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Abstract

Aim � yroid nodules are mostly benign. Although it varies by region, 5.4% of nodules in men and 6.5% of nodules in women may be malignant. In rural regions where a radiologist, 
an endocrine surgeon, a cytologist, and an endocrinologist are not present, di�  culties may be experienced in the management of thyroid nodules. 

Material and 
Method

� is present study aims to determine if it is possible to comment on whether the nodule is malignant by evaluating the biological markers in patients with thyroid nodules.

Results We reviewed retrospectively the data of patients between January 2019 and September 2020 who underwent total thyroidectomy in terms of thyroid ultrasonography results, 
thyroid � ne-needle aspiration biopsy results, neutrophil, platelet, lymphocyte, red blood cell, and mean erythrocyte volume (MCV) values, histopathological examination results 
of thyroid specimens. Subsequently, we calculated Mentzer index, Systemic immune-in� ammatory index, and neutrophil-lymphocyte ratio for each patient.

Conclusion 140 patients were included in the study. 110 (78.6%) of the patients were female and 30 (21.4%) were male. � e mean age of the patients was 48 ± 12.5 (20-76). � ere was no sta-
tistically significant di� erence in Mentzer index, Systemic in� ammatory index, and neutrophil-lymphocyte ratios between patients with malignant and benign thyroid nodules.

Keywords Biological markers have limited predictive power in the management of thyroid nodules. � erefore, the use of biomarkers that we have studied in the treatment of thyroid nodules 
does not seem possible at present.

Özet

Amaç Tiroid nodülleri çoğunlukla benign özelliktedir. Yerleşim bölgelerine göre değişmekle birlikte erkeklerde nodüllerin % 5,4’ü, kadınlarda ise % 6,5’i malign olabilir. Radyoloji, endokrin cerrahisi, 
patoloji ve endokrinoloji uzmanlarının bulunmadığı kırsal bölgelerde tiroid nodüllerinin yönetiminde zorluklar yaşanabilir. Çalışmamızda, tiroid nodülü olan hastalarda bazı biyolojik belirteçlerin 
analizi ve nodülün benign malign ayırımı açısından öneminin belirlemesi amaçlanmaktadır.

Gereç ve 
Yöntem

Ocak 2019-Eylül 2020 tarihleri arasında total tiroidektomi yapılan hastaların tiroid ultrasonografi sonuçları, tiroid ince iğne aspirasyon biyopsi sonuçları, tiroidektomi örneklerinin histopatolojik 
inceleme sonuçları, nötrofil, trombosit, lenfosit, eritrosit sayıları ve ortalama eritrosit hacmi (MCV) değerleri retrospektif olarak gözden geçirildi. Daha sonra her hasta için Mentzer indeksi, Sistemik 
immün-in� amatuar indeks ve nötrofil-lenfosit oranları hesaplandı

Bulgular Çalışmaya 140 hasta dahil edildi. Hastaların 110’u (% 78,6) kadın, 30’u (% 21,4) erkekti. Hastaların yaş ortalaması 48 ± 12.5 (20-76) idi. Mentzer indeksi, Sistemik in� amatuar indeks ve nötro-
fil-lenfosit oranlarında malign ve benign tiroid nodülleri olan hastalar arasında istatistiksel olarak anlamlı fark yoktu.

Sonuç Biyolojik belirteçlerin tiroid nodüllerinin tedavisinde sınırlı prediktif gücü vardır. Bu nedenle tiroid nodüllerinin tedavisinde halihazırda çalıştığımız biyobelirteçlerin kullanımı mümkün görün-
memektedir. 

