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Abstract 

Background: Tumor infiltration with cytotoxic CD8+ T-cells is associated with a favorable outcome in several neo-
plasms, including thyroid cancer. The chemokine axis CXCR4/SDF-1 correlates with more aggressive tumors, but little 
is known concerning the prognostic relevance in relation to the tumor immune microenvironment of differentiated 
thyroid cancer (DTC).

Methods: A tissue microarray (TMA) of 37 tumor specimens of primary DTC was analyzed by immunohistochemistry 
(IHC) for the expression of CD8+, CXCR4, phosphorylated CXCR4 and SDF-1. A survival analysis was performed on 
a larger collective (n = 456) at RNA level using data from The Cancer Genome Atlas (TCGA) papillary thyroid cancer 
cohort.

Results: Among the 37 patients in the TMA-cohort, the density of CD8+ was higher in patients with less advanced 
primary tumors (median cells/TMA-punch: 12.5 (IQR: 6.5, 12.5) in T1–2 tumors vs. 5 (IQR: 3, 8) in T3–4 tumors, p = 0.05). 
In the TCGA-cohort, CXCR4 expression was higher in patients with cervical lymph node metastasis compared to N0 
or Nx stage  (CXCR4high/low 116/78 vs. 97/116 vs. 14/35, respectively, p = 0.001). Spearman’s correlation analysis of the 
TMA-cohort demonstrated that SDF-1 was significantly correlated with CXCR4 (r = 0.4, p = 0.01) and pCXCR4 (r = 0.5, 
p = 0.002). In the TCGA-cohort, density of CD8+ correlated with CXCR4 and SDF-1 expression (r = 0.58, p < 0.001; 
r = 0.4, p < 0.001). The combined marker analysis of the TCGA cohort demonstrated that high expression of both, 
CXCR4 and SDF-1 was associated with reduced overall survival in the CD8 negative TCGA cohort (p = 0.004).

Conclusion: These findings suggest that the prognostic significance of CXCR4 and SDF-1 in differentiated thyroid 
cancer depends on the density of CD8 positive T-lymphocytes. Further studies with larger sample sizes are needed to 
support our findings and inform future investigations of new treatment and diagnostic options for a more personal-
ized approach for patients with differentiated thyroid cancer.
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Introduction
Inflammation is an essential component of malignancies 
influencing the biological behavior of cancer cells. The 
presence of CD8+ activated T lymphocytes is correlated 
with a favorable outcome in a variety of solid tumors, 
including thyroid cancer [1, 2]. The CXC chemokine 
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receptor 4 (CXCR4) is a G protein-coupled chemokine 
receptor which is responsible for tissue development, cell 
trafficking, cell proliferation and immune response [3]. 
CXCR4 is highly expressed throughout embryogenesis 
while under physiological conditions, is rarely present 
in somatic adult tissues [4]. Several cancer types show 
a significant overexpression of CXCR4, including thy-
roid cancer [4]. Stromal-Derived Factor 1 (SDF-1), also 
termed C-X-C motif chemokine ligand 12 (CXCL12), 
acts as a potent chemoattractant for CXCR4-expressing 
cells [5]. Underlining the importance during the devel-
opment of distant metastasis, SDF-1 is widely expressed 
in common metastatic sites like lymph nodes, liver, lung 
and bone [4]. CXCR4 positive cells follow a chemokine 
gradient to SDF-1-expressing tissues and activation of 
CXCR4 via binding of SDF-1 leads to the upregulation of 
intracellular signalling pathways resulting in proliferation 
and enhanced survival [6, 7]. CXCR7 is a co-receptor that 
leads to enhanced SDF-1-mediated signalling [8].

