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Abstract

Background—The neutrophil-to-lymphocyte ratio (NLR, neutrophil count divided by
lymphocyte count) is a marker of inflammation associated with poor cancer outcomes. The role of
NLR in borderline resectable pancreatic ductal adenocarcinoma (BRPC) is unknown. We
hypothesized that increased NLR in patients with BRPC following neoadjuvant therapy is
inversely associated with survival.

Methods—~Patients from our BRPC database were identified who completed neoadjuvant therapy
and underwent resection. The NLR difference was calculated as the NLR after neoadjuvant
therapy minus the NLR before neoadjuvant therapy. Patients were assigned to the increased NLR
cohort if the difference was =2.5 units; all others were assigned to the stable NLR cohort.
Statistical analyses were performed with #test and regression.

Results—Of 62 patients identified, 43 patients were assigned to the stable NLR cohort and 19
patients to the increased NLR cohort. There were no differences in stage, age, or gender. The pre-
neoadjuvant NLR was 3.1+2.4, whereas the post-neoadjuvant NLR was 4.4+3.5 (P=0.002).
Overall survival was significantly worse in the increased NLR cohort compared with the stable
NLR cohort (P=0.009) with a Cox hazard ratio (HR) of 2.9 (P=0.02). NO disease conferred a
survival advantage over N1 disease (Cox HR=0.3, £=0.01). On multivariate Cox hazard regression
analysis, both increased NLR and N1 stage were associated with worse survival (A<0.01).

Conclusions—This is the first investigation demonstrating an independent, inverse association
between survival and decreased NLR in patients with BRPC. These findings support exploring
predictive inflammatory biomarkers, such as NLR, to investigate inflammation and improve
outcomes.
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Introduction

Pancreatic ductal adenocarcinoma (PDAC) remains one of the deadliest malignances, with
an increasing incidence worldwide over the past few decades.! Surgical outcomes for PDAC
remain dismal (5-year survival rate of 10%-30%) and have not improved in decades.
Biomarkers to predict outcomes or agents that target processes that lead to PDAC
aggressiveness is a high research priority.

Inflammation is a well-established hallmark of cancer.? For example, numerous data have
linked the development of inflammation with carcinogenesis.3,# Furthermore, blocking
inflammation with anti-inflammatory drugs improves outcomes in multiple types of
cancers., 8 Likewise, low levels of inflammatory biomarkers such as C-reactive protein are
associated with increased survival in PDAC.’ However, there remains a gap regarding the
precise role of inflammation in PDAC and how to accurately measure it in this patient
population.

Multiple surrogate assays have been used to measure inflammation. For example, the serum
neutrophil-to-lymphocyte ratio (NLR) has been utilized to measure inflammation since
neutrophils release mediators of inflammation. NLR is calculated from the results of the
standard laboratory complete blood cell count. The NLR is a marker for systemic
inflammation and has been studied as a prognostic factor in numerous cancers.8-10 In
general, an NLR value greater than 4 is associated with systemic inflammation.1! The ratio
of normal to high NLR is about 2 in one meta-analysis investigating NLR in pancreatic
ductal adenocarcinoma patients with an accepted NLR of 4 identifying systemic
inflammation.12

Previous work has investigated systemic inflammation in resected and metastatic PDAC. In
most instances, those studies demonstrated worse survival with increased levels of
inflammation.13, 14 However, the subset of patients with PDAC who are classified as
borderline resectable pancreatic ductal adenocarcinoma (BRPC) have not been reported.
BRPC patients have PDAC with limited involvement of blood vessels and usually undergo
neoadjuvant therapy before resection. Patients with BRPC undergo treatment with
neoadjuvant therapy in a multimodality fashion in order to limit futile operations and
minimize morbidity that is unlikely to benefit the patient.1> Although protocols vary,
patients with BRPC receive systemic chemotherapy for 3 months, with some institutions
utilizing radiotherapy thereafter.16, 17 No studies in the literature have investigated changes
in NLR in patients receiving neoadjuvant therapy for BRPC.