Anahtar 
Kelimeler

Mentzer Index, Systemic In� amatuar Index, Neutrophil to Lymphocyte Ratio, � yroid Nodule, � yroid Cancer
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INTRODUCTION
� yroid nodules are present in 19% - 68% of the popula-
tion and are more common in women and older1,2. Addi-
tionally, the thyroid nodules are mostly benign. Although 
it varies by region, 5.4% of nodules in men and 6.5% of 
nodules in women may be malignant3. � e incidence rate 
of malignant thyroid nodules is increasing day by day. It 
has been reported in various publications that the reason 
for this situation may be the detection of previously unde-
tected small malignant nodules due to the developments 
in imaging techniques rather than the increase in the fre-
quency of the disease4. Detection of malignant thyroid 
nodules when they are much smaller in size, determination 
of new cytological and pathological criteria, performing 
molecular tests, and current developments in treatment 
methods enable the management of these nodules in a per-
sonalized way, with algorithmic and evidence-based care5. 
For this purpose, national and international guidelines for 
the follow-up and treatment of thyroid nodules have been 
determined6,7. In centers where a radiologist, an endocrine 
surgeon, a cytologist, and an endocrinologist are present, 
the follow-up and treatment of thyroid nodules can be per-
formed accurately according to these guidelines. Howev-
er, in rural regions where these facilities are not available, 
di�  culties may be experienced in the management of the 
treatment of thyroid nodules. Patients in these regions can 
be consulted to central hospitals by specialists. Still, fail-
ures may occur in the diagnosis from time to time due to 
a lack of basic information that should be given about the 
patient, which may cause physician and patient dissatisfac-
tion due to overtreatment or undertreatment8. 

� ere are various studies in the literature on the use of bi-
ological markers in kidney failure, in in� ammatory condi-
tions such as appendicitis, cholecystitis, and cancer diseas-
es to predict the course of the current disease9-12. Biological 
markers may assist specialists working in rural hospitals in 
the management of thyroid nodules9,13.

� is present study aims to determine if it is possible to 

comment on whether the nodule is malignant by evalu-
ating the biological markers in patients with thyroid nod-
ules.

MATERIAL and METHODS
� e Ethics Committee of the Sakarya University School of 
Medicine approved the study and data collection on 1st of 
October 2021 (71522473/050.01.04/64743/437).

We reviewed retrospectively the data of patients who un-
derwent total thyroidectomy in our clinic between Janu-
ary 2019 and September 2020. We included patients over 
18 years of age who have not had previous thyroidectomy 
surgery and patients without a history of hematological 
disease. 

In our clinic, we examine every patient thought to have 
a thyroid nodule by ultrasonography (US), and we report 
these USs according to the � yroid Imaging Reporting & 
Data System (TIRADS). When we detect a thyroid nodule 
on the US, we perform a � ne needle biopsy (FNB) for nod-
ules extending out of the thyroid tissue, for subcapsular 
nodules located adjacent to the recurrent laryngeal nerve 
or trachea, for nodules showing rim calci� cation, for over 
1 cm, solid and hypoechoic nodules, for nodules with sus-
pected malignancy lymph node accompanied,  for nodules 
with suspected malignancy such as irregular borders on 
ultrasound. � ese biopsies are reported by pathologists us-
ing the BETHESDA classi� cation.

We evaluated the patients’ most recent preoperative thy-
roid ultrasonography (US) and thyroid � ne-needle aspira-
tion biopsy (FNAB) results, thyroid-stimulating hormone 
(TSH), free triiodothyronine (fT3), free thyroxine (fT4), 
neutrophil, platelet, lymphocyte, red blood cell, mean 
erythrocyte volume (MCV) values, histopathological ex-
amination results of thyroid specimens. We calculated 
Mentzer index (MI) (MCV/RBC), Systemic immune-in-
� ammatory index (SII) (Plt x neutrophil / lymphocyte), 
neutrophil-lymphocyte ratios (NLR) for each patient.
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Statistical Analysis
Descriptive analyses were performed to provide informa-
tion on the general characteristics of the study population. 
Kolmogorov-Smirnov test was used to evaluate whether 
the distributions of numerical variables were normal. Ac-
cordingly, the independent sample t-test and the Kruskal 
Wallis test were used to compare the numeric variables 
between groups. � e numeric variables were presented as 
mean ± standard deviation or median [Q1 – Q3]. Categor-
ical variables were compared by the Chi-Square test. Cat-
egorical variables were presented as a count and percent-
age. A p-value <0.05 was considered signi� cant. Receiver 
operator characteristic (ROC) curve analysis was used to 
identify the best cut-o�  value and assess the performance 
of the test score for appendicitis. Analyses were performed 
using SPSS statistical so� ware (IBM SPSS Statistics, Ver-
sion 25.0. Armonk, NY: IBM Corp.)

