve long-term survival (≥18 months) with a modern chemotherapy regimen, such
as FOLFIRINOX or gemcitabine/nab-paclitaxel. We identified low neutrophil-to-lymphocyte ratio (NLR) as a significant prog-
nostic factor associated with long-term survival in mPDAC. Prognostic factors such as NLR might allow accurate selection of
patients with mPDAC in order to consider individual therapeutic approaches. NLR should be used as a stratification factor in
clinical trials.

INTRODUCTION

Pancreatic ductal adenocarcinoma (PDAC) is one of the
most lethal tumor types, with a 5-year overall survival
(OS) rate of 8% and the third rank for mortality of all cancer
types in Europe [1]. Furthermore, a recent analysis based
on the Surveillance, Epidemiology, and End Results data-
base and demographic shifts projected that pancreatic can-
cer will become the second leading cause of cancer-related
deaths before 2030 [2]. Data from the French digestive can-
cer registries show a dramatic increase in recent years,
more marked in women than in men [3]. The currently

recognized risk factors like tobacco or obesity [4] cannot
explain this evolving epidemiology. Surgery is the only poten-
tially curative approach for pancreatic cancer, but less than
20% of patients have resectable tumors at diagnosis [2, 5].
More than half of cases are diagnosed with metastases, for
which the 5-year survival rate is 2%–6% [5–7]. Efficacy of treat-
ments for metastatic pancreatic cancer is limited, and patients
often survive less than 12 months. For years, gemcitabine
monotherapy has been the standard first-line treatment option
for metastatic PDAC (mPDAC) after it demonstrated superior
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clinical benefit compared with 5-fluorouracil. Median OS for
patients with mPDAC receiving gemcitabine monotherapy
ranges from 5.7 to 6.8 months [8]. In the last few years,
recent chemotherapy regimens were developed and associ-
ated with improved survival. In a phase III study, FOLFIRINOX
was associated with statistically significant OS benefit (11.1
vs. 6.8 months, hazard ratio [HR] = 0.57, p < .001) but was
also associated with increased toxicity [9]. In a recent phase
III study, MPACT, nab-paclitaxel associated with gemcitabine
significantly improved OS compared with gemcitabine alone
(8.7 vs. 6.6 months, HR = 0.72, p < .001) [10]. Some patients
experience prolonged survival, more than 18 months, espe-
cially since these new chemotherapy regimens have been
routinely used, as reported from the MPACT trial [8]. Recent
retrospective studies reported that highly selected patients
with oligometastatic PDAC could also potentially benefit from
surgical resection, locoregional ablation techniques, or stereo-
taxic radiotherapy [11, 12]. Identifying long-term survival pre-
dictors in patients with mPDAC would allow physicians to
individualize treatment decisions and elaborate therapeutic
strategies, including surgery and local treatment for the pri-
mary tumor and the metastases. The aim of this study was
first to describe “long-term survivors” and then to find clini-
cal and pathological factors that might affect survival in
metastatic PDAC.

MATERIALS AND METHODS

Patients
We conducted a retrospective analysis of patients diagnosed
in the Centre Leon Berard (Lyon, France) with metastatic pan-
creatic ductal adenocarcinoma between January 2010 and
June 2015 and who survived more than 18 months. We first
identified all patients who survived more than 18 months
from the diagnosis of metastasis. Then we compared them
with a control cohort of patients with mPDAC who survived
less than 18 months who were matched for age, sex, perfor-
mance status, stage at diagnosis, primary tumor localization,
treatment, and liver metastasis. Data on clinical and biological
features, treatment modality, and outcomes were extracted
from patient files and analyzed.

Statistical Analysis
OS was defined as the time between the diagnosis of metas-
tases and the date of death (from any cause), or censored at
the date of latest follow-up. Median follow-up was calculated
using reverse Kaplan-Meier estimation.

A logistic regression analysis was used to evaluate prognostic
factors of long-term survivors (outcome [response] was defined
as a binary variable: patients who survivedmore than 18months
vs. other). Probability modeled is patients who survived more
than 18 months. The prespecified factors were weight loss,
abdominal pain, icterus, grade, tumor size, lungmetastases, peri-
toneal carcinomatosis, hemoglobin, lymphopenia (any grade),
neutrophils, initial blood neutrophil-to-lymphocyte ratio (NLR),
bilirubin, and CA19-9, which were recorded at mPDAC diagno-
sis, before treatment initiation. We selected NLR greater than
five as the cutoff value, as described in a recent publication on
mPDAC [8].

