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Abstract 

Background:  The American Joint Committee on Cancer has recently revised the tumor-node-metastasis (TNM) 
staging system on thyroid cancer, which illustrated that the cut-off age for predicting mortality has elevated from 45 
to 55 years old. We aimed to investigate the inflammation index based on hematological parameters to predict the 
clinical characteristics of elderly papillary thyroid cancer (PTC) patients with an inferior prognosis.

Methods:  We retrospectively analyzed 558 patients newly diagnosed with PTC from January 2013 to December 
2017, and 82 out of the 558 patients were over 55 years old. Receiver operating characteristic (ROC) study and univari-
ate and multivariate logistic analysis was conducted to evaluate the diagnostic value of these preoperative inflamma-
tion indexes in PTC patients ≥ 55 years of age.

Results:  Elevated neutrophils were prognostic of bilaterality (area under the ROC curve (AUC) = 0.673, p = 0.023) 
and lymph node metastasis (AUC = 0.649, p = 0·020). Decreased mean platelet volume (MPV) and platelet distribu-
tion width (PDW) were prognostic of coexistence with Hashimoto’s thyroiditis (AUC = 0.736, p = 0.016; AUC = 0.721, 
p = 0.024). Elevated lymphocyte and lymphocyte-to-monocyte ratio (LMR) were prognostic of advanced TNM stage 
(AUC = 0.691, p = 0.029; AUC = 0.680, p = 0.040). Meanwhile, the logistic regression model further revealed that 
LMR ≥ 5.45 was an independent risk factor for the advanced TNM stage (odds ratio (OR) = 7.306, p = 0.036).

Conclusions:  The preoperative neutrophils, lymphocytes, MPV, PDW, LMR were all prognostic. More importantly, the 
increased in LMR independently contributed to the advanced TNM stage of PTC patients ≥ 55 years.

Keywords:  Papillary thyroid cancer, Tumor-node-metastasis staging system, Inflammatory index, Lymphocyte-to-
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Background
Papillary thyroid cancer (PTC) is the most epidemic type 
of thyroid cancers, accounting for approximately 80% of 
all diagnosed thyroid cancers [1]. Over the past decade, 
PTC has maintained its prevalence in some regions of 
the world, leading to a higher incidence of PTC than that 
of other cancers. However, the prognosis of PTC, which 
is greater than 90% in 10-year survival postoperatively, 

is much better than the vast majority of other malig-
nancies [1, 2]. However, patients with PTC still suffer 
unnecessary cost and anxiety, which is the result of over-
treatment [3]. The American Joint Committee on Cancer 
(AJCC) has recently revised the tumor-node-metastasis 
(TNM) staging system on thyroid cancer, revealing a 
looser standard in stage II, which reduces instances of 
overtreatment when following the clinical management 
guidelines. Regarding the PTC staging system changes, it 
should be noted that lymph node metastasis is no longer 
an indicator of advanced stage, and the cut-off age for 
predicting mortality has elevated from 45 to 55 years old 
[4]. These modifications have been supported by several 
studies [5–7]. With the new staging, PTC patients under 
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55 years of age, are all in the early stage (I–II). Therefore, 
these patients do not need to accept radical, unnecessary 
therapy, while PTC patients over 55  years of age need 
additional information to determine whether further 
treatment is needed.

Cancer-related inflammation is well-known for its vital 
role in carcinogenesis and the progression of neoplas-
tic diseases, including PTC [8]. Since the routine blood 
test could reflect inflammatory response, at least to some 
extent, researchers have focused on the role of hemato-
logical parameters that act as predictive or prognostic 
indicators of carcinoma. Neutrophil count, lymphocyte 
count, the neutrophil-to-lymphocyte ratio (NLR), the 
lymphocyte-to-monocyte ratio (LMR), mean platelet vol-
ume (MPV) and platelet distribution width (PDW) have 
been well-studied in many malignancies [9–11]. Never-
theless, these potentially related carcinoma markers are 
less involved in PTC, and even among those studies, the 
relationship between hematological index and metastasis 
or stage of PTC are inconsistent, both of which remain 
in dispute [12, 13]. More importantly, as the PTC stag-
ing system has been changed, previous studies involving 
PTC stage may be less effective for evaluating its relation-
ship with current hematological parameters. Therefore, 
this study set out to investigate the role of hematologi-
cal indexes in predicting clinical characteristics and out-
comes of PTC, particularly in elderly patients (≥ 55 years 
old).

