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Abstract

Objectives: Neutrophil-to-lymphocyte ratio (NLR) has been reported as prognostic in pancreatic
ductal adenocarcinoma (PDAC). Data about NLR changes during neoadjuvant therapy (NAT) and
its relationship with pathological tumor response and survival are lacking.

Methods: PDAC patients with NAT followed by resection between 2009-2015 were identified
from a prospective database. NLR was collected prior to NAT (baseline), on chemotherapy (prior
to cycle 3), and prior to surgery. Baseline NLR, and changes in NLR between baseline and on
chemotherapy (delta 1) and between baseline and surgery (delta 2) were compared with pathologic
response (<90% and =90% defined as poor and good), overall (OS), and disease-free survival
(DFS) using Wilcoxon-rank sum and Cox proportional hazards models.

Results: Of 93 patients, 17% had good pathological response. Median (interquartile range)
NLR at baseline, third cycle, and surgery were 2.7 (2.0-3.7), 2.5 (1.9-4.1), and 3.1 (2.1-5.3),
respectively. Median change in NLR from baseline to third cycle was 0.06 (p=0.72), and 0.6
from baseline to surgery (p<0.01). Baseline NLR, delta 1, and delta 2 were not associated with
pathological response, OS, or DFS.

Conclusions: NLR increased after NAT, but a significant association between NLR and
pathological response, OS, and DFS in resected PDAC patients was not observed.
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INTRODUCTION

Pancreatic adenocarcinoma (PDAC) is the fourth leading cause of cancer death in the United
States, and the 5-year overall survival (OS) rate remains <10%.1 For borderline resectable or
locally advanced PDAC, neoadjuvant therapy (NAT) with chemotherapy or chemoradiation
is the preferred treatment modality. However, there is currently no way to predict response to
NAT, and new biomarkers are needed to improve treatment selection.

Neutrophil-to-lymphocyte ratio (NLR) is a marker of systemic inflammation that is believed
to reflect antitumor inflammation capacity. NLR has been shown to have prognostic
significance for many types of cancer, including gastric, colon, and breast cancer.2 In
PDAC patients, data are mixed regarding the relationship between NLR and outcomes.
Most studies have found lower preoperative NLR to be associated with improved OS and
disease free survival (DFS),>~9 although others have found no relationship.19 Studies have
also shown an association between inflammatory response in the tumor microenvironment
and oncological outcome; specifically, patients with neutrophil infiltration around the tumor
may have a worse prognosis, whereas those with lymphocytic infiltration may have a better
prognosis.1! Given these findings and the association between pathological tumor response
and survival in PDAC,12-14 we hypothesized that NLR may associate with tumor response to
NAT.

To date, knowledge about the natural history of NLR from diagnosis and in response to
NAT is lacking. The aim of this study was to evaluate NLR changes over time after NAT in
patients with resectable PDAC and determine whether changes in NLR are associated with
pathological tumor response, OS, or DFS.

METHODS

Study population

All patients treated for PDAC at Memorial Sloan Kettering Cancer Center are included in a
prospectively maintained institutional database. After IRB approval, patients with primary,
non-metastatic, PDAC who underwent resection with curative intent between 2009 and

2015 and received NAT with chemotherapy or chemoradiation were identified. Patients were
included if they had blood work performed at our institution prior to the initiation of NAT.
Patients were excluded if they had a total bilirubin >3.0 gm/dL or a white blood cell count
>12.0 x 109/L prior to initiation of NAT, if they received <2 cycles of chemotherapy, or

if complete blood count (CBC) prior to surgery was not available. Clinical, pathological,
treatment characteristics, and follow-up data were extracted from the electronic medical
record.
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Neutrophil-to-Lymphocyte Ratio
Laboratory values were collected from a CBC prior to initiation of NAT (t=0), prior to the
third cycle of chemotherapy (t=1), and prior to surgery (t=2). To calculate NLR, the absolute
neutrophil count (K/uL) was divided by the absolute lymphocyte count (K/uL). The change
in NLR was calculated for two different intervals: between baseline (t=0) and prior to the
third cycle of chemotherapy (t=1) (defined as delta 1), and between baseline (t=0) and prior
to surgery (t=2) (defined as delta 2).

