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ABSTRACT 

The French phase 3 trial (OS 2006) testing zoledronic acid, an osteoclast inhibitor, with chemotherapy 

and surgery did not improve the outcome of patients with osteosarcoma. To understand this 

unexpected result, the presence of infiltrating immune cells was investigated in 124 pre-therapeutic 

biopsies of patients enrolled in the trial. The percentage of CD68/CD163 tumor-infiltrating 

macrophages (TAMs), CD8 lymphocytes, osteoclasts, and the PD1/PDL-1 checkpoint were assessed 

by immunohistochemistry. M1/M2 macrophage polarization was characterized by pSTAT1/CMAF 

staining. The expression of these biomarkers was correlated with clinical outcome. No statistical 
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correlations were found with response to chemotherapy. High CD163 levels (>50% of cells per core; 

43.8% of patients) were associated with CMAF nuclear expression and significantly correlated with 

better overall survival (p = 0.0025) and longer metastasis progression-free survival (MPFS, p = 

0.0315) independently of metastatic status (p = 0.002). Only a trend was observed for patients with 

high CD68-positive cells (p = 0.0582). CD8 staining was positive in >50% of cases with a median 

staining of 1%. Lower CD8 levels were associated with metastatic disease at diagnosis and the 

presence of CD8-positive cells significantly correlated with improved overall survival in zoledronate-

treated patients (p = 0.0415). PD1/PDL-1 staining was negative in >80% of cases and was not 

correlated to outcome. Finally, CD163-positive TAMs and CD8 positive cells are crucial prognostic 

biomarkers in osteosarcoma, whereas PD1/PDL-1 checkpoint plays a minor role. For the first time, 

we described a correlation between CD8 positive cells and survival in zoledronate-treated patients. 

The immunohistochemical analysis of the microenvironment in biopsies may represent a novel tool 

for therapeutic stratification. 
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INTRODUCTION 

Osteosarcoma (OS) is the most frequent primary bone malignancy with an annual incidence 

of around 3 cases per million in Europe, which is higher in adolescents (0.8-1.1/100,000/year for ages 

15--19)
1
. The survival rates for OS patients increased dramatically with the introduction of 

chemotherapy but have since reached a plateau. Treatment consists of neoadjuvant chemotherapy 

followed by surgical resection and adjuvant chemotherapy
2
. Today, 5-year overall survival rates for 

patients with localized disease are up to 70--75%, but this drops to 20--30% for those with metastatic 

disease
3
. 

Whole genome sequencing of high-grade OS has confirmed that these cancers demonstrate 

significant chromosomal instability with high levels of somatic structural variations and copy number 

alterations
4,5

. In addition, cancers with higher mutational loads and tumor-specific neoantigens have 

been associated with a higher level of immune infiltration
6
. To date, the search for common molecular 

therapeutic targets in OS has been disappointing. Several pathways have been targeted in clinical 

trials with varying results but ultimately no significant improved outcome (for review see 
7
). 

The OS bone microenvironment is heterogeneous and consists of osteoclasts, osteoblasts and 

hematopoietic cells from which monocytes/macrophages derive. All of these cells release multiple 

growth factors and cytokines with contrasting effects that are not well documented in the context of 

OS. However it is widely thought that this microenvironment plays an important role in tumor 

development. Indeed, intratumoral accumulation of Forkhead box P3 (FOXP3
+
) regulatory T-cells has 

been shown as a major immune escape mechanism of many tumors. In osteosarcomas, the ratio of 

intratumoral CD8
+
 T-cells to FOXP3

+
 cells in pretreatment biopsies was able to separate OS patients 

with prolonged survival from non-survivors
8
. A recent study reported that the immune infiltrate in OS 

is mainly composed of tumor-associated macrophages (TAMs), but with a significant number of 

dendritic cells (DC), T lymphocytes and myeloid cells (MC)
9
. As for most other tumors, tumor 

infiltration by antigen presenting cells (APCs) including CD1a DCs and CD68 macrophages has been 

correlated with poorer prognosis, and tumor PDL-1 expression has been associated with a poorer 5-
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year event-free survival (EFS)
10

 .However, other studies have also associated TAMs with reduced 

metastasis and improved survival in high-grade OS
11,12

. 

Zoledronic acid (ZA) is a bisphosphonate that exerts a direct antiproliferative effect on OS 

cell lines, reduces primary tumor growth, suppresses lung metastases, and prolongs survival in 

preclinical studies
13,14

. Thus, ZA was tested in combination with chemotherapy and surgery for OS 

patients in France in a randomized phase 3 study (OS2006). The trial was stopped for futility since, 

unexpectedly, the risk of treatment failure was not reduced and was even marginally higher in ZA-

treated (Z+) compared to ZA non-treated (Z-) patients, with the results shown to be stable from 

sensitivity analyses and fairly homogeneous across the randomization strata
15

. Here we try to explain 

this lack of effects through the immunohistochemical analysis of the OS-infiltrating immune cells (T 

lymphocytes, macrophages) in 124 biopsies of patients enrolled in the OS2006 trial. To characterize 

the macrophage polarization in situ, we stained for the transcription factor pSTAT1 (to indicate T 

helper 1 responses and M1 polarization) and CMAF (for T helper 2 responses and M2 polarization)
16

. 