Variables with less than 10% missing value in univariate
analyses and significant at a 10% level were included in a
backward selection procedure to keep factors significant at
a 5% level in the final logistic multivariate model. To note,
the backward selection procedure eliminates the variable
with the greatest p value at each step to obtain a final
model containing only factors significant at a 5% level.

SAS version 9.4 (SAS Institute, Cary, NC) was used for all
statistical analyses.

RESULTS

Patients’ Characteristics
We identified 47 patients in the long-term survivor (LS) group
and matched them with 47 patients in the control (C) group.
As patients were matched, both cohorts had identical charac-
teristics as follows: women (51%), performance status ≤1
(95.7%), median age at diagnosis (60 years), and metastasis at
diagnosis (83%; Table 1). Primary tumor site was head of pan-
creas in 20 patients (42.6%). Thirty-two (68.1%) patients had
liver metastases at diagnosis in both groups, 8 had lung
metastases only at diagnosis (5 patients [10.6%] in the LS
vs. 3 [6.4%] in the C group), and 24 had peritoneal carcinoma-
tosis at diagnosis (8 [17%] in the LS vs. 16 [34%] in the C
group).

Median baseline CA19-9 was lower in the LS group (407;
range 1–32,129) than in the C group (2,869; range 1–287,000).
Median baseline albumin level was similar in both groups:
40 g/L (range 30–51) in the LS and 38 (range 23–48) in the C
group. Lymphopenia status and NLR were significantly differ-
ent between groups (lymphopenia Yes: 4 (9.3%) vs. 13 (28.3%),
p = .031 and NLR >5: 7 (16.7%) vs. 18 (39.1%), p = .02 in the LS
and C groups, respectively). Median lymphocyte blood level at
diagnosis was 1.7 g/L (range 1–9) in the LS group versus 1.4
(range 0–4) in the C group (p = .005).

In our study, nine patients in the LS group were tested
for microsatellite instability and/or breast cancer (BRCA)
mutations: four patients for BRCA only (familial history of
breast cancer), one patient for microsatellite instability (age
<40 years at diagnosis), and three patients for both (familial
history of digestive and breast cancer). Two patients had
microsatellite instability and four had BRCA mutations (two
with a BRCA1 mutation and two with a BRCA2 mutation).

Furthermore, somatic genomic profiling was performed
for three patients in the C group and eight patients in the LS
group. In the C group, all patients had KRAS mutations, two
had TP53 mutations, one had MDM2 amplification, and one
had deletion of CDKN2A, MACROD2, SMARCA4, TGFBR2,
GADL1. In the LS group, seven patients had KRAS mutations,
four had TP53 mutations, one had FGFR2 mutation, and one
had TEKmutation.

Treatment Modalities
All patients received first-line chemotherapy for metastatic dis-
ease, mostly FOLFIRINOX in both groups (39 patients, 83%). The
median duration of the first-line chemotherapy was 5.3 months
(range 1–41) in the LS group and 4 months (range 0–10) in the
C group. In the LS group, 37 patients (78.7%) discontinued their
chemotherapy protocol after a fixed number of 12 cycles,
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versus 16 (34%) in the C group. The median chemotherapy-free
interval was 5 months (range 2–26) in the LS group versus
3 months (range 1–8) in the C group. For 10 patients (21.3%) in
the LS group and 31 (67.4%) in the C group, first-line chemo-
therapy was stopped because of progressive disease. More
patients received second-line chemotherapy in the LS group
(45 vs. 35 in the C group), either fluorouracil (5FU) or
gemcitabine based (Table 2). In the LS group, most patients
received 5FU-based polychemotherapy, FOLFIRINOX (20%)
or FOLFIRI (20%), whereas in the control group, most
patients received gemcitabine (57.1%).

In the LS group, four patients (8.5%), who had complete
radiological response on their metastatic sites after 6 months
of induction chemotherapy, were treated with fluorouracil-
based chemoradiotherapy on primary pancreatic tumor.