Methods
From January 2013 to December 2017, a total of 558 PTC 
patients, who were diagnosed by pathology results after 
initial thyroidectomy, at the affiliated hospitals of South-
ern Medical University, Nanfang Hospital were enrolled 
in this study. Patients who had accepted initial surgi-
cal operation at another hospital, patients with tumors 
that were considered to be unresectable, patients who 
had other malignancies or had accepted cancer therapy 
within the past year, and patients with incomplete inspec-
tion data were excluded. We retrospectively collected 
data, including age, gender, as well as clinicopathologi-
cal data regarding tumor diameter, presence or absence 
of tumor bilaterality, site of lymph node metastasis, pres-
ence or absence of Hashimoto’s thyroiditis. The primary 
tumor size and its extent (T), lymph node involvement 
(N), and distant metastases (M) of PTC were based on 
the new AJCC TNM scoring (Additional file 1: Table S1). 
And then we reclassified the stage of PTC patients. In 
short, the cut-off age at diagnosis has elevated from 45 to 
55 years old. PTC patients over 55 years old that satisfied 
T4a/T4b status or M1 status are classified as advanced 
stage (III-IV). Notably, N1 category does no longer 
automatically mandate stage III or IV (Additional file 2: 

Table S2). These modifications contribute to downstaging 
of a considerable number of patients and thus improve 
the prediction of survival in PTC patients. In addition, 
the inflammatory index, such as complete neutrophil and 
lymphocyte counts, were also collected from preopera-
tive routine blood test. The value of NLR was calculated 
by dividing the complete neutrophil count by the com-
plete lymphocyte count, whereas the value of LMR was 
calculated by dividing the complete lymphocyte count 
by the complete monocyte count. This cohort study was 
performed in accordance with the Declaration of Hel-
sinki to protect the patients’ individual information.

Continuous variables were expressed as mean ± stand-
ard deviation (SD), while categorical variables were pre-
sented as percentages. For comparisons, the t test or 
Mann–Whitney U test was performed, depending on 
the normality of the data distribution. The Chi squared 
test was used for categorical variables. The evaluation 
of optimum cut-off values for hematological parameters 
was performed using a receiver operating characteristics 
(ROC) curve. The univariate and multivariate analysis 
was conducted to assess the prognostic factors using the 
logistic regression model. Differences were considered 
statistically significant at p < 0.05, and all p values were 
based on 2-sided tests. The SPSS version 22.0 software 
was used for statistical calculations.

Results
Comparisons between young group and elder group
A total of 558 patients who accepted surgical therapy for 
previously untreated PTC were enrolled in this retro-
spective analysis. Of these, 82 patients were older than 
55 years (including 55 years), whereas 476 patients were 
less than 55  years of age. As shown in Table  1, elderly 
patients with PTC were less likely to experience lymph 
node metastasis (51.2% vs 68·2%; p = 0.003) and Hashi-
moto’s thyroiditis (12.2% vs 24.0%; p = 0.018). No sig-
nificant differences were detected between two groups 
concerning tumor size and bilaterality.