Our data provide important findings on the OS tumor microenvironment and show that CD163-

positive M2-polarized macrophages and CD8-positive lymphocytes are strong biomarkers for the 

therapeutic stratification of OS patients at diagnosis. 

MATERIALS AND METHODS 

Patient and tumor characteristics 

Biological samples have been collected prospectively in parallel with the therapeutic protocol 

approved for the OS2006 trial. A specific informed consent for blood and tumor samples was 

obtained from patients or their parents or guardians if patients were under 18 years of age upon 

enrolment. As part of the study, tissue microarrays (TMA) were prepared from the diagnostic biopsies 

of 124 patients from the 522 patients assessed for eligibility in the trial, and TMA analyses (triplicate 

sampling of 1mm) were performed at two sites (Marseille, CB; Toulouse, AGB). For all cases, the 

TMA cores have been selected in the most cellular areas and for each case the mean of the 
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percentages in the three core samples was performed. A double-blind examination by two 

pathologists’ experts in bone sarcoma was carried out. 

Three hundred and eighteen patients of the 522 patients assessed for eligibility, were enrolled 

in the trial. Only 124 biopsies from Lille, Marseille, Nantes, Nancy, Paris (Cochin, Curie and Gustave 

Roussy institutes), Toulouse and Strasbourg were available and interpretable by 

immunohistochemistry. In the other 398 cases, analysis was either not possible (due to microbiopsies, 

low cellularity, necrosis) or were unavailable, in spite of several requests with the concerned centers. 

All OS samples were reviewed and reclassified by the accredited pathologists (CB, SA, JMG, BM, 

FL, GdP, AGB) of the GFPO (French Group of Bone Pathologists), according to the WHO 2013 

classification. 

The TMAs of the patient samples were then stored at the certified NF 96--900 cancer biobank 

of Toulouse (BB-0033-00014) where the immunohistochemistry study was conducted. According to 

the French law, the biobank cancer collection was declared to the Ministry of High Education and 

Research (DC-2008-463) and a transfer agreement was obtained (AC-2013-1955) after approbation 

by ethical committees. All patient records and information were anonymized and de-identified prior to 

analysis. 

The demographic, clinical and histological data of the 124 patients compared to the eligible 

patients population are summarized in Table 1. They all had biopsies for diagnosis followed by pre-

operative chemotherapy, then surgery of the primary tumor and post-operative chemotherapy adapted 

to risk factors, as described in the OS2006 protocol
15

. There were more chondroblastic samples in our 

study than in the excluded OS2006 population, and more patients treated with the MTX-based 

chemotherapy. Forty-four (35.5%) of these 124 patients were also randomly selected to receive ZA 

(Z+) and the other 80 received only chemotherapy (Z-). No statistical difference was shown between 

the two groups of patients (Z+ vs Z-) for all clinical parameters. 
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Immunohistochemistry 

Immunostainings were performed with antibodies directed against CD68, CD163, CMAF, 

pSTAT1, CD8 and PD1, using a DISCOVERY ULTRA automate (Ventana Medical Systems, 

Innovation Park Drive Tucson, Arizona 85755 USA, ROCHE) and against PDL-1 on the Autostainer 

link 48 from DAKO (Agilent USA, Denmark). 

The steaming and deparaffinization steps programmed into the DISCOVERY ULTRA consist 

of heating the slides at 60°C for 8 minutes, followed by the application of a ready-to-use Tris acid 

solution (EZprep solution, Ventana) (three washes for 8 min) at 69°C. For CD68 staining, sections 

were pre-treated with protease 1 (Ventana) for 4 minutes at 37°C and for the other markers (CD163, 

CD8, PD1, CMAF and pSTAT1), sections were pre-treated with the specific CC1 solution (Tris-

EDTA pH 8-8.5, Ventana) for 64, 32, 64, 16, 32 and 40 minutes, respectively. Endogenous peroxidase 

activity was blocked using the CM inhibitor for 32 minutes at 37°C (Ventana). The primary ready-to 

use CD68 (PREKIT 168), CD163 (MRQ-26), CD8 (clone SP57) and PD1 (NAT105) antibodies were 

incubated respectively for 20 minutes at 36°C, 32 minutes at 36°C, 20 minutes at 36°C and 16 

minutes at 36°C. The primary pSTAT1 (sc-7988R) and CMAF (sc-7866) antibodies were both used at 

1:25 dilutions and sections were incubated for 1 hour at 37°C. Staining was performed with the 

Ventana kit (secondary antibody associated with HRP for 16 minutes at 37°C). Sections were revealed 

by incubation in a diaminobenzidine and H2O2 solution for 7 minutes at room temperature. Then, 

slides were stained with hematoxylin (Ventana), for 8 minutes followed by post-coloration by the 

Bluing reagent for 4 minutes at room temperature. Slides were then rinsed with water, dehydrated 

(ethanol and xylene) and mounted. 