Furthermore, two patients (LS group) had a surgical re-
section of their primary tumor and metastases. The first

patient was a 40-year-old male patient with liver metasta-
ses only. He underwent surgical resection of both primary
tumor and liver metastases. The second one was a 37-year-
old female patient with BRCA2 mutation, who underwent
surgical resection of primary tumor and lung metastases. In
both cases, surgery was performed more than 2 years after
mPDAC diagnosis (respectively 30 months and 4 years).

Biological and Radiological Assessment
On the first radiological evaluation, we observed a partial
tumor response according to RECIST criteria 1.1 in 15 (31.9%)
and 2 patients (4.3%) and stable disease in 31 (66%) and
26 patients (55.3%) in the LS and C groups, respectively. Pro-
gressive disease was observed in 1 patient (2.1%) in the LS
group and 19 patients (40.4%) in the C group. The disease con-
trol rate at 8 weeks was 98% in the LS group versus 60% in the
control group. The difference of response at 8 weeks (≤30%
vs. >30%) between the LS and C groups was statistically signifi-
cant (p < .001), although this parameter was not included in
our logistic regression model because of unbalanced popula-
tion: 15 patients (31.9%) in the LS group vs. 2 (4.3%) in the C
group had significant tumor response (>30%) .

The CA19-9 measurements at baseline and at 8 weeks
(W8) from chemotherapy initiation were available for
38 patients in the LS group and 31 patients in the control
group. A total of 26/38 (68.4%) and 16/31 (51.6%) pres-
ented a CA19-9 decrease at W8, but this difference was not
statistically significant.

Survival
Median OS was 26.87 months (95% confidence interval
[CI] 23–31.08) in the LS group and 9.79 months (95% CI
5.75–11.86) in the C group.

Potential factors of long-term survival were explored with a
logistic model (LS group vs. C group). Three factors were identi-
fied as significant prognostic factors in the univariate analysis
(Table 3): Long-term survivors are more likely to be patients
without lymphopenia (odds ratio [OR] ref: yes = 0.26, 95% CI

Table 1. Patients’ characteristics at diagnosis

Characteristics

Long-term
survivors
(n = 47),
n (%)

Control
(n = 47),
n (%)

Age, median (range), years 60 (36–82) 60 (42–79)

Sex

Male 23 (48.9) 23 (48.9)

Female 24 (51.1) 24 (51.1)

Weight loss

Yes 31 (66.0) 36 (76.6)

No 16 (34.0) 11 (23.4)

Performance status

0–1 45 (95.7) 45 (95.7)

>1 2 (4.3) 2 (4.3)

Localization

Head 20 (42.6) 20 (42.6)

Body or tail 27 (57.4) 26 (55.3)

Stage at initial diagnosis

Localized 8 (17.0) 8 (17.0)

Metastatic 39 (83.0) 39 (83.0)

Liver metastasis

Yes 32 (68.1) 32 (68.1)

No 15 (31.9) 15 (31.9)

Lung metastasis only

Yes 5 (10.6) 3 (8.5)

No 42 (89.4) 44 (91.5)

Peritoneal carcinomatosis

Yes 8 (17.0) 16 (34.0)

No 39 (83.0) 31 (66.0)

CA19-9, median
(minimum–maximum)

407 (1–32,129) 2,869 (1–28,700)

NLR

≤5 35 (83.3) 28 (60.9)

>5 7 (16.7) 18 (39.1)

Abbreviation: NLR, neutrophil-to-lymphocyte ratio.

Table 2. Second-line chemotherapy

Chemotherapy

Long-term
survivors
(n = 45),
n (%)

Control
(n = 35),
n (%)

5FU-based chemotherapy

FOLFIRINOX 9 (20) 3 (8.6)

FOLFIRI 9 (20) 4 (11.4)

FOLFOX 3 (6.7) 6 (17.1)

LV5FU2 + cisplatin 1 (2.2) 0 (0)

LV5FU2 3 (6.7) 0 (0)

Gemcitabine-based chemotherapy

Gemcitabine + nab-paclitaxel 7 (15.6) 1 (2.9)

Gemcitabine + capecitabine 2 (4.4) 0 (0)

Gemctabine + masitinib (trial) 1 (2.2) 0 (0)

Gemcitabine + oxaliplatin 0 (0) 1 (2.9)

Gemcitabine 10 (22.2) 20 (57.1)

Abbreviation: 5FU, fluorouracil.
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0.08–0.88, p = .03), with NLR at diagnosis ≤5 (OR ref: >5 = 0.31,
95% CI 0.11–0.85, p = .02), and without peritoneal carcinoma-
tosis (OR ref: yes = 0.40, 95% CI (0.15–1.05, p = .06). NLR was
the only remaining factor in our backward selection procedure.

