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Neutrophil-lymphocyte ratio as a prognostic factor for stereotactic
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Background: The neutrophil-lymphocyte ratio (NLR) has been proposed as an indicator of systemic
inflammatory response and may be able to predict clinical outcomes in patients with malignant solid tumors.
However, the relationship between NLR and the prognosis of liver metastasis after stereotactic body
radiotherapy (SBRT) is not well established.

Methods: Patients with liver metastatic tumors who underwent SBRT in our center between 2015 and
2018 were enrolled, and their data were retrospectively analyzed. The patient’ baseline total white blood cell
(WBC), neutrophil, lymphocyte, and platelet counts were recorded, along with their mean platelet volume
(MPV) and red blood cell distribution width (RDW). The cut-off values for NLR and platelet-lymphocyte
ratio (PLR) were determined by receiver operating characteristic (ROC) curves. Local control (LC) and
overall survival (OS) were calculated using the Kaplan-Meier method. The Cox proportional hazards model
was used to study significant variable line and factors associated with OS.

Results: A total of 65 patients with 82 lesions were enrolled. The median duration follow-up was 21
months. The local control (LC) rate was 76.8%, and the 1- and 2-year OS rates were 70.7% and 46.1%,
respectively. The cut-off values of NLR and PLR were 3.16 and 201.33, respectively. Multivariate analysis
identified the NLR cut-off value as a potential independent indicator of inferior OS [P=0.005, HR =3.317
(95% CI, 1.433-7.678)]. Biological effective dose (BED) was also associated with OS (P=0.035, HR =0.984
95% CI, 0.969-0.999)).

Conclusions: NLR showed a strong association with LC and OS, which could serve as a predictive guide
in the treatment of liver metastasis with SRBT. BED is also an independent factor affecting OS.
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Introduction limited (2). Aggressive treatments including stereotactic
body radiotherapy (SBRT), thermal ablation, and

Due to its involvement in hematogenous metastasis, it transcatheter arterial chemoembolization have improved

is the primary cause of death in patients with malignant the prognosis in suitable patients with hepatic metastases.
tumors (1). Surgical resection is the standard recommended An increasing number of studies have reported that
local therapy for patients, but its therapeutic efficacy is patients with liver metastases who cannot tolerate or
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refuse surgery may benefit from SBRT (3). To minimize
patient discomfort and administer effective and targeted
treatments, prognostic factors are urgently required as a
guide to personalized therapy.

Inflammatory responses play specific roles at various
stages of tumor development, including initiation,
promotion, malignant conversion, invasion, and metastasis.
Inflammation also affects immune surveillance and
responses to therapy (4). Hematological parameters,
including neutrophil-lymphocyte ratio (NLR), platelet-
lymphocyte ratio (PLR), mean platelet volume (MPV)
and red blood cell distribution width (RDW), are widely
used in the diagnosis of systemic chronic inflammation
due to the ease and low costs associated with routine blood
tests. These prognostic markers have been considered as
important prognostic indicators in patients with malignant
solid tumors (4-9). Dermot demonstrated that by changing
the tumor microenvironment, chronic inflammation plays
an important role in non-small cell lung cancer (5). Dr. Luo
determined that the change of NLR may serve as a potential
biomarker for OS in patients with advanced pancreatic
cancer undergoing chemotherapy (8).

However, these studies primarily focused on surgery,
chemotherapy, and conventional radiotherapy. The benefits
of SBRT, however, have not been investigated. In this
study, we examined the relationship between systemic
inflammatory biomarkers and the prognosis of patients
with liver metastasis who underwent SBRT. We present the
following article in accordance with the STROBE reporting
checklist (available at http://dx.doi.org/10.21037/tcr-20-
1335a).

Methods
Patient selection

The data of 136 patients with liver metastasis, who
received SBRT at Sir Run Run Shaw Hospital between
July, 2015 and January, 2018, retrospectively analyzed. The
inclusion criteria were as follows: (I) two kinds of imaging
examination indicating liver metastasis, usually enhanced
computed tomography (CT) of the upper abdomen and
liver magnetic resonance examination (MR); (II) an Eastern
Cooperative Oncology Group (ECOGQG) Performance Status
score of 0-2, and Child-Pugh A; (IIT) complete blood count
(CBC) obtained a week before radiotherapy; (IV) complete
follow-up. Patients meeting any of the following criteria
were excluded: (I) evidence of infection before SBRT,
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including, but not limited to, as high fever, respiratory
infection, or urinary infection; (II) active hemorrhage, blood
transfusion within 3 months, chronic infection, autoimmune
disease, or steroid use affecting blood routine counts; (III)
loss to follow-up, non-neoplastic death, or under-regulated
treatment. The study was conducted in accordance with the
Declaration of Helsinki (as was revised in 2013) . The study
was approved by ethics committee of Sir Run Run Shaw
hospital, School of Medicine, Zhejiang University (NO.:
20190927-1). The requirement for individual consent was
waived due to the retrospective nature of this study. No
patient-identifiable information was utilized for this study.