For PDL-1 staining, preparations were dried for 1 hour at 58°C, then overnight at 37°C. 

Sections were deparaffinized with toluene and rehydrated in ethanol. They were then pre-treated with 

the high pH target retrieval solution (DAKO, EnVision Flex, Denmark), and a heat-based antigen 

retrieval method was used before incubation. Endogenous peroxidase activity was blocked using a 3% 

H2O2 incubation for 5 minutes. Primary antibodies were used at a 1:500 dilution (Clinisciences, 
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Nanterre, France; clone E1L3N) for 20 minutes at 37°C. Stainings were performed with the Envision 

kit (DAKO, Carpinteria, CA, USA). Sections were revealed by incubation in a diaminobenzidine 

solution for 10 minutes then staining with hematoxylin for 5 minutes. 

Immunoreactivity was considered positive if detected in >1% of cells per core of 1mm, 

irrespective of staining intensity. Anti-CD68 and -CD163 were used to identify macrophages in tissue 

sections. Their staining was considered “high” when >50% positive cells per core were present. The 

macrophage polarization was determined in situ by pSTAT1 and CMAF staining respectively for the 

characterization of M1 and M2 subpopulations. Osteoclastic cells (also known as giant cells) were 

evaluated independently as giant multinucleated cells by CD68 staining. The presence of CD8 

(lymphocyte) checkpoint markers was analyzed with PD1 and PDL-1 antibodies. Tonsils and 

lymphoid nodes were used as positive controls for the CD8, PD1 and PDL-1 antibodies, giant cell 

tumors for the CD68 and CD163 antibodies, and lymphoma samples were used for pSTAT1 and 

CMAF antibodies. 

Statistical analysis 

Data are summarized as the frequency and percentage for categorical variables and the 

median and range for continuous variables. Correlations between quantitative data were assessed 

using the Spearman’s rank correlation coefficient. Links with diagnosis status or histological response 

were assessed with the Fisher’s test for categorical covariates and the Mann-Whitney U test for 

quantitative covariates. 

Overall Survival was defined as the time from inclusion to death from any cause (event) or 

the last follow-up (censored data). Metastatic progression-free survival (MPFS) was defined as the 

time from inclusion to metastatic progression or death (event) or the last follow-up (censored data). 

Patients who locally relapsed as their first event were considered to be censored data, in order to avoid 

the bias related to the quality of the surgical resection margins. All survival rates were estimated by 

the Kaplan-Meier method with 95% confidence intervals (CI). Univariate analyses were performed 
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using the log-rank test. Multivariate analysis with a backward selection was performed using the Cox 

proportional hazard model. Only covariates evaluable at the date of inclusion with p-values <0.10 

from univariate analyses were included in the model. 

Two-sided p-values <0.05 were considered statistically significant. All statistical analyses 

were performed using STATA 12.0 software. 

RESULTS 

Immunohistochemical analyses 

Patient biopsies were subjected to IHC biomarker analysis. The percentage of cells stained for 

all the markers studied are summarized in Table 2. Among patients for whom CD163 and CD68 

stainings were available, 42/96 (43.8%) and 26/111 (23.4%) had staining greater than 50% per core 

respectively (Table 2A and Figure 1A and B). To better define macrophage polarization between the 

M1 and M2 subtypes, the expression of pSTAT1 and CMAF was also tested, showing that high level 

of CD163 staining was associated with a high level of CMAF nuclear expression but not related to 

high pSTAT1 expression (Figure 1C and D). 

Forty-three OS samples (38.7%) contained osteoclastic cells. CD8 staining was positive in 

58/109 (53.2%) cases but with a low median (1%). PD1 and PDL-1 staining had comparable results, 

with medians of 0 and no staining in more than 80% of cases (Table 2A and Figure 1E, F, G). Eighty-

seven of 124 patients presented a double CD163/CD8 staining (70%). Among them, high CD163 > 

50% and CD8 > 1% staining was observed in 25 cases (28.7%) (Data not shown). 

Statistical analyses 

Correlation between biological markers 

Correlations between biomarker stainings are presented in table 2B. All biomarkers were 

correlated together. CD68 and CD163 were highly correlated (CD68/CD163: ρ = 0.76, p<0.0001), as 

CD8 and CD163 (CD8/CD163: ρ = 0.357, p<0.001). Only CD68 staining was correlated with the 
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presence of osteoclastic cells (median 15 versus 30, for absence vs presence of osteoclastic cells; p = 

0.0141) (data not shown). 

Biomarkers and clinical parameters associated with diagnosis and histological response 

Among the biomarkers tested, only CD8 was associated with the presence of metastases at 

diagnosis (Table 3). Patients with metastases presented a lower CD8 expression (median: 0; range: 0--

5) compared to patients with localized disease (median: 1, 0--60; p = 0.0422). The combination of 

high CD163/CD8 staining was not correlated to the presence of metastases at diagnosis whatever the 

group of patients (Z+ or Z-). No statistical correlation was found between immunohistochemical 

parameters and response to chemotherapy (data not shown). 