Statistical Analysis

Continuous data were expressed as median and interquartile range (IQR), and categorical
variables were reported as number and percentages (%). Pathological treatment response
was reported by the pathologist in percentages. Treatment response was dichotomized as
<90% and =90% and defined as poor and good response, respectively, based on a simplified
version of the frequently used Evans score, where grade | and Il represent between 0—

90% of tumor cell destruction, and grade 111 and IV represent 90-100% of tumor cell
destruction.1® Chi-square and Wilcoxon-rank sum tests were used to compare delta 1, delta
2, and other covariate differences between poor and good responders. The Fisher’s exact
test was used for subgroups with numbers <5. Differences in median delta 1 and delta

2 were evaluated by Wilcoxon signed-rank test. OS and DFS were calculated from date

of surgery until date of first recurrence or death (for DFS) whichever occurred first, or

to date of death (for OS). Patient data were censored at the date of last follow-up. OS

and DFS were estimated using Kaplan-Meier methods. Cox proportional hazards model
was used to examine the impact of baseline NLR, change in NRL between baseline and
the third cycle (delta 1), and change in NRL between baseline and surgery (delta 2) on
survival outcomes. All p values were based on 2-tailed statistical analysis, and p<0.05 was
considered statistically significant. All analyses were performed using R version 3.6.0 (R
Foundation for Statistical Computing Vienna, Austria).

RESULTS

A total of 93 patients were included in the analysis. After NAT, 77 (83%) patients had a poor
pathological response, and 16 (17%) had a good response (Table 1). Median age was 64
(IQR 59-69) years, and there was no age difference between the poor and good responders
(p = 0.4). There was no difference in sex (47% vs. 25%, p = 0.2), history of diabetes (26%
vs. 31%, p = 0.8), or history of smoking (48% vs. 44%, p > 0.9) between the poor and good
responder groups. Median baseline white blood cell, neutrophil, and lymphocyte counts in
the poor responder group were 6.7, 4.2, and 1.5 x 109/L, respectively, and similar values
were found in the good responder group (all p > 0.5). Overall, 50% (46/93) of patients
received FOLFIRINOX, and 20/93 (22%) had gemcitabine with oxaliplatin, as that was the
regimen of choice in an ongoing trial at our institution.® In the group of patients who
received other regimens, 3 received gemcitabine with abraxane and 9 had a single drug
only (gemcitabine or capecitabine). The type of NAT chemotherapy was not associated
with pathological response (p = 0.5). The median duration of NAT chemotherapy was not
different between the groups (12 [IQR 6-18] weeks in the poor responders vs. 22 [IQR
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11-32] weeks in the good responders, p = 0.018). Neoadjuvant radiation therapy was used in
28/77 (36%) of the poor responders and 14/16 (88%) of the good responders (p < 0.001).

Pathological response

Survival

In the entire cohort, the median NLR at initiation of NAT (t=0), prior to third cycle (t=1),
and prior to surgery (t=2) were 2.7 (IQR 2.0-3.7), 2.5 (IQR 1.9-4.1), and 3.1 (IQR 2.1-5.3),
respectively (Figure 1). From baseline to prior to the third cycle, NLR did not significantly
change (median delta 1: 0.06, IQR -1.0-1.1, p = 0.719), but it did significantly increase
between baseline and surgery (median delta 2: 0.6, IQR 0.8-2.0, p < 0.01). Comparing poor
and good responders, baseline NLR was not different (2.7 vs. 2.8, p = 0.9). In addition,

the change in NLR from baseline to third cycle did not differ between poor and good
responders, with a median delta 1 of 0.06 and —0.02, respectively (p = 0.8). There was also
no difference from baseline to surgery (median delta 2: poor 0.6 vs. good 0.8, p = 0.8) (Table
2). Change in NLR was also not associated with the type of NAT chemotherapy given (delta
1: p=0.810; delta 2: p = 0.626).

With a median follow up of 50 (range: 4.4-110) months among survivors, we observed total
of 62 deaths and 72 recurrences after surgery. Baseline NLR, change in NLR from baseline
to third cycle (delta 1), and the change in NLR from baseline to surgery (delta 2) were not
associated with OS, with hazard ratios (HR) of 0.98 (95%CI 0.91-1.07), 1.08 (95%CI 0.98-
1.19), and 1.00 (95%CI 0.96-1.05), respectively (Table 3). Additionally, baseline NLR, delta
1, and delta 2 were not associated with DFS (HR 1.02 [95%CI 0.98-1.06], 1.00 [95%ClI
0.94-1.07], and 0.98 [95%CI 0.95-1.02], respectively).