Analysis of PTC in elderly patients
ROC curve analysis was conducted to predict bilateral-
ity, lymph node metastasis, coexistence with Hashimoto’s 
thyroiditis, and TNM stage, respectively (Fig. 1), and the 
area under the ROC curve (AUC) values were also evalu-
ated in our study (Table 2). The AUC of neutrophils for 
predicting bilaterality was 0.673 (95% confidence interval 
(CI) 0.529–0.818; p = 0.023). The best cut-off value was 
4.93 G/L, with a sensitivity of 47.4% and a specificity of 
88.9%. The AUC for lymphocytes, NLR, LMR, MPV, and 
PDW to predict bilaterality were 0.537 (p = 0.629), 0.601 
(p = 0.185), 0·505 (p = 0.943), 0.569 (p = 0.362), and 0.509 
(p = 0.904) correspondingly.
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With regard to prediction of lymph node metastasis, 
the AUC of neutrophils was 0.649 (95% CI 0.528–0.771; 
p = 0.020). The ideal cut off value was 3.45  G/L, with a 
sensitivity of 76.2% and a specificity of 62.5%. However, 
lymphocyte, NLR, LMR, MPV, PDW showed little pre-
dictive capacity, with AUC value of 0.550 (p = 0.436), 
0.603 (p = 0.109), 0.575 (p = 0.242), MPV (p = 0.802), and 
0.519 (p = 0.763), respectively.

In case of coexistence with Hashimoto’s thyroiditis, 
the AUC value of MPV was 0.736 (95% CI 0.584–0.888; 
p = 0·016). According to the cut-off values, MPV>10.35 fl 
had an ideal diagnostic accuracy, with a sensitivity of 
56.9% and a specificity of 80%. Similarly, the AUC value of 
PDW to predict coexistence with Hashimoto’s thyroiditis 
was 0.721 (95% CI 0.548–0.893; p = 0.024). The optimal 
cut-off value was 10.55, with a sensitivity of 90.3% and a 
specificity of 50%. AUC values for neutrophils, lympho-
cytes, NLR, and LMR to predict coexistence with Hashi-
moto’s thyroiditis were respectively 0. 528 (p = 0.771), 
0.575 (p = 0.444), 0.594 (p = 0.339), and 0.640 (p = 0.152).

Additionally, a ROC curve to predict advanced TNM 
stage was plotted. It demonstrated that the AUC value of 
lymphocytes to predict advanced TNM stage was 0.691 
(95% CI 0.558–0.825; p = 0.029). The optimal cut-off 
value was 1.70 G/L, with a sensitivity of 92.3% and a spec-
ificity of 47.8%. Equivalently, the AUC value of LMR was 
0.695 (95% CI 0.556–0.835; p = 0.031). A cut-off value of 
5.45 was found to be the optimal diagnosis potential, with 
a sensitivity of 91.7% and a specificity of 57.1%. However, 
the AUC values of neutrophils, NLR, MPV, and PDW to 

predict advanced TNM stage were correspondingly 0.515 
(p = 0.864), 0.653 (p = 0.081), 0.545 (p = 0.612), and 0.564 
(p = 0.465). ROC curve analysis of clinical characteristics 
in PTC patients less than 55 years old has also been per-
formed (Additional file 3: Table S3).

Univariate and multivariate logistic analyses were con-
ducted to identify further whether the lymphocyte count 
and LMR values were independently correlated to the 
advanced TNM stage (Table  3). Using the lymphocyte 
count and LMR cut-off points calculated by ROC curve 
analysis, the results showed that LMR ≥ 5.45 was an inde-
pendent risk factor (odds ratio (OR) = 7.306, p = 0.036) 
for the advanced TNM stage in PTC patients.

Discussion
Thyroid cancer is one of the most rapidly changing can-
cers of the past decade, and its staging system has under-
gone significant revisions in line with the eighth version 
of the AJCC Staging Guideline. Since the diagnosis of age 
is an independent risk factor and closely related to the 
prognosis of thyroid cancer, the cut-off age for predicting 
mortality has elevated from 45 to 55 years old [2, 4]. After 
the implementation of the new version, thyroid papillary 
carcinoma under 55 years of age is classified as early (I–
II period) stage. Also, a large proportion of middle-stage 
patients will be downstage and will, therefore, receive 
more appropriate treatment to improve their progno-
sis and quality of life. More auxiliary diagnostic data are 
needed to evaluate the necessity of additional therapy for 
patients over 55 years of age (including 55 years).