RESULTS
140 patients were included in the study. 110 (78.6%) of the 
patients were female and 30 (21.4%) were male. � e mean 
age of the patients was 48 ± 12.5 (20-76). Histopatho-
logical examination of total thyroidectomy specimens 
of 140 patients included in the study revealed that while 
53 patients had malignant nodules (37.9%), 87 patients 
(62.1%) did not. When the blood parameters were exam-
ined, the mean TSH value was 2.14 mU/ml ± 7.32 mU/
ml (0.0-76.7), the mean fT3 value was 4.8 pg/ml ± 1.2 pg/
ml (2.5-3.6), the mean fT4 value was 12.5 ng/dl ± 3.49 ng 
/dl (2.4-41.1), mean neutrophil value was 4.2 (10^3/uL) ± 
1.5 (10^3/uL) (1.8-14.3), mean lymphocyte value was 2.2 
(10^3/uL) ± 0.5 (10^ 3/uL) (0.8-4.1), mean platelet value 
was 277.1 ± 198.8 (128-2500), mean MCV value was 85.6 
fL ± 10.2 fL (29-99.4), mean Rbc value was 4.6 (10^6/uL) 
± 0.4 ( 10^6/uL) (3.6-7.1). Ultrasonographic examination 
of the patients revealed TIRADS 2 � ndings in 25 (18%) 
patients, TIRADS 3 � ndings in 54 (39%) patients, TIRADS 
4 � ndings in 52 (37%) patients, and TIRADS 5 � ndings 
in 9 (6%) patients. Fine needle aspiration biopsy revealed 
Bethesda 2 � ndings in 61 (43.5%) patients, Bethesda 3-4 

in 13 (9%) patients, Bethesda 5 in 54 (38.5%) patients, and 
Bethesda 6 in 13 (9%) patients (Table 1,2).

� e mean MI was 18.7 ± 3.04 (6.04-25.7), the mean NLR 
was 2.08 ± 1.2 (0.6-11.5), and the mean SII was 584.2 ± 
580.3 (140.8-5643.9) (Table 1,2).

Table 1: Classi� cation of preoperative ultrasonographic examina-
tion and � ne-needle aspiration biopsies according to postopera-
tive histopathological examination results.

Malignant Benign p Value

Ultrasonog-
raphy

TI-RADS 
1 0 0 (0%) 0 0 (0%)

0.00

TI-RADS 
2 5 (20%) 20 (80%)

TI-RADS 
3 8 (14.8%) 46 

(85.2%)

TI-RADS 
4 32 (61.5%) 20 

(38.5%)

TI-RADS 
5 9 (100%) 0 (0%)

Fine Needle Aspiration Cytology

Bethesda 1 0  (0%) 0 0 (0%)

0.00

Bethesda 2 12 (19.7%) 49 
(80.3%)

Bethesda 
3-4 5 (42%) 7 (58%)

Bethesda 5 25 (46.3%) 29 
(53.7%)

Bethesda 6 12 (92.3%) 1 (7.7%)

TI-RADS: � yroid Imaging Reporting & Data System
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Table 2: Distribution of patients in terms of gender, age, blood 
parameters, Metzer index, neutrophil-lymphocyte ratio, and 
systemic in� ammatory indices.

