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Objective: Chondroblastoma (CB) is a rare and locally growing cartilage-derived tumor. 
Currently, clinical implications of tumor-associated macrophages (TAMs) in CB remain 
unclear. In this study, we sought to analyze the relationship between TAM parameters 
(including densities of CD68+ and CD163+ cells as well as the CD163+/CD68+ ratio) and 
clinicopathological characteristics and survival of patients.
Methods: Immunohistochemistry was used to assess TAM subtypes for CD68 and CD163, 
as well as the expression levels of p53, CD34, and Ki-67 on tumor cells in 132 tissue 
specimens retrieved between July 2002 and April 2020. Then, TAM parameters were retro-
spectively analyzed for their associations with patient outcomes (local recurrence-free 
survival [LRFS] and overall survival [OS]) and clinicopathological features.
Results: TAM densities were significantly higher in axial chondroblastoma tissue than in 
extra-axial chondroblastoma tissue. Moreover, the number of CD163+ TAMs was positively 
correlated with tumor invasion of surrounding tissues and high expression of CD34 and Ki-67 
on tumor cells, whereas CD163+ cell density and the CD163/CD68 ratio were negatively 
associated with patient response to adjuvant radiotherapy. Univariate Kaplan–Meier analysis 
revealed that the number of CD68+ and CD163+ lymphocytes was significantly associated 
with both LRFS and OS. Multivariate Cox regression analysis showed that CD163+ and CD68 
+ cell levels were independent prognostic factors of LRFS, while TAM data independently 
predicted OS. More importantly, in subgroup analysis based on three significant factors in 
univariate survival analysis (including tumor location, adjuvant radiotherapy, and surrounding 
tissue invasion by tumors), the TAM parameters still displayed good prognostic performance.
Conclusion: These data suggest that TAM may significantly affect the biological behavior 
of CB. We hypothesize that modulating the TAM level or polarization status in the micro-
environment may be an effective approach for CB treatment.
Keywords: chondroblastoma, tumor-associated macrophages, tumor immune 
microenvironment, prognostic factors, survival analysis

Introduction
Chondroblastoma (CB) is a rare cartilage-derived tumor with locally aggressive 
growth characteristics. CB commonly involves the long bone epiphysis and 
accounts for less than 1% of all bone tumors.1 Due to resistance to traditional 
chemotherapy, the current treatment of choice for CB mainly includes surgery and 
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radiotherapy.2 Although surgery is indicated for patients 
with neurological deficits, spinal instability and/or worsen-
ing symptoms caused by tumors, complete resection of CB 
lesion may be difficult due to its locally aggressive nature 
and proximity to important neurovascular structures. It has 
also been reported that radiotherapy can be administered 
for patients with postoperative recurrence and those who 
cannot be treated surgically.3 However, radiotherapy may 
even cause malignant changes in this disease.4 Therefore, 
the therapeutic options for CB patients are limited at pre-
sent and the recurrence risk of this disease is high after 
surgery (approximately 10–35% of patients experience 
relapse),5 which exerts a significant adverse effect on the 
long-term quality of life and survival of patients.

Tumor-associated macrophages (TAMs) constitute an 
important component of the tumor microenvironment. 
Studies have shown that TAMs can interact with cancer 
cells to promote neovascularization and increase radio-
therapy resistance, thus accelerating the invasion and 
metastasis of tumors.6 Moreover, it has been suggested 
that TAM infiltration in the microenvironment is closely 
associated with the survival of patients with various 
human malignancies.7 Specifically, the number of CD163 
+ TAMs was shown to be negatively correlated with better 
survival in patients with gastric cancer, breast cancer, and 
glioma,8–10 while the density of CD68+ cells was related 
to poor prognosis in non-small cell lung cancer and renal 
clear cell carcinoma.11,12 Furthermore, for patients with 
colon cancer and non-small cell lung cancer, the inclusion 
of the CD163+/CD68+ ratio was found to significantly 
improve the accuracy of traditional tumor-node metastasis 
staging in predicting patient outcomes.13,14

Previous studies have demonstrated that many factors 
can affect CB prognosis. For example, it has been reported 
that CB lesions located in the pelvis and proximal humerus 
have a poor prognosis.15,16 Similarly, studies have found 
that patient age and secondary cyst formation within the 
lesion are significantly associated with postoperative CB 
recurrence.16–18 However, there is currently a lack of stu-
dies analyzing the clinical implications of TAMs in CB. 
Considering the locally aggressive feature and potentially 
malignant transformation of CB, we consider similarities 
in the functional role of TAM among CB and cancers. 
Moreover, assessing the effect of microenvironmental 
TAMs on the biological behavior of CB may help optimize 
preoperative risk stratification and provide direction for 
the development of new therapeutic approaches. In this 
study, we aimed to analyze the relationship between TAM 

parameters (including the densities of CD68+ and CD163+ 
cells as well as the CD163+/CD68+ ratio) and the clin-
icopathological characteristics and survival of patients.