We hypothesized that increased NLR in patients with BRPC following neoadjuvant therapy
would be inversely associated with overall survival.
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Patients and Methods

Patients

Eligible patients with BRPC (2006-2013) were identified from the Moffitt Cancer Center
prospective health and research informatics data warehouse. Inclusion criteria included
diagnosis of PDAC, staged as BRPC, completion of neoadjuvant therapy, and underwent
curative resection. Our institutional protocol identified patients as borderline resectable
based on the most recent NCCN guidelines at the time of diagnosis utilizing both CT scan
and endoscopic ultrasound. Patients deemed medically unfit for surgery were excluded. This
study was approved by our Institutional Review Board.

Neoadjuvant chemotherapy usually consisted of gemcitabine, docetaxel, and capecitabine
for 3 months, with neoadjuvant radiotherapy usually started 1 week after completion of
neoadjuvant chemotherapy. Radiation consisted of stereotactic body radiotherapy daily for 5
days or intensity-modulated radiotherapy 5 days per week for 6 weeks.

NLR

The NLR was calculated by dividing the absolute neutrophil count by the lymphocyte count
as part of the complete blood cell count. The difference in NLR was calculated as the NLR
after completion of neoadjuvant therapy minus the NLR before neoadjuvant therapy. The
value closest to initiation of neoadjuvant chemotherapy was used for the pre-neoadjuvant
NLR value while the NLR values closest to the completion of radiotherapy was used for the
post-neoadjuvant value. Because the mean pre-neoadjuvant NLR was 3.1 with a standard
deviation of 2.4, a clinically significant increase in NLR (increased NLR cohort) was
defined as an increase of more than 2.4 units. Patients with differences less than or equal to
2.4 units (including negative differences) were classified as stable NLR.

Statistical analyses

Statistical significance was set to a = 0.05. Survival was investigated with the Kaplan-Meier
method and log-rank test. Comparisons between the NLR cohorts were made with the paired
ttest or Wilcoxan rank sum test (for non-normal data). Survival hazards and binary
outcomes were investigated with Cox proportional hazard regression and multivariate
logistic regression, respectively.

Results
NLR values in patients with BRPC

We identified 62 patients in our database who were eligible for our study: 42 patients were
classified as borderline resectable based on venous involvement, and 20 patients were
classified as borderline resectable based on arterial involvement. The mean age was 65.6

+ 9.0 years, 60% were male patients, and 97% of patients had RO resections of their tumor.
The mean pre-neoadjuvant NLR was 3.1 + 2.4, and the mean post-neoadjuvant NLR was 4.4
+ 3.5 (P=0.002) for the entire group (Figure 1). Of 62 patients, 19 patients were assigned to
the increased NLR cohort and 43 patients were assigned to the stable NLR cohort. In the
increased NLR cohort, the NLR results before and after neoadjuvant therapy were 3.2 + 3.6
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and 8.2 + 4.9, respectively (Table I; £=0.001). In the stable NLR group, the NLR results
before and after neoadjuvant therapy were 3.0 = 1.7 and 3.2 £1.8, respectively (Table I; P=
0.14). There were no significant differences in gender, tumor location, tumor stage,
performance status, or Cal19-9 levels (Table I) between the two groups. Patients in the
increased NLR cohort were slightly younger, but this did not reach statistical significance
(Table I). Finally, changes in Ca19-9 levels after neoadjuvant therapy compared to pre-
neoadjuvant therapy were not significantly different between the NLR cohorts (P = 0.64).

Increased NLR after neoadjuvant therapy is associated with poor prognosis in BRPC

Overall survival was significantly shorter in the increased NLR cohort compared with the
stable NLR cohort (Figure 2; £=0.009) with a Cox hazard ratio of 2.9 (P=0.02). Pre-
neoadjuvant NLR by itself was not associated with survival in patients with BRPC (P=
0.09). Likewise, post-neoadjuvant NLR was not associated with survival in patients with
BRPC (P=0.14). Increased NLR was associated with worse overall survival on univariate
Cox hazard regression (P=0.01).

