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Abstract 

Context:  Serum inflammation-based scores reflect systemic inflammatory response and/
or patients’ nutritional status, and may predict clinical outcomes in cancer. While these 
are well-described and increasingly used in different cancers, their clinical usefulness in 
the management of patients with endocrine tumors is less known.
Evidence acquisition:  A comprehensive PubMed search was performed using the terms 
“endocrine tumor,” “inflammation,” “serum inflammation-based score,” “inflammatory-
based score,” “inflammatory response-related scoring,” “systemic inflammatory response 
markers,” “neutrophil-to-lymphocyte ratio,” “neutrophil-to-platelet ratio,” “lymphocyte-
to-monocyte ratio,” “Glasgow prognostic score,” “neutrophil-platelet score,” “Systemic 
Immune-Inflammation Index,” and “Prognostic Nutrition Index” in clinical studies.
Evidence synthesis: The neutrophil-to-lymphocyte ratio and the platelet-to-lymphocyte 
ratio are the ones most extensively investigated in patients with endocrine tumors. Other 
scores have also been considered in some studies. Several studies focused in finding 
whether serum inflammatory biomarkers may stratify the endocrine tumor patients’ 
risk and detect those at risk for developing more aggressive and/or refractory disease, 
particularly after endocrine surgery.
Conclusions:  In this review, we summarize the current knowledge on the different serum 
inflammation-based scores and their usefulness in predicting the phenotype, clinical 
aggressiveness, and disease outcomes and prognosis in patients with endocrine tumors. 
The value of such serum inflammation-based scores in the management of patients with 
endocrine tumors has been emerging over the last decade. However, further research is 
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necessary to establish useful markers and their cut-offs for routine clinical practice for 
individual diseases.

Key Words: endocrine tumor, serum inflammation-based score, neutrophil-to-lymphocyte ratio, neutrophil-to-platelet 
ratio, lymphocyte-to-monocyte ratio, systemic immune-inflammation index

Inflammation plays an important role in tumor biology 
not only in local tumor microenvironment (1,2) but also 
systemically (3,4). Responses to systemic inflamma-
tion include alterations in hematopoiesis and secretion 
of acute-phase proteins, cytokines, and growth factors 
and hormones, as well as in neuroendocrine metabolism 
and hormone secretion (5,6). Serum inflammation-based 
scores can reflect systemic inflammatory status and pre-
dict outcomes in cancer patients and become potentially 
useful diagnostic and monitoring tools (3,5,7). They are 
inexpensive, fast accessed, easy to calculate, reproducible, 
and widely available, as virtually every cancer patient will 
have pretreatment blood tests (3). To date, multiple serum 
inflammation-based scores have been developed:

Neutrophil-to-lymphocyte ratio (NLR) is the most ex-
tensively studied score and is calculated by dividing absolute 
neutrophil by lymphocyte counts (3,8,9). Neutrophilia is 
common in cancer and is mainly caused by tumor secretion 
of myeloid growth factors or by inflammation secondary 
to tissue destruction or hypercytokinemia. Neutrophils, in 
turn, secrete cytokines which promote tumor proliferation 
and invasion. Lymphocytes are important antitumoral 
cells, and their decrease may compromise responses against 
tumor cells (3,7,9). Hence, high NLR reflects an ineffective 
immune response to the tumor or imbalanced inflamma-
tory state that facilitates tumor growth and invasiveness 
and thus poor outcomes in cancer (3,8,9). Similar, although 
significantly less used, is the derived NLR (dNLR), calcu-
lated by dividing absolute neutrophil count by (absolute 
leucocyte count − absolute neutrophil count) (10,11).

Platelet-to-lymphocyte ratio (PLR) is also widely 
studied and can be obtained by dividing absolute platelet 
by lymphocyte counts (3,12,13). Tumor cells secrete cyto-
kines and growth factors that stimulate megakaryocyte dif-
ferentiation leading to increased platelet production (14). 
Platelets have different roles in cancer and may promote 
tumor proliferation, invasion, or metastasis (13,15,16). 
High PLR reflects a relative imbalance of platelets and 
lymphocytes and is usually associated with poor cancer 
outcomes (3,12).

Lymphocyte-to-monocyte ratio (LMR) is calculated by 
dividing absolute lymphocyte by monocyte counts. Higher 
monocyte counts may reflect a higher content of tumor-
associated macrophages in neoplastic tissues, resulting in 
immunosuppression and tumor growth (17,18). Monocytes 
and macrophages may also contribute to intravascular 

survival of circulating tumor cells by reducing their apop-
tosis and extravasation into tumor tissues, which ultimately 
result in tumor progression and worse outcomes (19,20). 
Lower LMR has been associated with poor survival in dif-
ferent cancers (18,21).

