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(0.623  ±  0.190; p  <  0.001). Tumors with extrathyroidal 
invasion at diagnosis presented higher levels of positivity 
for IL-10 (0.802  ±  0.125) than tumors without extrathy-
roidal invasion (0.731 ± 0.147; p = 0.004). We observed a 
positive correlation between tumor size and IL-10 positivity 
(correlation coefficient =  0.407; p  <  0.001). Patients with 
IL-10 positivity above the median presented lower relapse-
free survival rate compared to those patients whose tumors 
presented IL-10 positivity below the median. We sug-
gest that a simple IL-10 IHC analysis could help selecting 
patients who would benefit from a more intensive approach.
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Abbreviations
APC	� Antigen-presenting cell(s)
CD	� Cluster of differentiation
COX	� Cyclooxygenase
CT	� Chronic lymphocytic thyroiditis
HR	� Hazard ratio
IHC	� Immunohistochemistry
IL	� Interleukin
LN	� Lymph node
MHC	� Major histocompatibility complex
NO	� Nitric oxide
TIL	� Tumor infiltrating lymphocyte(s)
pTNM	� Tumor lymph node metastasis stage
TSH	� Thyroid-stimulating hormone

Introduction

Most of the more than 62,000 new cases of thyroid cancer 
detected in the USA during 2015 will evolve very well with 

Abstract  Most patients with thyroid cancer will evolve 
very well with current therapies. However, 10–30% of 
these patients will present recurrent disease and some of 
them will eventually die. IL-10 is an anti-inflammatory 
and immunosuppressive cytokine that can contribute to 
the immune escape of neoplastic cells. We aimed to inves-
tigate IL-10 as a molecular marker to improve the clinical 
management of patients with thyroid cancer. We retrospec-
tively studied 162 patients with follicular cell-derived thy-
roid cancer who attended to our institution, including 63 
classic papillary thyroid carcinomas, 46 follicular variant 
of papillary thyroid carcinomas, 11 poorly differentiated 
thyroid carcinomas and 42 follicular thyroid carcinomas. 
Patients were treated according to current guidelines and 
followed-up for 1–150  months. Additionally, we studied 
96 samples of non-malignant tissues. We investigated the 
expression of IL-10 in tumor cells by semiquantitative and 
quantitative methods. Malignant tissues presented higher 
positivity (0.773  ±  0.140) than non-malignant samples 
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thyroidectomy and radioiodine therapy. However, 10–30% 
of these patients will present recurrent disease and some 
of them will eventually stop responding to treatment and 
metastasize, contributing to the 1950 deaths due to thyroid 
cancer estimated to occur in 2015 [1]. In fact, despite of 
the efficiency of current treatments, only a small decrease 
in death rate has been evidenced in historical series, and 
recent evidences suggest that we are overtreating a signifi-
cant part of thyroid cancers, impairing these patients’ qual-
ity of life [2, 3]. Hence, new studies designed to ameliorate 
the clinical management of patients with thyroid cancer are 
of upmost need.

It has long been recognized that thyroid tumors are 
markedly infiltrated by a mixture of immune cells from 
both the innate and adaptive arms of the immune system, 
composing the huge complexity of the microenvironment 
in thyroid neoplasms [4, 5]. The production of both pro and 
anti-inflammatory cytokines by tumor cells is a key point to 
understand the molecular modulation of immune response, 
adding more complexity for the immune microenvironment 
of thyroid carcinomas [6–8].

IL-10 is an anti-inflammatory and immunosuppressive 
cytokine that may influence the clinical course of cancer 
by favoring immune escape through inhibition of the anti-
tumor activity of immune cells [9–12]. IL-10 prevents anti-
gen presentation by antigen-presenting cell (APC), reduc-
ing the expression of the class I major histocompatibility 
complex (MHC) on the cell surface [13]. IL-10 also inhib-
its monocyte class II MHC expression [14], inhibits T cell 
proliferation [15], regulates the differentiation of regulatory 
T cells [10], inhibits B7 upregulation in monocytes [16], 
prevents monocyte-associated production of nitric oxide 
(NO) [17] and induces the formation of a tumor cell pheno-
type resistant to the action of cytotoxic T lymphocytes [18].