Methods and Materials
Patients and Tissue Samples
A total of 132 CB patients who underwent surgical resec-
tion at the Second Xiangya Hospital from July 1, 2002, to 
April 30, 2020, were retrospectively included in this study. 
Patients’ characteristics are detailed in Table 1. 
Demographic information (age and sex), clinical features 
(including tumor location, tumor size, duration of symp-
toms, preoperative and postoperative neurological status) 
and treatment (including type of surgery, radiotherapy and 
chemotherapy) were directly obtained from medical 
records. Surrounding tissue invasion by tumors was 
recorded when the tumor lesion had an extraosseous inva-
sion into surrounding tissues, which was evaluated by 
preoperative magnetic resonance imaging (MRI).19 

Tumors were recorded as axial chondroblastoma (ACB) 
or extra-axial chondroblastoma (EACB), according to the 
site involved. The pathological diagnosis was indepen-
dently confirmed by two neuropathologists based on 
hematoxylin and eosin (HE)-stained sections, and the pre-
sence of aneurysmal bone cyst (ABC) and chicken-wire 
calcification in the tumor tissue was also assessed. 
Analyzing the expression levels of several key proteins 
(including CD34, Ki-67 and p53) in CB tissues was also 
performed, which was detailed below. The type of surgical 
resection was classified as Enneking appropriate (EA) or 
Enneking inappropriate (EI) based on the pathological 
analysis of the postoperative specimens.20 The revised 
response evaluation criteria for solid tumors were used to 
evaluate the efficacy of radiotherapy21 and patients were 
divided into ineffective group (tumor had progression in 
images) or effective group (tumor had complete remission, 
partial remission, or was stable) according to this method. 
In this study, we included patients harboring histopatholo-
gically confirmed CB, irrespective of whether tumors 
invaded the axial or extra-axial skeleton. In addition, we 
restricted our cohort to patients who had only received 
surgery with or without adjuvant radiotherapy. Patients 
who had previously received other tumor-specific treat-
ments (such as chemotherapy) and those who had any 
other comorbidities (such as immunocompromised state) 
were excluded from this study, considering that both 
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Table 1 Association Between TAMs Parameters and Clinicopathological Features of Chondroblastoma Patients

Factors Categories Number 
of 

Patients

CD68+ Cells Density CD163+ Cells Density CD163/CD68 Ratio

Mean Level P-value Mean Level P-value Mean Level P-value

Age (years) Young (≤ cutoffa) 105 527.2± 199.9 0.067 257.6 ± 100.8 0.429 0.52 ± 0.20 0.298

Old (> cutoffa) 27 606.7 ± 197.3 275.0 ± 103.7 0.48 ± 0.18

Gender Female 46 544.0 ± 215.7 0.982 254.0 ± 96.4 0.550 0.50 ± 0.18 0.646

Male 86 543.2 ± 194.3 265.0 ± 104.1 0.52 ± 0.20

Duration of 
symptoms 

(months)

Short (≤ cutoffa) 118 536.8 ± 199.4 0.274 260.0 ± 99.6 0.710 0.52 ± 0.19 0.458

Long (> cutoffa) 14 599.3 ± 210.7 270.7 ± 117.4 0.49 ± 0.19

Tumor size (in 

diameter, cm)

