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Background: The purpose of this study is to report on the prognostic role of pre- and post-stereotactic 
body radiation therapy (SBRT) neutrophil-to-lymphocyte ratio (NLR) in a cohort of patients with 
borderline resectable (BRPC) and locally advanced pancreatic cancer (LAPC) who was treated with multi-
agent induction chemotherapy followed by five-fraction SBRT. 
Methods: Patients treated with multi-agent induction chemotherapy followed by SBRT from August 2016 
to January 2019 and who had laboratory values available for review were included in the study. Univariate 
(UVA) and multivariate analyses (MVA) were performed to determine associations between pre-/post-
SBRT NLR and overall survival (OS), local progression-free survival (LPFS), distant metastasis-free survival 
(DMFS), and progression-free survival (PFS). 
Results: A total of 156 patients were treated with multi-agent induction chemotherapy followed by 
SBRT and had laboratory values available for review. On UVA, chemotherapy duration ≥4 months, poorly 
differentiated disease, inability to undergo resection, pre-SBRT ANC ≥3.7 No./μL, pre-SBRT NLR ≥2.3, 
and post-SBRT NLR ≥2.6 were associated with worse OS. Patients with post-SBRT NLR ≥2.6 had a 
median OS of 16.7 months versus median OS not yet reached in patients with post-SBRT <2.6 (P=0.009). 
On MVA, poorly differentiated disease [hazard ratio (HR) =1.82, 95% CI: 1.04–3.18, P=0.035], inability to 
undergo resection (HR =2.17, 95% CI: 1.25–3.70, P=0.006), and post-SBRT NLR ≥2.6 (HR =2.55, 95% CI: 
1.20–5.45, P=0.015) were associated with inferior OS. On UVA, baseline CA 19-9 ≥219 U/mL, pre-SBRT 
platelet count ≥157×1,000/μL, and post-SBRT NLR ≥2.6 were associated with inferior LPFS. Patients with 
post-SBRT NLR ≥2.6 had a median LPFS of 18.3 months versus median LPFS not yet reached in patients 
with post-SBRT <2.6 (P=0.028). On MVA, only post-SBRT NLR ≥2.6 was associated with worse LPFS (HR 
=3.22, 95% CI: 1.04–9.98, P=0.043). 
Conclusions: Post-SBRT NLR ≥2.6 predicted for inferior OS and LPFS in BRPC/LAPC patients treated 
with multi-agent chemotherapy and SBRT. These findings highlight the importance of further elucidating 
the immunologic effects of radiation therapy in this setting, which may have significant implications on both 
radiation design as well as combination strategies.
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Introduction

Pancreatic cancer is the third most common cause of cancer 
related deaths in the US, accounting for over 48,000 deaths 
each year (1). Treatment usually involves a combination of 
chemotherapy, radiation therapy, and surgical resection (2). 
Even with aggressive therapy for patients with localized 
disease at presentation, prognosis remains guarded, with 
5-year overall survival (OS) of less than 15%, for example, 
among patients with borderline resectable (BRPC) and/or 
locally advanced pancreatic cancer (LAPC) (1,3).

The role of radiation therapy for localized pancreatic 
cancer remains controversial. Currently, radiation therapy 
is administered for the purpose of margin sterilization and 
local recurrence risk reduction in the neoadjuvant setting 
and for improving local progression-free survival (LPFS) 
and preventing morbidity from disease progression in the 
unresectable setting (4-13). Two randomized studies have 
shown that neoadjuvant chemoradiation is associated with 
higher rates of R0 resection and improved OS in BRPC 
(14,15). However, the recent Alliance A021510 trial did 
not show a benefit of pre-operative chemoradiation versus 
pre-operative chemotherapy for patients with BRPC (16). 
Given such conflicting results, a more complete mechanistic 
understanding of the impact of radiation therapy, beyond 
classical radiobiologic DNA damage pathways, is critical to 
optimizing the manner in which radiation is delivered for 
this patient population. As an example, conformal, hypo-
fractionation is often cited as a potential tool to promote 
antigen release and evoke pro-immunogenic pathways, but 
supporting data is lacking.

Inflammation has been associated with chronic diseases 
including diabetes, heart failure, chronic obstructive 
pulmonary disease, and autoimmune conditions (17-20). It 
has also been linked to a wide range of cancers including 
colorectal cancer, head and neck cancer, prostate cancer, 
esophageal cancer, and pancreatic cancer (21-24). Studies 
have shown that markers of systemic inflammation such 
as C-reactive protein and neutrophil-to-lymphocyte ratio 
(NLR) can predict outcomes, with high levels associated 

with poor outcomes (24-26). The exact mechanism is 
unknown, but inflammation is thought to promote tumor 
angiogenesis, epithelial to mesenchymal transition, and 
suppression of cytotoxic T lymphocytes (26). The NLR 
is a particularly attractive metric since it can be readily 
calculated from routine blood cell counts.