Table 1  Demographic and clinical characteristics of patients with PTC

Data are expressed as mean ± standard deviation or number (%)

The significance level was set at p < 0.05

* Significant difference between the two groups

Total Age < 55 years Age ≥ 55 years p

Total 558 (100%) 476 (85.3%) 82 (14.7%)

Age (years) 39.29 ± 12.06 35.68 ± 8.79 60.28 ± 4.96 0.000*

Gender

 Female 378 (67.7%) 322 (67.6%) 56 (68.3%) 0.908

 Male 180 (32.3%) 154 (32.4%) 26 (31.7%)

Largest tumor size (cm) 1.54 ± 1.24 1.53 ± 1.16 1.56 ± 1.66 0.859

Bilaterality

 Yes 136 (24.4%) 117 (24.6%) 19 (23.3%) 0.784

 No 422 (75.6%) 359 (75.4%) 63 (76.8%)

Lymph node metastasis

 Yes 366 (65.6%) 324 (68.1%) 42 (51.2%) 0.003*

 No 192 (34.4%) 152 (31.9%) 40 (48.8%)

Coexistence with Hashimoto’s thyroiditis

 Yes 131 (23.5%) 121 (25.4%) 10 (12.2%) 0.009*

 No 427 (76.5%) 355 (74.6%) 72 (87.8%)
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Recently, the association between carcinoma and 
chronic inflammation has been well-studied [14]. Also, 
the blood parameters as the simple index of the inflam-
matory system, including lymphocyte count, neutrophil 
count, LMR, NLR, MPV, and PDW, have been widely 
used as the predictive factors in determining the progno-
sis of some types of cancers [9–11]. However, few stud-
ies have investigated this association with PTC, and the 
value of hematological indexes in determining the prog-
nosis of PTC is still under debate [12]. Therefore, this 
study sought to assess the predictive value of inflamma-
tory indexes in evaluating the prognostic clinical charac-
teristics of PTC, especially in elderly patients.

Our study suggested for the first time that preop-
erative neutrophil count was positively associated with 
bilaterality and lymph node metastasis, and both MPV 
and PDW were negatively associated with coexistence 

with Hashimoto’s thyroiditis. Our work also considered 
both lymphocyte count and LMR as predictive risk fac-
tors for the advanced TNM stage in elderly PTC patients. 
Notably, the multivariate logistic analysis showed that 
LMR ≥ 5.45 (OR 7.306, p = 0.036)was defined as an inde-
pendent prognostic parameter to predict advanced TNM 
stage.

As part of the host immune reaction, neutrophils 
exhibit diverse functions to dynamically regulate can-
cer-related processes. Among these, it has been dem-
onstrated that tumor-induced neutrophils can facilitate 
tumor metastases via circulation [15]. This mechanism 
is also supported by various clinical retrospective analy-
ses, including ours [10]. In our study, we found that an 
elevated neutrophil count was related to bilaterality and 
more LNM in elderly patients with PTC, and this result 
is similar to descriptions in other carcinomas. Of note, 

Fig. 1  ROC for determination of predictive ability of hematological parameters in elderly patients with PTC to: a bilaterality, b lymph node 
metastasis, c coexistence with Hashimoto’s thyroiditis, and d TNM stage, respectively. Abbreviations: ROC, receiver operating curve; NLR, 
neutrophil-to-lymphocyte ratio; LMR, lymphocyte-to-monocyte ratio; MPV, and mean platelet volume; PDW, platelet distribution width
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the rate of lymph node metastasis in young patients 
was higher than that in elderly patients (68.1% vs 51.2%, 
p = 0.003), which is consistent with the phenomenon that 
the impact of lymphatic metastasis on staging system has 
been weakened by AJCC, and was excluded officially in 
stratifying advanced stage of elderly PTC patients [4]. 
Hence, although preoperative neutrophils were found 
to be associated with LNM, its indication function in 
advanced stage disease seemed insignificant in elderly 
PTC patients according to our observations, and further 
prospective studies are required to confirm.