Treatments

SBRT was performed according to our institutional
standard. Each patient was immobilized in the supine
position, supported with a customized, vacuum cushion
(R7619NLB, Klarity). Then, four-dimensional computed
tomography (4D-CT) localization (Real-Time Position
Management, Siemens CT, SAMATOM Definition AS
Open) was performed. The patients’ respiratory motion was
managed with abdominal compression. The 4D-CT images
were reconstructed using a phase-based binning method
with 10 respiratory phases. The gross tumor volume (GTV)
was delineated at ten phases, assisted by contrast-enhanced
magnetic resonance imaging (MRI), and the internal target
volume (ITV) was acquired by merging the GTVs of 10
respiratory phases. The planning target volume (PTV)
was generated from the I'TV by adding an overall isotropic
margin of 5 mm. Contouring and treatment planning were
developed using a three-dimensional radiation therapy
planning system (Eclipse V11.0; Varian Medical Systems).
The prescribed dose was 24-60 Gy and delivered in 3-5
fractions. SBRT was routinely administered every other
day for the duration of 2 weeks. Follow-up examinations
consisted of CT and MRI examinations every 3 months for
2 years, then at half-yearly for the 3 years after that.

Biomarkers of systemic inflammation

This study investigated markers of systemic inflammation
by recording the patients’ WBC, neutrophil, lymphocyte,
and platelet counts, as well as their RDW and MPV,1 week
before the start of SBRT. Blood samples were collected,
processed, and analyzed at our institution.

[NLR= neutrophil count platelet count j 1

lymphocyte count N lymphocyte count
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Therapeutic efficacy

(I) Short term treatment outcomes: local control
(LC) was evaluated 1 month after SBRT by liver
magnetic resonance (MR) examination, according
to the modified Response Evaluation and Criteria in
Solid Tumors (RECIST) criteria. LC was defined as
complete response (CR), partial response (PR), stable
disease (SD) of the treated lesions.

(II) Long term treatment outcomes: telephone contact
and visits were undertaken to record the patients’
information. The follow-up period was defined as the
time from the first date of SBRT to January 13, 2020.
OS was defined as the time from the start of SBRT to
the date of death or the last follow-up.

Statistical analysis

LC and OS were calculated using the Kaplan-Meier
method, with the log-rank test used to detect potential
differences. OS was analyzed for each patient, while LC was
calculated for each lesion. Receiver operating characteristic
(ROC) curve analysis was used to identify the valuable index
of systemic inflammation for LC, determining the cut-off
value at the same time. Univariate and multivariate Cox
proportional hazards regression analysis was performed
to identify factors that were significantly associated with
OS. To determine the correlation between systemic
inflammation biomarkers and clinical features, the Mann-
Whitney U test was used to compare continuous variables,
while chi-square analysis was performed to compare
categorical variables. A P value of <0.05 was considered to
be statistically significant. All analyses were conducted using
SPSS version 20.0 IBM Corporation, Armonk, NY, USA).

The study was conducted in accordance with the
Declaration of Helsinki (as was revised in 2013). The study
was approved by ethics committee of Sir Run Run Shaw
hospital, School of Medicine, Zhejiang University (NO.:
20190927-1).

Results
Patient characteristics

This study included 65 patients (42 males and 23 females)
with a combined total of 82 lesions (53 single lesions and
29 multi-lesions). The patients’ clinical characteristics
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are shown in Table 1. The selection process is shown in
Figure 1. The primary tumor types identified included
colorectal adenocarcinoma (CRC), which was the most
common type (46.15%), followed by pancreatic (21.54%),
lung (10.77%), gastroesophageal (10.77%), gynecologic
(3.08%) and other (1 ureteral, 1 malignant melanoma, 1
leiomyosarcoma, 1 nasopharyngeal, and 1 breast) tumors.
All primary cancers were subjected to radical treatments,
such as resection and radio-chemotherapy and were stable
during liver metastasis. The majority of patients (70.77%)
prior treatment naive, while the remaining patients
(43.08%) had undergone sequential therapy. Twenty-two
patients did not receive subsequent systematic therapy
due to chemotherapy intolerance, financial reasons, or a
shortage of effective treatment at that time. These patients
underwent close monitoring during the follow-up period.
The median SBRT dose was 45 Gy (24-60 Gy) delivered

in a median of 5 fractions (range, 3-5 fractions).

