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Abstract

The incidence of papillary thyroid cancer has fluctuated, partly due to advancements in neck ultrasonography and fine—needl\e

aspiration (FNA). Identifying additional markers to differentiate benign from malignant thyroid nodules could optimize patient
management and reduce unnecessary procedures. This retrospective study included 355 patients categorized into those without
nodules (group 1) and those with nodules (group 2). FNA results classified nodules as benign (group A) or malignant (group B). The
Pearson and Spearman correlations, Student t test, Mann-Whitney U test, and receiver operating characteristic curve analysis
calculated and compared inflammatory markers across groups. The study cohort included 126 patients without nodules (group 1),
and 229 patients with nodules (group 2) of whom 39 were diagnosed with papillary thyroid cancer. The median age was 56, with
54.4% females and 45.6% males. Receiver operating characteristic analysis revealed significant but poor diagnostic performance
for mean platelet volume (MPV) and neutrophil-to-lymphocyte ratio (NLR), with optimal cutoff values of 10.1 and 1.60, respectively
(P < .001; area under the curve: 0.30), and P < .001, area under the curve: 0.24, respectively). Patients with MPV > 10.1 fL. had
a higher prevalence of thyroid cancer (17.1%) compared to those with MPV < 10.1 fL (5.4%). Patients with NLR > 1.6 exhibited
a higher prevalence of thyroid cancer (54.7%) compared to those with NLR < 1.6 (4.6%). Higher MPV and NLR values were also
significantly associated with higher thyroid imaging reporting and data system classifications (P < .001 and P = .05, respectively).
Elevated MPV and NLR are significantly associated with thyroid cancer and higher thyroid imaging reporting and data system
classifications. These markers, combined with ultrasonography and FNA, may aid in differentiating benign from malignant thyroid
nodules, potentially improving patient management and reducing unnecessary procedures.

Abbreviations: ACR = American College of Radiology, AUC = area under the curve, Cl = confidence interval, FNA = fine-
needle aspiration, MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio, PLR = platelet-to-lymphocyte ratio, PTC =

papillary thyroid cancer, SD = standard deviation, TI-RADS = thyroid imaging reporting and data system.
Keywords: MPV, NLR, papillary thyroid cancer, thyroid nodule, TI-RADS

1. Introduction

Papillary thyroid cancer (PTC) is a differentiated epithelial-derived
cancer. The incidence rose from 4.8 to 14.9 per 100,000, stabilized,
and then appeared to decline to approximately 13.5 per 100,000
by 2018 based on the Surveillance, Epidemiology, and End Results
database from 1975 to 2018.1? However, the main reason for this
increase, apparent plateau, and subsequent decrease is unknown.
The rise in reported cases of PTC is thought to be partially due to
the increased use of neck ultrasonography (USG) and fine-needle
aspiration (FNA) to detect smaller thyroid nodules at an earlier
stage.’! PTC is more prevalent in females, with a female-to-male
ratio of approximately 2.5:1, and the majority of cases occur in
women during their 4" and 5 decades of life.”!
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Consistent with the rise in PTC, the incidence of thyroid
nodules is also on the rise, and it is reported that it will affect
50% of the population by the age of 60. The underlying
reason is the widespread use of high-resolution ultrasound,
which has become the preferred method for detecting thyroid
nodules combined with FNA.I®' Thyroid imaging reporting
and data system (TI-RADS) categorize thyroid nodules based
on their features to assess their likelihood of being benign or
malignant.”!

While the majority of these nodules are noncancerous,
they necessitate long-term monitoring, which can lead to
psychological and economic strain on individuals.'"” More
judicious use of FNA in thyroid nodules and thyroid USG
could decrease incident rates of unnecessary procedures. It is

* Correspondence: Sabin Goktas Aydin, Department of Medical Oncology,
Istanbul SBU Kanuni Sultan Suleyman Training and Research Hospital, Atakent
Mah. Turgit Ozal Bulvari Kucukcekmece, Istanbul 34214, Turkey (e-mail:
drsabingoktas@gmail.com).