Neutrophil-platelet score (NPS) and Systemic Immune-
Inflammation Index (SII) combine leucocyte and platelet 
counts. NPS, ranging from 0 to 2, attributes 1 point to neu-
trophils >7.5 × 109/L and 1 to platelets >400 × 109/L (22). 
SII is obtained by multiplying absolute platelet count and 
NLR (23). An increased NPS or SII reflects an ineffective 
immunosurveillance or enhanced inflammatory status 
linked with poor outcomes (22,23).

Glasgow prognostic score (GPS), ranging from 0 to 2, 
attributes 1 point to C-reactive protein >10 mg/dL and 1 
to albumin <35 g/L (3,5). GPS is regarded as an indicator 
for nutritional and immunological condition, as decreased 
albumin and increased C-reactive protein may reflect 
malnourishment and systemic inflammation (3,5,7,24). 
Modified versions of GPS have been proposed, including 
the High-Sensitivity Inflammation-based Prognostic Index 
(HSPI), which relies on high-sensitivity C-reactive protein 
with a cut-off of 3 mg/dL (25).

The Prognostic Nutrition Index (PNI) is calculated 
by multiplying serum albumin by 5 times the absolute 
lymphocyte count and also reflects the nutritional and in-
flammatory status; reduced PNI is often associated with 
poor cancer prognosis (26,27).

In summary, increased NLR, PLR, NPS, SII, and GPS and 
low LMR and PNI reflect ineffective immunosurveillance 
or imbalanced inflammation that facilitate tumor growth 
and invasiveness and thus poor outcomes in cancer 
(3,5,8,18). Several lines of research support the role of 
serum inflammation-based scores in predicting outcomes 
in cancer patients (3,7), including not only nonmetastatic 
tumors, such as meningiomas (28) and gliomas (23,24,29), 
but also in endocrine neoplasms (6,30-36). In this review, 
we summarize the current knowledge on different serum 
inflammation-based scores and their clinical usefulness in 
predicting phenotype, aggressiveness, disease outcomes, 
and prognosis in patients with endocrine tumors.

Methods

A PubMed search was performed using the terms “endo-
crine tumor,” “inflammation,” “serum inflammation-based 
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score,” “inflammatory-based score,” “inflammatory 
response-related scoring,” “systemic inflammatory re-
sponse markers,” “Neutrophil-to-lymphocyte ratio,” 
“neutrophil-to-platelet ratio,” “lymphocyte-to-monocyte 
ratio,” “Glasgow prognostic score,” “neutrophil-platelet 
score,” “Systemic Immune-Inflammation Index,” and 
“Prognostic Nutrition Index” in clinical studies con-
cerning endocrine neoplasms: thyroid tumors, neuro-
endocrine tumors (NETs), parathyroid tumors, adrenal 
tumors, pituitary tumors, and craniopharyngiomas. 
Related articles and reference lists in each publication 
were also reviewed. All papers indexed in the English lan-
guage and published until the December 31, 2020 were 
evaluated. All identified studies were analyzed, and their 
most relevant findings briefly discussed in the review and 
summarized in more detail in Tables 1 to 3.

Thyroid Tumors

Thyroid cancer is the most common endocrine tumor, and 
most are well-differentiated and derive from follicular epi-
thelial cells [including papillary thyroid cancer (PTC) and 
follicular thyroid cancer (FTC)]; far less common are me-
dullary (MTC), anaplastic (ATC), and poorly differentiated 
thyroid cancer (PDTC) (92,93). Thyroid cancer is closely as-
sociated with inflammation, both within the tumor micro-
environment (94,95) and systemically (30,46,96). The 
inflammatory microenvironment seems to be important in 
the development and progression of thyroid malignancy 
(97-100). This is supported by alterations in expression 
of immune-related genes and activation of oncogenes in 
PTC (101), such as RET/PTC, RAS, and BRAF, resulting 
in upregulation of a proinflammatory program in normal 
thyrocytes associated with malignant behavior (95,102). 
Thyroid tumor cells are also an active source of cytokines 
and chemokines that modulate the microenvironment as 
well as have proinflammatory implications (94). The cor-
relation of inflammatory responses, reflected by serum 
inflammation-based scores, with tumor behavior and out-
comes in different types of thyroid cancer is discussed in the 
following text and summarized in Table 1.