Predictive value of inflammation markers and correlation
analysis

Table 2 lists the areas under ROC curves (AUC) of
inflammatory markers. NLR displayed the highest
AUC (0.821, P=0.010<0.05), followed by PLR (0.808,
P=0.014<0.05), RDW (0.669, P=0.174>0.05), and MPV
(0.596, P=0.441>0.05). NLR and PLR displayed higher
diagnostic values. The optimal cutoff points of NLR and
PLR were determined to be 3.16 and 201.33, respectively,
based on sensitivity and specificity shown in the ROC curve
(Figure 2). As illustrated in Table 3, no clinical features
achieved statistical significance (P<0.05), in chi-square and
Mann-Whitney U analyses, indicating that NLR and PLR

were independent of these clinical features.

Survival analyses

Of the 82 lesions treated, 63 achieved PR, CR, or SD after
SBRT, with an LC rate of 76.8%. The 1- and 2-year OS
rates were 70.7% and 46.1%, respectively, with a mean
follow-up duration of 21 months (range, 1.7-34 months).
We analyzed the four groups (LC based on NLR; LC based
on PLR; OS based on NLR; OS based on PLR) by Kaplan-
Meier survival analysis and noted a correlation between
high NLR and PLR values and significantly decreased LC
and OS (Figure 3).

Based on univariate analysis for OS (7able 3), NLR
[P=0.000, hazard ratio (HR) =7.907, 95% confidence interval
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¢ patients with liver metastasis, who received SBRTat Sir Run

Variable Frequency Run Shaw Hospital between July, 2015 and January, 2018 J
Patients 65 ¢ Evidence of infection before SBRT, including, but not limited J
to, as high fever, respiratory infection, or urinary infection
Lesions 82
¢ Active hemorrhage, blood transfusion within 3 months, chronic
Gender, n (%) 9 infection, autoimmune disease, or steroid use affecting blood
o routine counts
Male 42 (64.62) @
¢ Loss to follow-up, non-neoplastic death, or under-regulated
Female 23 (35.38) 65 treatment.
cases
Median age (range) in years 62.0 (32-90) \ 4
Primary tumor, n (%) Figure 1 A flow diagram for cases selection.
Colorectal 30 (46.15)
Lung 7(10.77) Table 2 AUC of laboratory hematological parameter for predicting
Gastroesophageal 7 (10.77) LC
Pancreas 14 (21.54) Index tests AUC 95% Cl P
Gynecological 2 (3.08) NLR 0.821 0.723-0.918 0.010
Other 5 (7.69) PLR 0.808 0.663-0.952 0.014
Prior treatment, n (%) RDW 0.669 0.446-0.893 0.174
Chemotherapy 14 (21.54) MPV 0.596 0.345-0.847 0.441
Radio frequency ablation (RFA) 1(1.54) TACE, transcatheter arterial chemoembolization; NLR, neutrophil-
lymphocyte ratio; PLR, platelet-lymphocyte ratio; RDW, red blood
TACE 4(6.19) cell distribution width; MPV, mean platelet volume.
target-treatment 6 (9.23)
No prior treatment 46 (70.77) . ROC Curve
Sequential therapy, n (%) ’ //
4
Chemotherapy 19 (29.23) 0 - /,
N 7/
Surgery 4 (6.15) //
7/
TACE 3(4.62) 206 ’ )2
= ’
target-treatment 7 (10.77) 'é /,’
o ’
Radio frequency ablation (RFA) 2 (3.08) 0.4 77
4
4
Immunotherapy 1(1.54) I —NLR
0.2 ) Vi —PLR
No treatment 37 (56.92) )2 :;2\\",/
4 — —Reference Line
Median dose (range) in Gy 45.0 (24-60) 0.0 & : :

Median BED (range) in Gy

Median number of fractions (range)

Median dose per fraction (range) in Gy

100.0 (43.2-129.375)

5.0 (3.0-5.0)
10.0 (6-12.5)