Copyright © 2025 the Author(s). Published by Wolters Kluwer Health, Inc.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited.

How to cite this article: Aydin A, Goktas Aydin S, Karci AC. Linking MPV and
NLR to TI-RADS: improved predictive accuracy for thyroid malignancy. Medicine
2025;104:19(e42452).

Received: 4 December 2024 / Received in final form: 28 March 2025 / Accepted:
18 April 2025

http://dx.doi.org/10.1097/MD.0000000000042452


mailto:
https://orcid.org/0000-0002-0077-6971
mailto:
mailto:drsabingoktas@gmail.com
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

Aydin et al. ¢ Medicine (2025) 104:19

necessary to identify additional markers for predicting malign
nodules. As a result, many studies recently have investigated
the role of inflammation markers, such as neutrophil-to-
lymphocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR),
and lymphocyte-to-monocyte ratio on thyroid nodules and
malignant transformation.!'''®) Additional markers, such
as mean platelet volume (MPV), associated with functional
changes in platelets, have also been studied in various types of
cancer.'”-"I However, none of the studies analyzed the associ-
ation between inflammatory markers and TI-RADS combined
with FNA.

Simple markers combined with TI-RADS should be deter-
mined, as this would become a common practice for diagnosing
benign lesions and reducing invasive procedures. Concerning
this knowledge, this study was conducted to explore further and
validate potential laboratory parameters for helping differenti-
ate benign and malignant thyroid nodules.

2. Materials and methods

2.1. Patient selection

The ultrasonographic data of 950 patients aged 18 to 65 who
visited our hospital’s general internal medicine outpatient
clinics with various symptoms between February 2021 and
September 2024 and underwent neck USG were retrospec-
tively screened. A total of 355 individuals were enrolled in
the study.

Exclusion criteria included non-PTC histology, acute infec-
tion, thalassemia, iron deficiency with or without anemia, infec-
tious diseases, connective tissue diseases, autoimmune diseases,
hematological/oncological malignancies, diabetes mellitus, cor-
onary artery disease, subclinical or clinical hypo/hyperthyroid-
ism, subacute thyroiditis, renal or hepatic dysfunction, alcohol
abuse, and pregnancy.

Patients were initially categorized into 2 groups: those
without nodules (group 1) and those with nodules (group 2).
According to American College of Radiology recommendations,
patients who underwent FNA were classified as having benign
(group A) or malignant nodules (group B).

The laboratory markers were collected from the antecubital
vein and examined using the Mindray BC-6800 and ABBOT
Architect 200-SR immunoassay analyzer. The NLR and PLR
were computed using the following formulas: NLR = neutro-
phil count + lymphocyte count; PLR = platelet count + lym-
phocyte count. These ratios were then compared between the
groups.

The Local Ethics Committee of Istanbul Medipol University
granted ethical approval in May 2024 (decision number:
E-10840098-202.3.02-3014). Written informed consent was
obtained from all participants.

2.2. Ultrasound evaluation

The thyroid nodules were assessed using the American
College of Radiology TI-RADS. The TI-RADS categories are
as follows: TR1 corresponds to benign, TR2 to not suspi-
cious, TR3 to probably benign, TR4 to suspicious for malig-
nancy, and TRS to highly suggestive of malignancy. Patients
underwent FNA according to the recommendations based on
TI-RADS, which were: TR1 requires no FNA, TR2 requires
no FNA, TR3 suggests follow-up for nodules > 1.5cm,
and FNA for nodules > 2.5 cm, TR4 suggests follow-up for
nodules > 1.0cm and FNA for nodules > 1.5cm, and TRS
suggests follow-up for nodules > 0.5cm and FNA for nod-
ules > 1.0 cm."®! The one with the highest TI-RADS score was
selected for patients with multiple nodules, and the corre-
sponding pathology was noted.
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2.3. Statistical analysis