Clinical parameters and biomarkers associated with survival in global population 

Univariate and multivariate analysis results are presented in table 4. After a median follow-up 

of 64 months, forty patients (32.3%) had died. The 5-year overall survival rate was estimated at 

71.2% (95%CI [61.5; 78.8]). Apart from clinical features (chondroblastic OS, metastatic disease and 

poor response to chemotherapy), a high (>50%) level of CD163-positive cells in biopsies was 

significantly correlated with a higher overall survival rate in univariate analysis (p = 0.0025, Figure 

2). A trend for a higher survival was also observed for patients with >50% CD68-positive cells (p = 

0.0582; Figure 2). Multivariate analysis showed that a high level of CD163 staining was the only 

significant prognostic factor in addition to the presence of metastases at diagnosis (p = 0.0025; Table 

4). 

Metastatic progression-free survival 

Post-treatment events occurred in 37.1% of patients (46/124) and the five-year metastatic 

progression-free survival (MPFS) rate was estimated to be 61.23% (95%CI [51.58; 69.53]). 

Univariate analysis showed that high level of CD163 staining correlated with better MPFS (p = 

0.0315) as metastasis at diagnosis and chondroblastic subtype (Table 4; Figure 2). After backward 

selection, only CD163 remains statistically associated with MPFS (p = 0.019) (table 4). 
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Correlations between ZA treatment, immunostaining analysis and patient survival 

In the group of patients who did not received ZA (Z-), CD163 staining was correlated with 

overall survival (p = 0.0079), whereas in the group of patients treated with ZA, there was no statistical 

correlation between CD163 staining and survival (p = 0.1294; Table 5). On the contrary, the presence 

of CD8 significantly correlated with a better overall survival in the group of patients treated with ZA 

(p = 0.0415; Table 5 and Figure 3). However, no significant correlation was found between high 

levels of the CD163/CD8 double staining and overall survival whatever the group of patients (ZA+ or 

ZA-) (data not shown). No correlation were found between any marker staining and MPFS (Table 5). 

Effect of ZA on macrophages/lymphocytes population in resection specimens 

We planed to analyze CD163 and CD68 staining in resection specimens, comparing ZA 

treated versus ZA untreated patients. The usable resection specimens only correspond to poor 

responders, with a variable proportion of viable cells ranging from 10 to 100% according to the 

grading of Huvos and Rosen
2
. The CD163 and CD68 staining assessed in 8 cases of poor responder 

patients confirmed the high heterogeneity between tumors and within the same tumor (Figures 4 and 

5), but did not allow us to conclude on the effect of ZA on macrophage populations. 

Discussion 

Over the past two decades the evolution of systemic treatment for OS has been disappointing 

and survival has not improved despite several clinical trials conducted worldwide
16,17

. Although the 

recent OS2006 clinical trial also failed to provide a new treatment option (i.e. ZA added to 

chemotherapy), analyses of biopsies prospectively collected from the patients included in this trial are 

of main value in such a rare tumor, and emphasize the need of combined biological studies from the 

initial design of the clinical trial. 

The Immunohistochemistry analyses were performed on a cohort of 124 biopsies over the 522 

eligible patients in the trial. The analyzed cohort and the excluded population differ significatively in 

two points : the proportion of patients with a chondroblastic subtype and the proportion of patients 
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treated with a MTX-based chemotherapy were higher in the analyzed population as compared to the 

excluded cohort. However, both parameters could not explain the significant results obtained on the 

positive correlation between a high CD163 staining and overall survival or metastase-free progression 

survival. 

Our results have identified that TAMs were present in the immune infiltrate in a high 

proportion of biopsies, and that an increased infiltration was associated with a better prognosis, as it 

has been previously reported
11,12

. Among all the targets studied, we clearly identified that CD163 

staining was the best prognostic biomarker to predict the outcome of OS2006 patients. Furthermore, 

we showed that the presence of CD68 and CD163 staining were highly correlated together, which 

suggests that a common subgroup of macrophages may be present. In agreement, our results clearly 

demonstrate that high levels of CD163 and CD68 were associated with better overall survival and 

MPFS; however, although this observation was significant for CD163, it was only a trend for CD68, 

suggesting that some CD68-positive macrophages have an opposite effect to CD163-positive cells. 