The prognostic value of NLR in pancreatic cancer 
treated with radiation therapy has been investigated in only 
a handful of reports (27-31). Current studies are limited 
by heterogeneity in clinical outcomes, radiation dose/
fractionation, and time point of NLR (i.e., pre-radiation 
or post-radiation). Additionally, only two of these studies 
report on the role of NLR in pancreatic cancer patients 
treated with stereotactic body radiation therapy (SBRT), 
with conflicting findings (27,30). As SBRT continues to be 
explored in pancreatic cancer, an understanding of NLR 
dynamics and its association with survival outcomes may 
yield insight into potential immunologic mechanisms of 
radiation effect, which may have implications on both 
optimal radiation delivery as well as potential opportunities 
for combination strategies with immunotherapeutic agents. 
As such, we report on the association of pre-SBRT and 
post-SBRT NLR with survival outcomes in a cohort of 
patients with BRPC/LAPC treated with multi-agent 
induction chemotherapy followed by five-fraction SBRT. 
We present the study in accordance with the STROBE 
reporting checklist (available at https://jgo.amegroups.com/
article/view/10.21037/jgo-21-513/rc). 

Methods

Study design

This was a single institution review of patients with BRPC 
or LAPC treated with multi-agent induction chemotherapy 
followed by five-fraction SBRT from August 2016 to 
January 2019. The study was conducted in accordance 
with the Declaration of Helsinki (as revised in 2013), and 
was approved by the institutional review board of Johns 
Hopkins University (No.: IRB00285919). Informed consent 
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was not taken for this study because it was retrospective in 
nature and no human experimentation/involvement was 
taken place.  

Inclusion criteria for the study were as follows: (I) biopsy 
confirmed diagnosis of pancreatic cancer; (II) BRPC or 
LAPC per NCCN guidelines (2); (III) treatment with 
multi-agent induction chemotherapy followed by five-
fraction SBRT; (IV) complete blood count values before 
and/or after SBRT available for review. 

Treatment details

Patients were treated with multi-agent induction 
chemotherapy consisting of FOLFIRINOX (FFX), 
gemcitabine/nab-paclitaxel (GnP), FFX and GnP, or 
other regimens. Duration of upfront chemotherapy was 
at the discretion of the treating medical oncologist but 
was primarily based on response on interval computed 
tomography (CT) scans as well as tolerability. Following 
completion of chemotherapy, patients without distant 
progression were recommended for five-fraction SBRT. 
Prior to simulation, patients underwent endoscopic 
ultrasound-guided fiducial placement to assist with daily 
setup using cone beam CT (CBCT). At time of simulation, 
patients were positioned supine with their arms above their 
head in a Vac-Lok device (CIVCO Medical Solutions, 
Coralville, IA, USA) for immobilization. Thin-sliced CT 
scans with intravenous contrast were obtained for treatment 
planning. Respiratory motion was managed with active 
breathing control (ABC, Elekta, Stockholm, Sweden). 
In patients who could not tolerate ABC, a free breathing 
4-dimensional (4D)-CT scan was acquired to account for 
respiratory motion, with an internal target volume (ITV) 
generated from peak inspiratory and expiratory phases. 
Target volumes and organs at risk were contoured using 
Pinnacle Treatment Planning Software (Phillips Radiation 
Oncology Systems, Fitchburg, WI, USA). The clinical 
target volume (CTV) consisted of gross disease seen on 
imaging and the full circumference of involved vasculature. 
A planning target volume (PTV) was generated by adding 
a 2–5 mm isotropic expansion to the CTV in breath-hold 
cases and to the ITV in free-breathing cases. Pre-treatment 
and intrafraction CBCT scans were acquired to verify 
patient positioning. Patients were aligned to bone and 
then shifted to align to fiducials. All patients were treated 
on an Elekta linear accelerator unit (Elekta, Stockholm, 
Sweden). Restaging CT scans were obtained approximately 
4 weeks after completion of SBRT. Patients without distant 

progression and with local vascular involvement that was 
potentially amenable to complete surgical resection were 
considered for surgical exploration. Administration of 
adjuvant chemotherapy was at the discretion of the treating 
medical oncologist. 

Laboratory values

Laboratory values included hematocrit, platelets, absolute 
neutrophil count (ANC), and absolute lymphocyte count 
(ALC). The NLR was obtained by dividing ANC by ALC. 
The platelet-to-lymphocyte ratio (PLR) was obtained by 
dividing platelet count by ALC. Laboratory values were 
collected within 4 weeks prior to the start of SBRT and  
1–6 weeks after completion of SBRT. If multiples values 
existed, the value closest to start of SBRT and closest to  
4 weeks after completion of SBRT was recorded. 

