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Abstract

Obijective: The aim of this study was to investigate the diagnostic value of peripheral
blood neutrophil-to-lymphocyte ratio (NLR) combined with the thyroid imaging re-
porting and data system (TIRADS) for benign and malignant thyroid nodules.
Methods: A total of 585 adults were enrolled in the study. The receiver operating
characteristic curves were used to determine the optimal cut-off values for NLR and
Kwak TIRADS (K-TIRADS) grades, which were 1.87 and 4a, respectively. Thyroid nod-
ules were scored as follows: NLR-K-TIRADS score is 2 (both elevated K-TIRADS grade
and NLR), NLR-K-TIRADS score is 1 (one of these was elevated) and NLR-k-TIRADS
score is O (neither were elevated).

Results: The proportions of malignant nodules with NLR-K-TIRADS scores of 2, 1
and 0 were 98.59%, 69.62% and 10.19%, and the difference was statistically signifi-
cant (p < 0.001). In terms of the sensitivity of diagnosis of malignant nodules, NLR-K-
TIRADS 1 tends to increase relative to K-TIRADS grades > 4a; in terms of specificity
and positive predictive value for the diagnosis of malignant nodules, NLR-K-TIRADS
2 was significantly higher than K-TIRADS grades > 4a (all p < 0.05).

Conclusions: NLR combined with K-TIRADS grades may be a novel method for screen-
ing benign and malignant thyroid nodules.

KEYWORDS
combined diagnosis, inflammation, neutrophil-lymphocyte ratio, thyroid imaging reporting and
data system, thyroid nodules

1 | INTRODUCTION

Thyroid nodules are a common disease of the endocrine system.
Ultrasound is the preferred method for preoperative screening of
thyroid nodules. The thyroid imaging reporting and data system
(TIRADS) was first proposed in 2009 to optimize the management
of thyroid nodules.? In 2011, Kwak et al® further subdivided the

TIRADS classification into 1, 2, 3, 4a, 4b, 4c, 5 according to the num-
ber of suspicious signs of malignancy seen in the thyroid nodules. At
present, the Kwak TIRADS (K-TIRADS) classification has been widely
used in clinical practice, but a recent meta-analysis found that K-
TIRADS has high sensitivity and low specificity,* suggesting that the
K-TIRADS classification system is a good guide for diagnosing benign

and malignant thyroid nodules, but it is still insufficient.
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The neutrophil-to-lymphocyte ratio (NLR) is a novel marker of
inflammation derived from routine blood count test. Its associa-
tion with inflammation has been reported in inflammatory bowel
disease,” diabetes mellitus type 2.° thyroiditis,” irritable bowel
disease® and COVID-19 infection.’ Especially in thyroid cancer of
inflammatory-related diseases, studies have found that patients with
thyroid cancer show higher NLR levels than patients with benign
thyroid nodules. Further, patients with cervical lymph node metas-

tasis have a higher NLR than those without!%1?;

and patients with a
higher risk of recurrence also have high NLR levels.*?
Neutrophil-to-lymphocyte ratio is a simple and cost-effective
routine test, and it would be surprising if NLR can make up for the
deficiency of TIRADS grading in preoperative thyroid screening to a
certain extent. No studies have been found that evaluate the com-
bination of TIRADS grading with NLR in identifying the nature of
thyroid nodules. Therefore, the present study aimed to analyse the
combined NLR level and K-TIRADS classification of patients with
thyroid nodules to explore its diagnostic value for benign and malig-

nant thyroid nodules.

2 | METHODS

2.1 | Study population

This was a retrospective study of the data of patients who were hos-
pitalized for thyroid nodules for the first time in the General Surgery
Department of the First Affiliated Hospital of Nanchang University
between January 2017 and October 2019. Inclusion criteria included
the following: thyroid nodules were detected on ultrasonography
and graded using K-TIRADS.? Exclusion criteria were as follows: a his-
tory of head and neck radiation, an infectious disease within the last
3 months, haematologic disease, other neoplastic disease, coronary
heart disease, connective tissue disease, autoimmune disease (includ-
ing Hashimoto's thyroiditis) and severe kidney or liver insufficiency.
A total of 585 (98 male and 487 female) patients aged between 18
and 76 years were enrolled in the study. There were 326 malignant
nodules (290 papillary carcinomas, 34 micro-papillary carcinomas,
and 2 follicular carcinomas) and 259 benign nodules. This study was
approved by the Ethics Committee of the First Affiliated Hospital of
Nanchang University and complied with the ethical guidelines of the
Helsinki Declaration of 1975 (Ethic number: 2020-04).