In thyroid cancer, the CXCR4/CXCR7/SDF-1 axis has 
been investigated gaining importance in the understand-
ing of the progression of thyroid cancer and metasta-
sis development. Werner et  al. showed that it functions 
as key regulator of epithelial–mesenchymal transition 
(EMT) in follicular thyroid cancer (FTC) and medullary 
thyroid cancer (MTC) [9, 10]. According to Zhu et  al., 
SDF-1 is particularly expressed in papillary thyroid can-
cer (PTC), activation of CXCR4 via SDF-1 contributes to 
thyroid cancer development via regulation of cancer cell 
migration and invasion [11]. He et al. demonstrated that 
CXCR4 expression was higher in undifferentiated and 
medullary thyroid cancer than in differentiated thyroid 
cancer [12]. In PTC, CXCR4 overexpression was shown 
to be correlated with a higher rate of lymph node metas-
tasis [13]. Similarly, Torregrossa et  al. demonstrated a 
strong association of CXCR4 with BRAF mutation and 
neoplastic infiltration, indicating that CXCR4 expres-
sion induced by oncogenic activation can be crucial for a 
more aggressive tumor behaviour [14].

These studies suggest that CXCR4/SDF-1 is correlated 
with more aggressive thyroid cancers that have a worse 
prognosis. Therefore, the aim of this study was to explore 
the clinicopathological role of CXCR4 and SDF-1 with 
respect to the tumor immune microenvironment in dif-
ferentiated thyroid carcinoma on a protein and RNA 
level.

Methods
Tissue microarray and immunohistochemistry
A tissue microarray (TMA) was conducted on 37 patients 
with primary DTC. All methods were performed in com-
pliance with applicable guidelines and regulations. We 
have described TMA construction in a previous study 

[15]. The TMAs were generated by specialists of the 
Pathology Biobank at the University Hospital of Basel 
(Basel, Switzerland). Formalin-fixed, paraffin-embedded 
primary DTC tissue blocks were used as donor blocks. 
Tissue cylinders with a diameter of 1 mm were punched 
from morphologically representative areas of each donor 
block and brought into one recipient paraffin block 
(30 × 25 mm). Each punch was taken from the center of 
the tumor in an area without necrosis, so that each TMA 
site contained more than 50% tumor cells.

Standard indirect immunoperoxidase procedures were 
utilized (IHC; ABC-Elite, Vector Laboratories, Burl-
ingame, CA). Slides were dewaxed and rehydrated in 
distilled water. Subsequently, endogenous peroxidase 
activity was blocked using 0.5%  H2O2. Sections were 
incubated with 10% normal goat serum (DakoCytoma-
tion, Carpinteria, CA) for 20 min and incubated with 
primary antibody at room temperature. Primary anti-
bodies specific for CD8 (Ventana 790–4460, ready to 
use), pCXCR4 (Abcam ab74012, 1:200 dilution), CXCR4 
(Epitomics 31,081, 1:3200 dilution), and SDF-1 (Abcam 
ab9797, 1:100 dilution) were incubated at room temper-
ature for 16, 32, 16, and 20 minutes, respectively. After-
wards, these were incubated with peroxidase-labeled 
secondary antibody (DakoCytomation) for 30 min at 
room temperature. To visualize the antigen, slides were 
submerged in 3-amino-9-ethylcarbazole plus substrate 
chromogen (DakoCytomation) for 30 minutes and then 
counterstained with Gill’s hematoxylin.

Tumour-infiltrating lymphocytes (TIL) were evalu-
ated by immunohistochemistry (CD8). CD8 positive cells 
within the tumor were considered as TILs. The number 
of CD8 positive tumor-infiltrating T-lymphocytes was 
counted in one representative high-power field of each 
TMA spot.

Clinico-pathological data were collected retrospec-
tively, including patient age, sex, tumor diameter in mm, 
histologic subtype, pT-stage, pN-stage, and pM-stage 
(Table 1).

