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Background: This study aimed to investigate the correlation between immune infiltration and tumor
mutational burden (TMB) in papillary thyroid carcinoma.

Methods: Transcriptome sequencing data sets, gene mutation data sets, and clinical data sets were
downloaded from The Cancer Genome Atlas (TCGA) database. The immune and papillary carcinoma
stromal scores were calculated using the “Estimate” package of R software. The relationship between the
immune score, stromal score, TMB, and papillary thyroid carcinoma progression-free survival was analyzed.
Pearson’s test was used to analyze the correlation between the immune score, stromal score, and TMB.
Results: The stromal score and immune score of papillary thyroid carcinoma tissue were lower than
those of normal thyroid tissue (P=0.008 and P<0.001, respectively). There was no significant difference
in progression-free survival between the high stromal and low stromal score groups (P=0.075). The
progression-free survival of the high immune score group was better than that of the low immune score
group (P=0.029), and the progression-free survival of the low TMB group was better than that of the
high TMB group (P<0.001). The high immune score, low TMB group had the best prognosis (P=0.003).
Univariate Cox analysis showed that age, pathological stage, and TMB were risk factors for progression-free
survival [hazard ratio (HR) >1, P<0.05], and that the immune score was a protective factor for progression-
free survival (HR <I, P<0.05). Multivariate Cox analysis showed that age and TMB were independent
risk factors for progression-free survival (HR >1, P<0.05), and that the immune score was an independent
protective factor for progression-free survival (HR <1, P<0.05). Correlation analysis showed that the immune
and stromal score were both negatively correlated with TMB (r=-0.26, P=0.031 and r=-0.41, P=0.028,
respectively).

Conclusions: The immune and stromal scores of papillary thyroid carcinoma were negatively correlated
with TMB. Thyroid cancer gene mutations inhibit immune cell infiltration and alter the thyroid cancer
microenvironment. The immune score was an independent protective factor for progression-free survival,
while TMB was an independent risk factor, both of which can be used for clinical prognosis assessment.
Combined immunological and genomic analysis of papillary thyroid carcinoma can reveal potential

prognostic markers and therapeutic targets and provide clues for the tumor immune escape mechanism.
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Introduction

Papillary thyroid cancer is the most common endocrine
malignancy worldwide (1). Over the past thirty years, the
incidence rate of thyroid cancer has steadily increased (2),
which may be related to improvements in diagnostic
technology or environmental pollution (3). Papillary
thyroid cancer is a well-differentiated thyroid cancer.
Well-differentiated thyroid cancer maintains the typical
differentiation characteristics of thyroid tissue, such
as capturing iodine, synthesizing thyroglobulin, and
responding to thyroid-stimulating hormone. These
phenotypic characteristics gradually disappear when
cancer cells change from well differentiated to poorly
differentiated and undifferentiated cancer (4). Ninety
percent of well-differentiated thyroid cancers have a
relatively good prognosis. However, about 10% of patients
still die due to the disease (5). More patients will face
tumor recurrence. These differences may be due to tumor
heterogeneity. Changes in the tumor microenvironment
may lead to certain genetic and/or epigenetic changes in
tumor cells, forming different subpopulations and acquiring
heterogeneity (5). Some subgroups are more aggressive and
less sensitive to conventional treatments (5).

Gene mutation and thyroid carcinogenesis and
progression are closely related. The accumulation of gene
mutations leads to changes in the phenotype of the cells
themselves, malignant cells continue to proliferate, and
finally form malignant tumors (1,6). Gene mutations may
lead to changes in the immune microenvironment and
enhance the ability of tumor cells to escape from immunity.
Gene mutation and tumor immune escape is a dynamic
process. However, as genetic mutations continue to
accumulate, tumors are eventually able to evade the immune
response entirely.

In recent years, with the development of gene databases
and biotechnology, new gene targets are constantly being
discovered. Thyroid cancer is caused by the involvement
of gene mutations in many different ways, including
rearranged during transfection proto-oncogene (RET),
rat sarcoma (RAS) gene family, B-Raf proto-oncogene
(BRAF), etc. previously discovered (1). Changes in the
immune microenvironment have a significant impact on the
biological behavior of tumor cells (7,8), which is one of the
important features of tumor heterogeneity. Immunotherapy,
which has been widely recognized as a treatment for solid
tumors, is a good alternative treatment for papillary thyroid
carcinoma with poor response to routine treatment (7).
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Gene mutation may be one of the driving forces for changes
in the immune microenvironment (6). In thyroid cancer,
the correlation between genetic mutations and the immune
microenvironment is unclear. Both genetic mutations and
the immune microenvironment have a significant impact on
the biological behavior of thyroid cancer and determine the
clinical phenotype. Exploring the relationship between gene
mutations and the immune microenvironment might help
to clarify the immune escape and chemotaxis mechanisms of
tumor cells and better explain the biological heterogeneity
of papillary thyroid carcinoma, thereby improving the
diagnosis and treatment of this disease.