Differently polarized macrophages are known to coexist in tissues, M1 macrophages displaying a pro-

inflammatory phenotype and tumoricidal activity. M1 macrophages have also been associated with 

non-metastatic OS
11,12

, whereas M2 cells are thought to have an anti-inflammatory wound healing 

phenotype and favor tumor growth. The balance between the Th1- or Th2-predominant immune 

responses is thought to drive the shift between M1 versus M2 phenotypic macrophages
19

. This 

classification of macrophages into two distinct subgroups must however be considered with caution 

since M2 sub-types are also described to include “non M1” macrophages which adopt heterogeneous 

activation states and play a wide range of roles in immunity. In addition, it has been demonstrated that 

CD163 is not an M2-specific macrophage biomarker and that CD163 staining in situ can be associated 

with Th1 responses, proinflammatory and tumoricidal activity
16

. Furthermore, we found CD163 

staining to be associated with high CMAF nuclear expression (a macrophage transcription factor 

associated with the Th2 immune response and M2 macrophage polarization) and low pSTAT1 

expression (a transcription factor related to the Th1 immune response and M1-macrophage 

polarization) across the sample population. Thus, in the context of the bone microenvironment, the 
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role and balance between M1- and M2-type functions appear to be variable with a ratio associated 

with extended survival in osteosarcoma patients. The beneficial role of the macrophage infiltrate is in 

accordance with other studies
11,12, 20, 21

: the activation of M1-like macrophages in vitro with 

Liposomal-Muramyl TriPeptide–PhosphoEthanolamine (mifamurtide) and Interferon (IFN)-γ was 

shown to inhibit OS cell growth, and IL-10-stimulated M2-like macrophages also inhibited OS cell 

growth when coated with the anti-EGFR antibody cetuximab
20

. Further, the addition of mifamurtide 

(which promotes macrophage production) to chemotherapy significantly improved the 6-year overall 

survival in patients with localized osteosarcoma and also, although not significant, in patients with 

metastatic OS in the INT trial 
21

. Because of methodological concerns in the design of this trial, there 

are still controversies about the place of mifamurtide in osteosarcoma treatment. Our results thus 

consolidate previous data on the beneficial role of macrophage infiltration in OS and strongly support 

the need to better evaluate macrophage-activating drugs such as mifamurtide in osteosarcoma 

patients. 

Our results also begin to provide insights into the failure of the OS2006 trial. We showed that 

CD163 was significantly associated with better overall survival and MPFS in patients in the group 

without ZA, but not in patients treated with ZA. Based on a recent study from Junankar et al 

suggesting that macrophages could represent the extraskeletal target for bisphosphonates
22

, we 

propose that ZA could therefore disrupt the positive effects of CD163 infiltration. Therefore, we 

planed to analyze CD163 and CD68 staining in resection specimens, comparing ZA treated versus ZA 

untreated patients. Unfortunately this analysis was not informative and was probably not the good 

method to estimate the effect of the treatment on the infiltrating immune cells. The first limitation was 

linked to the fact that the usable resection specimens only correspond to poor responders, with a 

variable proportion of viable cells ranging from 10 to 100% according to the Huvos and Rosen’s 

grading.The second pitfall was the average of the percentage of viable cells that did not reflect the 

distribution of cells on the histological section: the distinction between viable isolated nodules (of 

more than 10% of cells) within necrosis areas, and an homogeneous distribution of more than 10% of 

viable cells on the whole histological section were not possible with this grading..Therefore, we could 
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not conclude on the effect of ZA on macrophage populations. We planned to answer to this question 

by another approach that consists in measuring the level of inflammatory cytokines relative to 

immune cells in the blood samples of OS2006 patients, and to complete this work at transcriptomic 

level, to determine the proportion of immune cell infiltrate both at diagnosis and also at surgery. The 

lack of association between CD163 and overall survival or MPFS in ZA treated patients may also be 

explained by a lack of power of the present statistical analysis due to the small number of ZA treated 

patients analyzed in our study, and should be validated in a larger series of OS patients. 

In contrast to CD163, the level of CD8 staining across the patient samples was low with a 

median staining of 1%, but CD8 cells were detected in more than half of them and their presence was 

significantly associated with lower rate of metastasis at diagnosis. The use of a 1mm TMA may have 

underestimated the number of CD8 cells; however, we selected the most cellular areas of the biopsies 

for TMAs building, and the comparison of the mean of percentages of stained cells per whole slide 

was similar in the three core samples. This confirms the results of Frizsching et al who showed that 

osteosarcoma patients with increased intratumoral CD8 T cell infiltration upon diagnosis have better 

outcomes
8
. Together, this suggests that CD8 T cells play a role in metastasis development in OS. In 

addition, the presence of CD8 positive cells significantly correlated with improved survival in patients 

treated with ZA. This could be related to an interaction between T lymphocytes and macrophages in 

the context of bone tumor microenvironment. One hypothesis is that zoledronate could sensitize 

osteosarcoma cells to the Vγ9Vδ2 T cell cytotoxicity. Indeed, several studies in other cancer 

models report that tumor cell sensitivity to Vγ9Vδ2 T lymphocyte-mediated killing is increased by 

zoledronate 
24,25

. In osteosarcoma, Liu M et al
23

, described that combining the anti-HER-2 monoclonal 

antibody trastuzumab and ZA significantly increased the cytotoxic potential of Vγ9Vδ2 T cells. 

This hypothesis should be verified in a larger cohort in order to activate CD8-TILs using ZA and/or 

other CD8 TIL- activating drugs. 