Analysis of TCGA data
CD8A, SDF-1 and CXCR4 fragments per kilo base of 
transcript per million mapped fragments (FPKM) gene-
level expression data from The Cancer Genome Atlas 
(TCGA) papillary thyroid cancer (n = 456) was obtained 
from human protein atlas [16]. Tumor samples were 
classified into high and low groups based on the median 
threshold. Utilizing these data, single marker analyses 
and combined marker survival analysis was performed. 
Additionally, a spearman’s correlation was calculated 
between the genes. Clinicopathologic features infor-
mation was obtained from The Cancer Genome Atlas 
(Table 1) [17].
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Statistical analysis
In the TMA cohort, the median histoscores were calcu-
lated by multiplying the percentage of positive cells with 
the semiquantitative staining intensity score (0–3) for 
pCXCR4, CXCR4, and SDF-1. The median histoscore 
for each biomarker and the number of tumor-infiltrating 
lymphocytes determined the cut-off values used to clas-
sify tumor specimens with low or high protein expres-
sion and immune cell infiltration. Threshold values for 
pCXCR4, CXCR4, and SDF-1 histoscore was 30, 50, 
and 180, respectively. Threshold value for high immune 
cell infiltration was 8 CD8+ cells/TMA-punch. Statisti-
cal comparisons between categorical variables were per-
formed using the Kruskal-Wallis and Wilcoxon rank sum 
tests for the TMA cohort and the χ2 test for the TCGA 
cohort. Kaplan–Meier method and log-rank test were 
used to perform survival analysis. Stratification of expres-
sion of the genes for overall survival analysis was based 
on the median. Further analyses included possible com-
binations (SDF-1high/CXCR4high, SDF-1high/CXCR4low, 
SDF-1high/  CXCR4low) and the resulting Kaplan–Meier 
curves compared with adjusted p-value for multiple 

comparisons according to Benjamini and Hochberg. 
Association between overall survival and clinical vari-
ables was performed using Univariate Cox proportional 
hazard regression analyses. Variables significant in the 
univariate Cox regression model were included in multi-
variate Cox regression analysis. The prognostic impact on 
survival was assessed using hazard ratios (HR) and 95% 
confidence intervals (CI). All tests were two-sided, and 
p < 0.05 was considered statistically significant. Statisti-
cal analyses were made using STATA software version 13 
(StataCorp, College Station, TX, USA) and with the Sta-
tistical Package Software R (version 4.0.2, (http://r- proje 
ct. org).

Results
Patient and tumor characteristics – TMA Cohort
We included 37 patients with differentiated thyroid 
cancer in our TMA-cohort (Table  1). Mean age was 
45.4 years (range 15–81). Of the total 37 patients, 62% 
were female. Mean tumor size was 30.8 mm (range 8–61). 
In 32% of the patients, histologic diagnosis was clas-
sic PTC, 32% had follicular variant of PTC, followed by 

Table 1 Characteristics of the TMA (n = 37) and TCGA cohort (n = 456)

Characteristic WDTC (TMA-cohort)
(n = 37)

PTC (TCGA-cohort)
(n = 456)

Age (years, mean, range) 45.4 (15–81) 46.8 (15–88)

Age
  < 55 27 (73%) 309 (68%)

  ≥ 55 10 (27%) 147 (32%)

Sex (N, %)
 Male 14 (38%) 121 (27%)

 Female 23 (62%) 335 (73%)

Tumor size in mm, mean (range) 30.8 (8–61) 29.2 (1–94)

Histologic subtype (N, %)
 PTC, classic 12 (32%) 355 (78%)

 PTC, follicular variant 12 (32%) 101 (22%)

 PTC, other variants 3 (8%)

 FTC 6 (16%)

 Oncocytic carcinoma 4 (11%)

pT-Classification (N, %)
 T1–2 25 (68%) 294 (65%)

 T3–4 12 (32%) 160 (35%)

pN-Classification (N, %)
 N0 12 (32%) 213 (47%)

 N1 7 (19%) 194 (43%)

 Nx 18 (49%) 49 (10%)

pM-Classification (N, %)
 M0 0 (0%) 254 (56%)

 M1 0 (0%) 9 (2%)

 Mx 37 (100%) 192 (42%)

http://r-project.org
http://r-project.org
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16% with FTC, 11% with oncocytic thyroid cancer, and 
8% with other variants of PTC. Most of the tumors were 
at pT1/2 stage (68%) and 19% had cervical lymph node 
metastasis.

Patient and tumor characteristics – TCGA Cohort
The TCGA dataset provides comprehensive informa-
tion on 456 PTC specimen (Table 1). Mean age was 46.8 
(range 15–88), 73% of patients were female. Mean tumor 
size was 29.2 mm (range 1–94), most common histologic 
subtype was classic variant of PTC (78%), followed by 
22% with follicular variant of PTC. The majority of the 
patients were at pT1/2 stage (64%). In 43% of patients, 
cervival lymph node metastasis was diagnosed, only 2% 
had distant metastases.