In this study, the Estimate algorithm was used to
calculate the infiltration content of immune cells and
stromal cells in thyroid cancer, to characterize the immune
microenvironment, and to use the tumor mutation load to
characterize the genomic mutation panorama of thyroid
cancer. We macroscopically analyzed the correlation
between the degree of immune cell infiltration and genomic
alterations in papillary thyroid cancer, and their value in
evaluating the prognosis of thyroid cancer patients. Our
study may discover potential driver genes for thyroid
cancer immune cell infiltration and provide a basis for
thyroid cancer typing. We present the following article in
accordance with the REMARK reporting checklist (available
at https://gs.amegroups.com/article/view/10.21037/gs-22-
211/r0).

Methods
Data download

The whole transcriptome sequencing data set, mutation
data set, and clinical data set of papillary thyroid carcinoma
were downloaded from The Cancer Genome Atlas (TCGA)
database, including 58 normal thyroid tissue samples and
509 papillary thyroid carcinoma tissue samples. The whole
transcriptome sequencing data set was sorted into a gene
expression matrix of normal thyroid and tumor samples,
and the matrix was normalized. Only 487 cases of papillary
thyroid cancer were downloaded from the TCGA database.
The mutation data set was sorted into a papillary thyroid
carcinoma gene mutation matrix. Clinical information such
as patient age, gender, pathological stage, and progression-
free survival time were extracted from the clinical data
set and incorporated into the data matrix. The study was
conducted in accordance with the Declaration of Helsinki (as
revised in 2013).
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Figure 1 The stromal score of thyroid papillary carcinoma was

lower than that of normal thyroid tissue.

Calculation of TMB, immune score, and stromal score

The downloaded mutation data were visualized using R
software and maftools package, and the tumor mutational
burden (TMB) of thyroid cancer samples was calculated.
The formula for calculating the TMB of the papillary
thyroid carcinoma samples was calculated as follows: sample
TMB = number of gene mutations/size of exon region. The
expression level of TMB was extracted by PERL (https://
www.perl.org/get.html). The stromal scores and immune
scores of the papillary thyroid carcinoma samples were
calculated using the “Estimate” package of R software (The
R Foundation for Statistical Computing, Vienna, Austria).
The Estimate method finally determined the matrix signal
gene set genes and immune signal genes, and based on
the expression levels of these two gene sets, the ssGSEA
algorithm was used to finally determine the Stromal score
and the Immune score.

Subsistence analysis

Prognostic analysis was performed by combining TMB
and patient progression-free survival time. The patients
were divided into high TMB group and low TMB group
based on the optimal cutoff value. Progression-free survival
analysis was performed using Kaplan-Meier and Log-rank
tests. In the same way, the relationship between stromal
score, immune score and prognosis of patients with thyroid
cancer was analyzed. TMB, immune score, stromal score
combined with clinical information of patients, including
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patient age, gender, case stage, etc., were used to screen
independent risk factors of progression-free survival in
patients with thyroid cancer using univariate COX analysis
and multivariate COX analysis, with P<0.05 as the screening
standard.

Statistical analysis

The data used in this study were statistically analyzed using
R software and related R packages. Based on comparing
the differences between tumor and normal samples,
regardless of the overall distribution, a nonparametric
test was used. Rank-sum test was used to analyze immune
and stromal score differences between normal and tumor
tissues in papillary thyroid carcinoma. Pearson’s test was
used to analyze the correlation between the immune score,
stromal score, and TMB. Two-sided P<0.05 was considered
statistically significant.

Results
Stromal score difference

The mean value of stromal score of the 509 cases of
papillary thyroid carcinoma was lower than that of the
58 cases of normal thyroid tissue, and the difference was
statistically significant (P=0.0082; Figure I).