Small (≤ cutoffa) 28 486.1 ± 166.0 0.057 233.9 ± 84.2 0.073 0.51 ± 0.16 0.270

Large (> cutoffa) 104 558.9 ± 1207.7 268.5 ± 104.5 0.52 ± 0.20

Type of 

resection

EA 65 517.4 ± 206.5 0.144 254.3 ± 99.0 0.446 0.52 ± 0.17 0.635

EI 67 568.7 ± 194.2 267.8 ± 103.6 0.51 ± 0.21

Surrounding 

tissue invasion

No 65 512.4 ± 187.0 0.081 231.7 ± 85.4 0.001 0.48 ± 0.16 0.053

Yes 67 573.5 ± 211.1 289.7 ± 107.6 0.54 ± 0.22

Adjuvant 

radiotherapy

No 98 539.4 ± 200.3 0.746 262.2 ± 102.3 0.040 0.52 ± 0.20 0.021

Ineffective 26 542.3 ± 208.1 282.3 ± 102.0 0.55 ± 0.17

Effective 8 596.4 ± 208.5 179.3 ± 16.4 0.34 ± 0.12

Preoperative 

neurological 
dysfunction

No 97 544.2 ± 205.5 0.290 254.1 ± 100.6 0.181 0.49 ± 0.18 0.027

Yes 35 513.6 ± 188.2 280.1 ± 101.9 0.58 ± 0.22

Postoperative 

neurological 
dysfunction

No 53 547.5 ± 197.9 0.851 242.0 ± 94.6 0.070 0.48 ± 0.19 0.081

Yes 79 540.7 ± 204.6 274.0 ± 104.0 0.54 ± 0.19

Secondary ABC No 74 548.4 ± 205.9 0.753 255.4 ± 95.9 0.472 0.50 ± 0.19 0.510

Yes 58 537.2 ± 196.7 268.5 ± 108.0 0.53 ± 0.20

Chicken-wire 
calcification

No 63 532.5 ± 197.7 0.553 253.5 ± 100.7 0.407 0.50 ± 0.18 0.589

Yes 69 533.4 ± 205.3 268.2 ± 102.0 0.52 ± 0.21

Tumor location Axial 61 602.4 ± 212.8 0.002 322.5 ± 103.8 < 0.001 0.58 ± 0.23 < 0.001

Extra-axial 71 492.8 ± 176.9 208.4 ± 61.9 0.46 ± 0.13

Tumoral p53 
expression

Low (≤ cutoffa) 101 544.9 ± 203.6 0.882 260.3 ± 102.3 0.861 0.51 ± 0.20 0.819

High (> cutoffa) 31 538.7 ± 196.4 264.0 ± 99.2 0.52 ± 0.18

(Continued)
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situations could likely distort the true TAM profile within 
the CB microenvironment.19

Formalin-fixed paraffin-embedded blocks from 132 CB 
patients were retrieved from the Department of Pathology 
and sectioned into 4-μm-thick tissue sections for subse-
quent assays. This study was approved by our hospital 
ethics committee, and informed consent was obtained 
from all patients before commencing of the study.

Follow-Up of Patients
All patients received regular clinical and radiological fol-
low-ups after surgery, and the last follow-up was per-
formed in September 2020. As 24 patients died before 
the final follow-up date and 2 patients were lost during 
the follow-up period, only 106 patients were visited in 
hospital for the final follow-up. The primary outcome 
parameters of interest were local recurrence-free survival 
(LRFS) and overall survival (OS). LRFS was defined as 
the time interval between tumor resection and the first 
local recurrence, which was assessed by MRI findings 
and/or pathological results of surgically resected 
specimens,22 and OS was determined as the time interval 
between surgical resection of the tumors and patient death 
from all causes. The event was recorded as censored if no 
tumor relapse was observed (for LRFS analysis) or the 
patient was still alive (for OS analysis).

Immunohistochemistry
Immunohistochemical staining was performed as we pre-
viously described.23 Briefly, paraffin-embedded sections (4 
μm) of 132 CB specimens from our institute were depar-
affinized in xylene, rehydrated with a graded series of 

ethanol solutions and then rinsed in distilled water. The 
tissue sections were then treated with primary antibodies 
(Supplemental material 1) at 4°C overnight following anti-
gen retrieval and blocking. After incubation with secondary 
biotinylated goat anti-rabbit or anti-mouse immunoglobulin, 
immunodetection was conducted with a streptavidin–perox-
idase conjugate (Auragene, Changsha, Hunan, China), fol-
lowed by visualization with the 3,3ʹ-diaminobenzidine 
solution and counterstaining with hematoxylin. A negative 
control was produced by replacing the primary antibody 
with a phosphate buffer solution, and a positive control 
was generated using human testis tissues according to 
a previous report.14