Statistical analysis

Patient, disease, and treatment characteristics including 
age, sex, Karnofsky Performance Status, disease extent, 
chemotherapy duration/regimen, SBRT dose/fractionation, 
resection status, and laboratory values were recorded. 
Differences in median pre-/post-SBRT laboratory values 
were determined by Mann-Whitney U test. Receiver 
operating characteristic (ROC) curves were generated to 
identify the optimal pre-SBRT NLR, post-SBRT NLR, 
and change in (Δ) NLR cutoff values using the Youden 
index. These NLR cutoff values and median values for all 
other continuous variables were used in statistical analysis. 
Univariate Cox regression was performed to identify 
variables associated with OS, LPFS, distant metastasis-
free survival (DMFS), and progression-free survival (PFS) 
from time of SBRT. OS was defined as time from SBRT to 
death. LPFS and DMFS were defined as time from SBRT 
to radiographic evidence of local progression and distant 
progression, respectively. PFS was defined as time from 
SBRT to radiographic evidence of any progression or death. 
Variables significant (P<0.05) on univariate Cox regression 
were included in multivariable Cox regression. Kaplan-
Meier curves were generated for time to event outcomes, 
and statistical significance was determined by the log-rank 
test. A P value <0.05 was considered significant throughout 
the study, with all P values being 2-sided. Statistical analyses 
were performed with JMP version 14.0 (SAS institute, 
Cary NC, USA) and SPSS version 25.0 (IBM Corporation, 
Armonk NY, USA). 
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Results

Patient, disease, and treatment characteristics

Patient, disease, and treatment characteristics are shown in 
Table 1. From August 2016 to January 2019, 156 patients 
were treated with multi-agent induction chemotherapy 
followed by five-fraction SBRT. Median age was 66.4 years 
(range, 41.7–84.1 years), and 52% of patients were male. 
Borderline resectable disease and LAPC were seen in 
41% (64/156) and 59% (92/156) of patients, respectively. 
The median baseline CA 19-9 was 216.8 U/mL (range, 
<1.0–7,358.4 U/mL), and median duration of upfront 
chemotherapy was 4 months (range, 1–18 months). 
Chemotherapy regimens consisted of FFX (94/156, 60.2%), 
GnP (32/156, 21%), FFX plus GnP (20/156, 13%), FFX 
plus other (3/156, 2%), GnP plus other (5/156, 3%), and 
other (2/156, 1%). All patients were treated with five-
fraction SBRT. The most common dose/fractionation was 
33 Gy/5 fractions (150/156, 96%), followed by 30 Gy/5 
fractions (3/156, 2%), 36 Gy/5 fractions (2/156, 1%), and 
30.5 Gy/5 fractions (1/156, 1%). The majority (106/156, 
67%) of patients underwent surgical resection with Whipple 
procedure (69/106, 65%), distal pancreatectomy (34/106, 32 
%), or total pancreatectomy (3/106, 3%). Post-SBRT/surgery 
chemotherapy was administered to 58 patients (37.2%) for a 
median duration of 2 months (range, 1–6 months). 

Laboratory values

Pre- and post-SBRT laboratory values are displayed in  
Table 1. Not all laboratory values were available for each 
patient. Missing values included pre-SBRT ALC (7/156, 
4%), pre-SBRT ANC (7/156, 4%), pre-SBRT hematocrit 
(7/156, 4%), pre-SBRT platelets (7/156, 4%), post-SBRT 
ALC (40/156, 26%), post-SBRT ANC (40/156, 26%), post-
SBRT hematocrit (22/156, 14%), and post-SBRT platelets 
(22/156, 14%). The median pre-SBRT and post-SBRT 
hematocrit values were 33.3% (range, 19.9–40.8%) and 
35.9% (range, 22.5–46.8%), respectively. The median pre-
SBRT and post-SBRT platelet counts were 157.0×1,000/μL 
(range, 40.0–457.0×1,000/μL) and 153.5×1,000/μL (range, 
42.4–416×1,000/μL), respectively. The median pre-SBRT 
and post-SBRT PLR were 108.8 (range, 17.2–1,269.4) 
and 173.0 (range, 33.9–944.4), respectively. The median 
pre-SBRT ALC, ANC, and NLR were 1,350 No./μL 
(range, 340–4,980 No./μL), 3,715 No./μL (range, 470– 
58,490 No./μL), and 2.6 (0.4–24.1), respectively. The 
median post-SBRT ALC, ANC, and NLR were 840 No./μL  

(range, 180–1,990 No./μL), 2,980 No./μL (range, 260– 
15,500 No./μL), and 3.3 (0.5–42.8), with a change of −37.8% 
(P<0.001), −19.8% (P=0.014), and +26.9% (P=0.032), 
respectively (Figure 1).

Identification of NLR cutoff values

From ROC curves and Youden index, the optimal pre-
SBRT NLR, post-SBRT NLR, and Δ NLR cutoff values 
in predicting OS were 2.3 (area under the curve: 0.614, 
sensitivity: 68.8%, specificity: 53.6%), 2.6 (area under the 
curve: 0.598, sensitivity: 84.4%, specificity: 43.1%), and 
−0.59 (area under the curve: 0.508, sensitivity: 82.0%, 
specificity: 34.4%) , respectively (Figure 2A-2C). 

