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ABSTRACT

Objective: To explore the alterations of neutrophil-to-lymphocyte ratio (NLR) as a systemic inflammatory marker after
microwave ablation for benign thyroid nodules.

Study Design: A descriptive study.

Place and Duration of Study: Department of Radiology, Antalya Training and Research Hospital, from December 2018 to
June 20109.

Methodology: Demographic data of the patients, ultrasonographic features of the nodules, thyroid function tests of the
patients, leukocyte, neutrophil, lymphocyte values, and thyroid nodule volumes of the patients before and after the procedure
were recorded. NLR and volume reduction ratio (VRR %) of 35 patients with thyroid nodules were compared before and after
microwave ablation therapy of the thyroid nodules.

Results: The nodule volume decreased from 23.89 £15.44 cc to 11.57 £8.65 cc at two months and to 7.79 £5.74 cc at six
months. The VRR% increased from 38.65 £16.82 to 63.16 £14.19 at three months and to 68.29 £11.80 at six months. The
mean value of NLR decreased from 2.28 £0.86 to 1.78 +0.54. ROC curve analysis suggested that the optimum pre-NLR cut-off
point for 50% VRR success was 2.50 with the specifity and sensitivity of 0.67 and 0.50.

Conclusion: After ultrasound-guided microwave ablation of benign thyroid module, VRR percentage increased significantly,

while the inflammatory marker NLR value decreased.
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INTRODUCTION

Thyroid nodules constitute the most common disease group of
thethyroid gland. The prevalence of thyroid nodules increases
progressively in women and men with aging. In particular,
afterthe age of 50 years, itincreases to 18.0% for women and
14.5% for men.*? Inthe last 20 years, noninvasive or minimally
invasive thermal ablation methods have been developed for
the treatment of benign nodular thyroid diseases. These
methods are percutaneous ethanol injection (PEE), percuta-
neous thermal laser ablation (PLA), radiofrequency ablation
(RFA), microwave ablation (MWA) and high intensity focused
ultrasound (HIFU).?
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Systemic inflammatory response syndrome (SIRS) is defined as
inflammation in the body against non-infectious causes such as
infection or autoimmune diseases, pancreatitis, vasculitis,
thromboembolism, burns, surgeries. SIRS diagnostic criteria
areformed withthe use of parameters, including body tempera-
ture, heart rate, respiration rate and leukocyte counts.* Each
criterioninthissyndrome emergesinresponse totheinflamma-
tory response. Recently, the number of studies examining
neutrophil-to-lymphocyte ratio (NLR) as an indicator of inflam-
matory response has increased as an easy and cost-effective
method for this purpose.®® It has been suggested in literature
that NLR can be usedin patients who have undergone RFAin the
follow-up of systemic inflammatory response, but there are no
studies examining NRL change or correlation after MWA.® The
aim of this study was to explore alterations of systemic inflam-
matory marker, such as neutrophil-to-lymphocyte ratio (NLR),
after microwave ablation in patients with benign thyroid
nodules.

METHODOLOGY

Informed consents were obtained from all patients who under-
went microwave ablation for benign thyroid nodules. This
descriptive study protocol was approved by the University of
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Health Sciences, Antalya Training and Research Hospital Ethics
Committee (Ethics Committee approval numberand date: 27/9
& 26/12/2019). Thirty-five patients between December 2018
and June 2019 eligible for the study were included. Inclusion
criteria of this study were symptomatic (globus sensation, swal-
lowing complaints, cosmotic concerns) euthyroid solid (solid
component > 80%) nodules; ineligibility or refusal to undergo
surgery; and histopathological benign status (Bethesda cate-
gory 2 nodules). The exclusion criteria were pregnancy under
age 18 years, bleeding disorders; malignant thyroid nodule
cytology; and nodules with high risk sonographic patterns such
as taller-than-wide shape, irregular border, and microcalcifica-
tion.

Demographic data of the patients, ultrasonographic features of
the nodules, thyroid function tests of the patients, leukocyte,
neutrophil, lymphocyte values, and thyroid nodule volumes of
the patients before and after the procedure were recorded.
Serum thyroid-stimulating hormone (TSH), Free T3 (FT3) and
Free T4 (FT4) was measured by Unicel TM DxI 800 Access
Immunoassay System, Beckman Coulter Inc., Brea, CA, USA.
Thenormalranges were as follows: free T4,0.61-1.1 ng/dL; free
T3, 2.5-3.9 pg/mL; TSH, 0.34-5.86 plU/mL. White blood cell
(WBC), neutrophil and lymphocyte counts were measured
using an automated whole blood analyzer (Abbott Cell Dyn, IL,
USA). The NLR was calculated by dividing the absolute
neutrophil count by the absolute lymphocyte count. The differ-
enceinthe NLR (ANLR) was computed by subtracting preopera-
tive NLR (Pre-NLR) from the NLR value after microwave ablation
treatment (Post-NLR). The values smaller than the standard
deviation of the ANLR was defined as decreased NLR while
greaterorequal ones donated as increased NLR. The rest of the
patientswashandled asstable NLR.