Differentiated Thyroid Cancer

Several studies support the role of NLR in predicting prog-
nosis and outcomes in patients with differentiated thyroid 
cancer (DTC), mainly PTC. Liu et  al conducted the first 
study assessing the usefulness of NLR in DTC and observed 
that patients at high risk for recurrence had higher NLR 
than those with intermediate/low risk (30). Higher NLR 
has been described in patients with more advanced PTC, 
namely stages III/IV (43) and T3/T4 (40), as well as in PTC 

patients ≥45 years (45). Higher NLR was further associ-
ated with lower disease-free survival in patients with PTC 
staged III/IV (38) or ≥45 years (56) suggesting NLR may be 
a prognostic factor for disease-free survival in PTC, particu-
larly in older patients with advanced disease. In contrast, 
other studies reported no association between NLR and 
PTC stages (41,48,49,52) or recurrent disease (39,40,61). 
In PTC and FTC patients, NLR correlated with increased 
thyroglobulin levels 6 months postoperatively (31). A  re-
cent study reported no differences in NLR between PTC 
patients in different treatment stages (55), although a pre-
vious series suggested that radioiodine treatment tempor-
arily increases NLR (44). Cho et al reported an association 
between high NLR and higher cancer-specific death rate 
in a large series of thyroid cancer patients (including ATC, 
MTC, and PDTC), but this association was not observed 
in DTC patients only (40). Lee et  al reported an associ-
ation between high NLR and incomplete therapy response 
in DTC patients, in whom a decrease in NLR after treat-
ment was observed more prominently in patients with 
low recurrence risk and excellent treatment response (50). 
Concordantly, in patients receiving lenvatinib for progres-
sive radioiodine-refractory DTC, a more prominent NLR 
decrease was seen in patients with best tumor response, 
while disease progression was followed by NLR increase 
(60). Additionally, high NLR was associated with shorter 
overall survival, supporting a role for NLR as an indicator 
for starting and monitoring lenvatinib treatment, as well as 
for predicting survival (60).

Several studies reported associations between higher 
NLR and larger tumors (30,31,38,39,45,54), extrathyroidal 
extension (49,54), multifocality (45,49), and lymph node 
metastasis (45,49) in PTC patients. In contrast, others 
found no association between NLR and lymph node me-
tastasis (30,38,41), including to the central compartment, 
which ruled out NLR as a potential tool to guide prophy-
lactic central dissection in PTC patients undergoing total 
thyroidectomy (39,52,54). Different NLR cut-off values as-
sociated with more aggressive clinicopathological features/
poor outcomes have been proposed, often varying between 
1.5 and 3 (38,40,45,49,54,60,103), relatively low in com-
parison to those reported in highly malignant neoplasms 
(3,18,21), where NLR > 5 often indicates poorer outcomes 
(3,7). The association between NLR and age is more con-
troversial, with studies reporting higher NLR in older 
patients (31,39,43), while others reported lower NLR in 
older patients (41,56), and some excluding any correlation 
(54). Some studies involving DTC patients excluded a re-
lationship between NLR and thyroid-stimulating hormone 
levels (30,39,42,45), or with BRAF V600E mutations (41).

Seretis et  al suggested that NLR could be 
useful in distinguishing malignant from benign 
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thyroid nodules and be a possible marker for underlying 
microcarcinomas in goiter. They reported higher NLR in 
PTC and microPTC compared to benign goiters and healthy 
controls (37). Further studies confirmed this (37,42,43,57); 
however, Manatakis et al described its diagnostic accuracy 
as low (approximately 45%) and thus unable to effectively 
predict occult microcarcinomas in patients with goiter (51). 
Other studies reported no value of NLR as a marker for 
thyroid malignancy (30,38,39,47,48,50,53), including a 
meta-analysis comprising 4617 DTC patients and 1666 
subjects with benign nodules, neither in the identification 
of progressing DTC in subjects with goiter (46).

Fewer studies assessed the role of PLR in predicting out-
comes of DTC patients. An elevated PLR was associated with 
lower disease-free survival in PTC patients aged < 45 years, 
with PLR  >  164.24 independently predicting recurrence 
(56). Increased PLR was predictive of advanced nodal dis-
ease, with the optimal cut-off being 136.5 in a large series 
of 1873 PTC patients (27). However, others ruled out a 
correlation between PLR and recurrent or advanced dis-
ease (41,48,61). In a series including 58 PTC patients, no 
differences in PLR between patients before operation, be-
fore radioiodine, and 6 months after radioiodine therapy 
were observed (55). Although Kim et al found an associ-
ation between high PLR and larger tumors as well as lymph 
node metastasis (41), most studies excluded significant cor-
relations between PLR and aggressive clinicopathological 
features, including extrathyroidal extension (41,48,54), 
angioinvasion (41,48), multifocality (41, 4), surgical margin 
positivity (54), and BRAF V600E mutation (41). Lower 
PLR has been reported in PTC patients aged ≥45  years 
(41,56), but not in every study (54). Three studies ruled out 
any usefulness for PLR in distinguishing malignant and be-
nign thyroid nodules (48,51,53). Ari et al observed no dif-
ferences in PLR between PTC and thyroiditis patients, but 
when compared to healthy controls, PLR was significantly 
higher in both thyroiditis and PTC patients (53).