DISCUSSION

Pancreatic ductal adenocarcinoma is an aggressive tumor
that ranks 11th in incidence but 4th in mortality. Median
overall survival for patients with metastatic disease varies
from 3 to 6 months without specific treatments and 8 to
11 months with chemotherapy. However, since the use of
FOLFIRINOX and gemcitabine/nab-paclitaxel regimens, we
observe more and more patients experiencing a longer sur-
vival. In this retrospective study, we report our experience
of treating patients with mPDAC and focus on those who
survived more than 18 months from metastasis diagnosis.

Few cases of long-term survivors in mPDAC have been
published. The definition of long-term survivor with mPDAC
varies from one study to another: Goulart [5] and Inal [13]
reported patients with mPDAC who survived more than
1 year, Soldic [14] reported one patient who survived more
than 4 years, and Chue [15] and Oh [16] reported 1 and
11 patients, respectively, with mPDAc who survived more
than 5 years. Here we chose 18 months based on the data
reported in the study by Conroy et al. for patients treated
with FOLFIRINOX. In that study, the median OS was 11 months
(95% CI 9.0–13.1) and the overall survival rate at 18 months
was 18.6% [9].

One hypothesis is that this difference in survival might be
due to intrinsic differences in biology. Mismatch repair defi-
ciency is a rare event in pancreatic adenocarcinoma (0.8% of

patients) and has been associated with significantly pro-
longed survival time [17]. BRCA 1 and 2 mutations are also
rare events in pancreatic adenocarcinoma, mostly found in
the presence of a family history of the disease. Prolonged
overall survival has been reported for patients with mPDAC
harboring BRCA1 or BRCA2 mutations, especially for those
receiving platinum-based chemotherapy [18–21]. In our
study, two patients had microsatellite instability and four
had BRCA mutations (two a BRCA1 mutation and two a
BRCA2 mutation). As both of these anomalies have thera-
peutic impact (immunotherapy for patients with deficient
mismatch repair status and poly ADP ribose polymerase
inhibitors for patients with BRCA mutations), we think it
should be tested in long-term survivor patients with mPDAC
if not performed initially.

Somatic genomic profiling was performed for three patients
in the C group and eight patients in the LS group. Most patients
had KRAS mutations, six had TP53 mutations, and few other
mutations with unknown significance and therefore no thera-
peutic impact were identified.

Difference in survival might also have been related to dif-
ferences in response to chemotherapy. In our study, most
patients received FOLFIRINOX as first-line chemotherapy (83%).
We chose to match patients on chemotherapy type, given the
differences in median survival reported with FOLFIRINOX and
gemcitabine regimens. The aim was to identify factors that
may predict longer survival. There were significantly more
patients with partial responses in the LS group at 8 weeks. This
parameter was not included in our logistic regression model
because of unbalanced population. Furthermore, first-line che-
motherapy was mainly stopped because of tumor progression
(67.4%) in the C group, whereas it was mainly discontinued