Clinical outcomes

Median follow-up time after SBRT for the entire cohort 
was 15.1 months (range, 0.3–42.4 months). At time of last 
follow-up, 85/156 patients (55%) had died. Of the patients 
who were alive, median follow-up time after SBRT was 
20.1 months (range, 0.3–42.4 months). The median OS 
after SBRT was 17.6 months (range, 0.3–42.4 months), with 
1-year, 2-year, and 3-year OS rates of 70.5%, 45.9%, and 
26.7%, respectively. On univariate analysis (UVA), duration 
of induction chemotherapy, disease grade, resection status, 
pre-SBRT ANC (threshold 3.7 No./μL), pre-SBRT NLR 
(threshold 2.3), and post-SBRT NLR (threshold 2.6) were 
associated with OS (Table 2). Patients with post-SBRT NLR 
≥2.6 had a median OS of 16.7 months versus median OS 
not yet reached in patients with post-SBRT <2.6 (P=0.009) 
(Figure 3A). On MVA, poorly differentiated disease (HR 
=1.82, 95% CI: 1.04–3.18, P=0.035), inability to undergo 
resection (HR =2.17, 95% CI: 1.25–3.70, P=0.006), and 
post-SBRT NLR ≥2.6 (HR =2.55, 95% CI: 1.20–5.45, 
P=0.015) were associated with inferior OS.

Given that  post-SBRT NLR cutoff  of  2 .6  was 
significantly associated with OS on MVA, we next 
determined whether this cutoff value could predict LPFS. 
The median LPFS after SBRT for the entire cohort was 
26.8 months, with 1-, 2-, and 3-year LPFS rates of 73.5%, 
51.5%, and 48.9%, respectively. On UVA, baseline CA 19-9 
(threshold 216 U/mL), pre-SBRT platelet level (threshold 
157×1,000/μL), and post-SBRT NLR (threshold 2.6) were 
associated with LPFS (Table 3). Patients with post-SBRT 
NLR ≥2.6 had a median LPFS of 18.3 months versus 
median LPFS not yet reached in patients with post-SBRT 
NLR <2.6 (P=0.028) (Figure 3B). On MVA, only post-SBRT 
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Table 1 Patient, treatment, and disease characteristics 

Characteristics 
N (%) or median 

[range]

No. of patients 156

Age (years) 66.4 [41.7–84.1]

Sex

Male 81 (51.9)

Female 75 (48.1)

KPS

90–100 116 (74.4)

70–80 40 (25.6)

Histology

Adenocarcinoma 154 (98.8)

Acinar cell 1 (0.6)

Undifferentiated carcinoma 1 (0.6)

Location of primary tumor 

Head 90 (57.7)

Other 66 (42.3)

Disease extent

Borderline resectable 64 (41.0)

Locally advanced 92 (59.0)

Baseline CA 19-9 (U/mL) 216.8 [<1.0–7,358.4]

Induction chemotherapy duration (months) 4 [1–18]

Induction chemotherapy

FFX 94 (60.2)

GnP 32 (20.5)

FFX and GnP 20 (12.8)

FFX plus other 3 (1.9)

GnP plus other 5 (3.2)

Other 2 (1.3)

SBRT dose and fractionation

33 Gy in 5 fractions 150 (96.2)

30 Gy 5 fractions 3 (1.9)

36 Gy in 5 fractions 2 (1.3)

30.5 Gy in 5 fractions 1 (0.6)

PTV (cm3) 87.3 [13.1–381.6]

Table 1 (continued)

Table 1 (continued)

Characteristics 
N (%) or median 

[range]

Surgically resected 106 (67.1)

Whipple 69 (65.1)

Distal 34 (32.1)

Total pancreatectomy 3 (2.8)

Post-SBRT/surgery chemotherapy

Yes 58 (37.2)

No 91 (58.3)

Unknown 7 (4.5)

Post-SBRT/surgery chemotherapy duration 
(months)

2 [1–6]

Pre-SBRT counts

Hct (%) 33.3 [19.9–40.8]

Platelets (×1,000/μL) 157.0 [40.0–457.0]

ANC (No./μL) 3,715 [470–58,490]

ALC (No./μL) 1,350 [340–4,980]

NLR 2.6 [0.4–24.1]

PLR 108.8 [17.2–1,269.4]

Post-SBRT counts

Hct (%) 35.9 [22.5–46.8]

Platelets (×1,000/μL) 153.5 [42.4–416]

ANC (No./μL) 2,980 [260–15,500]

ALC (No./μL) 840 [180–1,990]

NLR 3.3 [0.5–42.8]

PLR 173.0 [33.9–944.4]

KPS, Karnofsky Performance Status; CA 19-9, carbohydrate 
antigen 19-9; FFX, FOLFIRINOX; GnP, gemcitabine/nab-
paclitaxel; SBRT, stereotactic body radiation therapy; PTV, 
planning target volume; Hct, hematocrit; ANC, absolute 
neutrophil count; ALC, absolute lymphocyte count; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte 
ratio.