A lower LMR has been correlated to advanced staged 
PTC (52,58). Low LMR was also associated with de-
creased overall and disease-free survival (58), including in 
patients with DTC refractory to radioiodine and treated 
with sorafenib (59), with LMR  <  4 predicting shorter 
survival (58,59). A different study correlated a low LMR 
with recurrence, especially in patients with advanced PTC 
(stages II and III), with an optimal cut-off of 5 (61). In 
contrast, Lee et al observed no correlation between LMR 
and disease-free survival in PTC patients either below or 
above the age of 45 (56). Song et  al reported an associ-
ation between lower LMR and larger tumors, multifocality 
and lymph node metastasis (58), other studies found no 
correlation between LMR and lymph node metastasis 
(52,61). More studies are needed to further assess the LMR 

usefulness in thyroid cancer, but LMR may be a promising 
tool in predicting recurrence and survival in patients with 
high-risk, advanced, or refractory PTC (58,59,61).

There is only 1 large study that investigated the role of 
PNI in predicting outcome and prognosis of PTC patients, 
in which a decreased PNI predicted advanced staged PTC 
(T3 or T4), with an optimal cut-off of 54.1. Moreover, both 
univariate and multivariate analysis indicated PNI ≤ 53.1 
as an independent predictor of recurrence (27). Only 1 
study assessed platelet-to-neutrophil ratio (PNR) in thy-
roid cancer, in which an increased PNR was observed in 
PTC patients with extrathyroidal extension and T3-staged 
disease (48).

Medullary Thyroid Cancer

Three studies assessed the role of preoperative serum 
inflammation-based scores in MTC. Xu et al observed an 
association between preoperative NLR and lymph node 
and distant metastasis, with an NLR  >  1.784 predicting 
the occurrence of metastases, suggesting a potential role 
as a screening tool for metastatic disease and indicator for 
more intensive management (64). Two studies reported that 
higher PLR independently correlated with lymph node me-
tastasis, higher postoperative recurrence rate, and lower 
disease-free survival (62,63). The optimal PLR cut-offs in 
predicting recurrence were estimated at >129.8 (62) and 
>128.9 (63), while PLR > 105.3 was an independent pre-
dictor for lymph node metastasis (62). Jiang et al reported 
PNI < 52.5 as a potential predictor for recurrence in MTC 
patients, but no association between NLR, dNLR, and 
LMR with clinical outcomes (63). These findings suggest 
that PLR could be a useful addition to the TNM classifica-
tion in identifying high-risk patients and guiding follow-up 
and/or therapeutic strategies (62,63), with a possible com-
plementary role for PNI (63).

Anaplastic Thyroid Cancer

ATC patients for which NLR remarkably increased during 
follow-up (by >5.5 compared to baseline) had a lower 
survival (66), suggesting that NLR oscillation during 
follow-up may predict outcomes. Two studies supported a 
role for preoperative NLR in distinguishing ATC from PTC 
and PDTC (39,40). Ahn et al observed that ATC patients 
with LMR < 4 more often had cervical lymph node metas-
tasis and had a 3-fold decreased overall survival compared 
to those with LMR ≥ 4 (65). In contrast, a recent study has 
excluded any usefulness for baseline NLR, LMR, and PLR 
in predicting survival of ATC patients (66). A recent study 
including lenvatinib-treated ATC patients reported better 
disease control rates, as well as longer progression-free 
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and overall survival in patients with lower NLR scores 
(<8) in comparison to those with higher NLR (67). These 
results are in line with findings reported earlier for DTC 
patients receiving lenvatinib for progressive radioiodine-
refractory disease (60), suggesting that NLR is a potential 
prognostic factor, as well as an early indicator of response 
for lenvatinib-treated ATC patients (67).

Neuroendocrine Tumors

NETs are neoplasms originating from the epithelium of 
organs with neuroendocrine differentiation that typically 
have not only an indolent behavior but also metastatic po-
tential (33). An increased inflammatory status has known 
effects in tumorigenesis and tumor progression, locally 
(104-107) and systemically (35,69,83,108,109). Several 
studies support the role of serum inflammation-based 
scores in predicting the prognosis and outcomes of NET 
patients (Table 2).