All statistical analyses were conducted using SPSS version 22.0
(SPSS Inc, Chicago). For data evaluation, alongside descrip-
tive statistical techniques (including mean, standard deviation
[SD], median, frequency, ratio, minimum, and maximum), the
Shapiro-Wilk test was employed to assess data distribution.
Pearson correlation was applied to data with a normal dis-
tribution, while Spearman correlation was used for data that
did not follow a normal distribution. To compare quantitative
data between 2 groups with normal distribution, the Student #
test was utilized; for groups without normal distribution, the
Mann-Whitney U test was used. In addition, a receiver operat-
ing characteristic (ROC) analysis was carried out to determine
the optimal cutoff value for NLR and MPV. Statistical signifi-
cance was defined as P < .05.

3. Results

3.1. Patients’ characteristics

The total number of patients was 355, with a median age of 56.
A total of 54.4% of the patients were female, and 45.6% were
male.

The patients were categorized into those without nodules
(n=126) and those with nodules (n =226). FNA results clas-
sified nodules as benign (n=316) or malignant (n = 39). The
study cohort consisted of 3 groups: patients with no nodules
(N = 126), patients with nodules detected on USG (N =229),
and patients diagnosed with PTC (N = 39).

The median age of patients was 53 (range: 36-75) in the no
nodules group, 57 (range: 25-75) in the nodules on the USG
group, and 54 (range: 46-69) in the PTC group. The gender
distribution showed 84 males and 42 females in the no nodules
group, 109 males and 120 females in the nodules on the ultra-
sound group, and 12 males and 27 females in the PTC group.

Among patients with nodules on USG, the distribution of
TI-RADS classifications was as follows: TI-RADS 1 (n=56),
TI-RADS 2 (n =29), TI-RADS 3 (n = 64), TI-RADS 4 (n = 54),
and TI-RADS 5 (n =26). In the PTC group, TI-RADS classi-
fications were TI-RADS 3 (n =3), TI-RADS 4 (n=16), and
TI-RADS 5 (n = 20), with no cases in TI-RADS 1 or 2.

The mean = SD of MPV was 9.8 = 0.92 in the no nodules
group, 10.2 = 0.84 in the nodules on ultrasound group, and
10.6 + 0.87 in the PTC group. The mean =+ SD of NLR was
1.67 =+ 0.67 in the no nodules group, 1.78 = 0.76 in the nodules
onUSG group,and 2.44 = 1.04 in the PTC group (Supplementary
Table S1, Supplemental Digital Content, https:/links.lww.com/
MD/O883). The mean = SD of thyroid-stimulating hormone
levels (U/L) was 1.2 = 0.16 in the no nodules group, 1.5 = 0.80
in the nodules on USG group, and 1.7 = 0.82 in the PTC group.

Table 1 summarizes the patients’ characteristics.

3.2. Comparison between groups

The analysis of gender distribution revealed a potential associ-
ation between female sex and thyroid cancer (P =.002). Within
the cancer group, females comprised a significantly larger pro-
portion (69.2%) than males (30.8%). Although females also
constituted a slightly higher percentage of the overall study
population (45.6% vs 54.4% males), this difference was not
statistically significant.

This cross-tabulation analysis revealed a statistically signifi-
cant association (P <.001) between gender and TI-RADS clas-
sification. While the overall distribution of genders across all
TI-RADS categories remained relatively similar (males: 54.4%
and females: 45.6%), a trend emerged when considering specific
classifications. Females exhibited a higher prevalence in catego-
ries suggesting potentially more aggressive nodules (TI-RADS 3,
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4, and 5). For instance, 62.5% of individuals with a TI-RADS
classification of 3 were female, compared with 37.5% male.
This pattern contrasted with lower TI-RADS classifications (1
and 2), where males represented a slightly larger proportion
(around 59%).

No significant relationship was found between plate-
let count, whole blood cell count, hemoglobin level,
thyroid-stimulating hormone, T levels, and a thyroid nodule

Patients’ characteristics.