Survival is associated with nodal stage but not tumor stage

Survival was not associated with AJCC tumor stage (Table Il), but NO disease was
associated with improved survival compared with N1 disease (Cox hazard ratio = 0.3, P=
0.01). Variables with £< 0.2 on univariate analysis were included in the multivariate model
(Table I1). On multivariate Cox regression analysis, both increased NLR and N1 stage
remained independent predictors of worse survival (multivariate £< 0.01 for both).

Patients in the stable NLR cohort without nodal disease (NO) after final resection had the
longest overall survival, but NO patients with increased NLR did as poorly as patients with
N1 disease in the stable NLR cohort (Figure 3; £=0.001). In addition, patients with
increased NLR and N1 disease had the lowest overall median survival (P= 0.003). Finally,
the variables NLR and nodal stage (N stage) remained independently associated with
survival (Table I1) and statistically independent (P> 0.8).

Discussion

Interestingly, we found that an increase in systemic inflammation as measured by NLR was
associated with decreased survival. Neither NLR before neoadjuvant therapy nor NLR after
neoadjuvant therapy was alone associated with survival. We speculated that the activation of
an inflammatory milieu after treatment results in worse outcomes, and theorize that cancer
cell death results in an immune response and subsequent inflammation. Changes in the NLR
are a biomarker of this tumor biology, and this may worsen the other hallmarks of cancer.

Prolonged inflammation plays a critical role in the carcinogenesis of PDAC and prognosis of
patients.18-21 Szkandera et al demonstrated that systemic inflammation, as measured by
NLR, is a prognostic factor and is associated with worse overall survival in patients with
metastatic PDAC.22 Importantly, our study is the first to demonstrate that inflammatory
changes after neoadjuvant therapy is associated with survival. Likewise, this is the first
analysis investigating systemic inflammation in patients with BRPC.
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Inflammation has been demonstrated to be a marker for poor survival in many other cancers
such as colorectal carcinoma and gastric cancer.12, 23, 24 However, no group has described
changes in the NLR due to therapy in PDAC or any other gastrointestinal malignancies.
Guthrie et al.25 demonstrated limited utility of NLR compared with other prognostic models
in postoperative patients with colorectal cancer but did not investigate changes in NLR. In
that series, it appears that the marker may have been utilized too late in treatment to provide
meaningful information on survival. Similar to our work, Lorente et al.26 found that changes
in NLR were associated with survival for patients with prostate cancer on second-line
chemotherapy, but this analysis occurred late in the patients’ treatment course. Importantly,
this is consistent with our results.

We investigated clinicopathologic differences between the 2 cohorts and found no significant
differences except for post-neoadjuvant NLR changes (Table I). In BRPC, adjuvant therapy
is not standardized. It is well known that many patients do not receive adjuvant
chemotherapy due to poor recovery after pancreatic resection, especially
pancreticoduodenectomy.2’, 28 We found a small, non-significant increase in patients
receiving adjuvant chemotherapy in the stable NLR cohort (Table 1), and this was not
associated with survival (Table II).

Interestingly, we did not identify an association between post-operative complications and
overall survival (Table I1). We believe that the resected BRPC group of patients is a highly
selected group with a unique tumor biology, demonstrating high performance status and a
favorable response to therapy. In a sense, we conjecture that the overall good performance
status of this group of patients allows them to tolerate complications better than a typical
patient with pancreatic ductal adenocarcinoma. Finally, patients too sick to undergo surgery
were excluded from this study by the exclusion criteria and excluded from standard
treatment by not starting neoadjuvant chemotherapy.

There are three significant limitations to this analysis. First, this is a retrospective review of a
prospective database. Although we utilized a robust data warehouse associated with the
electronic medical record, biases such as selection bias may exist. Second, the numbers of
patients included were relatively low. Finally, there was variability in the time interval
between neoadjuvant therapy and surgery. The NLR is very sensitive measure of systemic
inflammation.