Table 3. Univariate analysis

Variable Median survival, months CI No. of patients OR 95% CI p value

Peritoneal carcinomatosis

Noref 18.7 (14.9–20.2) 39/70 0.4 0.15–1.05 .06

Yes 11.9 (3.0–20.2) 8/24

Anemia

Noref 18.7 (11.6–25.9) 13/24 0.73 0.28–1.86 .5

Yes 15.0 (12.3–20.1) 30/65

Lymphopenia

Noref 18.7 (14.3–21.5) 39/72 0.26 0.08–0.88 .03

Yes 7.8 (2.7–15.0) 4/17

Neutrophil polynuclear

Normalref 18.6 (12.6–20.1) 37/72 0.52 0.17–1.55 .24

Elevated (>8G/L) 14.9 (3.6–21.5) 6/17

NLR

≤5ref 18.8 (14.0–21.5) 35/63 0.31 0.11–0.85 .02

>5 11.9 (7.5–16.7) 7/25

CA19-9

Normalref 14.0 (11.4–18.6) 24/43 0.52 0.22–1.22 .13

Elevated 18.9 (14.0–24.0) 17/43

OR >1, greater probability of presenting the event compared with the reference group; OR <1, lower probability of presenting the event com-
pared with the reference group.
The modelled event is to be a long-term survivor.
Abbreviations: NLR, neutrophil-to-lymphocyte ratio; OR, odds ratio.
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after a fixed number of cycles in LS patients (78.7%) to limit
toxicity, especially oxaliplatin-induced sensitive neuropathy.
The regression analysis identified three significant prognostic
factors. LS patients are more likely to be patients without
lymphopenia, with NLR at diagnosis ≤5, and without perito-
neal carcinomatosis. Several studies have reported the prog-
nostic value of lymphopenia in advanced cancer [21, 22]. It
may be a biological mechanism stimulating tumor progres-
sion, in non-Hodgkin lymphoma where immune suppression
is clearly involved in tumor progression, and an increased risk
of death due to treatment toxicity [22]. However, after our
backward selection procedure, NLR remains the only inde-
pendent significant prognostic factor in multivariate analysis.

NLR is a biomarker of systemic inflammatory response
[23] and has been identified as an important prognostic fac-
tor for a number of malignancies, including colorectal cancer,
renal cell carcinoma, and non-small cell lung cancer [8, 24].
Elevated NLR at diagnosis has been strongly associated with
worse progression-free survival and OS [25]. The inflamma-
tory response plays an important role in cancer development
and progression [24]. The exact mechanism that explains the
poor survival outcomes for patients with elevated blood NLR
has not been clearly determined. It may reflect a high level
of circulating cytokine including transforming growth factor
β, which enhances tumor progression by favoring immuno-
suppression, angiogenesis, and peri-tumoral stroma forma-
tion [24]. In our study, initial NLR was significantly lower in
LS patients with mPDAC. Those results are consistent with
previous studies as the prognosis role of the NLR has been
demonstrated in PDAC in both early [26–28] and advanced
stages [8, 23–25, 29]. NLR should be considered a stratifica-
tion factor in further clinical trials in order to determine
whether patients with high NLR at diagnosis could benefit
from intensified treatment or, on the contrary, should only
require palliative treatment.

Finally, differences in management might impact sur-
vival. In the LS cohort, two patients (4.3%) underwent surgi-
cal resection compared with none in the control group, and
four patients (8.5%) received radiotherapy in the LS group
compared with three (6.4%) in the control group. Because
of our limited sample, we cannot establish any conclusion
on this hypothesis in our study. Few studies have evaluated
the role of surgery in mPDAC with partly conflicting results
[11]. However, recent studies have reported that selected
patients with oligometastatic PDAC may potentially benefit
from surgical resection with an acceptable morbidity [11, 12].

This might be related to improvement in surgical technique
and in selection of appropriate candidates. Ablation techniques
such as thermo-ablative approaches (radiofrequency ablation,
cryoablation) or stereotactic body radiation therapy could also
be therapeutic alternatives in patients with oligometastatic
PDAC [12]. However, surgery and local ablation techniques
have only been evaluated in retrospective studies, and their
benefit must be confirmed with prospective trials.

CONCLUSION

Metastatic pancreatic ductal adenocarcinoma is one of the
most lethal types of cancer, with a very high mortality-to-
incidence ratio. Chemotherapy regimens such as FOLFIRINOX
or gemcitabine-nab-paclitaxel have been established as stan-
dard of care and offer improvement in survival, but progno-
sis remains poor. A subset of patients with mPDAC can
achieve long-term survival (≥18 months) in 2018. We identi-
fied low NLR as a significant prognostic factor associated with
long-term survival in mPDAC. Prognostic factors such as NLR
might allow accurate selection of patients with metastatic
pancreatic ductal adenocarcinoma in order to consider indi-
vidual therapeutic approaches. NLR should be used as a
stratification factor in clinical trials.
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