We previously demonstrated that signs of immune 
escape of thyroid carcinoma cells may be related to tumor 
aggressiveness and advanced stages of disease [19, 20]. In 
addition, enrichment of CD8+ lymphocytes and expression 
of cyclooxygenase 2 (COX2) were associated with recur-
rence [21]. However, we still lack information on IL-10 
role on the clinical presentation and the outcome of patients 
with thyroid cancer. The present investigation aimed to fur-
ther investigate IL-10 role.

Materials and methods

Patients

The present study was approved by the Research Ethics 
Committee of the AC Camargo Cancer Center (São Paulo, 
Brazil). We retrospectively studied 162 patients with folli-
cular cell-derived thyroid cancer who attended to our Head 

and Neck Unit, including 63 classic papillary thyroid car-
cinomas, 46 follicular variant of papillary thyroid carcino-
mas, 11 poor differentiated thyroid carcinomas and 42 fol-
licular thyroid carcinomas. Additionally, we investigated 96 
samples of non-malignant tissues (45 goiters, 38 follicular 
adenomas and 13 normal thyroid).

We consecutively included patients with histopatho-
logical confirmation of thyroid cancer, whose clinical 
information was minimally evaluable in the charts and 
tumor sample was stored in our biobank. Exclusion cri-
teria were: no histopathological confirmation of thyroid 
carcinoma by pathologists, limited or no clinical infor-
mation on the charts and insufficient tissue sample in our 
biobank. Patients’ clinical and pathological information 
was obtained from their charts. Aggressiveness at diagnosis 
was defined by the TNM classification and stage classifi-
cation system for thyroid cancer [22]. Follow-up standard 
protocol included periodic total body scans, serum thyroid-
stimulating hormone (TSH) and thyroglobulin measure-
ments, X-ray, ultrasonography, computed tomography 
scan and other procedures to detect distant metastasis for a 
period of 1–150 months (55.00 ± 34.16 months). Patients 
presenting high non-stimulated serum thyroglobulin levels 
(>2 mg/dl) were submitted to a thorough image search. The 
aforementioned parameters were used to define tumors as 
persistent/recurrent and/or presenting long distance metas-
tasis. Patients were considered free-of-disease when they 
evolved with stable low (unstimulated serum thyroglobu-
lin levels <2  ng/dl) or undetectable thyroglobulin levels 
for more than 2  years after tumor resection, without any 
suspicion of recurrence. Patients who could not be ascer-
tained as free-of-disease or presenting persistent/recurrent 
disease were excluded from further survival analysis. Since 
we considered 99 patients free-of-disease and 39 presented 
recurrence/metastasis during the observation period, only 
138 patients with complete data were included in the final 
relapse-free survival analysis. Seventy patients were fol-
lowed for greater than or equal to 5 years.

Evaluation of concurrent chronic lymphocytic 
thyroiditis (CT)

Formalin-fixed paraffin-embedded tissues from all samples 
were reviewed for diagnostic confirmation and investiga-
tion of concurrent CT. Concurrent CT was investigated in 
non-malignant thyroid parenchyma of the tumor contralat-
eral lobe. Concurrent CT was histologically characterized 
by lymphocytic infiltration with lymphoid follicles and fol-
licular regenerative activity with numerous small follicles, 
lined by Hurthle cells and scaring [23]. Clinical diagnosis 
of Hashimoto’s thyroiditis was confirmed with presence of 
patient serum antithyroid antibodies (anti-thyroperoxidase 
and/or anti-thyroglobulin), as previously published [24].
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IHC and immunohistochemical analysis

Samples from all tissues were reviewed in order to select 
the most representative areas designed to build a tissue 
microarray (Beecher Instruments®, Silver Springs, MD, 
USA) for immunohistochemical analysis.