0.0 0.2 O!4 0?6 0.8 1.0
1-Specificity

Figure 2 The ROC curve of NLR (blue); the ROC curve of PLR

(red); the ROC curve of RDW (green); the ROC curve of MPV

TACE, transcatheter arterial chemoembolization; BED, biological

effective dose.
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(orange). ROC, receiver operating characteristic; NLR, neutrophil-
lymphocyte ratio; PLR, platelet-lymphocyte ratio; RDW, red
blood cell distribution width; MPV, mean platelet volume.
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Table 3 Correlations between hematological parameters and clinic features

Xie et al. NLR as predictor for SBRT of metastatic liver tumors

NLR, n (%) PLR, n (%)
Features
Low NLR High NLR P Low PLR High PLR P

Age 61.79+11.38 58.50+13.63 0.328 61.07+11.35 60.50+13.54 0.858

Gender 0.831 0.225
Female 17 (73.91) 6 (26.09) 13 (66.52) 10 (43.48)

Male 30 (71.43) 12 (28.57) 30 (71.43) 12 (28.57)

Primary tumor 0.506 0.885

Colorectal 20 (66.67) 10 (33.33) 19 (63.33) 11 (36.67)
Lung 7 (100.00) 0 (0.00) 5(71.43) 2 (28.57)
Gastroesophageal 5(71.43) 2 (28.57) 4(57.14) 3 (42.86)
Pancreas 11 (78.57) 3(21.43) 11 (78.57) 3(21.43)
Gynecological 1 (50.00) 1 (50.00) 1 (50.00) 1 (50.00)
Other 3 (60.00) 2 (40.00) 3 (60.00) 2 (40.00)

Prior treatment 0.067 0.519
Chemotherapy 9(81.82) 2(18.18) 6 (54.55) 5 (45.45)
Radiofrequency ablation 1 (100.00) 0 (0.00) 1 (100.00) 0 (0.00)

TACE 3 (75.00) 1(25.00) 4 (100.00) 0 (0.00)
Target-treatment 0 (0.00) 3 (100.00) 2 (66.67) 1(33.33)
No prior treatment 34 (73.91) 12 (26.09) 30 (65.22) 16 (34.78)

TACE, transcatheter arterial chemoembolization; NLR, neutrophil-lymphocyte ratio; PLR, platelet-lymphocyte ratio; RDW, red blood cell

distribution width; MPV, mean platelet volume.

(CI): 3.708-16.862], PLR (P=0.035, HR =2.175, 95%
CI: 1.057-4.476), RDW (P=0.002, HR =1.174, 95% CI:
1.062-1.298), BED (P=0.001, HR =0.976, 95% CI: 0.962—
0.990), and other primary tumor types were relevant to OS.
Multivariate analysis identified NLR (P=0.005, HR =3.317,
95% CI: 1.433-7.678) and BED (P=0.035, HR =0.984, 95%
CI: 0.969-0.999) as independent factors for OS.

Discussion

This retrospective study demonstrates favorable median
OS (21 months) and durable LC (median, 21 months) in a
cohort of patients with liver metastasis who received SBRT.
The overall LC rate was 76.8%, and the 1- and 2-year OS
rates were 70.7% and 46.1%, respectively. These results
are with other SBRT reports on liver metastases, in which
the 1-year LC rates ranged from 71-100% and the 2-year
rates from 30-66% (10-13). Our study suggested that a
higher BED delivered enhanced OS. A multi-institutional

© Translational Cancer Research. All rights reserved.

study investigating the efficacy of SBRT for treating liver
metastasis revealed a correlation between elevated BED
with increased LC and OS (3). This suggests a need for
further investigations into the importance of BED and
its association with LC and OS Moreover, our study did
not identify any correlation between total dose, dose per
fraction, and outcomes, which is consistent with several
clinical trials recently reported (12).

Our findings illustrate that NLR, as a biomarker of
systemic inflammation, was linked to the outcomes of
patients with hepatic metastatic tumors who underwent
SBRT. NLR values of <3.16 considered to be an
independent prognostic factor for SBRT suitability.
Meanwhile, this study found no association between NLR
values and other clinical features of hepatic metastatic
tumors treated with SBRT.