Theultrasonography examination, 5-14 MHz linear probe witha
real time ultrasound system (Aplio 500,Toshiba Medical
Systems, Tokyo, Japan) was used to evaluate volume, diame-
ters, vascularity, echogenicity, and composition of the nodules
before procedure and 1, 3, 6 months after procedure. Three
orthogonal diameter (the largest and two other perpendicular
diameters) of nodules were measured before ablation. The
volume of nodules was calculated with the following equations:
V=mabc/6 (V: volume, i; 3.14159 a: the largest diameter; b and
c: the other two perpendicular diameters). The volume reduc-
tionratio (VRR %) was calculated based on the equation: [Base-
line volume-volume atvisit]/[Baseline volume] 100.

Microwave ablation system (ECO-100AI3), consisting of a
microwave generator producing 30-40 W of power at 2450 MHz
either continuously orina pulse; a flexible cable, an internally--
cooled antennawith a 3.5 mmactivetipand 10 cm shaftlength,
was used. Ablation was performed as an outpatient treatment
underlocal anesthesia without sedation. After determination of
appropriate punctureside, local anesthesia, with 50/50 mixture
of 2% lidocaine and saline, was performed along the puncture
pathway from the skin to the thyroid capsule. The hydrodissec-
tion technique proposed by Yue et al. was used,® and a mixture

of 0.9% lidocaine and physiological saline was infused into the
surrounding thyroid capsule to protect vital structures adjacent
tothe thyroid nodule. Asmallincision about 2 mminlength was
made and internally cooled microwave ablation antenna was
positioned under ultrasound guidance and moving shot tech-
nique was used.*® Treatment was stopped when all of the
nodule was covered with hyperechoicecho.

Power analysis was performed using G * Power (v3.1.9)
programme to determine the sample size.”Wu et al. reported
the mean nodule volume before treatmentwas 6.61 + 4.65 ml,
while the nodule volume after microwave ablation was 4.03 =
3.30 ml."’ The effect size (df) of that study was determined as
0.62. Supposing a true difference in the mean response of that
study subjects was 3.78, 35 cases, were inducted to be able to
reject the null hypothesis that the response difference was
zerowith probability (power) 0.97. Typelerrorprobability asso-
ciated with this test of this null hypothesis was 0.05. All the
statistical tests were carried out by SPSS® 20.0 (Statistical
Packages for Social Sciences; SPSS Inc, Chicago, lllinois, USA).
The Shapiro-Wilk test was used to evaluate the normality of the
data. Qualitative variables were expressed as frequencies
and percentages and quantitative as mean £ S.D and Median
(IQR). The comparisons between the dependent groups were
performed by Wilcoxon signed-rank test where the normalities
ofthe differences are not met. In other words, paired t-test was
used. Aone-way repeated measures ANOVA was conducted to
determine whether there were statistically significant differ-
ences in the nodule volumes in six months. Continuous vari-
ables between dependent groups were compared using the
Mann-Whitney U-test. Univariate and multivariate logistic
regression were used to assess factors leading to differentia-
tion on the NLR differences. To get a better understanding the
predictive role of pre-NRL on volume reduction of the nodules,
areceiveroperating characteristic curve (ROC) was facilitated
to determine the sensitivity and specify of pre-NLR on the
volume reduction rate percent (VRR%) of nodules after six
months of the treatment with microwave ablation by refer-
encingthe50% VRR aslimiting success.

RESULTS

The mean age of the patients included in the study was 50.59
+14.35 years. The total number of patients was 35. Nineteen
(54.3%) of the patients were females and 16 (45.7%) were
males. The microwave ablation elicited statistically significant
changes in nodule volume (cc) over time (p <0.001), with
nodule volume decreasing from 23.89 +15.44 cc to 11.57
+8.65attwomonthsandto7.79 £5.74 ccatsixmonths.