Finally, we found that more than 80% of samples were negative for PD1/PDL-1 staining: only 

one case presented a staining >10% for PD1 and 2 had a staining >10% for PDL-1. These cases also 
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had high CD8 staining (>10%), suggesting that infiltrating CD8 T cells might drive PDL-1 

upregulation. Our results are concordant with those of the SARC 028 trial: one out of twenty relapsed 

OS patients responded to pembrolizumab, a PD1 inhibitor, whereas PDL-1 staining was detected in 

only 7% of 54 OS specimens
26

. The authors also found PDL-1 expression to be significantly 

associated with a poorer five-year EFS, but we did not found any correlation. Thus, taken together, 

these observations suggest that the role of the PD1/PDL-1 checkpoint is not predominant in the 

pathogenesis of OS. Other checkpoint candidates such as indoleamine 2,3-dioxygenase (IDO), which 

may explain the suppression of antitumor immunity in the tumor environment via CD8 T cells, may 

be involved
27

. 

In conclusion, our results support four main observations: 1) the presence of TAMs (CD163-

positive M2-polarized macrophages) is crucial for the inhibition of OS progression, in contrast to 

what is observed in other solid tumors; 2) the PD1/PDL-1 checkpoint plays only a minor role in OS 

development; 3) CD8-Tumor infiltrating lymphocytes play a major role in delaying OS metastases; 4) 

for the first time, a relation could be established between the presence of CD8 lymphocytes at 

diagnosis and a better overall survival in patients treated by ZA. 

In view of these data, we propose that a systematic analysis of CD68, CD163, CD8, PD1 and 

PDL-1 expression could be performed in OS biopsies at diagnosis (immunoscore) in order to stratify 

patients regarding their tumor microenvironment, and test a further therapeutic strategy targeting these 

immunological features (see algorithm in Figure 6). This innovative approach, using the immune 

context of the tumor microenvironment for prognosis, could also be extended to other cancers with 

complex genomic instability. 
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Table 1. Patients characteristics. 

 Population 

OS2006 eligible 

Patients 

Cohort 

excluded 

Cohort included 

Total ZA- ZA+ 

N = 522 N = 398 N = 124 N = 80 N = 44 

 Age (N = 522)    p = 0.4032 

 Median   16   15   16   16   16 

 (Range)   (4: 67)   (4: 67)   (6: 50)   (6: 49)   (9: 50)  

       p = 0.9505 

 Age < 18y   359 (68.8%)   274 (68.8%)   85 (68.5%)   58 (72.5%)   27 (61.4%)  

 Age > = 18y   163 (31.2%)  124 (31.2%)   39 (31.5%)   22 (27.5%)   17 (38.6%)  

 Sex (N = 522)     p = 0.5442 

 Male   295 (56.5%)   222 (55.8%)   73 (58.9%)   49 (61.3%)   24 (54.5%)  

 Female   227 (43.5%)   176 (44.2%)   51 (41.1%)   31 (38.8%)   20 (45.5%)  

 Limb vs Axial 

(N = 521)  

     p = 0.9132 

 Axial   56 (10.7%)   43 (10.8%)   13 (10.5%)   7 (8.8%)   6 (13.6%)  

 Limb   465 (89.3%)   354 (89.2%)   111 (89.5%)   73 (91.3%)   38 (86.4%)  

 Missing   1   1   0     

 Histological  

sub-type(N = 517)  

   p = 0.0091 

 Chondroblastic   86 (16.6%)   55 (14.0%)   31 (25.0%)   22 (27.5%)   9 (20.5%)  

 Osteoblastic   342 (66.2%)   264 (67.2%)   78 (62.9%)   49 (61.3%)   29 (65.9%)  

 Fibroblastic   37 (7.2%)   28 (7.1%)   9 (7.3%)   5 (6.3%)   4 (9.1%)  

 Others   52 (10.1%)   46 (11.7%)   6 (4.8%)   4 (5.0%)   2 (4.5%)  

 Missing   5   5   0   

 Initial staging 

(N = 521)  

   p = 0.5703 

 Localised disease   429 (82.3%)   329 (82.9%)   100 (80.6%)   64 (80.0%)   36 (81.8%)  

 Metastases   92 (17.7%)   68 (17.1%)   24 (19.4%)   16 (20.0%)   8 (18.2%)  

 Missing   1   1   0   

 Chemotherapy 

regimen(N = 522)  

   p = 0.0016 

 API-AI   107 (20.5%)   94 (23.6%)   13 (10.5%)   6 (7.5%)   7 (15.9%)  
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 MTX   415 (79.5%)   304 (76.4%)   111 (89.5%)   74 (92.5%)   37 (84.1%)  

 Histological 

response(N = 116)  

   p = 0.0766 

 Good responders   294 (61.1%)  215 (58.9%)   79 (68.1%)   48 (62.3%)   31 (79.5%)  

 Poor responders   187 (38.9%)  150 (41.1%)  37 (31.9%)   29 (37.7%)   8 (20.5%)  

 Missing   41   33   8   3   5 

P*: p-value between excluded and included patients
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Table 2. Biomarker staining results and correlations. 