Evaluation of Immunohistochemistry
Semiquantitative Analysis
Immunohistochemical results were evaluated as we have 
previously documented.24 Briefly, using a light micro-
scope, immunostained tissue sections were independently 
scored by two experienced neuropathologists who were 
blinded to patient data and had profound expertise in 
neuro-oncology. All discrepancies were resolved by con-
sensus. Brown cytoplasmic or nuclear staining of tumor 
cells was recorded as positive for protein 53 (p53) and 
CD34 expression. Tissue sections were first scanned at 
low power, and five high-power fields were then ran-
domly selected, with at least 1000 cells counted for 
each field. After this, the staining intensity of tumor 
cells in tissue sections was graded by neuropathologists 
as 0 (negative), 1 (weak), 2 (moderate), and 3 (strong) 
according to a previously described method.19,25 The 
staining percentage was counted as the ratio of positively 

Table 1 (Continued). 

Factors Categories Number 
of 

Patients

CD68+ Cells Density CD163+ Cells Density CD163/CD68 Ratio

Mean Level P-value Mean Level P-value Mean Level P-value

Tumoral CD34 

expression

Low (≤ cutoffa) 77 551.4 ± 202.0 0.704 239.4 ± 90.5 0.004 0.48 ± 0.19 0.036

High (> cutoffa) 55 574.0 ± 205.9 291.7 ± 108.2 0.56 ± 0.19

Tumoral Ki-67 

expression

Low 88 522.4 ± 195.6 0.090 242.8 ± 94.1 0.005 0.50 ± 0.18 0.156

High 44 585.5 ± 208.0 297.9 ± 106.0 0.55 ± 0.22

Notes: Bold values indicate P < 0.05; ABC, aneurysmal bone cyst; p53, protein 53; TAMs, tumor-associated macrophages; aCutoff points were obtained by the 
“surv_cutpoint” function in the “survminer” package of R software. Cutoff points for patient age, duration of symptoms, tumor size, tumoral p53 expression, and tumoral 
CD34 expression in the survival analysis of OS were 38, 16, 2.0, 194, and 115 respectively.
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stained cells to the total number of cells assessed. For 
each case, the staining intensity (0–3) and staining per-
centage (0–100%) scores were multiplied to generate the 
final data. Noticeably, the Ki-67-staining index score was 
determined as the percentage of cells with nuclear stain-
ing, and these data were separated into low (< 10%) or 
high (≥ 10%) Ki-67 expression as previously 
suggested.26

Automated Image Analysis
Automated quantitative analysis of CD68+ and CD163+ cells 
was performed as previously described.19,27 Briefly, sections 
were viewed in regions where TAM was focally rich using 
Nikon’s inverted Eclipse Ti microscope, and images represen-
tative of regions of interest were taken by a Nikon DS-Ri 
1-U3 digital camera (Tokyo, Japan) with NIS-Elements image 
analysis software AR 3.0. The number of TAMs was then 
counted in 5 areas (20x) using a computer-assisted image 
analysis method (Image-Pro Plus 6.0, Media Cybernetics 
Inc., Rockville, Maryland). Finally, measurements were deter-
mined as the mean number of positively stained cells per 
tissue surface unit in square millimeters (mm2).

Statistical Analysis
All statistical analyses were performed using SPSS 17.0 
(IBM Inc., Armonk, New York). Categorical data are 
presented as frequencies and were analyzed by the chi- 
square test. Quantitative data are presented as the mean ± 
standard deviation and were analyzed by Student’s t-test 
or one-way ANOVA. The “surv_cutpoint” function in the 
“survminer” package of R software (version 3.6.2, 
R Foundation for Statistical Computing, Vienna, 
Austria) was used to determine cutoff values for contin-
uous variables in survival analysis, with OS as the out-
come parameter  (Supplemental  material  2  and 
Supplemental material 3).28 Patients were divided into 
two subgroups (≤ cutoff or > cutoff) according to these 
cutoff points. Specifically, this threshold value was 
defined as the point with the lowest P value from the 
Log rank test, which was corrected accordingly.29 

Univariate analysis using the Kaplan–Meier method was 
applied to analyze the survival difference between 
groups. Multivariate Cox proportional hazard models 
were used to identify independent predictors for LRFS 
and OS after controlling for other covariates that were 
significant in univariate analysis. All tests were two- 
sided, and a P ≤ 0.05 was considered statistically 
significant.