Patients with

Nodules on USG  Papillary thyroid

Characteristic No nodules (N = 126) (N = 229) cancer (N = 39)
TI-RADS

1 56 -

2 - 29 -

3 64 3

4 54 16

5 26 20
Age years
Median (range) 53 (36-75) 57 (25-75) 54 (46-69)
Gender (n)

Male 84 109 12

Female 42 120 27
MPV (mean + SD) 9.8+0.92 10.2 +0.84 10.6 + 0.87
NLR (mean + SD) 1.67 +0.67 1.78 +0.76 244 +1.04
TSH (U/L) 1.2+0.16 1.5+0.80 1.7+0.82

(mean + SD)

MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio, TI-RADS = thyroid imaging
reporting and data system, TSH = thyroid-stimulating hormone, USG = ultrasonography.

www.md-journal.com

or PTC. Age also did not significantly differ between groups
(P >.0S5).

There was a significant difference in MPV and NLR values
between groups A and B (P =.05). The difference was also sig-
nificant in groups 1 and 2, which demonstrated that MPV and
NLR could predict malignancy and the presence of a thyroid
nodule. The ROC curve analysis for the prediction of PTC is
illustrated in Figure 1. The area under the curve (AUC) for MPV
was 0.30 (95% confidence interval [CI]: 0.22-0.37, P <.001),
indicating poor diagnostic performance. The optimal cutoff
value for MPV was 10.1, yielding a sensitivity and specificity of
41% and 41%, respectively. For NLR, the AUC was 0.24 (95%
CI: 0.16-0.32, P <.001), and the optimal cutoff value for NLR
was identified as 1.60, with a sensitivity of 47% and a specificity
of 31%.

This study revealed a statistically significant association
between MPV and NLR with thyroid cancer (P=.001 and
P <.001, respectively). Among individuals with MPV below
10.1 fL, only 10 (5.4%) presented with thyroid cancer, com-
pared with 29 (17.1%) in the higher MPV group (210.1 fL)
(Fig. 2). Similarly, patients with an NLR of <1.6 exhibited a sig-
nificantly lower prevalence of thyroid cancer (4.6%) compared
to those with an NLR of 1.6 or greater (54.7%) (Fig. 3).

Table 2 summarizes the distribution of patients with respect
to MPV and NLR.

TI-RADS classification according to MPV and NLR was
evaluated. A statistically significant association emerged
between MPV and TI-RADS scores (P <.001). Individuals
with higher MPV (210.1 fL) exhibited a propensity for higher
TI-RADS classifications compared to those with lower MPV
(<10.1 fL). NLR also demonstrated a trend toward associ-
ation with TI-RADS scores (P =.05). Patients with elevated
NLR (>1.60) presented a slightly greater prevalence of higher
TI-RADS scores (Table 3).
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Figure 1. ROC curve of MPV and NLR predicting malign nodules. MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio, ROC = receiver oper-

ating characteristic.
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Figure 2. The comparison of NLR in patients with benign and malignant nodules. MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio.

4. Discussion

NLR and PLR are well known for predicting inflammation.
Another marker, MPV, an index of routine hemogram tests,
shows the platelet size.'®! Inflammation causes the activation
of platelets, which results in increased MPV. The incidence of
thyroid nodules is increasing, and reducing unnecessary inter-
ventions is crucial. On the other hand, inflammation marker
tests are cost-effective and easy to use. Therefore, this study
aimed to examine the role of inflammation in PTC, the most-
seen endocrine cancer type, and the relationship between
TI-RADS and inflammatory markers to predict malignancy in
thyroid nodules.

Numerous studies on various cancer types have proved the
role of inflammation in cancer development and prognosis. A
recent systematic review by Detopoulou et al'”! confirmed that
elevated MPV was associated with adverse outcomes in several
cancers, including breast, colorectal, gastric, lung, and pancre-
atic malignancies highlighting its potential role as a prognostic
marker. Similarly, in a real-life cohort of advanced biliary tract
cancer patients, Aydin et al"® demonstrated that elevated sys-
temic inflammatory markers, particularly NLR and PLR, were
significantly associated with overall survival, emphasizing their
prognostic relevance.