A Biomarker staining results 

Antibody Nb 

tested 

Median cell positive 

(range) 

Nb ≥ 1% 

positive 

cells (%) 

Nb ≥ 50% 

positive 

cells (%) 

PD1 110  0 (0:30) 18 (16.4%)  

PDL1 116  0 (0:20) 17 (14.7%)  

CD8 109  1 (0:60) 58 (53.2%)  

CD163 96 30 (0:80)  42 (43.8%) 

CD68 111 20 (0:80)  26 (23.4%) 

B Correlations between biomarkers 

 PD1 PDL1 CD8 CD163 

PDL1 0.4030a    

0.0000b    

CD8 0.4767a 0.3417a   

0.0000b 0.0004b   

CD163 0.4757a 0.3144a 0.3575a  

0.0000b 0.0027b 0.0007b  

CD68 0.3152a 0.2645a 0.3462a 0.7585a 

0.0013b 0.0067b 0.0004b 0.0000b 
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Table 3. Correlations between biomarker staining and diagnosis status 

 Diagnosis status P-value 

Localized Metastases 

N = 100 N = 24 

 PD1, N(%)    0.1160 

 <1  71 (80.7%)  21 (95.5%) 

 > = 1  17 (19.3%)  1 (4.5%) 

 Missing  12  2 

 PDL1, N(%)    0.5219 

 <1  79 (84.0%)  20 (90.9%) 

 > = 1  15 (16.0%)  2 (9.1%) 

 Missing  6  2 

 CD8, N(%)    0.0422 

 <1  37 (42.0%)  14 (66.7%) 

 > = 1  51 (58.0%)  7 (33.3%) 

 Missing  12  3 

 CD163, N(%)    0.9475 

 <50  44 (56.4%)  10 (55.6%) 

 > = 50  34 (43.6%)  8 (44.4%) 

 Missing  22  6 

 CD68, N(%)    0.3726 

 <50  69 (78.4%)  16 (69.6%) 

 > = 50  19 (21.6%)  7 (30.4%) 

 Missing  12  1 

 Osteoclast N(%)    0.6003 

 Absence  55 (62.5%)  13 (56.5%) 

 Presence  33 (37.5%)  10 (43.5%) 

 Missing  12  1 
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 CD163/CD8 (N(%)    0.1369  

 Others  48 (67.6%)  14 (87.5%) 

 CD163+CD8 high  23 (32.4%)  2 (12.5%) 

 Missing  29  8 
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Table 4. Univariate and multivariate analysis 

Overall survival Univariate analysis Multivariate analysis Backward selection 

 HR 95%CI 

 

P-value HR 95%CI 

 

P-value HR 95%CI 

 

P-value 

Age ≥ 18y 1.40 [0.72; 2.69] 0.3168 . . . . 

Female vs male 0.88 [0.46; 1.66] 0.6856 . . . . 

Limb vs Axial 0.46 [0.20; 1.04] 0.0569 0.47 [0.18; 1.23] 0.125 . . 

Histological sub-

type 

 0.0029     

 Osteo vs chondro 0.41 [0.22; 0.78]  0.60 [0.26; 1.39] 0.234 . . 

 Others vs chondro 0.11 [0.02; 0.86] 0.20 [0.02; 1.58] 0.126 . . 

Metastatis vs 

Localized 

2.45 [1.24; 4.85] 0.0078 1.92 [0.83; 4.40] 0.125 2.47 [1.12; 5.47] 0.026 

Z+ vs Z- 1.29 [0.67; 2.50] 0.4432 . . . . 

PR vs GR 2.51 [1.26; 4.98] 0.0066 . . . . 

PD1 ≥1 0.53 [0.16; 1.75] 0.2902 . . . . 

PDL1 ≥1 0.34 [0.08; 1.43] 0.1246 . . . . 

CD8 ≥1 0.61 [0.31; 1.20] 0.1464 . . . . 

CD163 ≥50 0.28 [0.11; 0.67] 0.0025 0.36 [0.10; 1.26] 0.109 0.22 [0.09; 0.59] 0.002 

CD68≥50 0.38 [0.13; 1.08] 0.0582 0.66 [0.15; 2.96] 0.588 . . 

Osteoclastic cell 0.84 [0.42; 1.70] 0.6246 . . . . 

MPFS Univariate analysis Multivariate analysis Backward selection 

 HR 95%CI P-value HR 95%CI 

 

P-value HR 95%CI P-value 

Age ≥ 18y 1.27 [0.69; 2.33] 0.4403 . . . . 

Female vs male 1.17 [0.66; 2.09] 0.5937 . . . . 

Limb vs Axial 0.86 [0.34; 2.17] 0.7412 . . . . 

Histological sub-

type 

 0.0062     

 Osteo vs chondro 0.41 [0.22; 0.75]  0.44 [0.20; 0.97] 0.041 . . 

 Others vs chondro 0.34 [0.11; 1.00] 0.46 [0.13; 1.70] 0.247 . 