Post-hoc analysis with Bonferroni adjustment revealed that
after microwave ablation, decrease in the nodule volumes for
1, 2, 3 and 6 months were 8.43 cc (95% Cl, 6.60 to 10.27,
p<0.001),12.33¢cc(95%Cl, 9.49t015.16, p<0.001), 14.74 cc
(95%Cl,11.40t018.08,p<0.001),and 16.11cc(95%Cl, 12.42
to 19.80, p<0.001), respectively. It is noted that there was a
significant decrease in volume over time. The result revealed
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that there were statistically significant changes between
mean VRR percentage over time after microwave ablation
performed (p<0.001). The VRR percentage increased from
38.65 £16.82% to 63.16 £14.19% at three months and to
68.29 £11.80% at six months. Post-hoc analysis with a Bonfer-
roni adjustment demonstrated that VRR percentage was
increased significantly from the prior of the microwave abla-
tion to 1 month 38.65 (95% Cl, 30.12 to 47.19, p<0.001), 2
months 53.61 (95% ClI, 45.75 to 61.46, p<0.001), 3 months
63.16 (95% Cl, 55.96 t0 70.36, p<0.001), and 6 months 68.29
(95% Cl, 62.30 to 74.28, p<0.001). There was a significant
increase in the VRR percentage over time. The change in
nodule volume and VRR percentage as a function of time
(months) werealsoshownin Figure laandFigure 1b.
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Figure 1: (a) Continuous decrease in the nodule volume after microwave
ablation. Comparison of the volumes of nodules at baseline (month: 0-
time of microwave ablation) and at follow-up aftertreatment. The nodule
volumeatpre, 1-, 2-, 3-, 6-months was 23.89 +15.44,15.46 +11.73,11.57
+8.65, 9.15 +7.13, 7.79 +5.74 cc, respectively; (b) Increase in the VRR
percentageatbaselineand atfollow-up aftertreatment. The VRR percen-
tage at 1-, 2-, 3-, 6-months was 38.65 +16.82, 53.60 +15.49, 63.16
+14.19,68.29 +11.80%, respectively.

Baseline (0)

Tablel: Baseline and changes of the values after MW ablation at 6 months
follow-up.

Pre-ablation After-ablation

(n 35) (n 35) p-value
Volume (cc) <0.001*
Mean * SD 23.89 £15.44 7.79 £5.74
WBC (10%/ul) 0.009*
Median (IQR) 7.60 (7.00-8.70) | 7.00 (6.50-8.20)
Neutrophil (10°/ul) <0.001*
Mean + SD 4.75 £1.28 4.25 £1.18
Lymphocyte (10%/ul) 0.003*
Median (IQR) 2.10 (1.70-2.70) | 2.50 (2.00-2.80)
NLR <0.001*
Mean + SD 2.28 £0.86 1.78 +0.54
FT3 (2.5-3.9 pg/mL) 0.147
Median (IQR) 3.48 (3.09-3.99) | 3.48(3.39-3.96)
FT4 (0.61-1.1 ng/dL) 0.001*
Median (IQR) 0.82(0.71-0.88) | 0.87 (0.81-0.93)
TSH (0.34-5.86 plU/mL) 0.195
Median (IQR) 0.96 (0.25-1.69) | 0.60 (0.37-1.34)
WBC = White blood cells; NLR = Neutrophil-to-lymphocyte ratio; FT3 = Free triiodothy-
ronine; FT4 = Free thyroxine; TSH = Thyroid-stimulating hormone; Cl = confidence
interval; IQR = Interquartile range. p <0.05 is significant.
The results were presented in Table Il and revealed that pre-lymphocyte (p=0.037), Pre-
NLR (p=0.005), pre-FT3 (p=0.05) values were statistically significant predictive factors in
the univariate analysis while only two which are pre-NLR and pre-FT3 are statistically
significant main factors for the establishment of a predictive model for the discrimination
of the decreased and stable NLR groups with the odds ratios of 15.048 (95% Cl,
1.819-124.508) and 0.017 (95% Cl, 0.001-0.532).

Table | displays the change in the monitored parameters after
microwave ablation treatment to the patients with benign
thyroid nodules. After microwave treatments, the mean volume
of the nodules decreased from 23.89 +15.44 before ablation to
7.79 £5.74 (p<0.001) in six months follow-up. Likewise, a
highly statistically significant decrease in the mean values of
neutrophil and NLR from 4.75 £1.28 and 2.28 +0.86 to 4.25
+1.18 and 1.78 +0.54 was observed, respectively (p <0.001).
Before the ablation, the median Lymphocyte and FT4 were 2.10
(IQR,1.70-2.70)and 0.82 (IQR, 0.71-0.88). Their median values
significantly increased to 2.50 (IQR, 2.00-2.80) and 0.87 (IQR,
0.81-0.93), respectively, while the median WBC 7.60 (IQR,
7.00-8.70) decreased to 7.00 (IQR, 6.50-8.20) (p=0.009). On
the other hand, there was no significant difference in the FT3
andTSHvaluesbefore and aftermicrowave ablation.