Studies in thyroid cancer are controversial. Seretis et al?”! first
reported significantly elevated preoperative NLR in patients
with papillary thyroid microcarcinomas. This was supported by
Kim et al?! and Kocer et al,/??! although Liu et al?*! observed
this elevation only in patients over 45. A subsequent meta-
analysis did not confirm this relation with age.!*! Haider et all*¥
studied the prediction of NLR in thyroid malignancy, which
did not show a significant association. A significant prognostic

role of NLR in PTC was proved by Treitsman et al?’! However,
Russo et al??! did not support these findings.

An optimized cutoff value of NLR is also essential. A
study reported a logistic regression model revealed that an
NLR > 1.49,529 serves as a prognostic indicator and an inde-
pendent risk factor in pediatric thyroid cancer.””! In another
study, a cutoff value 3 was significant for prognosis.>’! Recently,
Ge et al?® reported that NLR with a cutoff value of 1.845
(AUC: 0.612 = 0.097) had a sensitivity of 60.0% and specificity
of 66.2% (P =.027).

Our study suggested that NLR was a significant predictor of
malign nodules, and as the TI-RADS score increased, a signif-
icant increase in the NLR level was observed. The ROC anal-
ysis demonstrated that a cutoff value of 1.60 for NLR had a
sensitivity of 47% and a specificity of 31% (AUC: 0.24, 95%
CI: 0.16-0.32, P <.001). Patients with NLR > 1.6 exhibited a
higher prevalence of thyroid cancer (54.7%) compared to those
with NLR < 1.6 (4.6%) (P < 0,001). To summarize, NLR had a
significant role in predicting the malignancy of thyroid nodules,
but the cutoff had limited utility as a predictive marker for PTC
in this cohort. Increasing the number of patients would be ben-
eficial for optimizing the cutoff value.

Zhang et al"¥ were the first to assess the combination of
TI-RADS grading with NLR in identifying the nature of thy-
roid nodules. They found that the proportion of malignant nod-
ules with NLR > 1.87 was significantly higher than those with
NLR < 1.87 (P <.001) and that the proportion with K-TI-RADS
grades > 4a was significantly higher than those with K-TI-RADS
grades < 4a (P <.001). This study differs from our investigation
of using K-TI-RADS for differentiating malignant nodules. We
examined the relationship between NLR and TI-RADS scores
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Figure 3. The comparison of MPV in patients with benign and malignant nodules. MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio.

Comparison of MPV and NLR between the patients with malign
and benign nodules.

Thyroid papillary cancer, n (%)

Absent Present P
MPV .001
<10.1 175 (55.4%) 141 (44.6%)
>10.1 10 (25.6%) 29 (74.4%)
NLR <.001
<1.60 165 (52.2%) 151 (47.8%)
>1.60 8 (20.5%) 182 (51.3%)

MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio.

and whether NLR could distinguish between malignant and
benign nodules.

In our analysis, patients with higher NLR values (21.60)
were more frequently found in the higher TI-RADS catego-
ries. Specifically, 64.8% of those in TI-RADS 4 and 69.2% in
TI-RADS 5 had elevated NLR, compared with a more even dis-
tribution in the lower categories. This pattern suggests that an
increased NLR may be associated with a greater risk of malig-
nancy, as reflected by higher TI-RADS scores. These findings
highlight the potential value of incorporating NLR into existing
risk stratification to help reduce unnecessary biopsies (P = .05).

Similarly to our study, Cheong et al?®” investigated the diag-
nostic, predictive value of NLR in thyroid cancers and reported
that preoperative NLR was significantly associated with adverse
prognostic factors, such as larger tumor size and lateral lymph

node metastasis. However, while our findings demonstrated that
NLR and MPV were significantly elevated in malignant nod-
ules across all TI-RADS categories and regardless of nodule size,
Cheong et al *I noted that NLR only served as a significant pre-
dictor in cases with nodules larger than 2cm, losing predictive
power in nodules under 2cm. This difference might be partly
attributed to study design variations; Cheong et al® included
a higher proportion of malignant cases (81.4% vs our 11%)
and used a surgical cohort, which may have introduced selection
bias toward more advanced disease.