2.2 | Data collection

Fasting (at least 8 h) venous blood was collected the morning be-
fore surgery. Routine blood samples were analysed using a Sysmex
XE-2100 haematology automated analyser (Sysmex, Kobe, Japan)
with the supplied reagents, red blood cell controls and calibrators
(Sysmex, Kobe, Japan). Chemiluminescence immunoassay (Roche
Cobas €601) was used to determine serum free T3(FT3), free
T4(FT4) and thyroid-stimulating hormone(TSH). The normal ranges
for serum concentrations of FT3, FT4 and TSH were 2.0-4.4 pg/

ml, 0.93-1.70 ng/dl and 0.27-4.2 ulU/ml, respectively. The values
of NLR were calculated using the formula: NLR = peripheral blood
neutrophils/lymphocytes.

All ultrasonography was performed with Philips iU Elite colour
Doppler ultrasound and performed by an experienced thyroid sonol-
ogist. The thyroid nodules were independently classified according
to the K-TIRADS grading.® One lesion was selected per patient. If
the patient had multiple nodules, the one with the highest K-TIRADS
classification was selected, and the corresponding postoperative pa-
thology report was recorded.

All postoperative thyroid specimens were evaluated by an ex-
perienced pathologist. The K-TIRADS grading® is as follows: solid
nodules, hypoechoic or very hypoechoic, irregular borders or tiny
lobes, micro-calcification and aspect ratio >1 are suspicious ul-
trasound features. The thyroid nodules are divided into five cat-
egories: Category 1, normal thyroid; Category 2, benign lesions;
Category 3, possible benign nodules without the above suspicious
ultrasound characteristics; Category 4, possible malignant nod-
ules with the above 1, 2, 3 or 4 suspicious ultrasound features are
4a, 4b and 4c, respectively, and Category 5, nodules are highly
likely to be malignant and have all five of the above suspicious

ultrasound features.

2.3 | Statistical analysis

SPSS software (version 26.0; SPSS, Chicago, IL, USA) was used for
statistical analysis. The Kolmogorov-Smirnov test was used to test
for normal distribution. Continuous variables were not normally
distributed and presented as medians with interquartile range (IQR)
and compared using the Mann-Whitney U test. The count data were
expressed as rate (%), and the chi-square test was used to compare
groups. The receiver operator characteristics (ROC) curve was used
to determine the optimal cut-off value for the NLR and K-TIRADS
grades. Multivariate logistic regression analyses were used to iden-
tify factors independently associated with malignant thyroid nod-

ules. A p value < 0.05 was considered statistically significant.

3 | RESULTS

3.1 | Identification of independent predictors of
malignant thyroid nodules

There were no significant differences between the two groups re-
garding gender, red blood cells, platelets, haemoglobin, FT3, FT4 and
the incidence of hypertension and diabetes (all p > 0.05). However,
there were statistically significant differences between the two
groups regarding age, white blood cells, neutrophils, lymphocytes,
NLR, TSH and the incidence of smoking (all p < 0.05; Table 1). After
adjusting for age, sex, hypertension, diabetes, smoking and TSH,
multivariate logistic regression analysis showed that high NLR and
K-TIRADS = 4a were independent risk factor for malignant thyroid
nodules (all p < 0.001; Table 2).
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TABLE 1 Comparison of demographic

.. . . Variabl
characteristics and biochemical indices ElEI=
of benign and malignant thyroid nodule Age (years)
patients Sox

Male
Female

Hypertension
Diabetes

Smoking

WBC (x10°/L)

RBC (x10*%/L)

PLT (x10%/L)