Metastatis vs 

Localized 

2.48 [1.32; 4.67] 0.0036 1.87 [0.85; 4.11] 0.119 . . 

Z+ vs Z- 1.03 [0.56; 1.89] 0.9262 . . . . 

PR vs GR 2.74 [1.50; 5.00] 0.0006 . . . . 

PD1 ≥1 0.48 [0.17; 1.36] 0.1588 . . . . 

PDL1 ≥1 0.38 [0.12; 1.22] 0.0898 0.38 [0.09; 1.63] 0.192 . . 

CD8 ≥1 0.62 [0.33; 1.15] 0.1254 . . . . 
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CD163 ≥50 0.45 [0.21; 0.95] 0.0315 0.58 [0.25; 1.34] 0.202 0.40 [0.18; 0.86] 0.019 

CD68≥50 0.66 [0.29; 1.49] 0.3104 . . . . 

Osteoclastic cell 

 

1.33 [0.70; 2.53] 0.3758 . . . . 
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Table 5. Univariate analysis according to Z+ or Z- treatment 

Overall survival Z- Z+ 

 HR 95%CI P-value HR 95%CI P-value 

PD1 ≥1 0.59 [0.14; 2.53] 0.4687 0.46 [0.06; 3.57] 0.4460 

PDL1 ≥1 0.44 [0.10; 1.89] 0.2580  0.00 [0.00;] 0.2405 

CD8 ≥1 0.80 [0.33; 1.93] 0.6245 0.31 [0.09; 1.02] 0.0415 

CD163 ≥50 0.22 [0.06; 0.75] 0.0079 0.38 [0.10; 1.40] 0.1294 

CD68≥50 0.22 [0.05; 0.92] 0.02312 1.24 [0.27; 5.73] 0.7861 

Osteoclastic cell 1.02 [0.43; 2.38] 0.9725 0.58 [0.15; 2.17] 0.4095 

MPFS Z- Z+ 

 HR 95%CI P-value HR 95%CI P-value 

PD1 ≥1 0.57 [0.17; 1.90] 0.3532 0.33 [0.04; 2.51] 0.2589 

PDL1 ≥1 0.32 [0.08; 1.34] 0.090 0.56 [0.07; 4.23] 0.5671 

CD8 ≥1 0.60 [0.27; 1.33] 0.2068 0.63 [0.23; 1.74] 0.3693 

CD163 ≥50 0.44 [0.17; 1.13] 0.0804 0.48 [0.14; 1.59] 0.2195 

CD68≥50 0.43 [0.15; 1.24] 0.1072 1.66 [0.46; 6.04] 0.4372 

Osteoclastic cell 

 

1.59 [0.72; 3.48] 0.2449 0.93 [0.30; 2.85] 0.9012 
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Figure 1. Immunohistochemical staining. Sample images of tissue microarrays prepared from 

patient biopsies and stained for: CD68 (A1: high, A2 low); CD163 (B1: high, B2: low), pSTAT1 (C), 

CMAF (D), PD1 (E: high) and PDL-1 (F: high), CD8 (G: high) (magnification X 7). Frames correspond to 

the high power field of each picture (magnification X 40). A high level of CD163 staining was 

associated with a high level of CMAF nuclear expression and not with pSTAT1 expression.
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Figure 2. Correlations between CD68/CD163/CD8 expression and patient outcomes. Kaplan-Meier 

curves showing the association between CD68 (A, B) or CD163 (C, D) or CD8 (E, F) expression with 

overall survival (A, C) and metastatic progression-free survival (B, D). p-values are shown.D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
A

ri
zo

na
] 

at
 1

0:
30

 2
4 

A
ug

us
t 2

01
7 



 

32 

 

 

Figure 3. Correlations between CD163/CD8 expression and Z+/Z- patients outcomes. 

Kaplan-Meier curves showing the association between CD163 (A, C, E, G) or CD8 (B, D, F, H) 

expression with overall survival (A, B, E, F) and metastatic progression-free survival (C, D, G, H) in Z- 

(A, B, C, D) and Z+ (E, F, G, H) patients. p-values are shown. 
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Figure 4. An example of poor responder patient treated with ZA with a viable isolated soft tissue 

nodule of osteosarcoma cells, next to intramedullary necrosis areas. A. HE (magnification 0.4); on 

the left and C (magnification x 8.9): necrosis areas; on the right and B (magnification x 8.9): viable 

nodule D, E, F: Immunohistochemical staining with CD163 (magnification X 9.5); D: high CD163 

staining; E: low CD 163 staining, in necrosis areas. 
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Figure 5. An example of poor responder patient treated with ZA, with relative homogeneous 

distribution of the tumoral cells A, B; HE (magnification X 0.72 and X 2.84) C, D, E: 

Immunohistochemical staining with CD163; C Heterogeneous areas (magnification X 9.5); D: high 

CD163 staining (magnification X 15); E: low CD163 staining (magnification X 15) 
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Figure 6. Algorithm to differentiate patients based on their immunoscore determined at diagnosis 

and the corresponding treatments. 
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