NLR ≥2.6 was associated with inferior LPFS (HR =3.22, 
95% CI: 1.04–9.98, P=0.043) (Table 3). In the post-SBRT 
NLR ≥2.6 group, 38% (31/82) developed local progression 
compared to 19% (6/32) in the post-SBRT NLR  
<2.6 group (P=0.044) (Table 4). 
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Tables S1 and S2 show UVA and MVA for DMFS 
and PFS. On MVA, only poorly differentiated disease 
was associated worse DMFS (median DMFS: 7.5 vs.  
11.5 months, HR =1.73, 95% CI: 1.09–2.75, P=0.019). 
On MVA, poorly differentiated disease (median PFS: 7.5 
vs. 10.1 months, HR =1.65, 95% CI: 1.04–2.62, P=0.032) 
and post-SBRT hematocrit <35.9% (median PFS: 8.1 vs.  
11.6 months, HR =0.52, 95% CI: 0.33–0.81, P=0.004) were 
associated with worse PFS.

Discussion

To our knowledge, this is the first study to report on the 
prognostic value of both pre- and post-SBRT NLR in a 
cohort of BRPC/LAPC patients treated with multi-agent 
induction chemotherapy and SBRT. We demonstrate 
that post-SBRT NLR is strongly associated with clinical 
outcomes. Specifically, post-SBRT NLR ≥2.6 predicted for 

worse OS and LPFS in this cohort.
The NLR has been identified as a prognostic factor in a 

wide range of malignancies, with high levels associated with 
poor outcomes (21-26). The exact mechanism is unknown. 
However, studies suggest that neutrophils have pro-
tumorigenic effects through secretion of reactive oxygen 
species, which promote mutagenesis and chemokines/
cytokines, which subsequently promote angiogenesis 
and tumor proliferation while suppressing cytotoxic T 
lymphocytes (32-34). In fact, a recent study of patients 
enrolled on LAP07, an international phase 3 trial that 
examined the role of consolidative chemoradiation after 
upfront chemotherapy in patients with LAPC, showed 
that baseline and pre-chemoradiation neutrophilia was 
associated with poor OS and decreased local control (35).  
Cytotoxic T lymphocytes, on the other hand, have 
anti-tumorigenic effects (36). A prior report from our 
institution demonstrated inferior OS in unresected LAPC 
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Table 2 Univariate and multivariable analyses of overall survival

Variables
UVA MVA

HR 95% CI P HR 95% CI P 

Age (≥66 vs. <66 years) 1.31 0.85–2.02 0.214

Sex (male vs. female) 0.81 0.53–1.24 0.332

KPS (> 90 vs. ≤90) 0.68 0.42–1.12 0.128

Disease extent (BRPC vs. LAPC) 1.19 0.77–1.83 0.427

Tumor location (head vs. other) 1.09 0.70–1.68 0.715

Induction CT duration (≥4 vs. <4 months) 0.45 0.27–0.73 0.001 0.62 0.30–1.31 0.211