Multivariate logistic test results have revealed the predictive
roleofpre-NRLtogetherwiththe pre-FT3.Togetabetterunders-
tanding the predictive role of pre-NRL on volume reduction of
the nodules, a receiver operating characteristic curve (ROC)
was facilitated to determine the sensitivity and specify of pre-
NLR on the volume reduction rate percent (VRR%) of nodules
after six months of the treatment with microwave ablation by
referencing the 50% VRR as limiting success. The ROC curve
analysis results suggested the optimum pre-NLR cut-off point
as 2.50 with the specifity and sensitivity of 0.67 and 0.50. The
AUC value for NLR was 0.606 (95%Cl, 0.43, 0.79) (Figure 2).
Subsequently, considering the found cut-off NLR value, patients
were divided into two groups as NLR>2.50 and NLR<2.50
(Tablelll).
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Table Il. Univariate and multivariate logistic regression analyses of the variables predicting stable and decreased NLR.

&'ﬂ;’ar;':; 95%Cl p-value (';:l':":i‘r’::ii 95%Cl p-value
Age 0.991 0.940-1.045 0.747
Gender 2.000 0.410-9.757 0.391
Pre-WBC 1.191 0.703-2.018 0.516
Post-WBC 1.133 0.688-1.864 0.624
Pre-neutrophil 1.768 0.908-3.444 0.094
Post-neutrophil 0.896 0.449-1.789 0.756
Pre-lymphocyte 0.123 0.017-0.884 0.037* 0.439 0.020-9.406 0.598
Post-lymphocyte 0.438 0.104-1.842 0.26
Pre-NLR 7.468 1.823-30.583 0.005* 15.048 1.819-124.508 0.012*
Post-NLR 1.751 0.442-6.942 0.425
Pre-volume 0.994 0.944-1.046 0.812
Pre-FT3 0.162 0.026-1.000 0.05* 0.017 0.001-0.532 0.020*
Post-FT3 0.728 0.182-2.905 0.653
Pre-FT4 0.729 0.011-46.362 0.881
Post-FT4 10.42 0.293-370.852 0.198
Pre-TSH 1.322 0.617-2.831 0.473
Post-TSH 0.717 0.246-2.089 0.542

WBC = White blood cells; NLR = Neutrophil-to-lymphocyte ratio; FT3 = Free triiodothyronine; FT4 = Free thyroxine; TSH = Thyroid-stimulating hormone;
Pre = Pre-treatment of microwave ablation; Post = Post-treatment of microwave ablation. p <0.05 is significant.
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Figure 2: Receiver operating characteristic curves for preoperative
NLR value of 2.50 (VRR 50%).

There was a statistically significant increase in the median
values of the pre-neutrophil (p=0.008), pre-NRL (p<0.001) and

post NRL (p<0.001) in NLR>2.5 group than NLR<2.5 group. On
the other hand, a statistically significant decrease was observed
for pre-lymphocyte (p<0.001) and post-lymphocyte (p=0.009)
in NLR>2.5 group than NLR<2.5 group.

DISCUSSION

Surgical intervention in benign thyroid nodules is often followed
by disadvantages and complications such as scar formation,
nerve damage, hypoparathyroidism.” Today, minimally invasive
ablation methods are used to treat benign thyroid nodules.
Among these techniques, MWA is a local thermal ablation
method developed as a new treatment modality for benign
thyroid nodules. In addition, it is considered to be a good
therapeutic minimally invasive method because of its
advantages such as fast heating rate, strong coagulation ability,
and large ablation area." The results of our study demonstrated
that the MWA significantly decreased the treated nodule volumes
after six months of its application. Regarding this result, a former
study showed that MWA heats the tissue to a cytotoxic level.** At
this warming level, cell death occurs after coagulation necrosis.
Then coagulative necrosis is eliminated with the help of the
immune system of the patient with the help of macrophages,
lymphocytes and neutrophils.”

Neutrophil-to-lymphocyte ratio is a reliable and inexpensive
marker for examining the systemic inflammatory response.*
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Table lll. Comparison between the parameters of patients with preoperative NLR cut-off value of 2.5 in terms of their 50% VRR success after

six months post microwave ablation.

