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Background: The object of the study was to elucidate the relationship between the
neutrophil-lymphocyte ratio (NLR) and the growth of pulmonary ground-glass opacity
(GGO) in stage 1A lung adenocarcinoma.

Methods: All patients with GGO following surgical procedures were enrolled, with the time
of follow-up and the variation tendency of GGO recorded. Meanwhile, laboratory para-
meters, age, gender, smoking history, histology, tumor size, and stage were recorded.
Logistic regression was used to evaluate the value of NLR and the cutoff value was
calculated by SPSS 22.0.

Results: In the whole cohort, 30 cases of growing GGO and 43 cases of stable GGO
undergoing surgical procedures were diagnosed as lung adenocarcinoma. There was signifi-
cant statistical difference between the two groups. Multivariable analysis showed that NLR
could predict the GGOs with growth (odds ratio 5.198, 95% confidence interval (95%CI:
1.583-14.581, P=0.002). Receiver operating characteristics analysis for NLR showed the
optimal cutoff value of 2.38, with a sensitivity of 60.0% and specificity of 81.4%.
Conclusion: Our study demonstrated that the NLR appeared to have value as a promising
clinical predictor of GGOs with growth. Further studies are needed to confirm this
conclusion.
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Introduction

With low-dose computed tomography widely used in lung cancer screening, pul-
monary ground-glass opacity (GGO) was increasingly detected. According to the
NCCN guideline,’
follow-up strategy or surgical procedures. Many studies have suggested that lung

patients with GGOs are recommended to receive different
cancer with a ground-glass component may have a better prognosis.” * Preinvasive
lesions shown as GGO in the CT, including atypical adenomatous hyperplasia
(AAH) or adenocarcinoma in situ (AIS), may be stable or slowly growing. AAH,
AIS, and lepidic predominant lung adenocarcinomas grow along preexisting alveo-
lar structures,” which maintains the air space. During the follow-up duration, some
small GGOs can gradually grow into solid nodules, while some large GGOs can
remain stable. The critical risk factor was the growth of GGO, which determined
how to choose the next follow-up strategy or surgical treatment.

Much evidence has shown that inflammation plays an important role in cancer

development and progression.® As biomarkers of systemic inflammation, neutrophil
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is related to tumor growth stimulation,” while lymphocyte
protected the organism from tumor cells through blocking
their proliferation and migration.® Therefore, several
researchers demonstrated the role of inflammation in the
prognostic of lung cancer.”'® However, to the best of our
knowledge, the relationship between NLR and malignant
GGO with growth has not been researched in previous
studies. If we find the risk factors associated with malig-
nant growing GGOs, the clinical value will determine the

procedure of follow-up or surgical method.

Materials and Methods

In this study, we retrospectively collected the data of
patients with GGOs that were finally diagnosed as lung
cancer at Hebei General Hospital in the CT follow-up
from January 2015 to November 2020. The eligible cri-
teria data included the following conditions: (1) the pathol-
ogy of GGOs was confirmed as adenocarcinoma including
AIS, minimal invasive adenocarcinoma (MIA), and inva-
sive adenocarcinoma. (2) Patients with GGOs must be
followed-up for at least three months according to the
NCCN guideline, which were divided into the growing
group and the stable group by two chief physicians. The
definition of growing GGO was a increasing diameter by
more than 10% according to the 2011 National Lung
Screening Trial.'' (3) The types of GGO included pure
GGO and subsolid GGO. (4) The CT scan must be taken in
the same hospital during the follow-up and the data of
NLR can be sought out at the time of the initial CT. The
exclusion criteria included patients with inflammatory dis-
ease, missing preoperative complete blood cell count when
finding the GGO, chemotherapy or radiotherapy before
follow-up. The major GGO was selected in patients with
multiple GGOs.

Clinical information of patients including sex, age,
smoking history, lesion type, histology type, and tumor
The TNM
stage was assessed according to 2011 International

size were obtained from medical records.

Association for the Study of Lung Cancer, the American
Thoracic Society, and the European Respiratory Society
(IASLC/ATS/ERS).” NLR was defined as the absolute
neutrophil count divided by the absolute lymphocyte
count.

Statistical Analyses

Statistical Package for Social Sciences version 22.0
software (SPSS Inc., IBM Corporation, Armonk, NY,
USA) was used for the data analysis. The two-group

difference was tested by the Student’s t-test for con-
tinuous variables and Pearson’s chi-squares test and
Fisher’s Exact test for categorical variables. The rela-
tionship between various factors and growing GGO
were assessed by univariable and multivariable ana-
lyses by the logistic regression test, while odds ratios
(OR) with 95% confidence interval (95%CI) were also
calculated. P<0.05 was considered with statistical sig-
nificance. Receiver operating curve (ROC) analysis
was plotted to investigate the optimal cutoff values
that maximized sensitivity and specificity using the
software MedCalc 19.0.