Induction CT (FFX vs. GnP) 0.76 0.45–1.30 0.323

Grade (III vs. I/II) 1.85 1.17–2.91 0.008 1.82 1.04–3.18 0.035

Resected (no vs. yes) 2.86 1.85–4.55 0.001 2.17 1.25–3.70 0.006

PTV (≥87 vs. <87 cm3) 1.40 0.90–2.17 0.130

Baseline CA 19-9 ( ≥216 vs. <216 U/mL) 1.19 0.69–2.05 0.524

Pre-SBRT CA 19-9 (≥47 vs. <47 U/mL) 1.23 0.79–1.91 0.368

Post-SBRT CA 19-9 (≥47 vs. <47 U/mL) 1.69 0.83–3.46 0.151

Δ NLR (≥−0.59 vs. <−0.59) 0.72 0. 43–1.21 0.220

Pre-SBRT counts

Hct (≥33.3% vs. <33.3%) 0.85 0.55–1.32 0.463

Platelets (≥157 vs. <157 ×1,000/μL) 0.83 0.44–1.58 0.570

ANC (≥3.7 vs. <3.7 No./μL) 1.59 1.02–2.47 0.041 1.66 0.86–3.22 0.133

ALC (≥1.4 vs. <1.4 No./μL) 1.12 0.72–1.74 0.608

NLR (≥2.3 vs. <2.3) 1.78 1.11–2.84 0.017 1.00 0.50–2.01 0.986

PLR (≥108.8 vs. <108.8) 1.17 0.75–1.82 0.483

Post-SBRT counts

Hct (≥35.9% vs. <35.9%) 0.66 0.42–1.05 0.079

Platelets (≥153.5 vs. <153.5 ×1,000/μL) 0.74 0.37–1.46 0.385

ANC (≥3.0 vs. <3.0 No./μL) 1.02 0.62–1.66 0.950

ALC (≥0.8 vs. <0.8 No./μL) 0.87 0.53–1.45 0.604

NLR (≥2.6 vs. <2.6) 2.39 1.21–4.70 0.012 2.55 1.20–5.45 0.015

PLR (≥173.0 vs. <173.0) 1.09 0.67–1.78 0.731

KPS, Karnofsky Performance Status; CA 19-9, carbohydrate antigen 19-9; BRPC, borderline resectable pancreatic cancer; LAPC, locally 
advanced pancreatic cancer; CT, chemotherapy; FFX, FOLFIRINOX; GnP; gemcitabine/nab-paclitaxel; Δ, change; SBRT, stereotactic body 
radiation therapy; PTV, planning target volume; Hct, hematocrit; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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patients who developed grade 3 lymphopenia following  
chemoradiation (37). These studies suggest that NLR, 
which takes into account both neutrophils and lymphocytes, 
may serve as a prognostic measure in pancreatic cancer 
treated with radiation therapy. 

However, until now, few studies have investigated the 
prognostic role of post-radiation NLR, as opposed to pre-
radiation NLR, given that the former may serve as a better 
measure of immunologic impact of radiation therapy 
for pancreatic cancer (27-31). A study by Pearson et al., 
published in abstract form, represents the only prior report 
on post-radiation NLR and found that post-SBRT NLR, 
and not pre-SBRT NLR, was predictive of OS (30). Our 
data corroborates these findings, with only post-SBRT 
NLR (≥2.6), and not pre-SBRT NLR, being predictive 
of outcomes in our cohort. Furthermore, while two prior 
studies have reported on the association of pre-treatment 
NLR with local response to therapy, our results are the first 
to suggest that post-radiation NLR is strongly associated 
with local control outcomes (29,31).

Our findings also suggest that classic radiobiological 
mechanisms of DNA damage may not fully encompass 
radiation effect in this setting and that exploration of 
radiation-induced immunologic mechanisms represents 
a key area of continued study (32). Radiation therapy can 
induce immunogenic death of cancerous cells but can also 
deplete intratumoral cytotoxic lymphocytes and induce 
formation of pro-tumorigenic neutrophil extracellular 
traps (32,34,38). This suggests that there is a fine balance 
between the anti- and pro-tumorigenic properties of 
radiation on the tumor microenvironment (TME). As 
such, further studies are warranted to better understand 
the complex interplay between radiation therapy and 
the pancreatic TME, with NLR serving as a potential 

biomarker of outcomes. Such understanding could have 
major implications for both optimal radiation design as well 
opportunities for combination therapy with immunotherapy. 
As an example, optimal radiation target volume design for 
pancreatic cancer remains controversial and highly variable, 
with some data supporting larger volume elective nodal 
irradiation (39). However, the impact of such volumes on 
dose to hematopoietic organs and circulating lymphocytes 
should be considered (40-42). Similarly, conformality and 
fractionation may also have impact in this regard. Indeed, 
in a recent study exploring the prognostic value of change 
in NLR in a cohort of patients with BRPC/LAPC, patients 
were treated with conventional fractionated radiation 
(median, 36 Gy/15 fractions) and experienced a mean 
increase in NLR of +99.7%, far greater than the median 
change in NLR of +26.9% experienced by patients in our 
cohort. Likewise, patients in the aforementioned study by 
Pearson et al. (30), in which SBRT was administered as 
well, also experienced a median increase in NLR of only 
+27.7%. These findings suggest that radiation technique 
may significantly impact NLR dynamics. Ultimately, 
further work to clarify such relationship mechanistically is 
warranted. Similarly, a better understanding of the manner 
in which radiation both promotes and disrupts immunologic 
processes may better inform those combination strategies 
that merit further study (43-47). 

There are several limitations of this study including 
its single institution retrospective design, limiting 
generalizability of the findings. Furthermore, laboratory 
values were collected at varying times, anywhere from  
1 day to 4 weeks prior to SBRT and from 1 week to 6 weeks 
after completion of SBRT. It is possible that these values 
may have fluctuated during these intervals. Additionally, 
patients received various upfront systemic therapy regimens 

Figure 3 Kaplan-Meier survival curves of (A) overall survival and (B) local progression-free survival stratified by post-SBRT NLR cutoff of 
2.6. SBRT, stereotactic body radiation therapy; NLR, neutrophil-to-lymphocyte ratio.
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Table 3 Univariate and multivariable analyses of local progression-free survival