Yucel et al reported NLR as a negative independent prog-
nostic factor for overall survival in patients with NETs of all 
origins (68). In patients with gastrointestinal and pancreatic 
NETs, pretreatment NLR was higher in foregut, pancreatic, 
metastatic, and more advanced NETs and correlated nega-
tively with progression-free survival (35). A meta-analysis 
comprising 724 patients with gastroenteropancreatic NETs 
found that high NLR was associated with poor overall and 
recurrence-free survival (69). Pozza et  al reported higher 
NLR in patients with distant metastasis, with a cut-off 
>2.63 predicting peritoneal metastasis, as well as shorter 
survival, in patients with gastrointestinal NETs (70). Other 
series supported an elevated NLR as an independent pre-
dictor of metastasis in NET patients, although different 
cut-offs have been proposed (2.2 in gastric NETs (73); 
2.63 in midgut NETs (70); 1.8-3.71 in pancreatic NETs 
(75,77,78,81)). The prognostic value of NLR has also 
been confirmed in a series of 262 patients with metastatic 
NETs undergoing transarterial chemoembolization, where 
serum NLR before and 6 months after intervention inde-
pendently predicted survival, suggesting a role for NLR in 
decision-making and assessing treatment responses (33).

In patients with gastroenteropancreatic NETs, pretreat-
ment PLR was higher in foregut, pancreatic, metastatic, 
and more advanced NETs and correlated negatively with 
progression-free survival (35). In contrast, another study 
did not report higher NLR or PLR in foregut NETs (70), 
whereas 2 other studies failed to confirm the usefulness of 
NLR and PLR in predicting survival in patients with in-
operable and advanced NETs (72) and in predicting re-
sponse to peptide receptor radionuclide therapy (71), 
suggesting a prognostic role for other scores, namely GPS 
(or inflammation-based index) (71) and HSPI (72).

Gastric NETs

In patients with gastric NETs, Cao et al reported that NLR 
was higher than in healthy controls, was an independent 
prognostic factor for low recurrence-free and overall survival, 
and correlated with liver metastasis, which supports the rec-
ommendation for assessing NLR in gastric NET patients and 
monitoring closely those with NLR  >  2.2 postoperatively 
(73). Later, the same authors showed that tumor-associated 
(not serum) NLR on histological samples of gastric NETs 
also predicted low recurrence-free and overall survival and 
correlated with liver and lymph node metastasis (110). They 
suggest that serum and tumor-associated NLR together with 
Ki-67 could be combined in a prognostic nomogram (110).

Pancreatic NETs

Pancreatic NETs comprise 1% to 3% of all pancreatic 
neoplasms, with increasing incidence due to frequent 
use and advances of imaging modalities (75,111). Up to 
20% has metastatic potential, and recognized predictors 
of malignant potential include increased size (particularly 
above 2 cm), advanced grade, and high Ki-67 (111,112), 
although further markers are needed (75,111). Eleven 
studies have been conducted assessing the role of serum 
inflammation-based scores in pancreatic NETs. The ma-
jority of these focused on NLR, and most support its 
usefulness in predicting poor survival (25,32,78,82) and 
recurrence (19,25,75,77,78,81,82). In 1 study, serum NLR 
was higher in patients with pancreatic NETs than in healthy 
controls (78). Additionally, elevated NLR has been related 
to clinicopathological features suggestive of increased ag-
gressiveness, such as larger size (25,80), advanced stages 
or grades (32,77,78), lymph node metastasis (77,79), liver 
metastasis (75), perineural invasion (78), thrombosis for-
mation (77), higher Ki-67 (81), and higher mitotic count 
(81). The pancreatic duct dilation-NLR score has been 
shown as a potentially useful tool in predicting outcomes 
of patients with pancreatic head NETs undergoing sur-
gical resection (25). Therefore, NLR appears to be a useful 
biomarker predicting aggressive disease and poorer out-
comes in pancreatic NET patients, with an elevated NLR 
identifying high-risk cases, perhaps requiring more inten-
sive treatment or close follow-up. However, different NLR 
predictive cut-offs have been proposed (1.8 (78); 2.056 
(77); 2.4 (75); 3.41 (81); 3.7 (82)). Different studies have 
consistently found no differences in preoperative NLR 
scores between functioning and nonfunctioning pancreatic 
NET patients (75,77,78,81); however, increased preopera-
tive pancreatic duct dilation-NLR scores in nonfunctioning 
pancreatic NET patients comparing to those with func-
tioning tumors was reported in one series (25).
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In the first study assessing inflammation-based scores in 
NETs, Sakka et al reported serum PLR > 300 as an adverse 
prognostic factor for cumulative survival and proposed a 
stratification risk score integrating PLR > 300 and 3 other 
criteria (74). The association of high PLR with advanced 
disease and poor survival was confirmed by some (78-
80), but not all, later studies (78,83). One study reported 
a higher in patients with pancreatic NETs than in healthy 
controls (78). Gaitanidis et al reported that an LMR < 3.46 
was associated with lower recurrence-free survival and dis-
tant metastases (80), and more recently Zhou et al showed 
LMR < 5 as independent predictor for relapse-free survival 
in patients undergoing surgery (83). However, previous 
studies excluded a prognostic value of LMR in this setting 
(78,79,82).

