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Backgrounds/Aims: It is important to point out that the identification of inflammation is an essential component of the
pathogenesis and the progression of cancer. In this study, we analysed the neutrophil-to-lymphocyte ratio (NLR) and
the platelets-to-lymphocyte ratio (PLR), with an overall survival (OS) in patients with pancreatic ductal adenocarcinoma
(PDAC), who were treated with a resection following or not following a procedure of neoadjuvant chemo-
therapy/chemoradiation. We intended to identify the significance of the role of NLR and PLR, as prognostic markers
in patients undergoing surgery for PDAC. Methods: There were 127 patients enrolled in the study. The NLR and PLR
were calculated on the basis of the pre-treatment blood cell count. An NLR>4 and a PLR >120 were considered
to be elevated as measured. OS was analysed in relation to the NLR and PLR values, by using both the Kaplan-Meier
and multivariate Cox-regression methods. Results: Both high the NLR and high PLR were associated with a decreased
OS in the univariate analysis. In the multivariate analysis, the high NLR, but not the high PLR, was an independent
predictor of a decreased OS. When we divided patients into three groups (group 1: normal both NLR and PLR, group
2: high NLR or high PLR, group 3: high both NLR and PLR), the three-years OS rates for these groups were 48%,
32%, 7% (p=0.001) respectively. Conclusions: It is noted that the pre-treatment NLR is an independent adverse prog-
nostic factor, and considered to be superior to the PLR, in patients who undergo a resection for PDAC following or

not neoadjuvant chemotherapy/chemoradiation. (Ann Hepatobiliary Pancreat Surg 2018;22:197-207)
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INTRODUCTION

Pancreatic cancer remains the fourth leading cause of
death in relation to cancer worldwide, and it is noted with
an overall 5-year survival rate that doesn’t usually exceed
5%." A high percentage of patients are diagnosed at a late
stage with a median survival of five to six months in pa-
tients with the advanced stages of the disease.”” On the
other hand, there is a variation in the biological behaviour
of pancreatic cancer and a difference in survival rates
among these patients, indicating the need for the identi-

fication of predictive markers to assist in the patient risk

stratification and prognosis. This could lead to an im-
provement in patient selection for surgery and delineation
of chemotherapeutic approach, which may improve patient
outcomes going forward.

The inflammatory response in the patient plays a key
role in the carcinogenesis process and tumour micro-
environment, as initially described by Virchow in 1876.**
A number of markers of inflammation and several ratios
have been investigated in regards to their potential im-
portance in prognosis and diagnosis in pancreatic cancer,
as well as noted in other hepatobiliary malignancies in-
cluding: C-reactive protein (CRP), the Modified Glasgow
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Prognostic Score, tumour necrosis factor (TNF)-o, T lym-
phocytes recruitment and also neutrophil-to-lymphocyte
ratio (NLR), platelet-to-lymphocyte ratio (PLR) and lym-

919 . .
As international col-

phocyte-to-monocyte ratio (LMR).
laborative studies have previously addressed the develop-
ment of an ‘immunoscore’ as a predictive form of a tu-
mour’s behaviour,””' the important role that prognostic
markers and inflammation-based scores could potentially
play is effortlessly highlighted for review below.

The aim of this study was to investigate the role of the
pre-treatment NLR and PLR as well as their combination
in the prediction of overall survival (OS) in patients with
pancreatic ductal adenocarcinoma (PDAC), who are un-
dergoing a resection with or without neoadjuvant chemo-

therapy/chemoradiation.

MATERIALS AND METHODS

From a prospectively collected surgical database of a
single surgeon, the identified patients who underwent a
pancreatectomy for PDAC as between the timeframes of
January 2000 and June 2014 were identified. All of the
patients were operated on by the same surgeon (SM) in
two institutions. Patients who died because of post-
operative complications, patients without follow up, and
patients with metastatic disease were excluded. Additio-
nally patients for whom there were no data available in
order to calculate the pre-treatment NLR and PLR were
also excluded from this study.

For the exclusion of distal metastases all patients under-
went a computed tomography of the chest, abdomen and
pelvis. The majority of the patients also underwent a flu-
deoxyglucose-positron emission tomography (FDG-PET).
The resectability appropriateness for each patient was
evaluated by an interdisciplinary panel review, which in-
cluded a surgical expert and all resections were initiated
with a curative intention. The patients who received the
neoadjuvant chemotherapy/chemoradiation were diag-
nosed with borderline resectable tumours at presentation.