Association of clinicopathological features with CD8, 
CXCR4, pCXCR4 and SDF-1 expression
In Fig.  1, we illustrate representative histopathologi-
cal and immunohistochemical pictures of low and high 
expression of CXCR4, pCXCR4, SDF-1, and with high 
and low CD8 positive T-cell infiltration.

Table  2 shows the distribution of CD8+, CXCR4, 
pCXCR4, SDF-1 in relation to the clinicopathological fea-
tures from the TMA cohort. The density of CD8-positive 
T lymphocytes was higher in patients with less advanced 
primary tumors (median cells/TMA-punch: 12.5 (IQR: 
6.5, 12.5) in T1–2 tumors vs. 5 (IQR: 3, 8) in T3–4 
tumors, p = 0.05). There was a non-significant trend 
toward higher expression of SDF-1 in patients older than 
55 years compared to patients younger than 55 years 
(median histoscore: 200 (IQR: 185, 250) in patients 
≥55 years vs. 100 (IQR: 25, 200) in patients < 55 years, 
p = 0.08). The variations of the other biomarkers in rela-
tion to the clinicopathological characteristics did not 
reach statistical significance.

Table  3 demonstrates the association of CD8+, 
CXCR4, and SDF-1 in relation to the clinicopathologi-
cal variables in the PTC-cohort of the TCGA-database. 
Patient age was significantly associated with differences 
in the expression of CD8+ and CXCR4. CD8+ density 
was higher in patients younger than 55 years compared to 
older patients  (CD8high/low 160/149 in patients < 55 years 
vs. 58/89 in patients ≥55 years, p = 0.014). Younger 
patients had higher expression of CXCR4 compared to 
patients ≥55 years  (CXCR4high/low 170/139 in patients 
< 55 years vs. 57/90 in patients ≥55 years, p = 0.001). In 
contrast, there was a non-significant trend of a higher 
SDF-1 expression in patients ≥55 years compared 
to patients < 55 years (SDF-1high/low 82/65 in patients 
≥55 years vs. 144/165 in patients < 55 years, p = 0.067). 
In patients with cervical lymph node metastasis, CXCR4 
expression was higher compared to those with N0 or Nx 

stage  (CXCR4high/low 116/78 vs. 97/116 vs. 14/35, respec-
tively, p = 0.001). The expression of CXCR4 and SDF-1 
was higher in classic PTC compared to follicular variant 
of PTC  (CXCR4high/low 188/167 vs. 39/62, p = 0.011; SDF-
1high/low 190/165 vs. 36/65, p = 0.002, respectively).

Spearman’s correlation analysis of CXCR4, pCXCR4, SDF-1, 
and CD8+ T-cell density
A spearman’s correlation analysis evaluated the rela-
tion of SDF-1 protein expression with CXCR4, pCXCR4 
and CD8+ density in the TMA-cohort (Table 4). Num-
bers greater than 0.35 indicate a strong correlation. The 
expressions of CXCR4, pCXCR4 and SDF-1 were strongly 
interrelated (r = 0.43, p = 0.010, and r = 0.50, p = 0.002, 
respectively). Density of CD8+ tumor-infiltrating lym-
phocytes showed no correlation with the other proteins.

In the TCGA cohort, CD8+ density correlated strongly 
with SDF-1 and CXCR4 expression (r = 0.40, p < 0.001, 
and r = 0.58, p < 0.001, respectively) (Table  5). Further-
more, the correlation of CXCR4 and SDF-1 expression 
was moderate (r = 0.33, p < 0.001).

Survival analysis
Cox proportional hazard regression analysis (Table  6) 
demonstrated that more advanced T-stage (pT3/4 vs. 
pT1/2: HR = 3.3; 95%CI 1.1–9.6, p = 0.03) and M-stage 
(pM1 vs pM0/x: HR = 4.7, 95%CI 1.1–21, p = 0.04) were 
significantly associated with a higher risk of death in 
the univariate analysis. In the multivariate analysis, only 
T-stage (HR = 3.1, 95%CI 1.1–8.9, p = 0.04) was signifi-
cantly associated with a worse prognosis. The combina-
tion of CXCR4 and SDF-1 expression did not significantly 
influence the oncological outcome.