Similar to neutrophils, platelets play a pivotal role in 
cancer progression and metastasis. Emerging evidence 

suggests that platelets regulate neoangiogenesis, dis-
semination, and tumor cell growth [16]. However, plate-
let activation is closely by their size rather than their 
count. Platelet size can be evaluated by platelet volume 
parameters, such as MPV and PDW. MPV is an alterna-
tive index of platelet activation, and PDW demonstrates 
variation in platelet size, and both have been used to 
predict the prognosis of various cancers [11, 17]. In our 
study, MPV and PDW were found to coexist with Hashi-
moto’s thyroiditis in PTC patients. MPV ≤ 10.35  fl and 
PDW ≤ 10.55 fl were considered as indicators of coexist-
ence with Hashimoto’s thyroiditis, respectively. Several 
studies have indicated that Hashimoto’s thyroiditis may 
have a protective effect on PTC patients [18, 19]. Also, 
our present study also found that young PTC patients 
were more likely suffer from Hashimoto’s thyroiditis than 
elderly PTC patients (12.2% vs 35.4%; p = 0.009), who 
is considered to be a cohort with an inferior prognosis. 
Taken together, lower MPV and PDW might be a protec-
tive indicator for elderly PTC patients.

Previous studies have suggested the predictor value 
of LMR for clinical outcome in various types of cancer. 
Accumulating data indicates that a high LMR could be 
used to predict features of a variety of malignancies, such 
as nasopharyngeal carcinoma, gastric cancer, hepatocel-
lular carcinoma, breast cancer, and colorectal carcinoma 
[9, 20–22]. Contrary to expectation, our data showed that 
high preoperative LMR, as well as lymphocyte count, 
were linked with advanced TNM stage, which is incon-
sistent with most studies. Also, according to multivariate 
analysis, LMR ≥ 5.45 (OR = 7.306, p = 0.036) was identi-
fied as an independent risk factor for the advanced stage 
in elderly PTC patients.

Obviously, lymphocytes, as the fundamental compo-
nents of the adaptive immune system, are associated with 
healthy tumor profile by hindering tumor cells prolif-
eration, inhibiting migration, and destroying metastases 
[23]. Previous studies have also proven the positive effect 
of increasing lymphocyte count in achieving a better 
survival in patients with advanced cancer [10]. In addi-
tion, the function of monocytes in carcinoma has been 
a topic of debate as it affects tumor progression in two 
contradicting ways. Macrophages of the liver (Kupffer 
cells) destroy circulating cancer [24], while, inversely, 
macrophages also help to spread tumor cells through cir-
culation [25]. Consequently, compared to reduced mac-
rophages, an increased lymphocyte count takes a more 
predominant place in high LMR-related improved can-
cer-related survival [9, 26].

However, unlike other carcinomas, the intricate role 
of lymphocytes in PTC remains unclear, as autoim-
mune disease occurred more frequently in the thy-
roid gland than any other organ. It has been widely 

Table 2  AUC of  hematological parameters 
of  clinicopathologic characteristics in  elderly patients 
(≥ 55 years) with PTC

AUC, area under the curve of ROC; NLR, neutrophil-to-lymphocyte ratio; LMR, 
lymphocyte-to-monocyte ratio; MPV, mean platelet volume; PDW, platelet 
distribution width