Lung NETs

In a single study in patients with pulmonary large cell neuro-
endocrine carcinomas, larger tumors were associated with 
higher NLR and PLR, and patients with NLR ≥ 2.52 and 
PLR ≥ 133.6 had shorter survival, although in multivariate 
survival analysis only NLR was an independent prognostic 
factor (84). There are no data on serum inflammation-
based scores in bronchial NETs.

Parathyroid Tumors

Zeren et al first studied serum NLR in primary hyperpara-
thyroidism and reported positive correlations between 
preoperative NLR and adenoma size and presence of para-
thyroid carcinoma, as well as calcium and parathyroid hor-
mone (PTH) levels (85). A series involving 8948 American 
adults reported an association between PTH levels and PLR, 
as well as with C-reactive protein levels, red cell distribution 
width, and modified GPS, indicating a possible association 
between PTH and serum inflammatory markers (113). Two 
studies confirmed these findings, one observing a positive 
correlation between serum NLR (but not PLR) and PTH 
levels in patients with hyperparathyroidism and identifying 
PTH as one of the main determinants of NLR, regard-
less the glomerular filtration rate, suggesting PTH as pro-
inflammatory factor independent of renal dysfunction (88). 
The other study reported a correlation between preoperative 
NLR and both PTH and calcium levels in patients with pri-
mary hyperparathyroidism, with a significant 22% decrease 
in NLR after parathyroidectomy (87). Similarly, patients 
with secondary hyperparathyroidism had a significant de-
crease in NLR and PLR after successful parathyroidectomy, 
while those with persistent or recurrent disease had no 
changes, suggesting that effective parathyroidectomy may 
reduce systemic inflammation (86).N
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These studies, summarized in Table 3, describe an as-
sociation between PTH and systemic inflammatory 
markers, as well as amelioration of inflammatory status 
after parathyroidectomy. However, these studies are not 
sufficient to establish a causal relationship. Nevertheless, 
such associations are interesting given that inflammation 
is involved in the pathophysiology of cardiovascular and 
metabolic diseases, and there are several reports of higher 
cardiovascular mortality, inflammation, and metabolic 
syndrome in association with increased PTH levels (114-
118), including in primary hyperparathyroidism (119-
121). The pleiotropic effects of PTH are also reflected by 
the nonskeletal manifestations of hyperparathyroidism 
(122), the upregulation of inflammatory genes in adipose 
tissue (123), the production of pro-inflammatory cyto-
kines in rodents (124), PTH-induced endothelial dysfunc-
tion (125,126), and hematopoietic effects of PTH (127). 
Future studies are necessary to gain further understanding 
of PTH biology and implications of primary hyperpara-
thyroidism, as well as to identify useful, predictive markers 
for decision-making in such patients, including in asymp-
tomatic hyperparathyroidism.

Adrenal Tumors

Three studies, summarized in Table 3, investigated the 
role of serum inflammation-based scores in patients with 
adrenocortical carcinomas (ACC) (19,89,90). Bagante 
et al analyzed NLR and PLR in a surgical cohort of ACC 
patients (89). Patients with NLR > 5 had larger tumors, 
distant metastasis, lower rates of 5-year recurrence-
free survival, and higher rates of incomplete resection, 
postsurgical complications, and readmissions within 
90 days after operation. PLR > 190 was associated with 
a 1.8-fold increased risk of recurrence, and NLR > 5 with 
a 2-fold increased risk of recurrence and a 2.2-fold in-
creased risk of disease-related death (89). Another study 
confirmed NLR  >  5 as adequate prognostic cut-off in 
ACC, with a poorer survival in patients with preopera-
tive NLR ≥ 5. When differentiating malignant and benign 
adrenal disease, NLR independently predicted malignant 
disease, with optimal cut-off estimated at 3.15 (90). NLR 
was higher in malignant than in benign disease, with the 
highest NLR in ACC (6.02), and lower NLR in adenomas 
and pheochromocytomas (2.84 and 2.03, respectively) 
(90). A  shorter disease-specific survival in ACC patients 
who had an LMR < 4 was described in a surgical cohort 
of recurrent ACC patients. LMR < 4 was associated with 
4-fold increased risk of disease-related death, suggesting 
a role for more inflammation-based ratios in ACC prog-
nosis (19). Another study reported a trend for higher NLR 
in carotid body tumor patients than in healthy controls, 

with no significant postoperative NLR decrease (128). In 
conclusion, NLR, and possibly to a lesser degree PLR and 
LMR, might be useful in assessing preoperative inflamma-
tory states and predicting outcomes of ACC patients. NLR 
may also help differentiate benign and malignant adrenal 
disease, but more research is needed to confirm its clinical 
usefulness.