We obtained four tumor tissue cores from each case. 
Then, two spots were chosen from representative areas of 
the lesion presenting relevant leukocyte infiltration whereas 
two other spots were chosen from areas free of leukocytes. 
We investigated the expression of IL-10 in tumor cells 
(Fig. 1). Immunohistochemical procedure was held as pre-
viously described, always running positive and negative 
controls in the same batch of reactions [25].

Semiquantification was performed by two of the authors 
(Lucas Leite Cunha and/or Elaine Cristina Morari). Slides were 
further submitted to evaluation of two experienced patholo-
gists (José Vassallo and Fernando Augusto Soares). They were 
blinded to tumor features. Cells were defined as positive for 
immunohistochemical markers when a clear cut brown stain-
ing was observed in the corresponding cellular localization. An 
individual evaluation of IL-10 was completed for each tissue 
spot. Visual evaluation of IL-10 was performed considering 
an approximate area of 0.79 mm2 per tissue microarray spot. 
Then, we estimated the percentage of positive tumor cells and 
the intensity of staining, as previously described [26].

We further proceeded with immunohistochemical quanti-
fication with Spectrum Plus© automated image analysis soft-
ware (Aperio, Vista, CA). Since IL-10 presented cytoplasmic 
staining, Positive Pixels Count V9.0 algorithm was used, with 

the resulting variable being the positivity, which is the total 
number of positive pixels divided by total number of pixels.

Statistical analysis

Statistical analysis was performed using the Statistical Pack-
age for the Social Sciences (SPSS)® software, version 13.0. 
We define first relapse as endpoint. Kaplan–Meier method 
was used to calculate relapse-free survival rates, and survival 
curves were compared using log-rank test. Cox’s propor-
tional hazards model was adopted for multivariate analysis. 
The recurrence risk was estimated by hazard ratios (HR). 
The modeling technique was the stepwise forward selection 
method. Chi-square or Fisher’s exact test were assessed to 
perform nonparametric analysis, as indicated. A multivariate 
logistic regression model was conducted considering clinical 
risk factors (i.e., gender, age) as explicative variables. Mann–
Whitney tests were used to compare continuous measures 
between two independent groups whose variables did not fit 
to Gaussian distribution; Kruskal–Wallis test was performed 
to compare continuous measures between three or more 
groups whose variables did not fit Gaussian distribution. 
Quantitative results are expressed in mean ± standard devia-
tion. All tests were conducted at a 0.05 significance level.

Results

This study included 127 female and 35 male patients. 
Mean age at diagnosis was 46 ± 16.29 years, and mean 

Fig. 1   a one tissue spot of classic papillary thyroid carcinoma, and b an expanded view of the same tissue. IL-10 presented a diffuse cytoplas-
mic pattern of expression. Note a weak IL-10 expression in stroma cells, suggesting that IL-10 is fairly related to cell transformation
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tumor size was 3.4  ±  2.38  cm. The majority of the 
patients (n =  117) presented no evidence of concurrent 
CT, but in 45 patients there were evidences of concurrent 
autoimmunity. Extrathyroidal invasion was detected in 
50.8% of patients, and multifocality was noted in 50.4% 
of patients. According to the pTNM staging system, there 
were 73 cases classified as pTNM I at presentation; 23 
cases pTNM II; 22 cases pTNM III; and 20 pTNM IV. 
LN metastasis at diagnosis was observed in 41.1% of 
patients.