Analyzing only the CD8-negative cohort (Table  7), 
the combined high expression of CXCR4 and SDF-1 
was a significant prognostic factor (SDF-1low/CXCR4low 
vs. SDF-1high/CXCR4high: HR = 0.21, 95%CI 0.05–0.84, 
p = 0.03) in the univariate analysis. T-stage (HR = 7.3, 
95%CI 1.5–34, p = 0.01), and M-stage (HR = 11, 95%CI 
2.3–52, p = 0.002) were also independently associ-
ated with a poor prognosis. In the multivariate analysis, 
higher T-stage (HR = 9.7, 95%CI 1.1–84, p = 0.03) and 
high expression of CXCR4 and SDF-1 (SDF-1low/CXCR-
4low vs. SDF-1high/CXCR4high: HR = 0.20, 95%CI 0.04–
0.70, p = 0.02) were associated with a higher risk of death.

Furthermore, these findings are illustrated in the 
Kaplan-Meier survival analysis. In the CD8-negative 
cohort, patients with high expression of both CXCR4 
and SDF-1 have a significantly decreased overall survival 
compared to other expression combinations of the two 
biomarkers (log-rank p-value = 0.004; Fig. 2).
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Fig. 1 Examples of H&E stainings and immunohistochemical stainings (× 200 magnification) of the tissue microarray: low amount of TILs in a 
follicular thyroid carcinoma (A), high amount of TILs in a papillary thyroid carcinoma, classic type (B), with low density of CD8+ cells in a papillary 
thyroid carcinoma, classic type (C), and with high density of CD8+ cells in a follicular thyroid carcinoma (D), low expression of CXCR4 (E) and high 
expression of CXCR4 in follicular thyroid carcinomas (F), low density of pCXCR4 (G) and high density of pCXCR4 (H) in papillary thyroid carcinomas 
of follicular and classic type, respectively, low expression of SDF-1 (I) in a follicular thyroid carcinoma and high expression of SDF-1 (J) in an 
oncocytic thyroid carcinoma
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Discussion
To our knowledge, this is the first study investigating the 
prognostic significance of CXCR4 and SDF-1 in differ-
entiated thyroid cancer in relation to the density of CD8 
positive T-lymphocytes. The expression of CD8 posi-
tive T-cells was higher in patients < 55 years old and in 
less advanced T-stages. CXCR4 expression was higher 
in patients with classic PTC compared to follicular vari-
ant and in patients with cervical lymph node metastasis. 
SDF-1 density was higher in classic PTC. In the CD8-
negative cohort, the combined high expression of CXCR4 
and its ligand SDF-1 was associated with decreased 
overall survival, suggesting that the detrimental effect of 
CXCR4/SDF-1 depends on the density of tumor infiltrat-
ing CD8-positive T lymphocytes.

The tumor immune microenvironment regulates 
responses of immune cells and play a critical role in the 
suppression of cancer development and cancer spread 
[18]. Due to their ability to destroy cancer cells, cyto-
toxic CD8 positive T-lymphocytes are among the most 
important inhibitors of carcinogenesis [19]. Blessin NC 
et al. provides a wide-ranging summary of the differences 
of CD8-positivity in a variety of normal tissues and can-
cer types [20]. According to their analysis, there are two 

types of malignant neoplasms that have a high density of 
tumor-infiltrating CD8 positive T-lymphocytes: on the 
one hand, aggressive tumors such as anaplastic thyroid 
cancer, and on the other hand, tumors that are known 
to respond to immunotherapy, such as malignant mela-
noma or clear cell renal cancer [20]. This supports the 
theory that a high density of CD8+ T-cells increases the 
likelihood of response to such therapy [21]. Additionally, 
recent studies demonstrated decreased CD8+ density in 
more advanced tumor stages in breast cancer and papil-
lary thyroid cancer [22, 23]. In this study, expression of 
CD8+ T-lymphocytes was lower in older patients and 
in patients with more advanced T-stages, supporting the 
results of previous studies [22, 23]. Known to be asso-
ciated with a poor prognosis in papillary thyroid can-
cer, Yang et  al. demonstrated that the density of CD8+ 
tumor-infiltrating T-lymphocytes was reduced in thy-
roid cancers with  BRAFV600E mutation compared with 
 BRAFV600E wild-type cancers [23].