Pituitary Tumors

Only 1 study characterized the preoperative inflammation-
based scores in patients with pituitary tumors and inves-
tigated their usefulness in predicting clinically challenging 
or refractory disease (91). Unsurprisingly, rather unimpres-
sive mean values of serum inflammation-based scores were 
seen (91), with NLR and PLR relatively low (3,18,21,36) 
and LMR relatively high (17,21) compared to malignant 
neoplasms, considering that pituitary tumors are benign 
and lack metastatic properties. Pituitary tumor cells secrete 
pro-inflammatory cytokines and growth factors (1,129), 
but their release into circulation and/or systemic repercus-
sions may be less prominent than in other malignancies 
(91). In this study, Cushing’s disease patients had higher 
NLR, NPS, and SII than other tumor types, while the serum 
inflammation-based scores did not differ among other sub-
types. Additionally, the extent of glucocorticoid excess ap-
peared to influence GPS in Cushing’s disease, in line with 
known glucocorticoid systemic effects on leukocytes and 
inflammation (reviewed in 130-133). Some preoperative 
inflammation-based scores showed a possible association 
with clinical features and worse outcomes and may have a 
role in predicting challenging/refractory disease: GPS and 
PNI in both nonfunctioning and functioning non-Cushing 
tumors; NPS in functioning non-Cushing pituitary tumors; 
and NLR and PLR in nonfunctioning pituitary tumors 
(91). However, further studies are needed to validate the 
findings reported in this exploratory study.

Craniopharyngiomas

Two studies investigated the role of preopera-
tive inflammation-based scores in patients with 
craniopharyngiomas (Table 3) (6,36). Zhang et  al ob-
served a negative correlation between preoperative NLR 
and overall and progression-free survival. Patients with 
NLR  ≥  4 had larger tumors, lower rates of gross total 
resection, and worse quality of life, as well as lower 
overall and progression-free survival rates, suggesting 
preoperative NLR may be a predictor of long-term out-
come in craniopharyngioma (36). Later, Chen et  al ob-
served higher preoperative NLR and lower PNI in 
papillary compared to patients with adamantinomatous 
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craniopharyngioma, but no differences between primary or 
recurrent craniopharyngiomas regarding NLR, dNLR, PLR, 
LMR, and PNI. However, among patients with papillary 
craniopharyngiomas, time to recurrence correlated nega-
tively with PLR and monocyte-to-lymphocyte ratio (MLR) 
and positively with PNI (6). Further studies are needed to 
consolidate the role of serum inflammation-based scores in 
predicting outcomes in craniopharyngioma patients, with 
NLR, PLR, MLR, and PNI being particularly promising. 
Considering PNI is influenced by nutritional status (26), 
this score is interesting in craniopharyngioma patients, as 
they often have issues in terms of energy and appetite man-
agement resultant from hypothalamic damage (6).

Chen et al also compared inflammatory parameters of 
craniopharyngioma patients with patients having other 
sellar lesions and healthy controls. Craniopharyngioma pa-
tients had higher PNI and lower MLR, but similar NLR 
compared to pituitary tumors and Rathke’s cleft cysts 
patients. However, NLR was higher in patients with pi-
tuitary tumors than in Rathke’s cleft cyst patients or 
healthy controls. The paired combinations NLR  +  PLR 
and dNLR + PLR may differentiate patients with papillary 
craniopharyngiomas from pituitary tumor or Rathke’s cleft 
cyst patients (6).

Discussion

The prognosis and clinical outcome of patients with neo-
plasia not only depends on tumor biology but also on 
patient-related factors including systemic inflammation 
and nutritional status, which can be reflected by different 
serum inflammation-based scores (5,7). These may indeed 
predict outcomes in cancer (3), including in patients with 
endocrine neoplasms (6,30-36). The value of such scores 
in managing patients with endocrine tumors has been 
emerging over the last decade. Several studies focused on 
finding whether these scores may stratify endocrine-related 
cancer patients and identify those at risk of developing 
aggressive, recurrent, or refractory disease, particularly 
after surgery. These biomarkers should be regarded as 
extra predictive/prognostic tools in addition to (and not 
in replacement of) the currently well-known biochemical, 
pathological, and radiological prognostic features con-
cerning each type of endocrine tumor. Figure 1 provides a 
summary of the studied serum inflammation-based scores 
per endocrine tumor.