For each patient the following data was collected re-
garding: standard demographics, preoperative chemo-
therapy/chemoradiation, tumour characteristics, histo-
pathology characteristics, type of operation, postoperative
chemotherapy, and OS. OS was calculated from the date

of treatment start (date that the neoadjuvant chemo-

therapy/chemoradiation started for the patients who re-
ceived preoperative chemotherapy/chemoradiation, and
the date of operation for patients who did not receive pre-
operative chemotherapy/chemoradiation), to the date of
death and was censored at the time of the last follow up
for the patients who were still alive. The follow-up data
for all patients were available and noted.

The NLR and PLR were calculated by dividing the ab-
solute number of neutrophils or platelets respectively by
the absolute number of lymphocytes measured within 10
days prior to neoadjuvant chemotherapy/chemoradiation,
or within 10 days prior to the surgery for the patients who
did not receive neoadjuvant chemotherapy/chemoradi-
ation, as part of the routine preoperative work up of the
patients. All patients who started the treatment (neoad-
juvant chemotherapy/chemoradiation or surgery) showed
no signs of systemic inflammation or infection as noted
at the time of laboratory testing, as this would have been
an indication to postpone the proposed treatment. The
study was approved by the the local ethics committee and

the Institutional Review Board.

Statistical analyses

The primary end point of the study was OS. A NLR>4
and a PLR >120 were considered to be elevated. Thhe
Chi-square test was used for calculating the association
between patient’s and the tumor’s categorical character-
istics and dichotomized NLR and PLR. The impact of
these features on the OS was analysed using the Kaplan-
Meier method. The survival outcomes between the groups
were compared with the log-rank test. A p-value of less
than 0.05 was considered statistically significant in this
case. The factors who associated with OS (p>0.1) in uni-
variate analysis were used for the performance of the mul-
tivariate Cox-regression analysis. The statistical analyses
were performed with the Statistical Package of the Social
Sciences (SPSS), version 17.0.

RESULTS

A total of 127 patients were eligible for inclusion in
the study. The consort diagram is presented in Fig. 1. The
patient demographics, characteristics of tumours and his-
topathology, details of treatment (neoadjuvant chemo-

therapy/chemoradiation plus surgery vs surgery alone,



Initial database
n=141
l Exclusion of postoperative deaths n=2
n=139
Exclusion of patients without follow-up n=4
n=135
Exclusion of patients with
metastatic disease n=4
n=131
l Blood test not available n=4
n=127

Fig. 1. Consort diagram of the study.

postoperative chemotherapy) and correlation of these
characteristics with NLR and PLR are shown in Table 1.
The median age of the patients was 68 years old (39 to
82 years old). There were sixteen patients (12.6%) who re-
ceived neoadjuvant chemotherapy/chemoradiation. Twelve
of these patients received only chemotherapy, while the rest
received chemotherapy and radiotherapy. The pre-treat-
ment NLR was high (>4) in 15 patients (11.8%) and it
is noted that the preoperative PLR was high (>120) in
93 patients (73.2%). The high NLR was associated with
positive lymph nodes (p=0.037).

The median follow-up period for all patients was 21
months (3 to 150 months). During the follow-up 93 pa-
tients (73.2%) died. For the entire study population, 1-, 3-
and S-years OS rates were 87%, 33% and 12%
respectively.

The univariate analyses (Table 2) demonstrated when
there was no administration of neoadjuvant chemo-
therapy/chemoradiation (HR 2.72; 95% CI, 1.25-5.89;
p=0.011), presence of perineural infiltration (HR 2.02;
95% CI, 1.23-3.32; p=0.005), presence of microvascular
invasion (HR 2.10; 95% CI, 1.36-3.25; p=0.001), ad-
vanced histopathologic grade (»p=000.4), advanced T stage
(HR 1.98; 95% CI, 1.18-3.34; p=0.010), N1 stage (HR
2.42; 95% CI, 1.50-3.90; p<0.001), R1 resection (HR
2.14; 95% CI, 1.39-3.30; p=0.001), high (>4) NLR (HR
2.51; 95% CI, 1.42-4.45; p=0.001) and high (>120) PLR
(HR 1.63; 95% CI, 1.02-2.59; p=0.038) were associated
with a decreased OS (Fig. 2). Of note the site of the R1
disease was usually the margin along the superior mesen-
teric artery border. The patients with NLR >4 had a me-
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dian OS of 17.2 months compared to an OS of 26.2
months for the patients with NLR<4. The 3-year and
S-years OS rates were 7% and 0% respectively in patients
with NLR>4 and 38% and 14% respectively in patients
with NLR<4. The patients with PLR>120 had a median
OS of 21.8 months compared to an OS of 34.5 months
for patients with a PLR<120. The three and 5-years OS
rates were 29% and 10% respectively in patients with
PLR>120 and 46% and 17% respectively in patients with
PLR<120. In this case, it was analysed as a continuous
variable, and the higher NLR was associated with a de-
creased OS (HR 1.10; 95% CI, 1.02-1.18; p=0.012), while
the higher PLR was not associated with a decreased OS
(HR 1.002; 95% CI, 1.000-1.005; p=0.055).