IHC detected IL-10 expression in the great majority 
of samples (Fig.  1). Semiquantitive analysis showed that 
83.6% of all samples presented intense expression in more 
than 75% of cells per spot. Only 25 samples presented a 
variation of intensity/positivity ranging from absolute 
absence of expression (n = 3; 1.9%) to a mix of weak and 
scarce IL-10 staining. The three patients whose tumor tis-
sue presented no IL-10 expression included two patients 
with follicular variants of papillary thyroid carcinomas 
and one patient with the classic form of papillary thyroid 
carcinoma. These three patients were women diagnosed 
between 53 and 66 years old, with no extrathyroidal inva-
sion, no concurrent CT and no LN metastasis at the diag-
nosis. We have no outcome information on the patient with 
the classic papillary thyroid carcinoma, whereas the two 
other patients remain with no evidence of recurrence after 
18 and 55 months of follow-up, respectively.

Since the semiquantitive analysis failed to identify mini-
mal variations of IL-10 expression, we conducted a quanti-
tative analysis. Table 1 summarizes the relationship among 
clinical and pathological signs of aggressiveness and 
quantitative parameters of IL-10 expression. Tumors with 
extrathyroidal invasion at diagnosis presented higher levels 
of positivity for IL-10 (p = 0.004). In addition, Spearman’s 
test showed a positive correlation between tumor size and 
IL-10 positivity (correlation coefficient = 0.407; p < 0.001; 
Fig. 2) but not between age at diagnosis and IL-10 positiv-
ity (p > 0.05). IL-10 positivity did not relate to other tumor 
aggressiveness features. Tumor infiltrating lymphocytes 
(TIL) were found in 81 samples of thyroid carcinomas. 
Tumors with TIL presented higher expression of IL-10 
compared with tumors with no TIL (Table 1; p = 0.017). 
Also, tumors with concurrent CT presented similar IL-10 
positivity to those samples in which concurrent CT was not 
found (Table 1; p > 0.05).

We conducted a relapse-free survival analysis by cat-
egorizing IL-10 positivity in two classes according to the 
median of the data. Patients with IL-10 positivity above 
the median presented lower relapse-free survival rate 
compared to those patients whose tumors presented IL-10 
positivity below the median (p  =  0.016, Fig.  3). Also, 
poor prognosis was predicted by poor histological class 
differentiation (p  =  0.002), advanced stages of disease 

according to pTNM (p =  0.029), presence of metastasis 
at diagnosis (p =  0.048) and absence of concurrent CT 
(p = 0.029).

Cox’s proportional hazards model was performed in 
order to identify putative misleading prognostic predic-
tors. Relapse-free survival was adjusted by histological 
classification, IL-10 positivity and pTNM. Poor prognosis 
was, in fact, independently predicted by poor histologi-
cal differentiation (p = 0.009; HR = 4.22). IL-10 positiv-
ity (p =  0.059; HR =  2.008) and advanced pTNM stage 
(p = 0.095; HR = 1.99) did not reach significance.

We proceeded with a new multivariate analysis con-
sidering only well-differentiated thyroid carcinomas. 

Table 1   Comparison of IL-10 positivity and clinical and pathological 
features of aggressiveness of 162 differentiated thyroid carcinomas

Bold values represent p-value < 0.05

Equality of means was assessed with t-test

SD standard deviation; PTC papillary thyroid carcinoma; FTC folli-
cular thyroid carcinoma

Variable IL-10 positivity

Mean SD p value

Gender

 Female 0.77 0.142 0.619

 Male 0.773 0.116

Histological type

 Classic PTC 0.763 0.141 0.208

 Follicular variant of PTC 0.747 0.155

 Poor differentiated PTC 0.817 0.096

 FTC 0.801 0.129

Multifocality

 Absent 0.767 0.139 0.699

 Present 0.758 0.142

Extrathyroidal invasion

 Absent 0.731 0.147 0.004

 Present 0.802 0.125

Concurrent CT

 Absent 0.765 0.137 0.799

 Present 0.772 0.146

TIL

 Absent 0.746 0.148 0.017

 Present 0.798 0.127

LN metastasis at diagnosis

 Absent 0.752 0.144 0.223

 Present 0.782 0.132

pTNM

 I 0.76 0.14 0.307

 II 0.742 0.148

 III 0.757 0.149

 IV 0.805 0.153
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Advanced stage of disease predicted poor relapse-free out-
come (p = 0.029; HR = 2.527), but IL-10 positivity did not 
achieve significance (p = 0.079; HR = 1.971).