Variables
UVA MVA

HR 95% CI P HR 95% CI P 

Age (≥66 vs. <66 years) 1.18 0.67–2.08 0.570

Sex (male vs. female) 1.47 0.82–2.64 0.194

KPS (> 90 vs. <90) 0.69 0.37–1.31 0.261

Disease extent (BRPC vs. LAPC) 1.47 0.83–2.60 0.190

Tumor location (head vs. other) 1.64 0.89–3.02 0.110

Induction CT duration (≥4 vs. <4 months) 0.68 0.33–1.40 0.295

Induction CT (FFX vs. GnP) 0.78 0.38–1.61 0.508

Grade (III vs. I/II) 1.55 0.85–2.84 0.151

Resected (yes vs. no) 1.49 0.78–2.86 0.230

PTV (≥87 vs. <87 cm3) 0.91 0.51–1.63 0.752

Baseline CA 19–9 (≥216 vs. <216 U/mL) 2.25 1.10–4.58 0.025 2.05 0.92–4.56 0.077

Pre–SBRT CA 19–9 (≥47 vs. <47 U/mL) 1.54 0.86–2.76 0.150

Post–SBRT CA 19-9 (≥47 vs. <47 U/mL) 2.23 0.90–5.52 0.085

Δ NLR (≥-0.59 vs. <−0.59) 0.84 0.41–1.70 0.625

Pre-SBRT counts

Hct (≥33.3% vs. <33.3%) 1.27 0.71–2.28 0.417

Platelets (≥157 vs. <157×1,000/μL) 2.01 1.10–3.69 0.024 1.63 0.68–3.90 0.276

ANC (≥3.7 vs. <3.7 No./μL) 1.15 0.64–2.06 0.640

ALC (≥1.4 vs. <1.4 No./μL) 0.95 0.49–1.84 0.883

NLR (≥2.3 vs. <2.3) 1.23 0.68–2.22 0.492

PLR (≥108.8 vs. <108.8) 1.66 0.92–3.01 0.093

Post-SBRT counts

Hct (≥35.9% vs. <35.9%) 1.02 0.56–1.85 0.953

Platelets (≥153.5 vs. <153.5×1,000/μL) 1.06 0.58–1.91 0.858

ANC (≥3.0 vs. <3.0 No./μL) 0.87 0.43–1.73 0.683

ALC (≥0.8 vs. <0.8 No./μL) 1.27 0.63–2.53 0.505

NLR (≥2.6 vs. <2.6) 2.60 1.07–6.28 0.034 3.22 1.04–9.98 0.043

PLR (≥173.0 vs. <173.0) 1.23 0.64–2.37 0.529

HR, hazard ratio; KPS, Karnofsky Performance Status; CA 19-9, carbohydrate antigen 19-9; BRPC, borderline resectable pancreatic 
cancer; LAPC, locally advanced pancreatic cancer; CT, chemotherapy; FFX, FOLFIRINOX; GnP; gemcitabine/nab-paclitaxel; Δ, change; 
SBRT, stereotactic body radiation therapy; PTV, planning target volume; Hct, hematocrit; ANC, absolute neutrophil count; ALC, absolute 
lymphocyte count; NLR, neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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including FFX, GnP, or a combination, which in turn, may 
have influenced laboratory values. Of note, upon subgroup 
analysis of patients who only received FFX and of patients 
who only received GnP, post-SBRT NLR still predicted 
for clinical outcomes. The strengths of this study are its 
large sample size, homogenous SBRT dose/fractionation 
regimen (150/156 receiving 33 Gy/5 fractions), and long 
follow-up time. Despite the limitations, these findings are 
in agreement with those from other studies and adds novel 
information about the role of NLR in pancreatic cancer 
treated with SBRT (27-31). 

In conclusion, we demonstrate that post-SBRT NLR 
(threshold of ≥2.6) is associated with clinical outcomes 
following SBRT, with worse OS and LPFS observed in the 
high post-SBRT NLR group. These findings highlight 
the importance of further elucidating the immunologic 
effects of radiation therapy, which may have implications on 
radiation design and selection of combination strategies.
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Supplementary

Table S1 Univariate and multivariable analyses of distant metastasis-free survival

Variables
UVA MVA

HR 95% CI P HR 95% CI P 

Age (≥66 vs. <66 years) 0.97 0.65-1.44 0.875

Sex (male vs. female) 0.92 0.62-1.37 0.686

KPS (>90 vs. ≤90) 0.65 0.42-1.00 0.052

Disease extent (BRPC vs. LAPC) 1.24 0.83-1.84 0.297

Tumor location (head vs. other) 1.05 0.70-1.57 0.827

Induction CT duration (≥4 vs. <4 months) 0.53 0.33-0.87 0.011 0.59 0.33-1.04 0.067