The multivariate analysis for OS was adjusted for the
administration of neoadjuvant chemotherapy/chemoradi-
ation, tumour site, perineural infiltration, microvessel in-
vasion, histopathologic grade, T stage, N stage, R classi-
fication, pre-treatment NLR and pre-treatment PLR. In the
multivariate analysis the only factors which remained stat-
istically associated with OS was a R1 resection (HR 1.85;
95% CI, 1.16-2.94, p=0.010) and a high NLR (HR 2.05;
95% CI, 1.11-3.78, p=0.020), but not a high PLR (Table
2).

We further divided the patients into three groups ac-
cording to their NLR and PLR. The patients with normal
both NLR and PLR were assigned to group 1, with high
NLR or PLR assigned to group 2, and with high both
NLR and PLR to group 3. This categorization was asso-
ciated with decreased OS both in univariate analysis
(»=0.001) and in multivariate analysis (p=0.005) (Table
2, Fig. 2). The patients in group 1 have the best OS while
group 3 the worst. The patients in group 1 had a median
OS of 35.5 months compared to a OS of 24.1 months for
patients in group 2, and 17.1 months for patients in group
3. The 3-years OS rates for these groups (group 1, group
2, group 3) were 48%, 32%, 7% (p=0.001) respectively.

DISCUSSION

The inflammation and cancer are two entities that have
been associated with each other and these links are under
investigation via the analysis of the tumor microenviron-
ment, the host’s response, the inflammatory pathways and
the chain of systemic effects.*'> The role of the NLR has
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Table 1. Relationships between clinicopathologic characteristics and NLR and PLR

NLR PLR
Parameter Total No.(%)
<4 >4 p-value <120 >120 p-value

Age at start
treatment

<70 yr 82 (64.6) 74 (66.1) 8 (53.3) 22 (64.7) 60 (64.5)

>170 yr 45 (35.4) 38 (33.9) 7 (46.7) 0.333 12 (35.3) 33 (35.5) 0.984
Gender

Male 67 (52.8) 61 (54.5) 6 (40) 15 (44.1) 52 (55.9)

Female 60 (47.2) 51 (45.5) 9 (60) 0.292 19 (55.9) 41 (44.1) 0.238
Neoadjuvant
chemotherapy

Yes 16 (12.6) 15 (13.4) 1 (6.7) 5 (14.7) 11 (11.8)

No 111 (87.4) 97 (86.6) 14 (93.3) 0.691 29 (85.3) 82 (88.2) 0.763
Tumor site

Body/Tail 11 (8.7) 11 (9.8) 0 (0) 4 (11.8) 7 (7.5)

Head 116 (91.3) 101 (90.2) 15 (100) 0.359 30 (88.2) 86 (92.5) 0.483
Type of surgery

Pancreatico- 116 (91.3) 101 (90.2) 15 (100) 30 (88.2) 86 (92.4)

duodenectomy

Distal 9 (7.1) 9 (8) 0 (0) 4 (11.8) 5 (5.4)

Pancreatectomy

Total 2 (1.6) 2 (1.8) 0 (0) 0.446 0 (0) 2 (22) 0.331

Pancreatectomy
Additional
venous resection

No 118 (92.9) 103 (92) 15 (100) 33 (97.1) 85 (91.4)

Yes 9 (7.1) 9 (8) 0 (0) 0.598 1 (29 8 (8.6) 0.443
Perineural
infiltration

No 33 (26) 30 (26.8) 3 (20) 11 (32.4) 22 (23.7)

Yes 94 (74) 82 (73.2) 12 (80) 0.758 23 (67.6) 71 (76.3) 0.322
Microvessel
invasion