Inflammation is reported in every step of tumorigenesis,
from initiation to tumor promotion to eventual metastatic
progression (4). An elevated NLR was an independent
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Figure 3 Outcome in patients with liver metastatic tumors. (A) Local control based on neutrophil-to-lymphocyte ratio. Solid blue line:
NLR <3.16, dashed red line: NLR >3.16. (B) Local control based on platelet-to-lymphocyte ratio. Solid blue line: PLR <201.33, dashed red
line: PLR >201.33. (C) Overall survival based on neutrophil-to-lymphocyte ratio. Solid blue line: NLR <3.16, dashed red line: NLR >3.16.
(D) Overall survival based on platelet-to lymphocyte-ratio. Solid blue line: PLR <201.33, dashed red line: PLR >201.33. NLR, neutrophil-

lymphocyte ratio; PLR, platelet-lymphocyte ratio.

marker for poor prognosis and decreased OS in most
patients with solid tumors. Kabarriti ez 4/. found that
high NLR was also associated with poor OS in a mouse
model (14). Numerous studies have shown that NLR may
be a predictor of mortality in gastric cancer (15), liver (16),
and lung cancer (17) patients who undergo conventional
radiotherapy. However, SBRT delivers a large dose of
radiation to the tumor and is potentially more effective than
conventional radiotherapy.

The mechanism of NLR in tumor progression is still
unclear. Circulating neutrophils, infiltrate tumors produce
factors (e.g., ELA2, OSM, and S100A8/9) that promote
tumor cell proliferation, survival, and resistance to anti-
tumor therapy. They are also known to induce epithelial-
mesenchymal transition (EMT) of tumor cells and support
their migration machinery, such as MMP9, S100A8/9,
Bv8, and leukotrienes. Moreover, neutrophils have been
shown to be key effector cells in innate immunity by

© Translational Cancer Research. All rights reserved.

impairing T-cell response, inducing T-cell death, and
recruiting regulatory T cells, which play an important role
in cancer development and progression (18). Furthermore,
a low lymphocyte microenvironment weakens the immune
surveillance of tumors, and promotes tumor proliferation
and migration (19). Therefore, increased of NLR values
suggested enhanced inflammation and weakening of
anti-tumor immunity, meaning NLR could be used as a
pre-treatment measure for selecting patients with liver
metastasis who may benefit from SBRT, combined with
immunotherapy.

Radiosensitivity index (RSI) is believed to be closely
associated with the nature and biological behavior of the
primary tumor. In this study, patients with liver metastases
from different primary cancers were enrolled. CRC
was the most common primary tumor type, followed
by pancreatic, lung, gastroesophageal, gynecologic, and
other tumors. Such composition corresponded to the
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proportion of primary tumors in most existing studies on
RSI (20). A high dose per fraction and a different delivery
pattern lowered the duration of SBRT, thereby limiting
the potential for sublethal damage repair compared to
conventional radiotherapy (CRT). Thus, the RSI of
different primary tumors that receive SBRT is different
to that of primary tumors that receive CRT. Compared
to SBRT, the influence is always smaller than CRT. K.A.
Ahmed et al. identified a multigene expression index for
tumor RSI with validation in multiple cohorts; the median
RSI for skin colorectal, stomach, pancreatic, lung, and
breast cancer with liver metastases was 0.43, 0.43, 0.42, 0.35,
and 0.34, respectively P=0.0002 (21). Most primary tumors
included in this study displayed no significant difference in
RSI. This may due to the distinctive biology of the liver,
which is focused on interactions between disseminated
tumor cells and the unique resident cell populations of
the liver (22). The resident cell populations of the liver
(hepatocytes, liver sinusoidal endothelial cells, Kupffer cells,
and hepatic stellate cells) exhibit tumoricidal (apoptosis,
phagocytosis, and endocytosis) and/or tumor-promoting
activities (extravasation, arrest, colonization, proliferation,
angiogenesis, and immunosuppression) in the hepatic
metastatic microenvironment. Activities are mediated via
soluble signaling factors, direct receptor-mediated cell-
cell or cell-ECM contacts, and proteolytic enzymes. This
mechanism may cause the hemodynamic features and a
unique microenvironment of the liver more important than
the location of the primary tumor. Moreover, all primary
cancers in this study had received radical treatments, such
as resection and radio-chemotherapy, further justifying our
focus on liver metastasis.

However, the selection of critical NLR values is
influenced by the number of samples, research methods,
biological characteristics and the location of tumors (23).
There are still some shortcomings in this study, such as the
small sample size and the bias associated with retrospective
studies. To further test and verify the viability of our
findings, further prospective randomized clinical trials
with large samples and suitable patients are necessary.
Additionally, the mechanism of NLR in tumor underwent
SBRT progression is still unclear, with further clarifications
to be obtained through animal model investigations.

Conclusions

In conclusion, our data suggest that NLR and BED were
associated with OS in metastatic liver patients who received
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SBRT. The NLR could be considered as an independent
prognostic indicator for clinical cancer treatment tailored
for individual patients. Within the tolerable range of
patients, an increased BED may achieve an improved
therapeutic effect.
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