Results
Patient and Tumor Characteristics
A total of 132 patients with CB were included in this study. 
Among them, 61 patients had ACB, and 71 patients had 
EACB (Figure 1). Sixty-five patients underwent EA resec-
tion, and 67 patients underwent EI resection. The average 
values for age, duration of symptoms and tumor size are 29.2 
± 13.4 years, 8.3 ± 7.4 months, and 3.9 ± 1.8 cm, respec-
tively. Thirty-four patients received adjuvant photon radio-
therapy after surgery. The average dose was 39.6 Gy/22 F, 
and the number of radiations ranged from 5 to 20. The mean 
levels of CD68+ and CD163+ cells and the CD163/CD68 
ratio were 543.4 ± 201.2 (cells/mm2), 261.2 ± 101.2 (cells/ 
mm2) and 0.51 ± 0.19, respectively. Similarly, the average 
immunostaining scores for p53, CD34 and Ki-67 in tumor 
tissues were 165.2 ± 48.5, 144.1 ± 62.9, and 10.1 ± 11.2, 
respectively. The mean follow-up time was 76.0 months. The 
median LRFS was 192.0 months, and the 1-, 3- and 5-year 
LRFS rates were 86%, 78%, and 75%, respectively. The 
median OS was 180.0 months, and the OS rates at 3 years, 
5 years, and 10 years were 90%, 84%, and 70%, respectively. 
Based on the cutoff values obtained by R software, we 
divided TAM data as well as p53 and CD34 data into two 
groups (low or high expression) for subsequent survival 
analysis. Representative images of TAMs and immunohisto-
chemical markers are shown in Figure 2.

Figure 1 Distribution of the tumor site for 132 chondroblastoma patients.
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Association Between TAM Levels and 
Clinicopathological Features
The results of the association between TAM parameters 
and patient features are shown in Table 1. We found 
that the number of macrophages was significantly 
higher in ACB tissue than in EACB tissue. The density 
of CD163+ TAMs was positively correlated with tumor 
invasion of surrounding tissues and high Ki-67 and 
CD34 expression on tumor cells. In contrast, CD163+ 
cell density and the CD163/CD68 ratio were negatively 
associated with the patient response to radiotherapy 
(Figure 3).

Influence of TAM on Survival of CB 
Patients
LRFS
Univariate Kaplan-Meier analysis showed that the number 
of CD68+ and CD163+ lymphocytes significantly affected 
patient survival (Table 2 and Figure 4). In addition, our 
analysis also revealed that type of resection, presence of 
surrounding tissue invasion by tumors and adjuvant radio-
therapy were significantly associated with LRFS (Table 2). 
A multivariate Cox regression model showed that the resec-
tion modality and microenvironmental CD163+ and CD68+ 
cell levels could independently predict LRFS (Figure 5).

Figure 2 Representative images of tumor-associated macrophages parameters and immunohistochemical markers in chondroblastoma tissues.
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OS
Univariate Kaplan-Meier analysis showed that CD68+ and 
CD163+ cell counts and the CD163/CD68 ratio significantly 
influenced OS (Table 3 and Figure 6). Moreover, our results 
also indicated that type of surgery, presence of tumor infil-
tration into surrounding tissues, adjuvant radiotherapy, and 
postoperative neurological status were closely related to 
survival (Table 3). Further, multivariate Cox regression ana-
lysis identified TAM data and modality of tumor resection as 
independent predictors of patient OS (Figure 7).

Subgroup Analysis for the Prognostic 
Performance of TAMs Stratified by 
Significant Clinical Predictors in 
Univariate Analysis
Subgroup analysis based on tumor location revealed that 
the number of CD163+ TAMs was significantly associated 
with LRFS and OS in ACB patients (Supplemental mate 
rial 4). In the EACB group, however, the results showed 
that TAM parameters significantly affected patient out-
comes (Supplemental material 5).

Similarly, in patients who did not receive radiother-
apy, we found that the number of CD163+ and CD68+ 
cells was associated with LRFS, while CD163+ and 
CD68+ cell densities as well as the CD163/CD68 ratio 
were correlated with OS (Supplemental material 6). In 
contrast, regarding patients who had ineffective adjuvant 
radiotherapy, this analysis showed that CD68+ cell den-
sity significantly affected OS (Supplemental material 7). 
However, due to the small sample size (n = 8), subgroup 

analysis was not performed in patients with good 
response to radiotherapy.