Immune score difference

The immune score of the 509 cases of papillary thyroid
carcinoma was lower than that of the 58 cases of normal
thyroid tissue, and the difference was statistically significant
(P<2.22e-16; Figure 2).

Stromal scove survival analysis

The best cutoff value for the papillary thyroid carcinoma
tissue stromal score was 243. The samples were divided
into a high stromal score group (score >243, n=50) and a
low stromal score group (score <243, n=448). There was no
significant difference in progression-free survival between
the high matrix and low stromal scores groups (P=0.075;
Figure 3).

Immune score survival analysis

The best cutoff value for the papillary thyroid carcinoma
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Figure 2 The immune score of thyroid papillary carcinoma was

lower than that of normal thyroid tissue.
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carcinoma.

tissue immune score was 470. The samples were divided
into a high immune score group (score >470, n=57) and
a low immune score group (score <470, n=441). The
progression-free survival time of the high immune score
group was better than that of the low immune score group,
and the difference was statistically significant (P=0.029;
Figure 4).

TMB survival analysis

The optimal cutoff value for the papillary thyroid
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Figure 4 Survival analysis of thyroid papillary carcinoma with the

immune score.

carcinoma TMB was 0.42. The samples were divided into a
high TMB group (score >0.42, n=55) and a low TMB group
(score <0.42, n=428). The progression-free survival time of
the low TMB group was better than that of the high TMB
group (P<0.001; Figure 5).

Immune score combined with TMB survival analysis

The immune scores and TMB scores were combined, and
the samples were divided into 4 groups: high immune score,
high TMB; high immune score, low TMB; low immune
score, high TMB; and low immune score, low TMB. There
were significant differences in progression-free survival
among the 4 groups. The prognosis of the high immune
score, low TMB group was the best (P=0.003; Figure 6).

Univariate Cox analysis of progression-free survival

Univariate Cox analysis showed that age, pathological stage,
and TMB were risk factors of progression-free survival
[hazard ration (HR) >1, P<0.05], and that the immune score
was a protective factor of progression-free survival (HR <1,
P<0.05; Table 1).

Multivariate Cox analysis of progression-free survival

Multivariate Cox analysis showed that age and TMB were
independent risk factors for progression-free survival (HR
>1, P<0.05), and that the immune score was an independent
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Figure 5 TMB survival analysis of thyroid papillary carcinoma.
TMB, tumor mutational burden.
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Figure 6 Immune score combined with TMB survival analysis of

thyroid papillary carcinoma. TMB, tumor mutational burden.

protective factor for progression-free survival (HR <1,

P<0.05; Tuble 2).

Correlation analysis between stromal score, immune score,
and TMB

Correlation analysis showed that the stromal score and the

© Gland Surgery. All rights reserved.

Table 1 Univariate Cox analysis of progression-free survival

95% CI
Factor HR P value
Upper limit Lower limit
Age 2.64 1.87 3.14 0.003
Sex 0.82 0.34 1.06 0.214
Pathological stage  1.21 1.03 2.14 0.037
Immune score 0.85 0.36 0.89 0.003
Stromal score 1.09 0.96 1.47 0.081
Sudden load 1.71 1.45 2.51 0.004

HR, hazard ratio; ClI, confidence interval.

Table 2 Multivariate Cox analysis of progression-free survival

95% ClI
Factor HR P value
Upper limit Lower limit
Age 2.04 1.51 2.89 0.008
Sex 0.76 0.48 1.37 0.466
Pathological stage  1.03 0.88 212 0.064
Immune score 0.45 0.12 1.03 0.017
Stromal score 1.19 0.83 1.63 0.122
Sudden load 1.37 1.21 2.43 0.026

HR, hazard ratio; Cl, confidence interval.

immune score of papillary thyroid carcinoma were both
negatively correlated with TMB (r=-0.26, P=0.031 and
r=-0.41, P=0.028, respectively; Tuble 3).