Malign Benign p-Value

Gender Female 40 (36.4%) 70 (63.6%)

Male 13 (43.3%) 17 (56.7%)

Age 47.1 ± 13.6 
(20-76)

49.9 ± 11.7 
(21-76) 0.19

� yroid 
Stimulating 
Hormone

1.8 mU/
ml ± 2.6 
mU/ml 
(0.0-17)

2.3  mU/
ml ± 9.05 
mU/ml 
(0-76.7)

0.05

Free Triiodoti-
ronin (fT3)

4.8  pg/
ml± 1.4 
pg/ml 

(2.5-13.6)

4.8  pg/
ml± 1.1 
pg/ml  

(2.7-12.5)

0.43

Free Tiroksin 
(fT4)

12.5 ng/dl 
± 2.5 ng/dl 
(5.3-20.3)

12.5 ng/dl 
± 3.9 ng/dl 
(2.4-41.1)

0.66

Neutrophil

4.5 (10^3/
uL) ± 1.8 

(10^3/uL) 
(2.28-14.1)

4.07 
(10^3/

uL) ± 1.3 
(10^3/uL) 
(1.86-8.7)

0.10

Lymphocyte

2.1 (10^3/
uL) ± 0.5 

(10^3/uL) 
(0.8-3.3)

2.2 (10^3/
uL) ± 0.6 

(10^3/uL) 
(1.2-4.1)

0.98

Red Blood 
Cell (Rbc)

4.7 (10^6/
uL) ± 0.4 

(10^6/uL)  
(3.9-5.7)

4.5  (10^6/
uL) ± 0.5 

(10^6/uL)  
(3.6-7.1)

0.07

Platelet (Plt)
305.8 ± 
313.9 

(128-2500)

259.6 ± 
59.3 (147-

399)
0.56

Mean 
Corpuscular 
Volume
(MCV)

85.6 fL ± 
10 (29-96)

85.6 fL ± 
10.4 (29-

99.4)
0.83

Mentzer index 18.3  ± 2.9 
(6-23.5)

18.9  ± 3.1 
(6.9-25.7) 0.42

Neutrophil 
Lymphocyte 
Ratio (NLR)

2.3  ± 1.7 
(1-11.5)

1.9  ± 0.8 
(0.6-6.9) 0.10

Systemic 
Immune 
In� ammatory 
Index (SII)

715.2  ± 
871.4 

(224.2-
5643.9)

504.5  ± 
261.2 

(140.8-
1732.1)

0.11

According to the results of the histopathological examina-
tion, when the patients are categorized according to the 
presence of benign and malignant disease:

Patients With Malignant � yroid Nodules
Malignant thyroid nodules were determined in 54 (38%) 
patients in histopathological examination. Forty (75%) 
of the patients were female, and 13 (25%) were male. � e 
mean age of the patients was 47.1 ± 13.6 (20-76), mean 
TSH value was 1.8 mU/ml ± 2.6 mU/ml (0.0-17), mean 
fT3 value was 4.8 pg/ml ± 1.4 pg/ml (2.5-13.6), mean fT4 
value was 12.5 ng/dl ± 2.5 ng/dl (5.3-20.3), mean neutro-
phil value was 4.5 (10^3/uL) ± 1.8 (10^3/uL) (2.28-14.1), 
mean lymphocyte value was 2.1 (10^3 /uL) ± 0.5 (10^3/
uL) (0.8-3.3), mean Rbc value was 4.7 (10^6/uL) ± 0.4 
(10^6/uL) (3.9-5.7), mean plt value was 305.8 ± 313.9 
(128-2500), mean MCV value was determined as 85.6 fL 
± 10 fL (29-96). US revealed TIRADS 2 � ndings in 5 (9%) 
patients, TIRADS 3 � ndings in 8 (15%) patients, TIRADS 
4 � ndings in 32 (59%) patients, and TIRADS 5 � ndings in 
9 (17%) patients. FNB revealed Bethesda 2.5 in 12 (22.2%) 
patients, Betheta 3-4 in 5 (9.4%) patients, Bethesda 5 in 
25 (46.2%) patients, and Bethesda 6 in 12 (22.2%) patients 
(Table 1,2).

Mean MI was 18.3 ± 2.9 (6-23.5), mean NLR rate was 2.3 
± 1.7 (1-11.5), mean SII was 715.2 ± 871.4 (224.2-5643.9) 
(Table 1,2).