Conclusions

This is the first investigation demonstrating an independent, inverse association between
survival and increased NLR after neoadjuvant therapy for patients with BRPC. Because
NLR is a relatively straightforward determination obtained from routine blood tests, there
are many opportunities for future research utilizing this as a robust predictive biomarker. In
addition, a prospective trial modulating inflammation with anti-inflammatories (such as
statins or NSAIDs) during neoadjuvant therapy may yield a useful and safe strategy to
improve outcomes in patients with BRPC.
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Figure 1.
Box plot representing the neutrophil-to-lymphocyte ratio (NLR) before (A) and after (B)

neoadjuvant therapy for resected patients (£ =0.002). Boxes represent the interquartile
range, whereas the solid line in each box represents the median.
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Figure 2.
Resected patients with clinically significant rises in the neutrophil-to-lymphocyte ratio

(increased NLR) had shorter median overall survival (24 vs. 40 months) on Kaplan-Meier
analysis (log-rank £=0.009) compared with patients without rises in the NLR (stable NLR).
The Cox proportional hazard ratio is 2.6 (P=0.01).
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Figure 3.
Resected patients with rises in the neutrophil-to-lymphocyte ratio (increased NLR) and no

nodal disease (NO) have long-term survival as poor as those with nodal spread (N1 disease)
when analyzed in the Kaplan-Meier method. Those patients with nodal disease (N1) and
rises in the NLR (Increased NLR) had the lowest overall and median survival (log rank P=
0.001).
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Table |

Characteristics of resected patients in the increased NLR and stable NLR cohorts

Characteristic N |I_n|§ r(?]aiecljg) St?r? If L\g)‘R VaIIDu o
Age (mean £ SD, years) 62+11 67+8 0.0.099
Male gender, n (%) 12 (63%) 25 (58%) 0.71
Pathologic stage, n (%)

TO 2 (11%) 5 (11%) 0.0.60

T1-2 7 (37%) 11 (26%)

T3 10 (52%) 27 (63%)

T4 0 (0%) 0 (0%)

NO 13 (68%) 28 (65%) 0.80

N1 6 (32%) 15 (35%)

ECOG performance status, n (%)
0 18 (95%) 34 (79%) 0.13
1 1 (5%) 9 (21%)

Tumor location, n (%)

Head 8 (42%) 33 (77%) 0.64

Uncinate 6 (32%) 3 (7%)

Neck 3 (16%) 1 (2%)

Body/tail 2 (10%) 6 (14%)
Pre-treatment CA 19-9 (mean + 2412 £ 4744 1193 + 2189 0..75
SD, U/mL)

Type of neoadjuvant
radiotherapy, n (%)

SBRT 11 (61%) 35 (81%) 0.1

IMRT 7(39%) 8 (19%)
Pre-neoadjuvant NLR (mean + SD) 32+3.6 30+17 0.20
Post-neoadjuvant NLR (mean + 82+49 32+18 <0.0001
SD)

Change in NLR (mean + SD) 6.0+4.7 01+14 <0.0001
RO margins, n (%) 19 (100%) 41 (95%) 1
Postoperative complications, n 8 (62%) 19 (56%) 0.73
(%)

Adjuvant chemotherapy, n (%) 9 (47%) 31 (72%) 0.06

IMRYT, intensity-modulated radiotherapy; VLR, neutrophil-to-lymphocyte ratio; SBRT, stereotactic body radiotherapy
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Table Il

Univariate and multivariate Cox hazard regression analysis for overall survival of resected patients

Characteristic Ug:)\;a'r_:aRte VaIIDu o Mgl(t)i;/;a_:'li_j\te P Value
Age 1 0.95
Male gender 1.7 0.21
Pathologic stage 1.2 0.38
ECOG performance status 0.35 0.16 0.6 0.49
Tumor location (compared with 0.45 0.48
head tumor)
Pre-treatment CA 19-9 1 1
Neoadjuvant SBRT 0.6 0.24
RO margins nfa
T stage 1.2 0.37
N stage 3.2 0.01 3.2 0.01
Postoperative complications 1.2 0.67
Adjuvant chemotherapy 0.7 0.36
Increased NLR 2.8 0.01 3.0 0.01

Univariate variables with £< 0.2 were included in the multivariate model.

NLR, neutrophil-to-lymphocyte ratio; SBRT, stereotactic body radiotherapy.
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