DISCUSSION

We studied the association between clinical outcomes and baseline NLR and changes in
NLR during treatment in 93 PDAC patients that underwent NAT followed by resection. We
found that NLR did not change during the early phase of NAT, and it slightly increased from
a median of 2.7 to 3.1 prior to surgery. However, baseline NLR and changes in NLR were
not associated with a pathological response of the tumor, nor with OS or DFS.

The prognostic role of preoperative NLR for OS and DFS in PDAC patients has been studied
extensively. In contrast to our findings, a recent meta-analysis found significant correlations
between high NLR and poor survival rates.? Interestingly, NLR had no prognostic value in
patients who underwent chemoradiation.? Only two studies have investigated the prognostic
role of changes in NLR during NAT. Both found that a high baseline NLR and an increase in
NLR after one and two cycles of chemotherapy were associated with worse survival in Asian
patients with locally advanced (n=132) and metastatic (n=403) PDAC, respectively.17:18
Neither study excluded patients with high white blood cell count, high bilirubin, biliary
obstruction, cholangitis, or pancreatitis in contrast to our study. Moreover, we included
PDAC patients that successfully underwent NAT and were selected for resection with
curative intent. As such, we studied a selected group with relatively good prognosis. The
differences in baseline NLR and NLR changes during NAT may be subtle in a more

Am Surg. Author manuscript; available in PMC 2023 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Strong et al.

Page 5

homogenous study population, such as ours. Another reason for the discrepancy in findings
might be that the previous studies approached NLR as a discrete variable (high vs. low at
baseline, or increased vs. decreased during NAT), and the cutoffs used varied. In contrast,
given that dichotomizing variables results in the loss of information and statistical power and
increases the risk of false positive results,1® we approached NLR as a continuous variable.
Although there is lack of understanding of the biological implications of NLR, we believe
that a continuous relationship between NLR and prognosis is more likely than a discrete
relationship with a hard cut-off.

Previously, the mean NLR in a young adult healthy population was found to be 1.7 (95%Cl
0.7-3.5).20 Although our median NLR of 2.7 was higher than the reported mean in healthy
young adults, it was still within the confidence interval. This suggests that there may be
normal fluctuations either within or between patients that is difficult to differentiate from

a prognostic effect. In addition, aside from age, smoking, and diabetes, we did not look at
other comorbid conditions that may influence NLR. It is also possible that there truly is no
relationship between NLR and prognosis in Western PDAC patients. Publication bias may
also explain why a significant association between NLR and prognosis is more commonly
reported than a lack of association.

Limitations of this study include the small sample size; it is possible that a larger study
population would have allowed us to detect a small predictive or prognostic value for
baseline NLR or NLR changes during NAT. Also, the retrospective nature of this study
comes with disadvantages, and multiple patients were excluded due to a lack of laboratory
values available in the electronic medical record if NAT occurred outside of our institution.
Further, we studied a heavily selected study population, and more advanced PDAC patients
with NAT who progressed and never underwent surgery were not included. However, a
more homogenous study population could provide more clinically meaningful biomarker
information. As far as we know, we are the first to study pathological treatment response
as outcome in relation to NLR. Another strength of this study is the investigation of NLR
across time. Since we did find a significant difference in median NLR between initiation
of NAT and prior to surgery, we advise the standardized use of one of those two time
points within the same cohort in future studies and meta-analyses. In addition, for statistical
reliability, we suggest studying NLR as a continuous outcome rather than a dichotomous
variable.