No 61 (48) 54 (48.2) 7 (46.7) 17 (50) 44 (47.3)

Yes 66 (52) 58 (51.8) 8 (53.3) 0910 17 (50) 49 (52.7) 0.788
Histopathologic
grade

Gl 6 (4.7) 5 (4.5) 1 (6.7) 3 (8.8) 3 (3.2

G2 75 (59.1) 66 (58.9) 9 (60) 21 (61.8) 54 (58.1)

G3 35 (27.5) 30 (26.8) 5 (33.3) 7 (20.6) 28 (30.1)

attracted a lot of attention the last years, with the in-
cidence of an elevated NLR at different cancer stages re-
ported to possess an ability to serve as a possible prog-
nostic factor in several malignancies including colorectal can-
cer, hepatocellular carcinoma and pancreatic cancer.”
Our group has previously reported its prognostic value in
patients with colorectal liver metastases.”®

On the other hand, the PLR is another ratio with poten-
tial prognostic values as demonstrated previously in dif-

ferent types of cancer including colorectal cancer, breast

cancer and ovarian cancer.”””* Our group has also re-
ported its significance as a prognostic tool in colorectal
liver metastases as well.”” The platelet’s role in identify-
ing the inflammatory processes is characterised by a re-
view of the regulation of other types of cells such as neu-
trophils and facilitation of their adhesion to lymphocytes,
and also by promoting the growth and spread of malig-
nancies via onco-inflammatory mechanisms.”””!

We have demonstrated in this study that a pre-treatment

NLR, but not a pre-treatment PLRm is an independent
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NLR PLR
Parameter Total No.(%)
<4 >4 p-value <120 >120 p-value

PCR/Mucinous 8 (6.3) 8 (7.1) 0 (0) 2 (5.9 6 (6.4)
Missing 3 (2.4) 327 0 (0) 0.711 1 (2.9 2 (2.2) 0.467
T stage

T1 9 (7.1) 9 (8) 0 (0) 4 (11.8) 5 (5.4)

T2 17 (13.4) 14 (12.5) 3 (20) 6 (17.6) 11 (11.8)

T3 96 (75.5) 84 (75) 12 (80) 23 (67.6) 73 (78.5)

T4 2 (1.6) 2 (1.8) 0 (0) 1 (2.9 1 (1.1

PCR 324 3(2.7) 0 (0) 0.649 0 (0) 3 (3.2) 0.393
N stage

NO 39 (30.7) 38 (33.9) 1 (6.7) 11 (32.4) 28 (30.1)

N1 88 (69.3) 74 (66.1) 14 (93.3) 0.037 23 (67.6) 65 (69.9) 0.808
Resection

classification

RO 68 (53.5) 60 (53.6) 8 (53.3) 18 (52.9) 50 (53.8)

R1 59 (46.5) 52 (46.4) 7 (46.7) 0.986 16 (47.1) 43 (46.2) 0.934
Postoperatively

chemotherapy

No 45 (35.4) 39 (34.8) 6 (40) 9 (26.5) 36 (38.7)

Yes 79 (62.2) 71 (63.4) 8 (53.3) 23 (67.6) 56 (60.2)

Missing 324 2 (1.8) 1 (6.7) 0.587 2 (5.9 1 (1.1 0.265

NLR, Neutrophil to Lymphocyte ratio; PLR, Platelet to Lymphocyte ratio; PCR, Pathologic Complete Response

prognostic factor associated with OS in patients with
PDAC undergoing resection following or not neoadjuvant

1.7 study

chemotherapy/chemoradiation. The Arima et a
demonstrated a potential diagnostic role of NLR>5 for
PDAC in patients with pancreatic neoplastic disease.
Additionally a Japanese group investigated the link be-
tween pre-treatment NLR and the pathological response
to preoperative chemotherapy in pancreatic cancer pa-
tients, thereby concluding that the pre-treatment NLR is
an independent predictive marker of the pathological re-
sponse to preoperative therapy.” Similarly the Luo et al. **
study reported that a baseline NLR and post-chemo-
therapy NLR change is appropriate to review to poten-
tially serve as biomarkers for overall survival in patients
who undergo chemotherapy having been diagnosed with
pancreatic cancer. The conclusion that can be derived
from our and other studies on the role of NLR in pancre-
atic cancer, is that as in other malignancies, it can poten-
tially play a role in the delineation of therapy and surveil-
lance in the era of multidisciplinary approach strategy,
along with the highlighted importance of the variation of
biological behaviour between patients with pancreatic

cancer. These recommendations may help to promote bet-

ter patient outcomes for patients who have presented with
pancreatic cancer.