MPV was linked with a poorer prognosis in various cancer
types as well.l'”? However, the literature on MPV in thyroid
malignancy is conflicting. Bayhan et al®" reported that MPV
was significantly higher in patients with malignant thyroid
diseases than benign ones. Sit et al'? supported these findings
in 199 healthy individuals by showing that MPV significantly
differed in the malignant and benign nodule groups (P < .001,
9.1+ 1vs 7.8 =0.8 fL respectively). Li et al®! studied the prog-
nostic impact of MPV in medullary thyroid cancer. They showed
that MPV < 8.2 fL. (odds ratio = 13.999) was an independent
risk factor for calcitonin progression and significantly predicted
lymph node metastasis. However, Bostan et al.®?! and Kayatas
et all''" did not demonstrate a significant relationship between
MPV and malign thyroid nodules. Martin et al’®** conducted a
large retrospective study comparing preoperative inflammatory
markers and platelet indices between 234 patients with PTC
and 108 patients with benign thyroid pathology. They reported
significantly higher platelet counts and platelet crit levels in
malignant cases compared to benign ones. However, they did
not observe any significant differences in MPV or NLR between
groups.
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Table 3
Comparison of MPV and NLR between the patients with no nodule and detected nodules on the USG.
TI-RADS

Control group 1 2 3 4 5 P
MPV .001
<10.1 85 (67.5) 25 (44.6) 12 (41.4) 27 (42.2) 30 (55.6) 6 (23.1)
>10.1 41 (32.5) 31 (565.4) 17 (58.6) 37 (57.8) 24 (44.4) 20 (76.9)
NLR .05
<1.60 67 (63.2) 32 (57.1) 13 (44.8) 34 (53.1) 19(35.2) 8(30.9)
>1.60 59 (46.8) 24 (42.9) 16 (55.2) 30 (46.9) 35 (64.89 18 (69.2)

MPV = mean platelet volume, NLR = neutrophil-to-lymphocyte ratio, TI-RADS = thyroid imaging reporting and data system, USG = ultrasonography.

In this study, MPV values significantly increased as the
TRADS score increased (P < .001). In addition, MPV was con-
siderably higher in the PTC group. In addition, a cutoff of 10.1
fL for MPV was achieved by ROC analysis, yielding sensitivity
and specificity of 41% and 41%, respectively.

To our knowledge, this is the first study to assess the associa-
tion between inflammatory markers and TI-RADS classification,
combined with appropriate FNA, while also analyzing their
relationship with malignancy. However, our study also presents
certain limitations. The retrospective design and the relatively
small sample size may affect the generalizability of our findings.
In addition, the diagnostic performance of MPV and NLR, as
indicated by the ROC analysis, showed poor sensitivity and
specificity, limiting their standalone utility as predictive markers.

5. Conclusion

We demonstrated that both elevated MPV and NLR were sig-
nificantly associated with malignant thyroid nodules and higher
TI-RADS scores. We identified a cutoff value of 10.1 fL for
MPV and 1.60 for NLR, with both markers showing a clear
correlation with malignancy. Despite modest diagnostic accu-
racy regarding AUC values (0.30 for MPV and 0.24 for NLR),
combining these markers with TI-RADS scoring appeared to
enhance risk stratification in our cohort.

Although future research with larger prospective cohorts is
necessary to refine these markers’ cutoff values and validate
their clinical applicability, this combined approach, inflamma-
tory markers, when used alongside USG, may optimize patient
management by potentially reducing unnecessary procedures,
thereby alleviating the psychological and economic burden on
patients.

In conclusion, our findings contribute to the growing body of
literature exploring cost-effective and easily accessible markers
for thyroid nodule assessment, encouraging further investiga-
tion into their integration with established diagnostic protocols.
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