HGB (g/L)
Neutrophil (x10°/L)
Lymphocyte (x10%/L)
NLR

FT3 (pg/ml)

FT4 (ng/dl)

TSH (ulU/ml)

WI LEYM

Benign nodules (h =259)  Malignant nodules (n = 326) p Value
50.00 (41.00-58.00) 44.00 (34.00-51.00) <0.001
47 (18.15) 51 (15.64) 0.421
212 (81.85) 275 (84.36)
33(12.74) 40(12.27) 0.864
10 (3.86) 5(1.53) 0.077
17 (6.56) 5(1.53) 0.001
5.13(4.27-5.89) 5.44 (4.67-6.54) <0.001
4.33(4.04-4.61) 4.36 (4.10-4.69) 0.437
226.00 (193.00-265.00) 230.00 (195.00-271.00) 0.448
128.50(121.00-137.00) 129.00(121.00-137.00) 0.860
2.63(2.13-3.17) 3.05(2.50-3.92) <0.001
1.89 (1.62-2.28) 1.76 (1.43-2.17) 0.001
1.40(1.17-1.64) 1.77 (1.35-2.31) <0.001
3.16 (2.93-3.42) 3.13(2.89-3.37) 0.243
1.31(1.20-1.42) 1.30(1.18-1.41) 0.619
1.73(1.19-2.52) 2.02(1.36-2.73) 0.012

Note: Values are expressed as a median (P25-P75) or N (%).

Bold values were considered statistically significant.

Abbreviations: FT3, free T3; FT4, free T4; HGB, haemoglobin; NLR, Neutrophil-lymphocyte ratio;
PLT, platelets; RBC, red blood cells; TSH, thyroid-stimulating hormone; WBC, white blood cell.

TABLE 2 Multivariate logistic analysis X
Variables

K-TIRADS
NLR
3
4a
4b
4c
5

SE Waldy? OR(95%Cl) p Value

1.58 0.31 26.02 4.84(2.64-8.87) <0.001
152.68 1 (reference) -

2.79 0.30 87.56 16.30 (9.09-29.26) <0.001

3.90 0.39 99.38 49.42(22.96-106.40)  <0.001

3.98 0.65 37.63 53.29 (14.96-189.80) <0.001

413 0.81 25.95 62.13(12.69-304.30)  <0.001

Bold values were considered statistically significant.

Abbreviation: NLR, Neutrophil-lymphocyte ratio.

3.2 | Relationship between K-TIRADS grading and
thyroid nodules

Among the 585 patients, the proportions of malignant nodules in K-
TIRADSS, K-TIRADS4a, K-TIRADS4b, K-TIRADS4c and K-TIRADS5
categories were 13.3%, 72.4%, 89.7%, 90.2% and 92.3%, respec-
tively. With the higher the K-TIRADS grade, the higher the propor-

tion of malignant thyroid nodules (Figure 1).

3.3 | ROC curve analysis and cut-off value of the
nlr and K-TIRADS Grades

Receiver operator characteristics curve analysis indicated that the
optimal cut-off values for NLR and K-TIRADS grading of thyroid ma-
lignant nodules were 1.87 and 4a, respectively, and their sensitivity

and specificity were 45.7% and 95.0%, 90.8% and 75.7%, respec-
tively. The area under the ROC curve for NLR and K-TIRADS grades
were 0.710 (95% confidence interval: 0.669-0.752) and 0.866 (95%
confidence interval: 0.835-0.897), respectively (p < 0.001, p <
0.001; Figure 2).

3.4 | Relationship between NLR combined with K-
TIRADS grading and thyroid malignant nodules

Grouping NLR and K-TIRADS by the best cut-off value found
that the proportion of malignant nodules with NLR > 1.87 was
significantly higher than that of NLR < 1.87 (p < 0.001), and the
proportion of malignant nodules with K-TIRADS grades > 4a was
significantly higher than that of K-TIRADS grades < 4a (p < 0.001;
Table 3).



ZHANG ET AL.