We further studied IL-10 expression considering non-
malignant samples (normal thyroid, goiters and follicular 
adenomas) as a set of comparison. Absolute absence of 
IL-10 expression was more frequent among non-malignant 

samples (13/96) compared to malignant samples (3/162; 
p  <  0.001). The non-malignant tissues presented a gradi-
ent of expression that ranged from faint and scarce stain-
ing to strong and widely stained. Quantitative analy-
sis showed that malignant tissues presented higher 
positivity (0.773  ±  0.140) than non-malignant samples 
(0.623 ± 0.190; p < 0.001). One-way analysis of variance 
showed that variation among the means of all categories 
was significantly greater than expected by chance (Fig. 4a; 
p < 0.001). In fact, normal thyroid tissues presented lower 
IL-10 positivity than follicular adenomas (p  <  0.001) 
and all follicular cell-derived thyroid carcinomas (all 
p < 0.001). Likewise, goiters presented lower IL-10 positiv-
ity than follicular adenomas (p < 0.001) and all other histo-
logical types of thyroid carcinomas (all p < 0.001).

We further investigated IL-10 utility in the diagnostic of 
thyroid malignancy. Although IL-10 expression was mark-
edly increased in thyroid carcinomas, the parameter showed 
a sensitivity of 65.9% and specificity of 70.8% (area under 
the curve = 0.732; p < 0.001 considering the null hypothesis 
that true area = 0.5; Fig. 4b). In fact, 50.6% of non-malignant 
samples presented an intense brown staining in more than 
75% of cells per spot and this fact may prevent IL-10 positiv-
ity to reach satisfactory qualities as a diagnostic marker.

Discussion

Our data demonstrate that IL-10 staining can be found in 
samples of normal thyroid, goiters and follicular adenomas. 

Fig. 2   Scatter plot of tumor 
size (cm) and IL-10 positiv-
ity show a positive correlation 
between these variables

Fig. 3   Kaplan–Meier curve evidence of the two patterns of relapse-
free survival. Patients whose tumors presented IL-10 positivity above 
the median (green line) presented a poor prognosis compared to those 
whose tumors showed IL-10 positivity below median (blue line)
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However, IL-10 expression was more frequently observed 
among thyroid carcinomas, suggesting that the progres-
sively acquisition of IL-10 expression could represent a 
hallmark of malignant transformation of the follicular 
thyroid cell. Since the immune system has a fundamental 
role resisting or even eradicating formation and progres-
sion of incipient neoplasias [27], tumor promotion requires 
the immune microenvironment to provide conditions to 

avoid an effective immune response. In this context, IL-10 
emerges as the single most potent immunosuppressive 
cytokine and may play a pivotal role in the tumor escaping 
from immune system [28].

According to this rationale, IL-10 may also influence thy-
roid carcinoma progression and aggressiveness. In fact, we 
found that tumors with extrathyroidal invasion at diagno-
sis had higher IL-10 positivity than tumors confined to the 

Fig. 4   a Box-plot of IL-10 
positivity of all histological sets 
of our samples. Note that nor-
mal thyroid presents the lowest 
IL-10 positivity, followed by 
goiters. These two tissues differ 
significant from all other pattern 
of thyroid lesions, including 
follicular adenomas and thyroid 
carcinomas. b ROC curve of 
IL-10 positivity, considering 
malignancy as positive. Abbre-
viations: FA follicular adenoma, 
FTC follicular thyroid carci-
noma, PTC papillary thyroid 
carcinoma
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thyroid gland. In addition, a positive correlation was noted 
between IL-10 positivity and tumor size, suggesting that 
tumor aggressiveness could be associated to IL-10 expres-
sion. In fact, log-rank test showed that an unfavorable prog-
nosis was predicted by higher IL-10 staining. Multivariate 
analysis showed that advanced stage of disease predicted 
poor relapse-free outcome but IL-10 expression failed to 
achieve significance. This suggests that even though IL-10 
may be associated with aggressiveness and may even help 
to distinguish patients with unfavorable prognosis, an appro-
priated and personalized clinical approach remains the best 
watershed in the conduction of patients with thyroid cancer.