Patients With Benign � yroid Nodules
Benign thyroid nodules were found in 86 (62%) patients 
in histopathological examination. Seventy (80%) of the 
patients were female and 17 (20%) were male. � e mean 
age of the patients was 49.9 ± 11.7 (21-76).  � e mean TSH 
value of the patients was 2.3 mU/ml± 9.05 mU/ml (0-
76.7), the mean fT3 value was 4.8 pg/ml ± 1.1 pg/ml (2.7-
12.5), the mean fT4 value was 12.5 ng/dl ± 3.9 ng/dl ( 2.4-
41.1), the mean neutrophil value was 4.07 (10^3/uL) ± 1.3 
(10^3/uL) (1.86-8.7), the mean lymphocyte value was 2.2 
(10^3/uL) ± 0.6 (10^3/uL) ) (1.2-4.1), the mean Rbc value 
was 4.5 (10^6/uL) ± 0.5 (10^6/uL) (3.6-7.1), the mean Plt 
value was 259.6 ± 59.3 (147-399), the mean MCV value 
was 85.6 fL ± 10.4 fL (29-99.4). Ultrasonographic exam-
ination of the patients revealed TIRADS 2 � ndings in 20 



J Biotechnol and Strategic Health Res. 2022;6(2):188-195
ÇAPOĞLU, BAYHAN, GÖNÜLLÜ, COŞKUN, HARMANTEPE, KÜÇÜK, DEM,İR,  Predicting Value of Biological Markers for � yroid Nodules.

192

(23.2%) patients, TIRADS 3 � ndings in 46 (54%) patients, 
and TIRADS 4 � ndings in 20 (23.2%) patients. Fine needle 
aspiration biopsy revealed Bethesda 2 in 49 (57%) patients, 
Betheta 3-4 in 7 (8.1%) patients, Bethesda 5 in 29 (33.7%) 
patients, and Bethesda 6 in 1 (1.2%) patients (Table 1,2).
� e mean MI was 18.9 ± 3.1 (6.9-25.7), the mean NLR was 
1.9 ± 0.8 (0.6-6.9), the mean SII was 504.5 ± 261.2 (140.8-
1732.1) (Table 1.2).

� ere was no signi� cant di� erence in terms of age and 
gender between patients with malignant and benign dis-
eases as a result of histopathological examination (p values 
0.19, 0.48, respectively).

Although the rate of TIRADS 2 and 3 diseases in the US 
examination was higher in patients with benign thyroid 
nodules than in patients with malignant nodules, the rate 
of TIRADS 4 and 5 diseases in the US was statistically sig-
ni� cantly higher in patients with malignant thyroid nod-
ules (p= 0.00).

Bethesda 2,3,4 disease rate in � ne-needle aspiration biopsy 
was found to be statistically signi� cantly higher in patients 
with benign thyroid nodules in histopathological exami-
nation. Bethesda 5,6 disease rate in � ne-needle aspiration 
biopsy was found to be statistically signi� cantly higher in 
patients with malign thyroid nodules in histopathological 
examination. (p=0.00).

We evaluated the preoperative blood parameters of the pa-
tients, and no signi� cant di� erence was found between the 
groups in terms of TSH, fT3, fT4, neutrophil, lymphocyte, 
RBC, PLT, MCV, MI, NLR, and SII in patients with malig-
nant disease  (respectively p. values: 0.05, 0.43, 0.66, 0.10, 
0.98, 0.07, 0.56, 0.83, 0.42, 0.10, 0.11).

In the ROC analysis, it was observed that the MI (AUC: 
0.46), NLR (AUC: 0.58), and SII (AUC: 0.57) failed to pre-
dict malignancy in thyroid nodules (Figure 1).

Figure 1: ROC analysis of the power of Mentzer index, Neu-
trophil Lymphocyte ratio, and Systemic immune-in� amma-
tory index to predict � yroid malignancy.