We also demonstrated that high NLR was statistically
significantly associated with positive lymph nodes follow-
ing pancreatic resection. Notably, the MD Anderson group
have previously highlighted the significance of the num-
ber and ratio of positive lymph nodes on pancreatic cancer
patient survival after neoadjuvant chemotherapy and
pancreaticoduodenectomy.” The significance of positive
lymph nodes has also been emphasized by other authors,
and we agree with these recommendations.”*”® We dem-
onstrated a direct link between a high NLR and positive
lymph nodes following a pancreatic resection. It has been
proposed by the MD Anderson group that a sub-
classification of post-therapy node-positive group should
be incorporated into the American Joint Committee on
Cancer (AJCC) staging on PDAC patients. This is another
indicator of the need for more prognostic factors in pan-
creatic cancer.

In the multivariate analysis, the only factors which re-
mained statistically associated with OS was a R1 resection
(HR 1.85; 95% CI, 1.16-2.94, p=0.010) and a high NLR
(HR 2.05; 95% CI, 1.11-3.78, p=0.020), but not a high
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Multivariate analysis
(including three groups according

Multivariate analysis
(including dichotomized NLR

Univariate analysis

to patients NLR and PLR

and dichotomized PLR)

%

No.

Parameter

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

HR (95% CI)

26.8

34
93

<120

>120
Pre-treatment PLR and NLR

1.63 (1.02-2.59) 0.038 1.47 (0.88-2.45) 0.138

73.2

26
63
11

33

Group 1

1.48 (0.86-2.54)
1.87 (1.20-2.90)

1.46 (0.90-2.36)
2.05 (1.42-2.95)

80
14

Group 2
Group 3

0.005

0.001

HR, hazards ratio; CI, confidence interval; PCR, Pathologic Complete Response

Group 1, PLR<120 and NLR<4; Group 2, PLR>120 and NLR<4 or PLR<120 and NLR>4; Group 3, PLR>120 and NLR>4

PLR. However we further divided patients into three
groups according to their NLR and PLR. The patients
with normal both NLR and PLR were assigned to group
1, and had the best OS of 35.5 months, with high NLR
or PLR assigned to group 2 and an OS of 24.1 months,
and with high both NLR and PLR to group 3 and an OS
of 17.1 months. Although the NLR appears to be a stron
ger prognostic factor for OS, there appears to be an inter-
connection between the NLR and PLR as one would ex-
pect from the biological link between neutrophils and
platelets. This is in accordance with previous studies,
where it was demonstrated that an elevated NLR is superi-
or to a PLR for prognostication in patients with pancreatic
cancer and with PLR not having independent prognostic
value but elevated NLR being associated with higher
PLR.” Additionally the Garcea et al.* study highlighted
the characteristics of the preoperative NLR to be useful
as a significant prognostic marker regarding disease-free
survival following curative resection of pancreatic ductal
adenocarcinoma in contradiction to the PLR alone. On the
other hand, Spolverato et al.*' from the John Hopkins
group reported that the elevated NLR and PLR were pre-
dictors of considerably worse long-term outcomes among
patients with a HPB malignancy who are undergoing re-
section, including a proposed pancreatic ductal ad-
enocarcinoma, however the ratios were calculated within
30 days prior to surgery, with a large percentage of the
patient population having received neo-adjuvant chemo-
therapy though. As stated above, we therefore calculated
the NLR and PLR within 10 days to the use of a neo-
adjuvant chemotherapy/chemoradiation, or within 10 days
prior to surgery, for patients who did not receive the pro-
posed neoadjuvant chemotherapy/chemoradiation.

This study carries the limitations of a prospectively ac-
cumulated database and the possible selection bias as not-
ed in this study. On the other hand, the study involves
patients who received surgical treatment by the same sur-
geon, and therefore we have tried to create a homogenous
sample with all ratios calculated prior to the use of neo-
adjuvant chemotherapy/chemoradiation and surgery, or
events noted as prior to surgery, for the patients who did
not receive the associated neo-adjuvant chemotherapy.

In conclusion we have indicated that the pre-treatment
NLR is an independent adverse prognostic factor in pa-

tients who undergo resection for PDAC, following or not
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Fig. 2. Pre treatment NLR, PLR and their combination and overall survival.
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