We observed that tumors with concurrent CT presented 
similar IL-10 positivity to those tumors in which concur-
rent CT was not found. We previously demonstrated that 
concurrent CT correlates with clinical and pathological 
features of favorable prognosis, including the absence of 
metastasis at diagnosis, female gender, no extrathyroidal 
tumor invasion and smaller sizes of tumors [29]. Concur-
rent CT is related to favorable prognosis while IL-10 is 
related to unfavorable prognosis. In fact, Stassi et al. [30] 
confirmed that cytokines provided by Hashimoto’s thy-
roiditis promote caspase upregulation and CD95-induced 
apoptosis in thyrocytes, whereas IL-10 protects thyrocytes 
by preventing CD95-induced apoptosis in sensitized thyro-
cytes, suggesting that concurrent CT and IL-10 may exert 
an opposite influence on thyrocyte survival. This influence 
on thyrocyte survival would explain our result that concur-
rent CT and IL-10 are opposite influencing prognosis of 
patients with thyroid cancer.

Our results corroborate the findings of Stassi and col-
leagues [31]. Similarly to our data, they observed that pap-
illary thyroid carcinomas, follicular thyroid carcinomas 
and undifferentiated thyroid carcinomas produced IL-10. It 
was noted that IL-10 upregulated antiapoptotic molecules 
(Bcl-xL and Bcl-2), preventing thyrocytes from cell death 
induced by chemotherapeutic agents. When thyroid carci-
noma cells where treated with IL-10-neutralizing antibody, 
the levels of antiapoptotic molecules decreased significantly 
and thyroid cancer cell apoptosis was dramatically increased 
by the exposure to chemotherapeutic drugs. Few years later, 
the same group demonstrated that the autocrine production 
of IL-10 neutralized CD95-generated signals and allowed 
growth and survival of thyroid cancer cells. This may help 
to explain why IL-10 positivity was associated to larger 
tumors, extrathyroidal invasion and poor prognosis.

Our results suggest that IL-10 positivity may help pre-
dict an aggressive behavior of thyroid cancer, helping 
select cases that deserve a more intensive clinical and sur-
gical approach. Likewise, IL-10 production was associated 
to advanced stages of disease and poor prognosis in several 
solid tumors, such as oral and oropharyngeal squamous 
cell carcinoma [32, 33], non-small-cell lung cancer [34], 

hepatocellular carcinoma [35] and melanoma [12]. In addi-
tion, IL-10 can be considered an autocrine growth factor 
for immune cells and malignant cells [36, 37] helping to 
establish an unfavorable disease course.

The present study has some limitations. In fact, a retro-
spective design was adopted. It may have hindered an accu-
rate detailing of clinical information of our cohort, although 
we thoroughly searched for the data records in charts. The 
fact that cases were gathered consecutively reduces the risk 
of a selection bias. Also, including a larger number of sam-
ples is necessary in order to assemble a satisfactory number 
of patients for statistical analysis.

In conclusion, we observed that thyroid carcinomas 
express IL-10. We found that IL-10 positivity was tightly 
associated to extrathyroidal invasion and larger tumor size, 
suggesting that IL-10 may influence disease presentation. 
Log-rank test confirmed that IL-10 positivity is associated 
to relapse-free survival, suggesting that IL-10 could help 
select cases that would benefit from a more intensive clini-
cal approach.
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