Results

The total number of patients with GGOs in the CT follow-
up duration was 2584, but only 73 cases of these patients
met the inclusion criteria. After several months of follow-
up, patients with GGOs were divided into two groups:
growing GGO group and stable GGO group. The longest
follow-up period was more than 60 months and the short-
est was three months. The distribution of surgical stage
was 27 in stage 0, 24 in stage [A1, and 22 in stage [A2.
The pathology of these cases included 51 preinvasive and
22 invasive adenocarcinomas. The overall clinical and
pathological characteristics of all patients were shown in
Table 1. There was no significant difference in the follow-
up time between the two groups (P=0.208). In the patho-
logical stage distribution between the two groups,
there was no statistics difference (P=0.064) as shown in
Table 1. As for pathological features, the preinvasive
adenocarcinomas included AIS and MIA, and the number
of invasive adenocarcinomas in the growing group was
similar to the stable group (P=0.125).

As shown in Table 2, the mean counts of white cells
(P=0.031), neutrophil (P=0.002), and NLR (P<0.001) in
the growing GGO group were different from the stable
GGO group. However, there was no significant difference
in the mean values of lymphocytes, platelets, LMR, CEA,
MONO, and PLR (P>0.05). Through the analysis of logis-
tic regression between the two groups, we found that age
(P=0.020) and NLR (P<0.001) were significantly asso-
ciated with the growing GGOs in univariable analysis
(Table 3), while multivariable analysis demonstrated that
NLR was an independent risk factor for patients with
(P=0.002). Through the
operating curves, the cutoff value for NLR predicting the

receiver-

growing GGOs

growth of GGO was shown in Figure 1. An optimal cutoff
value was used to identify the maximized sum of
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Table | Patient Characteristics and Pathological Findings in Two

Groups
Characteristics | Growing Group Stable Group P
N=30 N=43
Mean age (SD) 62.60+9.01 56.39£11.41 0.150
Smoking history 0.470
No 20 (66.7%) 32 (74.4%)
Yes 10 (33.3%) 11 (25.6%)
Gender 0.310
Female 16 (53.3%) 28 (65.1%)
Male 14 (46.7%) 15 (34.9)
Stage 0.064
0 7 (23.3%) 20 (46.5%)
IAI 10 (33.3%) 14 (32.6%)
IA2 13 (43.3%) 9 (20.9%)
Invasive 0.125
No 18 (60%) 33 (76.7%)
Yes 12 (40%) 10 (23.3%)
Size (mm) 13.08+5.37 11.00+4.17 0.068
Follow-up 0.208
duration
>3 months< 12 (40%) 23 (53.5%)
>12 months< 6 (20%) Il (25.6%)
>36 months 12 (40%) 9 (20.9%)

Note: Values are expressed as the mean *standard deviation.
Abbreviation: SD, standard deviation.

Table 2 Laboratory Parameters

Parameters Growing Group Stable Group P

WBC 6.16+1.47 5.47+1.22 0.031
Neutrophil 4.09+1.27 3.02+0.88 0.002
Lymphocyte 1.58+0.60 1.78+0.51 0.128
Platelet 228.00+67.91 229.69+45.57 0.899
CEA 3.21+2.05 2.55+2.78 0.307
NLR 2.97+1.37 1.91£0.72 0.000
LMR 5.89+2.46 6.83+1.26 0.073
PLR 167.57+98.04 138.69+45.45 0.095
MONO 0.28+0.08 0.2740.07 0.452

Note: Values are expressed as the mean *standard deviation.

Abbreviations: WBC, white blood cell count; CEA, carcinoembryonic antigen;
NLR, neutrophil-lymphocyte ratio; LMR, lymphocyte-monocyte ratio; PLR, platelet-
lymphocyte ratio; MONO, monocyte.

sensitivity and specificity. Based on ROC, the best cutoff
value for NLR was 2.38, which was 60.0% sensitive and
81.4% specific for the growing GGOs. NLR was indepen-
dent predictor of growth in patients with GGO when using
2.38 as threshold value (OR: 5.198, 95%CI 1.583-14.581,
P=0.002).