40of6
' | WILEY

According to the best cut-off value of NLR and K-TIRADS grading,
patients were divided into the following three groups and assigned
points: NLR-K-TIRADS score is 2 (both elevated K-TIRADS grade
and NLR), NLR-K-TIRADS score is 1 (one of these was elevated) and
NLR-k-TIRADS score is O (neither were elevated). The proportions
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of malignant thyroid nodules in the three groups were 98.59%
(140/142), 69.62% (165/237) and 10.19% (21/206), and the differ-
ence was statistically significant (p < 0.001; Table 4). Subsequently,
the diagnostic performance of K-TIRADS and NLR-K-TIRADS scores
for malignant nodules was analysed, the results showed that in terms
of the sensitivity of diagnosis of malignant nodules, NLR-K-TIRADS 1
tends to increase relative to K-TIRADS grades 2 4a; in terms of spec-
ificity and positive predictive value for the diagnosis of malignant
nodules, NLR-K-TIRADS 2 was significantly higher than K-TIRADS
grades > 4a (p < 0.05; Table 5).

4 | DISCUSSION

Thyroid cancer is the most common endocrine tumour. Early identi-
fication of benign and malignant thyroid nodules is very important
for the treatment and prognosis of the disease. Most previous stud-
ies have independently investigated the clinical significance of NLR
and TIRADS grades in malignant thyroid nodules.'®*%® However,
we combined the NLR and K-TIRADS grades to create the NLR-K-
TIRADS integration method to provide a new indicator for identify-

ing the nature of thyroid nodules.

FIGURE 2 The ROC curve in predicting
thyroid malignant nodules of NLR and

Source of the
KTIRADS grades

Curve

—NLR
— K-TIRADS
Reference Line

TABLE 3 The relationship between cut-off values of NLR and K-TIRADS grade and malignant nodules

NLR > 1.87 NLR < 1.87

(n=162) (n =423) p Value
Benign (n = 259) 13(8.02) 246 (58.16) <0.001
Malignant 149 (91.98) 177 (41.84)
(n = 326)

Note: Values are expressed as N (%).
Bold values were considered statistically significant.
Abbreviation: NLR, Neutrophil-lymphocyte ratio.

K-TIRADS grades 2 4a K-TIRADS grades < 4a

(n = 359) (n = 226) p Value
63 (17.55) 196 (86.73) <0.001
296 (82.45) 30(13.27)
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TABLE 4 The relationship between
NLR-K-TIRADS score and malignant
thyroid nodules
Benign (h = 259)
Malignant (n = 326)

WI LEYM

NLR-K-TIRADS score [n (%)]

Note: Values are expressed as N (%).

Bold values were considered statistically significant.

Abbreviation: NLR, Neutrophil-lymphocyte ratio.

TABLE 5 Comparison of K-TIRADS
and NLR-K-TIRADS for the diagnosis of
nodule properties NLR-K-TIRADS = 2

NLR-K-TIRADS = 1

K-TIRADS grades = 4a

NLR > 1.87

0 (n = 206) 1(n=237) 2(n=142) p Value
185 (89.81) 72 (30.38) 2(1.41) <0.001
21(10.19) 165 (69.62) 140 (98.59)

SEN (%) SPE (%) PPV (%) NPV (%)
42.94% 99.23%," 98.59%," 58.01%
(140/326) (257/259) (140/142) (257/443)
93.56% 71.43% " 80.47% " 89.81%
(305/326) (185/259) (305/379) (185/206)
90.80% 75.68% 82.45% 86.73%
(296/326) (196/259) (296/359) (196/226)
45.71% 94.98% 91.98% 58.16%
(149/326) (246/259) (149/162) (246/423)

Abbreviations: NLR, Neutrophil-lymphocyte ratio; NPV, negative predictive value; PPV, positive
predictive value; SEN, Sensitivity; SPE, specificity.
*p < 0.05 compared with K-TIRADS grades 2 4a.; **p < 0.05 compared with NLR > 1.87.