In patients without surrounding tissue invasion of 
tumors, we found that the level of CD68+ cells and 
the CD163/CD68 ratio was associated with OS 
(Supplemental material 8). However, for patients 
whose tumors invaded into surrounding tissues, our 
results revealed that CD68+ and CD163+ cell densities 
were closely related to patient survival (Supplemental 
material 9).

Discussion
In this study, we analyzed the TAM profile in the CB 
microenvironment and their association with the clinico-
pathological characteristics and survival of patients. We 
found that TAM parameters had a significant positive 
correlation with preoperative neurological deficits, sur-
rounding tissue infiltration by tumors and high expression 
levels of Ki-67 and CD34 on tumor cells. Moreover, our 
results revealed a significant increase in TAM density for 
tumors located in the axial skeleton and among patients 
who received ineffective radiotherapy. More importantly, 
a multivariate Cox analysis identified CD68+ and CD163+ 
cell levels as independent predictors of LRFS, while 
CD163+ cell density and the CD163/CD68 ratio indepen-
dently affected OS. These data suggest that TAMs may 
significantly influence the biological behavior of CB. We 
hypothesize that modulating TAM densities or polarization 
status in the microenvironment may open up a new oppor-
tunity for CB therapy.

Figure 3 The relationship between tumor-associated macrophages parameters and response to radiotherapy in patients with chondroblastoma.
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Table 2 Univariate Analysis of the Prognostic Factors of Local Recurrence-Free Survival in Patients with Chondroblastoma

Factors Categories Number of Patients Univariate Analysis

χ2 P-value

Age (years) Young (≤ cutoffa) 105 2.366 0.124b

Old (> cutoffa) 27

Gender Female 46 3.555 0.059

Male 86

Duration of symptoms (months) Short (≤ cutoffa) 118 0.483 0.487b

Long (> cutoffa) 14

Tumor size (in diameter, cm) Small (≤ cutoffa) 28 0.204 0.652b

Large (> cutoffa) 104

Type of resection EA 65 16.492 < 0.001

EI 67

Surrounding tissue invasion No 65 12.131 < 0.001

Yes 67

Adjuvant radiotherapy No 98 12.977 0.002

Ineffective 26

Effective 8

Preoperative neurological dysfunction No 97 0.456 0.499

Yes 35

Postoperative neurological dysfunction No 53 2.860 0.091

Yes 79

Secondary ABC No 74 1.073 0.300

Yes 58

Chicken-wire calcification No 63 1.209 0.272

Yes 69

Tumor location Axial 61 3.388 0.066

Extra-axial 71

Tumoral p53 expression Low (≤ cutoffa) 101 0.594 0.441b

High (> cutoffa) 31

CD163+ cells density Low (≤ cutoffa) 103 24.834 < 0.001b

High (> cutoffa) 29

CD68+ cells density Low (≤ cutoffa) 91 14.683 < 0.001b

High (> cutoffa) 41

CD163/CD68 ratio Low (≤ cutoffa) 22 2.286 0.131b

High (> cutoffa) 110

(Continued)
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Due to the different forms of activation and 
polarization,30 the prognostic value of TAMs in several 
cancer types is still controversial. However, a large body 
of evidence suggests that the levels of TAM could inde-
pendently predict poor patient survival in various human 
malignancies.31 In line with these findings, our study 
showed that the number of CD68- and CD163-positive 
cells as well as the CD163/CD68 ratio were significantly 
associated with poor LRFS and/or OS of CB patients. 

Additionally, this study also found that TAM density was 
positively correlated with preoperative neurological dys-
function, tumor invasion into surrounding tissues, and 
a high Ki-67 index in tumor cells (the large variation in 
our Ki-67 data possibly indicates a different biological 
behavior between tumors), consistent with previous 
reports indicating that high TAM levels were associated 
with an aggressive phenotype of many cancers.32,33 

Moreover, recent results from preclinical studies and 

Figure 4 Kaplan–Meier curves of local recurrence-free survival of chondroblastoma patients stratified by CD68+ cell density and CD163+ cell density.

Table 2 (Continued). 