The majority of drivers of thyroid cancer are known 
since the first comprehensive analysis of The Can-
cer Genome Atlas [24]. A variety of immunocompe-
tent cells, cytokines and chemokines are currently 
under investigation to pave the way towards a more 

Table 2 Association of CD8, CXCR4, pCXCR4, SDF-1 expression with clinicopathological features in DTC (TMA-cohort, n = 37)

*Kruskal-Wallis or Wilcoxon rank sum test as appropriate

Characteristic CD8 cells/TMA 
punch 
median (IQR)
(n = 37)

p-value* CXCR4 histoscore 
median (IQR)
(n = 37)

p-value* pCXCR4 histoscore 
median (IQR)
(n = 37)

p-value* SDF-1 histoscore 
median (IQR)
(n = 37)

p-value

Age at diagnosis
  < 55 10 (3, 14.5) 0.97 15 (0, 120) 0.21 5 (0, 50) 0.18 100 (25, 200) 0.08

  ≥ 55 7 (5, 19) 95 (25, 140) 20 (5, 180) 200 (185, 250)

Sex (N)
 Male 6 (3, 12) 0.28 10 (0, 50) 0.16 5 (0, 30) 0.56 180 (100, 200) 0.68

 Female 10 (5, 15) 90 (0, 90) 10 (0,70) 100 (30, 300)

Histologic subtype (N)
 PTC, classic 13.5 (4.5, 22.5) 0.61 20 (0, 140) 0.61 20 (0, 95) 0.87 100 (15, 185) 0.06

 PTC, follicular 
variant

9 (4, 13) 50 (12.5, 130) 5 (0, 50) 140, 10, 200)

 PTC, other vari-
ants

8 (5, 15) 0 (0, 140) 10 (5, 180) 200 (100, 300)

 FTC 6 (5, 10) 90 (10, 270) 10 (0, 30) 180 (100, 200)

 Oncocytic carci-
noma

6 (1.5, 13) 17.5 (2.5, 60) 50 (0, 140) 300 (250, 300)

pT-Classification (N)
 T1–2 12.5 (6.5, 15.5) 0.05 40 (0, 150) 0.65 5 (0, 50) 0.42 180 (90, 250) 0.71

 T3–4 5 (3, 8) 20 (0, 100) 10 (0, 140) 145 (15, 200)

pN-Classification (N)
 N0 11 (7, 15) 0.55 70 (2.5, 130) 0.33 5 (0, 70) 0.33 180 (15, 250) 0.62

 N1 5 (3, 20) 0 (0, 160) 0 (0, 10) 100 (90, 180)

 Nx 8 (3, 13) 30 (10, 140) 10 (0, 140) 190 (100, 200)
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personalized cancer therapy [25, 26]. Similar to other 
cancers, it is critical to understand the process of thy-
roid cancer progression in order to improve diag-
nostic methods and treatment options. CXCR4 is 

overexpressed and plays a key role in the carcinogenesis 
in a variety of solid tumors [7]. Activation via binding 
of SDF-1 initiates different signaling pathways resulting 
in proliferation, chemotaxis, and site-specific metasta-
sis of CXCR4-expressing cancer cells [27, 28]. Accord-
ingly, the results of the TCGA cohort demonstrated 
higher expression of CXCR4 and SDF-1 in classic pap-
illary thyroid cancer, reflecting the relative importance 
of the CXCR4/SDF-1 interaction predominantly in this 
thyroid cancer histology compared with other thyroid 
cancer types. According to the literature, high expres-
sions of CXCR4 and SDF-1 were also detected in FTC, 
but mainly in the sites of distant metastases compared 
to primary tumors, highlighting its prognostic signifi-
cance in the process of disseminating cancer cells [9]. 