Discussion

This study used the whole transcriptome sequencing data
of papillary thyroid carcinoma in the TCGA database to
calculate the immune and stromal scores of the tumor
samples. Immune and stromal scores indicate the abundance
of immune and stromal cells in tumor tissue samples. The
higher the immune and stromal scores, the higher the
abundance of immune and stromal cells. In contrast, the
lower the abundance of tumor cells, the lower the purity
of the tumor. In our study, the immune and stromal scores
in the normal tissue samples were significantly higher than
those in the papillary thyroid carcinoma tissue samples.
Our results showed that the immune score of the papillary
thyroid carcinoma samples was associated with progression-
free survival. Patients with a high immune score had a
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Table 3 Correlation analysis between stromal score, immune score,

and TMB

95% ClI
Correlation r P value
Upper limit Lower limit
Immune score -0.26 -0.56 -0.13 0.031
Stromal score -0.41 -0.73 -0.20 0.028

TMB, tumor mutational burden; Cl, confidence interval.

longer progression-free survival time than patients with a
low immune score. However, the same correlation did not
occur with the stromal score. These results may indicate
that stromal cells have a weaker effect on the tumor than
immune cells, particularly with respect to tumor inhibition.
In papillary thyroid carcinoma, the higher the abundance
of immune cells, the better the prognosis of patients.
Research has confirmed the inhibitory effect of immune
cells on papillary thyroid carcinoma. Several studies have
analyzed papillary thyroid carcinoma samples in TCGA
using the CIBERSORT and TIMER deconvolution analysis
tools and have confirmed that immune cell infiltration
is related to histological type, mutation type, tumor
pathological T stage, and lymph node N stage (9,10). Other
studies have co-cultured T cells with papillary thyroid
carcinoma cells to investigate the antitumor effect of T cells
(10,11). These studies found that the biological behavior
of papillary thyroid carcinoma cells changed significantly
after co-culture, and that their invasion and migration
abilities decreased. Tumor-associated macrophages are the
most representative immune cell in the papillary thyroid
carcinoma tumor microenvironment, and tumor-associated
macrophage infiltration is related to the clinicopathological
features of thyroid tumors. A study by Jung ez /. showed
that a high density of tumor-associated macrophages
in the tumor immune microenvironment of thyroid
cancer is associated with lower survival in both papillary
thyroid carcinoma and anaplastic thyroid carcinoma (12).
Another study found that an abundance of tumor-
associated macrophages is positively correlated with lymph
node metastasis and reduced survival in papillary thyroid
carcinoma (13). In addition, tumor-associated macrophages
are associated with capsular invasion and extrathyroidal
extension (14). As an essential characteristic of papillary
thyroid carcinoma, the tumor microenvironment may be a
critical factor in determining the prognosis and treatment
sensitivity of patients with papillary thyroid carcinoma.
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This study confirmed that patients with papillary thyroid
carcinoma with a high TMB had a poor prognosis. Thyroid
tumors contain many mutations or fusion genes (15),
which are related to the occurrence and progression of
tumors. BRAF-driven mutations lead to constitutive
activation of the mitogen-activated protein kinase 3 (MAPK)
pathway, causing loss of differentiation, tumor progression,
and inhibition of apoptosis (16,17). Telomerase reverse
transcriptase (TERT) promoter mutations and tumor
protein p53 (TP53) mutations are considered to be late
events in thyroid tumorigenesis (15,18,19). When TP53
is mutated, it triggers uncontrolled cell replication and
tumor development. P53 activation indicates the last step
in tumor progression. These studies indicate that a higher
tumor TMB is correlated with a worse prognosis, which is
consistent with our results.

In thyroid cancer, gene mutation may lead to changes
in the immune microenvironment that enhance the
immune escape ability of tumor cells (6,20,21). The tumor
establishes a dynamic balance with the immune system.
In the initial stage of the cancer, immune surveillance
recognizes tumor cells through the accumulated mutant
genes. The immune system cannot eradicate these tumor
cells and can only control the growth and continuous
remodeling of the tumor. In the final stage of the disease,
the progressive accumulation of gene mutations and
modifications in the immune microenvironment enable
the tumor to completely escape the immune response (20).
The present study analyzed the relationship between
gene mutation and immune infiltration. In thyroid cancer,
immune and stromal scores were negatively correlated with
TMB. These results suggested that thyroid cancer gene
mutation might reduce the chemotaxis of immune cells.

In conclusion, the immune and stromal scores of
papillary thyroid carcinoma were negatively correlated with
TMB. Thyroid cancer gene mutations inhibit immune cell
infiltration and alter the thyroid cancer microenvironment.
The immune score was an independent protective factor for
progression-free survival in patients with papillary thyroid
cancer, while TMB was an independent risk factor, both of
which can be used for clinical prognosis assessment. These
results suggest that combined analysis of the immunology
and genomics of papillary thyroid carcinoma can identify
potential prognostic markers and therapeutic targets
and provide clues for studying tumor immune escape
mechanisms.
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