Reports in literature pointed out NLR's association with thyroid
conditions'* and thyroid nodules,'® and our study has also proved
this. We found that high levels of NLR are consistently an inde-
pendent risk factor for thyroid cancer, and the best cut-off value
of NLR for predicting thyroid cancer was 1.87, with a sensitivity
of 45.7% and a specificity of 95.0%. This finding was similar to the
cut-off value of NLR for predicting metastasis in medullary thyroid
carcinoma presented by Xu et al.}®> Therefore, regular monitoring
of NLR may be very helpful. This phenomenon is related to an in-
crease in neutrophils, lymphopenia or both, which is also reflected
in our research. Studies have found that in malignant conditions,
the life span of neutrophils can be extended to more than twice
the normal life span. Neutrophils reflect the host's inflammatory
state. They can participate in different stages of the carcinogenic
process by inducing angiogenesis, weakening the immune system,
mediating tumour proliferation, inhibiting natural killer function
and promoting tumour cell extravasation.'® The cellular immunity
mediated by lymphocytes is one of the body's responses to malig-
nant tumours and plays an important anti-tumour role. Anti-tumour
effector cells include T lymphocytes and natural killer cells, such as
T regulatory cells, which can inhibit tumour-promoting inflamma-
tion; CD8 + cytotoxic T lymphocytes can kill tumour cells directly.
According to reports, lymphocytes are associated with improved
prognosis in cancer patients.”'8

Our study suggests that K-TIRADS 4a is the optimal cut-off value
for the diagnosis of malignant nodules, and this has also been demon-
strated in other studies.!”?! The proportions of malignant nodules
in K-TIRADS 3, 4a, 4b, 4c, and 5 in our study were 13.3%, 72.4%,
89.7%, 90.2% and 92.3%, respectively. Some of these proportions
differed from those reported by Kwak et al.% These differences may
be related to our insufficient sample size, the study population and

the differences between observers. However, our study is consis-
tent with other studies’®?? that the higher the TIRADS grade, the
more likely the nodule is to be malignant.

Based on the complementary sensitivity and specificity of NLR
> 1.87 and K-TIRADS 2 4a in the diagnosis of malignant nodules,
we innovatively created the NLR-K-TIRADS score. To the best of
our knowledge, this is the first study to propose the NLR-K-TIRADS
scoring method to diagnose benign and malignant thyroid nodules.
Our research found that the higher the NLR-K-TIRADS score, the
greater the possibility of malignant thyroid nodules. More impor-
tantly, in the diagnosis of malignant nodules, the diagnostic sensi-
tivity of NLR-K-TIRADS 1 tends to increase relative to K-TIRADS
grades > 4a alone. And the specificity and positive predictive value
of NLR-K-TIRADS 2 for the diagnosis of malignant nodules were
significantly stronger than K-TIRADS grades = 4a alone. Sensitivity
and positive predictive value are important determining factors for
diagnostic tests, the above results suggest that peripheral blood
NLR value combined with K-TIRADS grading is superior to using
K-TIRADS grading alone for preoperative preliminary screening of
benign and malignant thyroid nodules. Therefore, we suggest that
for patients with NLR-K-TIRADS score of 1, clinicians should advise
them to follow up regularly to closely observe the changes in their
NLR values and K-TIRADS grades, if it progresses to NLR-K-TIRADS
score 2, pathological examination should be completed as soon as
possible to clarify the nature of the nodule, which is conducive to the
early treatment of thyroid cancer.

There are some limitations to this study. First, selection bias
cannot be avoided because it is a retrospective study. Second, our
sample size is limited, so these results only represent preliminary
findings. Third, the ultrasound examinations of the patients in
this study were performed by different sonographers, which may
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lead to differences in the classification of the thyroid nodules.
This situation was inevitable due to the large number of patients
undergoing surgery for thyroid nodules. However, as our ultra-
sound doctors are well-trained, this should not impact our results.
In addition, the single-centre nature of this study may prevent
globalization of the study outcomes to large communities, and a
multi-centre prospective, multi-case study is needed for verifica-

tion in the future.

5 | CONCLUSIONS

We show that the NLR-K-TIRADS scoring method is a promising di-
agnostic indicator that can be used to screen benign and malignant
thyroid nodules and predict the risk of malignancy. We believe that
the NLR-K-TIRADS scoring system will soon play an important role
in managing patients with thyroid nodules.
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