Induction CT (FFX vs. GnP) 0.82 0.49-1.34 0.423

Grade (III vs. I/II) 1.75 1.15-2.70 0.009 1.73 1.09-2.75 0.019

PTV (≥87 vs. <87 cm3) 1.43 0.95-2.14 0.086

Baseline CA 19-9 (≥216 vs. <216 U/mL) 1.11 0.65-1.87 0.708

Pre-SBRT CA 19-9 (≥47 vs. <47 U/mL) 1.31 0.87-1.97 0.202

Post-SBRT CA 19-9 (≥47 vs. <47 U/mL) 1.27 0.69-2.32 0.443

Δ NLR (≥0.61 vs. <0.61) 1.15 0.73-1.80 0.545

Pre-SBRT counts

Hct (≥33.3% vs. <33.3%) 0.79 0.53-1.19 0.259

Platelets (≥157 vs. <157×1,000/μL) 0.92 0.61-1.38 0.683

ANC (≥3.7 vs. <3.7 no./μL) 1.37 0.91-2.07 0.135

ALC (≥1.4 vs. <1.4 no./μL) 0.88 0.58-1.32 0.525

NLR (≥2.3 vs. <2.3) 1.55 1.02-2.37 0.041 1.29 0.82-2.03 0.273

PLR (≥108.8 vs. <108.8) 1.22 0.81-1.84 0.340

Post-SBRT counts

Hct (≥35.9% vs. <35.9%) 0.68 0.45-1.04 0.077

Platelets (≥153.5 vs. <153.5×1,000/μL) 1.13 0.74-1.72 0.570

ANC (≥3.0 vs. <3.0 no./μL) 1.48 0.93-2.35 0.097

ALC (≥0.8 vs. <0.8 no./μL) 0.84 0.53-1.33 0.450

NLR (≥2.6 vs. <2.6) 1.42 0.84-2.40 0.188

PLR (≥173.0 vs. <173.0) 1.03 0.65-1.62 0.908

KPS, Karnofsky Performance Status; CA 19-9, carbohydrate antigen 19-9; BRPC, borderline resectable pancreatic cancer; LAPC, locally 
advanced pancreatic cancer; CT, chemotherapy; FFX, FOLFIRINOX; GnP; gemcitabine/nab-paclitaxel; Δ, change; SBRT, stereotactic body 
radiation therapy; PTV, planning target volume; Hct, hematocrit; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.
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Table S2 Univariate and multivariable analyses of progression-free survival

Variables
UVA MVA

HR 95% CI P HR 95% CI P 

Age (≥66 vs. <66 years) 0.97 0.67-1.42 0.893

Sex (male vs. female) 1.05 0.72-1.54 0.788

KPS (>90 vs. ≤90) 1.32 0.86-2.03 0.207

Disease extent (BRPC vs. LAPC) 1.02 0.69-1.50 0.916

Tumor location (head vs. other) 1.10 0.75-1.62 0.617

Induction CT duration (≥4 vs. <4 months) 0.53 0.33-0.86 0.011 0.91 0.49-1.69 0.770

Induction CT (FFX vs. GnP) 0.83 0.52-1.34 0.453

Grade (III vs. I/II) 1.66 1.10-2.51 0.016 1.65 1.04-2.62 0.032

PTV (≥87 vs. < 87 cm3) 1.40 0.95-2.06 0.085

Baseline CA 19-9 (≥216 vs. <216 U/mL) 1.26 0.77-2.05 0.363

Pre-SBRT CA 19-9 (≥47 vs. <47 U/mL) 1.39 0.94-2.06 0.103

Post-SBRT CA 19-9 (≥47 vs. <47 U/mL) 1.44 0.80-2.58 0.221

Δ NLR (≥0.61 vs. < 0.61) 1.19 0.78-1.84 0.423

Pre-SBRT counts

Hct (≥33.3% vs. <33.3%) 0.98 0.66-1.44 0.906

Platelets (≥157 vs. <157×1,000/μL) 1.03 0.70-1.51 0.887

ANC (≥3.7 vs. <3.7 no./μL) 1.28 0.86-1.89 0.221

ALC (≥1.4 vs. <1.4 no./μL) 1.03 0.70-1.52 0.879

NLR (≥2.3 vs. <2.3) 1.52 1.02-2.28 0.040 1.12 0.71-1.76 0.615

PLR (≥108.8 vs. <108.8) 1.20 0.82-1.78 0.348

Post-SBRT counts

Hct (≥35.9% vs. <35.9%) 0.63 0.42-0.95 0.026 0.52 0.33-0.81 0.004

Platelets (≥153.5 vs. <153.5×1,000/μL) 0.96 0.64-1.42 0.824

ANC (≥3.0 vs. <3.0 no./μL) 1.48 0.95-2.30 0.083

ALC (≥0.8 vs. <0.8 no./μL) 0.93 0.60-1.45 0.757

NLR (≥2.6 vs. <2.6) 1.62 0.97-2.70 0.065

PLR (≥173.0 vs. <173.0) 0.92 0.60-1.43 0.713

KPS, Karnofsky Performance Status; CA 19-9, carbohydrate antigen 19-9; BRPC, borderline resectable pancreatic cancer; LAPC, locally 
advanced pancreatic cancer; CT, chemotherapy; FFX, FOLFIRINOX; GnP; gemcitabine/nab-paclitaxel; Δ, change; SBRT, stereotactic body 
radiation therapy; PTV, planning target volume; Hct, hematocrit; ANC, absolute neutrophil count; ALC, absolute lymphocyte count; NLR, 
neutrophil-to-lymphocyte ratio; PLR, platelet-to-lymphocyte ratio.