Despite the promising role of serum inflammation-
based scores as tools in predicting phenotype, aggressive-
ness, and outcomes in patients with endocrine tumors, 
more research and more definitive and robust data are 
still necessary to incorporate them into management and 
routine decision-making algorithms. For some of the E
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Figure 1.  Overview of the main findings reported in the literature regarding each serum inflammation-based scores per endocrine tumor type. In 
this figure are represented the main findings reported in the literature regarding the different serum inflammation-based scores per endocrine tumor 
type in terms of predicting aggressive clinico-pathological features or poorer outcomes (further details of each individual study are shown in Tables 
1-3). Abbreviations: GPS, Glasgow Prognostic Score; HSPI, High-Sensitivity Inflammation-based Prognostic Index; LMR, lymphocyte-to-monocyte 
ratio; MLR, monocyte-to-lymphocyte ratio; NLR, neutrophil-to-lymphocyte ratio; NPS, neutrophil-platelet score; PLR, platelet-to-lymphocyte ratio; 
PNI, Prognostic Nutrition Index; PTH, parathyroid hormone; SII, Systemic Inflammation Index.

discussed tumors (eg, pituitary or adrenal tumors), there 
are few data available about the clinical usefulness of such 
biomarkers, while for other tumors there are more studies 
available (eg, thyroid cancer and NETs), but many do not 
account for patients’ comorbidities and overall health un-
related to the underlying cancer and timing and types of 
treatments, as well as for pituitary-thyroid axis status in 
case of thyroid cancer. Other study limitations are mainly 
related to design and type of findings reported in the pub-
lished studies, which should be taken into account: (1) 
most are retrospective, inheriting the pitfalls related to 
this study type; (2) most are single-center cohort studies 
including a population of a certain ethnicity or back-
ground, thus limiting generalizability of results to other 
populations; (3) some include a relatively small and het-
erogeneous cohort; (4) most exclude certain groups of pa-
tients (eg, patients with autoimmune, hematological, or 

chronic inflammatory conditions, which could interfere 
with blood test results), but it is possible that some in-
cluded patients would have unknown/unreported diseases, 
as well as intercurrent infections, influencing hematopoi-
esis, or systemic inflammation; (5) some have a relatively 
short follow-up, which might add challenges in terms of 
identifying meaningful outcomes, particularly relevant for 
endocrine tumors that are typically benign with indolent 
course; (6) most do not include healthy controls as com-
parator for the findings observed in the studied popula-
tion, which would be reassuring for validity, including the 
establishment of optimal cut-offs; and (7) some identify 
differences in scores among subgroups and some sort of 
predictive values from univariate and multivariate analysis 
but often with limited predictive efficiency. Hence, caution 
should be used when considering the clinical application of 
such serum inflammation-based scores.
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These limitations, together with the heterogeneity in 
study methodologies, as well as different inclusion/exclu-
sion criteria, may explain, at least in part, the variable 
cut-offs suggested for the same serum inflammation-based 
score in the same endocrine tumor. Such heterogeneity and 
variability across studies limit the clinical applicability of 
these scores as it is challenging to choose which cut-off 
would be optimal for adoption in clinical practice. To over-
come this issue larger and prospective multicenter studies 
incorporating these biomarkers into evaluation and treat-
ment algorithms are needed. Another possibility would be 
considering the highest (or lowest) of reported cut-offs for 
a certain score and tumor. For instance, in thyroid cancer, 
different NLR cut-offs demonstrated to predict aggressive 
disease and/or poorer outcomes, varying between 1.5 and 
3 (38,40,45,49,54,60,103); thus, the application of a NLR 
cut-off >3 would be a reasonable approach. Similarly, in 
pancreatic NET patients, different NLR cut-offs predicting 
poor outcomes have been proposed, including 1.8 (78), 
2.056 (77), 2.4 (75), 3.41 (81), and 3.7 (82); hence, an 
NLR cut-off >3.7 could be reasonable to adopt.

Despite these limitations and issues, the amount of evi-
dence not only in the field of endocrine neoplasms (reviewed 
here) but also in cancer in general (including benign tumors 
(24,26,28,29,134)), suggests that serum inflammation-based 
scores might be useful in predicting aggressive disease and 
outcomes, with NLR, PLR, and LMR thus far most exten-
sively investigated in patients with endocrine neoplasms. 
The advantages and potential usefulness of such serum 
inflammation-based scores justify further research.
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