Factors Categories Number of Patients Univariate Analysis

χ2 P-value

Tumoral CD34 expression Low (≤ cutoffa) 77 3.333 0.068b

High (> cutoffa) 55

Tumoral Ki-67 expression Low 88 1.661 0.197

High 44

Notes: Bold values indicate P < 0.05; ABC, aneurysmal bone cyst; p53, protein 53; aCutoff points were obtained by the “surv_cutpoint” function in the “survminer” package 
of R software; Cutoff points for patient age, duration of symptoms, tumor size, tumoral p53 expression, tumoral CD34 expression, CD163+ cells density, CD68+ cells 
density, and CD163/CD68 ratio in the survival analysis of OS were 38, 16, 2.0, 194, 115, 392, 698, and 0.3, respectively. bP value from the Log rank test was corrected as 
previously suggested.
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clinical trials suggest that cancer patients may benefit from 
the use of drugs targeting the TAM.33 These data strongly 
imply that TAMs may influence CB development.

Currently, the specific mechanism underlying TAM 
affecting the clinical outcome of CB patients remains 
unknown. Previous studies have shown that TAMs may 
promote tumor initiation through the induction of angio-
genesis and thus exert an effect on prognosis.33,34 

Supporting this idea, we found that CD163+ cell density 
significantly correlated with CD34 expression in tumor 
tissues. These results suggest that TAMs may affect patient 
outcome in part by inducing CD34 expression in CB 
tissues. Moreover, it should be noted that CD163+ cell 
levels and/or the CD163/CD68 ratio were significantly 
associated with an aggressive CB phenotype and patient 
survival. It is well known that CD163 and CD163/CD68 
ratios are commonly used to assess the degree of M2-type 
polarization of macrophages.35 Prior data found that the 
PI3Kγ/NF-κB pathway could regulate the polarization sta-
tus of TAMs in cancer tissues.36 Further, it has been 
demonstrated that RANKL (as the ligand of NF-κB) 
expression is linked to CB progression.37 These data sug-
gest the possibility that TAMs may influence CB outcome 
by regulating macrophage polarization status through the 
PI3Kγ/RANKL/NF-κB signaling pathway. To corroborate 
this speculation, our future studies will analyze the expres-
sion levels of RANKL and key proteins in PI3Kγ path-
ways and their association with TAM parameters. In 
addition, recent reports have indicated that CD47 is highly 
expressed in many sarcoma tissues,38 and SIRPα on TAMs 
can mediate immune escape by binding to CD47 to pro-
mote tumor development.39,40 Whether TAMs affect tumor 

progression through similar mechanisms deserves further 
exploration in CB.

Another major finding of this study was that the num-
ber of CD163+ macrophages and the CD163/CD68 ratio 
had a significantly negative association with the effective-
ness of radiotherapy in CB patients. Further subgroup 
analysis showed that tumors with high TAM levels por-
tended the worst survival for patients who were not treated 
with adjuvant radiotherapy. In agreement with this finding, 
it has been reported that TAMs (especially CD163+ 
macrophages) can increase the resistance of tumor cells 
to radiotherapy.41,42 In addition, studies have found that 
TAM parameters are correlated with the effectiveness of 
radiotherapy in patients with colon and head and neck 
cancers.43–45 Apart from this, researchers have proven 
that a high CD163+ cell count could predict poor response 
to radiotherapy and affect cause-specific survival in 
patients with cervical cancer.43 Altogether, these data indi-
cate that TAMs may influence patient outcomes by 
increasing the resistance of CB cells to radiotherapy.

Interestingly, we also found that TAM parameters 
(including the number of CD68+ and CD163+ cells as 
well as the CD163/CD68 ratio) were significantly higher 
in ACB tissues than in EACB tissues. Furthermore, this 
analysis revealed that ACB harbored higher tumoral Ki-67 
expression and an increased risk of surrounding tissue 
infiltration by tumors than EACB. This was also the case 
for patient age, tumor size, and postoperative neurological 
status in ACB compared to EACB, whereas other vari-
ables, including the type of surgical resection, were not 
significantly different between the two groups. Further 
subgroup analysis showed that prognostic factors were 
not consistent between ACB and EACB (data not 

Figure 5 Multivariate Cox proportional hazard analyses of prognostic factors for local recurrence-free survival in patients with chondroblastoma. The results showed that 
type of surgery, densities of CD163+ and CD68+ cells were significant predictors of patients’ local recurrence-free survival (bold values used in the Figure indicate P < 0.05). 
Patients with Enneking inappropriate tumor resection and high number of CD163+ and CD68+ cells had a 4.124-, 2.929- and 2.236-times higher risk of chondroblastoma 
recurrence after surgery than their counterparts, respectively.
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Table 3 Univariate Analysis of the Prognostic Factors of Overall Survival in Patients with Chondroblastoma