Conclusions

Funding:

In non-metastatic, primary PDAC patients undergoing neoadjuvant chemotherapy or
chemoradiation (NAT) followed by surgery with curative intent, NLR significantly increased
from initiation of NAT until surgery. However, baseline NLR and changes in NLR during
NAT were not associated with pathological response of the tumor, OS, or DFS. Our findings
suggest that NLR may not be a predictive or prognostic value in this population, and that
standardization of NLR assessment is essential for future research.
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Figure 1. Neutrophil-to-lymphocyteratio at each time point in all patients.
The dark vertical line indicates the median. NAT: neoadjuvant treatment.
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Table 1

Patient, tumor, and treatment characteristics according to pathological tumor response

Char acteristicl Overall, N=93 Poor responders,n=77 Good responders, n = 16 P.val uez
Age,y 64 (59, 69) 64 (59, 68) 67 (60, 70) 04
Sex 0.2

- Female 40 (43%) 36 (47%) 4 (25%)

- Male 53 (57%) 41 (53%) 12 (75%)

Body mass index 25.9(23.4,286) 25.9(23.2, 28.6) 26.2 (24.4, 28.6) 0.5
History of diabetes 25 (27%) 20 (26%) 5 (31%) 0.8
History of smoking 44 (47%) 37 (48%) 7 (44%) >0.9
Baseline laboratory values

- white blood cell count 6.70 (5.40, 8.00)  6.50 (5.30, 7.90) 6.75 (6.05, 8.75) 0.5

- absolute neutrophils count 4.20 (3.20,5.50) 4.20(3.20, 5.50) 4.50 (3.30, 5.75) 0.7

- absolute lymphocyte count 1.50 (1.20,1.90) 1.50(1.20, 1.90) 1.40 (1.28, 2.28) 0.8
-NLR 2.73(2.00,3.67)  2.69 (2.00, 3.67) 2.77 (1.91, 3.65) >0.9
Tumor location >0.9

- Head 76 (82%) 63 (82%) 13 (81%)

- Body 8 (8.6%) 7(9.1%) 1 (6.2%)

-Tail 9 (9.7%) 7(9.1%) 2 (12%)

Neoadjuvant chemotherapy regimen 0.6

- FOLFIRINOX 46 (50%) 37 (48%) 9 (56%)

- Gemcitabine & Oxaliplatin 20 (22%) 17 (22%) 3 (19%)

- Other 27 (29%) 23 (30%) 4 (25%)

Neoadjuvant chemotherapy duration (weeks) 12 (7, 20) 12 (6, 18) 22 (11, 32) 0.018
Neoadjuvant radiation 42 (45%) 28 (36%) 14 (88%) <0.001
Pathological tumor stage 0.7

-0 3 (3.2%) 0 (0%) 3 (19%)

-1 3 (3.2%) 2 (2.6%) 1 (6.2%)

-2 2 (2.2%) 2 (2.6%) 0 (0%)

-3 85 (91%) 73 (95%) 12 (75%)

Positive pathologic lymph nodes 38 (41%) 38 (49%) 0 (0%) <0.001

lData are median (IQR) or n (%)

2 . . . .
Wilcoxon rank-sum test; chi-square test of independence; Fisher’s exact test

Abbreviation: NLR = neutrophil-to-lymphocyte ratio
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Table 2

Relationship between baseline NLR and changes in NLR on pathological tumor response

Characteristicl Poor responders,n =77 Good responders, n = 16 P—value2
Baseline NLR 2.69 (2.00, 3.67) 2.77 (1.91, 3.65) >0.9
Delta 1 0.06 (~0.88, 1.08) -0.02 (-1.09, 1.47) 0.8

- NLR unknown 12 2

Delta 2 0.61 (-0.75, 1.93) 0.81(-0.54, 1.88) 0.8

lData are median (IQR)

2 .
Wilcoxon rank-sum test

Abbreviations: NLR = neutrophil-to-lymphocyte ratio, NAT = neoadjuvant treatment; delta 1 = baseline to cycle 3; delta 2 = baseline to surgery
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Relationship between baseline NLR and changes in NLR on survival outcomes

Table 3

N
Baseline NLR 93
Delta 1 79
Delta 2 93

Abbreviations: NLR = neutrophil-to-lymphocyte ratio, HR = hazard ratio; delta 1 = baseline to cycle 3; delta 2 = baseline to surgery

HR
0.98
1.08
1.00

Overall Survival Disease Free Survival
95%Cl P-value HR 95%Cl P-value
0.91-1.07 0.7 1.02 0.98-1.06 0.2
0.98-1.19 0.1 1.00 0.94-1.07 0.9
0.96-1.05 0.9 0.98 0.95-1.02 0.3
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