DISCUSSION
Since in� ammation has a critical role in malignancy, there 
are studies proposing that NLR may also increase in ma-
lignancies in the literature14–18. Kocer D. et al. In their study 
with 232 patients who were operated on for multinodular 
goiter in 2015, stated that NLR might be used to di� er-
entiate malignant and benign thyroid diseases19. Song CY 
et al., in their study with 220 patients in 2021, stated that 
NLR might be used to predict lymph node metastases in 
the central neck region in Papillary � yroid Cancer pa-
tients9. On the other hand, Ito Y et al. stated that the prog-
nosis would be worse in the presence of distant metastases 
in PTC and in cases where NLR is >320. In our study, we 
did not � nd a statistically signi� cant di� erence in terms of 
NLR between patients with benign or malignant thyroid 
nodules. � e reason why the di� erence between the two 
groups was not statistically signi� cant may be the fact that 
NLR is not speci� c for malignancy; there may be other ac-
companying in� ammatory diseases that may a� ect the rate 
of NLR together with the thyroid disease present in the 
patients. Furthermore, the in� ammatory response may be 
di� erent in each patient.

SII is calculated by multiplying platelet and NLR and also 
increases in cases of increased in� ammation21. Various 
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studies in the literature propose that SII may be used to de-
termine prognosis in patients with malignant disease22–24. 
Zhang et al. stated that SII could be used to predict central 
lymph node metastasis in PTC patients in their study con-
ducted in 2021 with 406 PTC patients with no clinically 
detected central neck lymph node metastasis (cN0)21. In 
our study, we did not � nd a signi� cant di� erence between 
patients with benign and malignant disease in terms of SII. 
Many factors can a� ect the platelet count, such as spleen 
diseases, thrombopoietin level, and hematological diseas-
es25. Moreover, in addition to these factors that can a� ect 
the platelet count, we think that the fact that many factors 
may a� ect the neutrophil and lymphocyte counts, as we 
mentioned above, explains the lack of statistical di� erence 
in terms of SII between groups.

� e Mentzer index is calculated by dividing the mean 
erythrocyte volume by the red blood cell, primarily used 
for the di� erential diagnosis of iron de� ciency anemia 
and thalassemia26,27. Anemia occurs in half of the cancer 
patients due to many etiological factors28.  We compared 
the patients with malignant thyroid nodules and benign 
thyroid nodules in terms of MI, due to our hypothesis that 
there may be an increase in the Mentzer index in patients 
with malignant thyroid nodules. No statistically signi� -
cant di� erence was found between the groups. Anemia in 
cancer patients is mainly due to tumor-related blood loss, 
increased red blood cell (RBC) destruction, and decreased 
RBC production. � e reason why there was no statistically 
signi� cant di� erence between the groups may be the ab-
sence of these three etiological factors in thyroid malig-
nancies.

In our study, we found that the rate of detection of ma-
lignancy in nodules reported as TIRADS 4 and 5 on the 
US was much higher than in TIRADS 2 and 3 nodules, 
consistent with the literature29. We observed that nodules 
reported as high stage according to the Bethesda classi� ca-
tion on FNA, in accordance with the literature, were more 
malignant than the nodules reported as lower Bethesda 

stage on FNA.

Management of thyroid nodules is speci� ed in current 
guidelines developed based on recent developments and 
evidence-based medicine5. Diagnosis and treatments per-
formed regardless of these guidelines for various reasons 
may result in overtreatment or undertreatment (30,31). 

Limitations of the study
� e study was conducted in a single center and with a 
small number of patients.

CONCLUSION
Although there are studies proposing that biological mark-
ers may be used in the di� erential diagnosis of thyroid 
diseases, there are studies in the literature suggesting that 
these markers have limited predictive power in the man-
agement of thyroid nodules, as in our present study. For 
this reason, it may be recommendable to not manage thy-
roid nodules in centers where there is no radiologist, sur-
geon, pathologist experienced in the thyroid, and patients 
may need to be consulted to centers where these facilities 
are available. Besides, it should be kept in mind that TI-
RADS and BETHESDA classi� cations are still superior to 
all other methods.
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