Discussion

In 1998, the first study published by Bellocq et al'”
demonstrated the association between neutrophils and
a poor outcome in the alveolar lumen of bronchioloalveo-
lar carcinoma. Tumor-infiltrating lymphocytes (mostly
CDS8") are correlated with better OS in 1290 patients
with NSCLC."? During these years, more and more studies
have shown that the neutrophil-lymphocyte ratio (NLR)
could be a representative prognostic marker in various
malignancies.'*'> The most rational reason of why NLR
was associated with the prognostic in human cancer may
be the imbalance of immune response.'®

The tumor microenvironment consists of immune and
inflammatory cells. Therefore, immune and inflammatory
response was important in tumor progression and aggres-
siveness. The circulating cytokines together with the NLR,
which was associated with an increase in interleukin (IL),
were shown by many studies.'”'® The granulocyte colony-
stimulating factor, IL-1, IL-6 and tumor necrosis factor-
alpha (TNF-0) may influence tumor-related leukocytosis
and neutrophilia.'” A suitable environment provided by
neutrophilia promotes the development of cancer.'>°
Through the suppression of recruiting T cells and activat-
ing chemokines, cancer-related inflammation leads to the
improvement of tumors.

Recently, research demonstrated the activation of
immune responses and immune escape through immune
checkpoints and suppressive interleukins that occurred at
preinvasive stages of cancer development.® In 2015, the
World Health Organization (WHO) defined two new sub-
types of lung cancer: AIS and MIA,** while early lung
cancer including AIS and MIA mainly occurs in patients
with GGOs.>* During the period of follow-up, the natural
course for these patients with GGO was growth or persis-
tence. And the critical strategy was determined by the
growth of GGO according to the 2020 NCCN guideline.’
Therefore, we assessed the relationship between the
growth of GGO and clinicopathological characteristics.
We found that age (P=0.020) and NLR (P=0.001) were
significantly associated with the growing GGOs in the
univariable analysis. In multivariable analysis, it is demon-
strated that NLR was an independent risk factor for
patients with growing GGOs (P=0.002).

To the best of our knowledge, this is the first study
evaluating the association between NLR and early lung can-
cer with growing GGOs. We retrospectively collected the

data from patients who underwent surgical procedures, and
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Table 3 Results of Univariable and Multivariable Analysis

Variables Univariable Analysis Multivariable Analysis
OR 95%ClI P OR 95%Cl P

Age 1.062 1.009-1.117 0.020 1.05 0.985-1.120 0.132
Size 1.098 0.991-1.218 0.074 I.155 0.992-1.344 0.063
Smoking 1.455 0.523-4.044 0.473 0.820 0.204-3.294 0.779
Invasive 2.200 0.796-6.082 0.129 1.077 0.268—4.324 0916
NLR 2.763 1.526-5.002 0.001 5.198 1.853-14.581 0.002
LMR 0.8I3 0.646—1.023 0.077 1.282 0.891-1.844 0.181
PLR 1.007 0.998-1.015 0.129 0.999 0.984-1.014 0.885
CEA 1.110 0.900-1.369 0.328

Abbreviations: NLR, neutrophil-lymphocyte ratio; LMR, lymphocyte-monocyte ratio; PLR, platelet-lymphocyte ratio; CEA, carcinoembryonic antigen.

recorded the changes of CT in follow-up duration. To identify
the influence factors which result in the growth of GGO, we
analyzed the clinical and pathological characteristics includ-
ing age, sex, smoking history, histological type, T stage,
invasion, tumor marker, CEA, and TNM stage.

To avoid the influence of follow-up period, we made
the analyses between the two groups, no significant statis-
tical difference (P=0.208). Many studies concluded that
PLR was an independent predictor of lung cancer prog-
nosis, while we found the NLR was a high risk predictor in
growing GGO. As various studies have assessed the patho-
logical range of different GGOs,** we found that growing
large GGOs may still be preinvasive adenocarcinoma,
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Figure | Receiver operating characteristic (ROC) curve for the relationship
between neutrophil-lymphocyte ratio (NLR) and growth GGO. Area under the
curve for NLR is 0.741 (95% confidence interval 0.625-0.836, P<0.0001).

while the stable GGOs had turned to invasive lung cancer.
From preinvasive to invasive, there were many genetic
changes in patients with lung cancer.”® This investigation
concluded that NLR was significantly associated with the
growth of GGO (OR: 5.198, 95%CI: 1.583-14.581,
P=0.002). Adversely, this study may provide evidence of
the microenvironment changes in early stage lung
adenocarcinoma.

Just like all retrospective studies, this research has
many limitations. The data of follow-up duration missed
CT imaging and blood counts at the initial CT examination
that made it difficult to collect more samples. In addition,
selection bias also exists in our study. Further larger pro-
spective studies will be needed to confirm the conclusion.

In conclusion, this research firstly provides the evi-
dence that NLR was associated with GGOs growth.
Therefore NLR has clinical value as an independently
predictive factor upon growing GGO. We hope that it
could serve as a biomarker in lung cancer screening,
which will help the surgeon make more suitable strategies
for patients with GGO.
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