Factors Categories Number of Patients Univariate Analysis

χ2 P-value

Age (years) Young (≤ cutoffa) 105 2.707 0.100b

Old (> cutoffa) 27

Gender Female 46 3.281 0.070

Male 86

Duration of symptoms (months) Short (≤ cutoffa) 118 1.071 0.313b

Long (> cutoffa) 14

Tumor size (in diameter, cm) Small (≤ cutoffa) 28 3.102 0.078b

Large (> cutoffa) 104

Type of resection EA 65 9.855 0.002

EI 67

Surrounding tissue invasion No 65 7.554 0.006

Yes 67

Adjuvant radiotherapy No 98 9.865 0.007

Ineffective 26

Effective 8

Preoperative neurological dysfunction No 97 0.397 0.529

Yes 35

Postoperative neurological dysfunction No 53 8.002 0.005

Yes 79

Secondary ABC No 74 0.119 0.730

Yes 58

Chicken-wire calcification No 63 0.556 0.456

Yes 69

Tumor location Axial 61 0.018 0.893

Extra-axial 71

Tumoral p53 expression Low (≤ cutoffa) 101 2.195 0.138b

High (> cutoffa) 31

CD68+ cells density Low (≤ cutoffa) 91 15.310 < 0.001b

High (> cutoffa) 41

CD163+ cells density Low (≤ cutoffa) 103 13.614 < 0.001b

High (> cutoffa) 29

CD163/CD68 ratio Low (≤ cutoffa) 22 7.267 0.007b

High (> cutoffa) 110

(Continued)
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shown). Taken together, these results suggest that ACB 
displays more aggressive behavior than EACB, similar to 
preceding observations showing that ACB progresses 
more rapidly and that patients are more likely to experi-
ence disease recurrence after surgery.3,46,47 One possible 
explanation could be that TAMs in the microenvironment 
induce an aggressive phenotype for ACB through the 
production of various factors or proteases,48 thereby lead-
ing to poor patient survival. This information may be 
useful in improving prognostic risk stratification and guid-
ing treatment optimization for patients.

Limitations
Our study had a retrospective design. Further prospective 
studies with a large sample size are still needed to confirm 
our findings. Additionally, this study is exploratory in 
nature. Future studies are required to uncover the precise 

molecular mechanisms of how TAM affects the clinical 
outcome of CB patients. For example, whether TAM 
influences CB progression via PI3Kγ/RANKL/NF-κB or 
SIRPα/CD47 signaling pathways deserves further explora-
tion. Further studies involving TAM quantification and 
transcriptome sequencing using pre- and postradiotherapy 
CB tissue samples are also needed to help confirm the 
exact molecular mechanisms by which TAMs promote 
resistance to radiotherapy. Nevertheless, despite lack of 
experimental data, our findings may still provide useful 
information for prognostic risk stratification and therapeu-
tic optimization of patients.

Conclusion
Our data suggest that TAM may significantly affect the 
biological behavior of CB. We hypothesize that modulat-
ing the TAM level or polarization status in the 

Table 3 (Continued). 

Factors Categories Number of Patients Univariate Analysis

χ2 P-value

Tumoral CD34 expression Low (≤ cutoffa) 77 1.705 0.192b

High (> cutoffa) 55

Tumoral Ki-67 expression Low 88 0.582 0.445

High 44

Notes: Bold values indicate P < 0.05; ABC, aneurysmal bone cyst; p53, protein 53; aCutoff points were obtained by the “surv_cutpoint” function in the “survminer” package of 
R software; Cutoff points for patient age, duration of symptoms, tumor size, tumoral p53 expression, tumoral CD34 expression, CD163+ cells density, CD68+ cells density, 
and CD163/CD68 ratio in the survival analysis of OS were 38, 16, 2.0, 194, 115, 392, 698, and 0.3, respectively. bP value from the Log rank test was corrected as previously 
suggested.

Figure 6 Kaplan–Meier curves of overall survival of chondroblastoma patients stratified by CD68+ cell density, CD163+ cell density and CD163/CD68 ratio.
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microenvironment may be an effective therapeutic 
approach for patients.
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