The significance level was set at P < 0.05

* Significant difference

Prognostic factor AUC​ 95% CI p

Bilaterality

 Neutrophils 0.673 0.529–0.818 0.023*

 Lymphocyte 0.537 0.401–0.673 0.629

 NLR 0.601 0.466–0.735 0.185

 LMR 0.505 0.372–0.639 0.943

 MPV 0.569 0.402–0.737 0.362

 PDW 0.509 0.357–0.661 0.904

Lymph node metastasis

 Neutrophils 0.649 0.528–0.771 0.020*

 Lymphocyte 0.550 0.424–0.676 0.436

 NLR 0.603 0.479–0.726 0.109

 LMR 0.575 0.450–0.700 0.242

 MPV 0.516 0.390–0.642 0.802

 PDW 0.519 0.393–0.646 0.763

Coexistence with Hashimoto’s thyroiditis

 Neutrophils 0.528 0.377–0.680 0.771

 Lymphocyte 0.575 0.411–0.739 0.444

 NLR 0.594 0.460–0.727 0.339

 LMR 0.640 0.462–0.818 0.152

 MPV 0.736 0.584–0.888 0.016*

 PDW 0.721 0.548–0.893 0.024*

Advanced TNM stage

 Neutrophils 0.515 0.358–0.672 0.864

 Lymphocyte 0.691 0.558–0.825 0.029*

 NLR 0.653 0.505–0.801 0.081

 LMR 0.680 0.545–0.815 0.040*

 MPV 0.545 0.352–0.737 0.612

 PDW 0.564 0.366–0.763 0.465
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accepted that PTC has an immunological association 
with autoimmune disease because both disorders are 
described to appear synchronously [27]. However, 
interactions between them are unclear and require fur-
ther evidence. Some studies insist that elevated lym-
phocytes facilitate aggressive tumor behavior and thus 
result in reduced survival, and these are in accord-
ance with our finding that elevated lymphocyte counts 
reflected a higher stage of PTC [25, 28, 29]. A similar 
positive correlation trend is also found in medullary 
thyroid carcinoma [30]. Our data may offer evidence 
of the association between lymphocytes and adverse 
invasive behavior in PTC. However, to further con-
firm their relationship with PTC and expand these 
findings, the need for more profound investigations is 
highlighted.

Taken together, our analysis delivers the evidence 
that pretreatment peripheral indexes could func-
tion as inexpensive indicators of aggressive behavior 
and higher stage in elderly patients with PTC, and 
LMR acted as an independent predictive factor in an 
advanced stage. In spite of these findings, our obser-
vation should be cautiously interpreted due to several 
limitations of our study. Firstly, our study is limited 
due to the inherent nature of retrospective analysis 
itself, leading to selection biases and inaccurate data 
recording. Secondly, although patients with diseases 
that could influence leucocytes were excluded, the 
result of blood-circulating cell counts may be impacted 
by other unknown or undetectable factors, such as 
medication. Lastly, the cases enrolled in our study 
were relatively small-scale, which tends to weaken the 
power of the study. Further multicenter or prospective 
studies are warranted to validate our conclusion.

Conclusions
The present study is the first work to characterize inflam-
matory index in elderly patients with papillary thyroid 
cancer under the latest AJCC Staging Guideline. We 
found that pretreatment peripheral indexes could func-
tion as inexpensive indicators of aggressive behavior and 
higher stage in elderly patients with PTC, which may 
provide additional information to determine whether 
further treatment is necessary. The preoperative neu-
trophils, lymphocytes, MPV, PDW, LMR were all prog-
nostic. More importantly, with LMR ≥ 5.45 as a cut-off 
value, the increased in LMR independently contributed 
to the advanced TNM stage of PTC patients ≥ 55 years, 
which inconsistent with most studies on other cancers 
rather than medullary thyroid carcinoma. This could be 
explained by the fact that the role of immune response in 
thyroid carcinoma remains complicated. Therefore, fur-
ther basic researches and multicenter prospective studies 
on PTC are warranted to validate our conclusion.
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Table 3  Univariate and multivariate analysis for advanced TNM stage

LMR, the lymphocyte-to-monocyte ratio

The significance level was set at p < 0.05

* Significant difference

Univariate analysis Multivariate analysis

OR (95% CI) P OR (95% CI) p

Age ≥ 55 (years) 1.097 (0.984–1.223) 0.094 1.152 (1.001–1.326) 0.049*

Gender, male/female 1.667 (0.418–6.651) 0.469 – –

Largest tumor size (cm) 0.977 (0.665–1.436) 0.906 – –

Bilaterality 0.994 (0.244–4.055) 0.993 – –

Lymph node metastasis 1.647 (0.490–5.540) 0.420 – –

Coexistence with Hashimoto’s thyroiditis 1.386 (0.259–7.418) 0.703 – –

LMR ≥ 5.45 7.150 (1.473–34.714) 0.015* 7.306 (1.135–47.043) 0.036*

Lymphocyte ≥ 1.70(G/L) 11.000 (1.355–89.288) 0.025* –
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