Table 3 Association of CD8, CXCR4, SDF-1 expression with clinicopathological features in PTC (TCGA-cohort, n = 456)

*χ2 test

Characteristic CD8
high/low 
(n = 218/238)

p-value* CXCR4
high/low 
(n = 227/229)

p-value* SDF-1
high/low 
(n = 226/230)

p-value*

Age at diagnosis
  < 55 160/149 0.014 170/139 0.001 144/165 0.067

  ≥ 55 58/89 57/90 82/65

Sex (N, %)
 Male 51/70 0.146 58/63 0.635 62/59 0.667

 Female 167/168 169/166 164/171

Histologic subtype
 PTC, classic 177/178 0.101 188/167 0.011 190/165 0.002
 PTC, follicular variant 41/60 39/62 36/65

pT-Classification
 T1–2 138/156 0.620 142/152 0.392 0.032
 T3–4 79/81 84/76 68/92

pN-Classification
 N0 101/112 0.009 97/116 0.001 115/98 0.204

 N1 103/91 116/78 88/106

 Nx 14/35 14/35 23/26

UICC stage
 I/II 153/163 0.157 160/156 0.655 157/159 0.25

 III 47/43 46/44 49/41

 IV 17/31 21/27 19/29

Table 4 Spearman’s correlation analysis of SDF-1 protein expression with CD8 density, and CXCR4, pCXCR4 expression in the TMA 
cohort

SDF-1-expression CD8-expression CXCR4-expression pCXCR4-expression

SDF-1-expression 1.000 0.06 (p = 0.74) 0.43 (p = 0.010) 0.50 (p = 0.002)

CD8-expression 1.000 0.26 (p = 0.125) 0.23 (p = 0.181)

CXCR4-expression – 1.000 0.55 (p < 0.001)

pCXCR4-expression – – 1.000

Table 5 Spearman’s correlation analysis of SDF-1 protein 
expression with CXCR4 and CD8 in the TCGA cohort

SDF-1-
expression

CD8-expression CXCR4-expression

SDF-1-expres-
sion

1.000 0.40 (p < 0.001) 0.33 (p < 0.001)

CD8-expression – 1.000 0.58 (p < 0.001)

CXCR4-expres-
sion

– – 1.000
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Classic PTC metastasize more frequently to regional 
lymph nodes, so analogous to the literature, our study 
demonstrated an increased density of CXCR4 in 
patients with cervical lymph node metastases [29].

The spearman’s analysis of the TMA cohort showed 
that the expression of SDF-1 and CXCR4, was strongly 
correlated. The significant correlation of pCXCR4 with 
both CXCR4 and SDF-1 suggests that binding of SDF-1 
leads to substantial receptor phosphorylation of CXCR4 
and hence activation of intracellular signaling pathways. 
In the TCGA cohort, density of CD8+ tumor-infiltrating 
T-lymphocytes showed a strong correlation with CXCR4 
expression, underlining that CXCR4 acts as a potent 
driver of T-cell migration, similar to a recent study [30].

It has been shown for a variety of cancer types, includ-
ing papillary thyroid cancer, that high CD8+ density is 
associated with a favorable outcome [31–37]. CXCR4 and 
SDF-1 are indicators of more aggressive papillary thyroid 
cancer types and act as key regulators of local and distant 
metastasis in various types of thyroid cancer, leading to a 
poorer prognosis in CXCR4/SDF-1-positive cancers [10, 
13, 25]. By combining the evaluation of the chemokine 

axis CXCR4/SDF-1 in relation to CD8+ density, the sur-
vival analysis in this study suggests that the detrimental 
effect of high CXCR4/SDF-1 expression depends on the 
density of tumor-infiltrating CD8+ cytotoxic T-lympho-
cytes. The cox proportional hazard regression analysis of 
the entire TCGA cohort indicates that the positive pre-
dictive value of CD8+ T-cells potentially outweighed the 
disadvantage of the CXCR4/SDF-1 axis. While neither 
CXCR4, SDF-1 nor CD8+ density showed a significant 
prognostic effect alone, in the CD8 negative cohort, the 
combination of high expression of CXCR4 and SDF-1 
was significantly associated with a negative outcome in 
the uni- and multivariable analysis. The Kaplan-Meier 
survival analysis displays that the negative predictive sig-
nificance of high expression of CXR4/SDF-1 may depend 
on CD8+ density.