NLR
<2.5 (n=23) >2.5 (n=12) p-value
Median IQR Median IQR

Pre-WBC 7.50 6.67-8.70 7.85 7.00-8.95 0.566
Post-WBC 6.95 6.40-8.10 7.45 6.90-8.50 0.366
Pre-neutrophil 4.05 3.70-5.40 5.55 4.85-6.15 0.008*
Post-neutrophil 4 3.40-4.70 4.3 3.70-5.05 0.130
Pre-lymphocyte 2.35 2.00-2.70 1.65 1.40-1.90 <0.001*
Post-lymphocyte 2.6 2.30-3.00 1.95 1.70-2.50 0.009*
Pre-NLR 1.92 1.29-2.14 3.28 2.87-3.49 <0.001*
Post-NLR 1.56 1.33-1.74 2.19 1.86-2.53 <0.001*
Pre-volume 17.1 11.50-32.00 19.7 16.00-31.30 0.614
Pre-FT3 3.48 3.28-3.99 3.39 3.07-3.88 0.602
Post-FT3 3.48 3.39-3.95 3.53 3.39-3.96 0.986
Pre-FT4 0.81 0.77-0.87 0.85 0.70-0.88 0.773
Post-FT4 0.86 0.81-0.91 0.88 0.81-0.95 0.876
Pre-TSH 1.04 0.40-1.50 0.68 0.05-1.39 0.251
Post-TSH 0.84 0.40-1.44 0.51 0.09-1.02 0.073
VRR% 69.40 63.41-79.90 60.87 57.00-70.57 0.089
WBC = White blood cells; NLR = Neutrophil-to-lymphocyte ratio; FT3 = Free triiodothyronine; FT4 = Free thyroxine; TSH = thyroid-stimulating hormone; VRR
= Volume reduction ratio. p <0.05 is significant.

Indeed, the potential mechanisms underlying the prognostic
significance of neutrophils are reactive oxygen species
released by neutrophils, nitric oxide and arginase. In other
words, the chemicals released from these neutrophils are
thought to increase T-cell suppression and increase
angiogenesis.”"’

Recently, a number of studies examining neutrophil
lymphocyte ratio (NLR) as an indicator of inflammatory
response has increased as an easy and cost-effective method
for this purpose. The results of these studies indicated that
there has been a positive relationship between high NLR and
recurrence and mortality rates in gastric, colorectal,
hepatocellular, gastric and breast cancers.”®” In the present
study, the mean NLR value at the 6" month after microwave
ablation  significantly decreased compared to the
pretreatment NLR mean value. Fagnoni et al. evaluated the
NLR after radiofrequency ablation in primary and metastatic
liver tumors.” In that study, it has been suggested that NLR
can be used as a prognostic factor in cellular anti-tumor
immune response.” Janikashvili et al. reported a significant
decrease in NLR after radiofrequency ablation in patients with
colorectal liver cancer.” They suggested that this condition
could be used in treatment follow-up.”> Ozcelik et al.
determined a cut off value of 3.2 in 86.2% specificity for NLR
as an indicator of lymph node metastasis in preoperative
thyroid cancers.” In this study, 2.5 cutoff values were taken

for pre-NLR value and VRR relationship was evaluated.
Although the volume reduction rate (VRR %) after MWA was
more prominent in patients with NLR<2.5 (VRR% = 69.40%)
before treatment compared to those with pre-treatment
NLR>2.5 (VRR% = 60.87%), this difference was found not to
be statistically significant (p>0.05).

Feng et al. reported major complications related to MWA
including recurrent laryngeal nerve palsy. In the present
study, no major complication was occurred.”® This can be
explained with hydrodissection that protect the major vessel
and nerves. Some patients complained that they had mild
pain and tingling sensation during the procedure. There
were no situations requiring the procedure to be stopped
and the use of painkillers.

There were some limitations in this study. Firstly, this study
was retrospective single-centre analysis with short follow-up.
Secondly, a single parameter was used for systemic
inflammatory response evaluation. The researchers did not
correlate NRL with other parameters like C-reactive protein
(CRP) and procalcitonin.

CONCLUSION

This study emphasises the importance of immuno-
modulatory effects in microwave ablation of thyroid nodules
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as the first study evaluated by NLR. However, it is believed
that further research is needed to better understand the
changes in cytokines and cellular immune response and to
assess the effect of the microwave procedure on this
system.
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