These new insights can be valuable in multiple ways 
and potentially pave the way for new diagnostic and 
therapeutic opportunities. Based on these findings, 
further studies are needed to evaluate the prognos-
tic significance of CXCR4/SDF-1 in relation to CD8+ 
density in different cancers with known prognostic 

Table 6 Uni- and multivariable Hazard Cox regression survival analysis in the TCGA-cohort (n = 456)

Variables significant (p < 0.05) in univariate analyses were included in multivariate Cox regression analysis

Characteristic Univariable Analysis Multivariable Analysis

Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Age (≥55 vs < 55) 3.1 1 –

Sex (Male vs female) 2.1 (0.75–5.7) 0.16 –

pT (high vs. low) 3.3 (1.1–9.6) 0.03 3.1 (1.1–8.9) 0.04
pN (1 vs. 0/x) 1.2 (0.45–3.2) 0.73 –

pM (1 vs. 0/x) 4.7 (1.1–21) 0.04 3.7 (0.8–16) 0.08

SDF1low/CXCR4low vs. SDF1high/CXCR4high 0.7 (0.22–2.2) 0.54 –

SDF1low/CXCR4low vs. SDF1low/CXCR4high 1.9 (0.64–1.1) 0.24 –

SDF1low/CXCR4low vs. SDF1high/CXCR4low 3.6 (0.97–1) 0.86 –

Table 7 Uni- and multivariable Hazard Cox regression survival analysis in the CD8 negative TCGA-cohort (n = 238)

Variables significant (p < 0.05) in univariate analyses were included in multivariate Cox regression analysis

Characteristic Univariable Analysis Multivariable Analysis

Hazard Ratio 95% CI P value Hazard Ratio 95% CI P value

Age (≥55 vs < 55) – 1 –
Sex (Male vs female) 1.1 (0.29–4.4) 0.86 –

pT (high vs. low) 7.3 (1.5–34) 0.01 9.7 (1.1–84) 0.03
pN (1 vs. 0/x) 0.94 (0.26–3.4) 0.93 –

pM (1 vs. 0/x) 11 (2.3–52) 0.002 4.9 (0.9–26) 0.07

SDF1low/CXCR4low vs SDF1high/CXCR4high 0.21 (0.05–0.84) 0.03 0.2 (0.04–0.7) 0.02
SDF1low/CXCR4low vs SDF1low/CXCR4high 1.4 (0.25–7.5) 0.71 –

SDF1low/CXCR4low vs. SDF1high/CXCR4low – 1 –
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influence of the CXCR4/SDF-1 axis alone, including 
different types of thyroid cancer. The assumption that 
the density of lymphocytes in the tumor microenvi-
ronment is related to the sensitivity to immune check-
point inhibitors is well established [38]. Thus, it will be 
crucial in the treatment of those cancers where anal-
yses of the lymphocyte density indicate that immune 
therapy might be less effective to develop different 
therapeutic targets.

We would like to acknowledge the limitations of this 
study. First, the TMA technology might not be able to 
detect tumor tissue heterogeneity, especially with the 
small sample size in our study. However, our group has 
gained extensive expertise with previous TMA stud-
ies, assuring that punches are made out of the tumor 
center to include at least 50% of tumor cells [39–41]. 
Second, due to the fact that differentiated thyroid can-
cer harbors an excellent prognosis compared to other 
cancers and the small number of cancer specimen in 
our TMA cohort, we were not able to evaluate the 
prognostic relevance of CXCR4, pCXCR4, SDF-1 and 
CD8+ in this cohort. Nevertheless, spearman’s cor-
relation analysis demonstrated that both SDF-1 and 
CXCR4 expression strongly correlated with pCXCR4 
expression, indicating that interaction leads to signifi-
cant receptor phosphorylation.

Conclusion
In conclusion, the presented study suggests that the 
prognostic significance of the combined high expres-
sion of CXCR4 and SDF-1 in differentiated thyroid 
cancer depends on the density of tumor-infiltrating 
CD8 positive T-lymphocytes. These novel insights 
may trigger further research to corroborate our find-
ings and can lead to the investigation of new diagnos-
tic and treatment options towards a more personalized 
approach for differentiated thyroid cancer patients.
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