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ABSTRACT
Recent clinical trials have demonstrated a lack of 
activity of immune checkpoint inhibitors (ICIs) against 
osteosarcoma. Previous clinical observations have 
demonstrated a potential immune- stimulatory effect of 
tumor site infection for osteosarcoma patients. However, 
whether such infection could augment the efficacy of 
immunotherapy such as ICIs is currently unknown. Here 
we report a case of a heavily pretreated 14- year- old 
boy with pulmonary metastatic osteosarcoma, who has 
suffered from multiple wound infections and thoracic 
empyema after previous metastasectomy. Despite the 
ongoing tumor site infection, the patient had a rapid and 
durable (11 months) remission of the metastatic lesions 
after the administration of the Programmed cell death- 
1(PD- 1) inhibitor camrelizumab. No serious ICI- related 
toxicities or worsening of the infection were noticed 
during the treatment. Correlative analysis suggested that 
intratumoral CD8+ T cell infiltration, Programmed death- 
ligand 1(PD- L1) expression and IFN-γ expression were 
increased in the tumor microenvironment postinfection 
versus preinfection. Furthermore, using RNA- seq gene 
expression analysis, we found a variety of checkpoint 
targets were also upregulated such as CD200, TIGIT, 
LAG3, etc. Our report supports the hypothesis of tumor 
site infection as a potential synergistic mechanism in the 
tumor microenvironment for ICI immunotherapy.

BACKGROUND
Osteosarcoma (OS) is a highly metastasizing 
bone tumor that mainly affects children and 
young adolescents. The prognosis of meta-
static OS remains dismal, with a 5- year overall 
survival rate of only 20%–30%.1 Hence, new 
treatment approaches are urgently needed 
to improve the clinical outcomes for these 
patients. In recent years, immune check-
point inhibitors (ICIs) have emerged as a 
significant breakthrough in immunotherapy 
for various epithelial cancers. However, 
current clinical trials have suggested a lack 
of activity of ICIs against OS. In the SARC028 
trial, 1/22 OS patients achieved partial 
response, with a median progression- free 
survival (PFS) of 8 weeks.2 In the PEMBRO-
SARC study, only 1/17 OS patients reached 

Partial Response(PR), and the median PFS 
was 1.4 months.3 The other clinical trials of 
ICI monotherapy reported an even worse 
outcome, with no objective response seen in 
OS patients (online supplemental table 1). 
To date, the mechanism underlying the resis-
tance of OS to immunotherapy remains still 
unclear. Some research demonstrated that 
OS is an immunologically cold tumor, charac-
terized by poor infiltration of immune cells, 
low activity of intratumor T cells and the lack 
of tumor neoantigens.4

Paradoxically, OS may be one of the 
earliest reported cases of targeting cancer by 
manipulating the tumor microenvironment 
for therapeutic purposes. In 1891, William 
Coley treated bone sarcoma by introducing 
bacterial infections around the tumor site, 
which is now regarded as a prototype of 
immunotherapy. Since then, multiple clin-
ical observations have demonstrated a poten-
tial immune- stimulatory effect of tumor site 
infection in OS.5 6 However, whether such 
infection is a therapeutic contraindica-
tion or antitumor synergistic factor to pres-
ent- day cancer immunotherapy such as ICIs 
is currently unknown.

Here we report the case of a heavily 
pretreated 14- year- old boy with pulmo-
nary metastatic OS, who has suffered from 
multiple wound infections and thoracic 
empyema after the metastasectomy. Despite 
the ongoing tumor site infection, the patient 
had a rapid and durable remission of the 
metastatic lesions after the administration of 
the PD- 1 inhibitor camrelizumab. No serious 
ICI- related toxicities or worsening of the 
infection were noticed during the treatment. 
Correlative analysis of tumor specimens 
preinfection and postinfection supports the 
hypothesis of tumor site infection as a syner-
gistic mechanism in the tumor microenviron-
ment for ICI therapy.
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CASE PRESENTATION
A 14- year- old male patient with metastatic OS originating 
from the right tibia visited our clinics due to dyspnea in 
June 2019. A chest CT scan demonstrated a 14 cm pulmo-
nary metastatic lesion of the right lower lobe despite two 
prior lines of chemotherapy. He underwent pulmonary 
metastasectomy with marginal resection, and the postop-
erative pathology confirmed the diagnosis OS metastasis 
with negative PD- L1 expression and microsatellite stable 
status. He then received 10 months of antiangiogenic 
therapy with apatinib, during which wound infection 
and lung infection occurred (figure 1A). In April 2020, 
he developed pleural and costal recurrence, which were 
progressive and 18F- fluorodeoxyglucose (18F- FDG)- avid 
on PET/CT, complicated by another wound infection 
and thoracic empyema (figure 1B). Soon after chest tube 
drainage and intravenous antibiotics, the patient’s general 
condition improved with minimal systemic symptoms 
reported. Therefore, in consideration of the progressive 
disease and the risk of worsening wound infection due to 
the antiangiogenic agent, the multidisciplinary oncology 
team decided to taper off apatinib during the following 
4 months to avoid the potential tumor rapid rebound 
and start camrelizumab (a monoclonal programmed 
death- 1 (PD- 1) antibody) 200 mg once every 2 weeks, 

followed by surgical debridement procedures if neces-
sary. With a close surveillance of the infection, we surpris-
ingly observed a remarkable radiologic response of the 
recurrent lesions, as well as a pathologic near- complete 
response in the tumor biopsy during thoracoscopic 
debridement (figure 1B).

There were no serious toxicities associated with 
PD- 1 inhibition therapy during treatment despite the 
ongoing infection. We found no obvious aggravation of 
the infection following PD- 1 blockade, as demonstrated 
by the white cell count (figure 1A) and the neutrophil 
percentage. Side effects such as acute pneumonitis and 
cytokine release syndrome were not observed in this 
patient. The metastatic lesions demonstrated a drastically 
reduced 18F- FDG uptake and stabilized for a total of 11 
months until tumor progression, which was confirmed 
by enhanced CT showing mediastinal mass, inferior vena 
cava tumor thrombus and pleural recurrence as new 
lesions in March 2021 (figure 1B). The patient then devel-
oped anorexia and cachexia due to mediastinal compres-
sion. The thoracic infection soon worsened, precluding 
the opportunity of tumor rebiopsy or further PET scan. 
After the referral to hospice care, the patient deceased at 
the end of June 2021.

Figure 1 The timeline of the patient’s infection, immunotherapy and oncological outcomes. (A) The patient has previously 
developed wound infection and lung infection, and had ongoing wound infection with thoracic empyema when initiating the 
PD- 1 inhibitor Camrelizumab. The change of the serum white blood cell (WBC) count and 3 surgical debridement procedures 
during the course of the immunotherapy are denoted. Tumor biopsy during the thoracoscopic debridement (2 months post- 
immunotherapy) suggested a pathological near- complete response of the tumor. (B) The FDG PET/CT images of the metastatic 
lesions before and during the course of the immunotherapy. The pleural and costal metastases demonstrated a rapid and 
durable response to Camrelizumab (white arrow). Enhanced CT scans at 11 months post- treatment suggested pleural tumor 
relapse (yellow arrowhead) as well as multiple new lesions in the mediastinal (yellow arrowhead), pleural (yellow arrowhead) and 
inferior vena cava (not shown) regions.
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To provide translational insight into the potential 
immune priming effect of tumor site infection to PD- 1 
therapy, we profiled the metastatic tumor sample prein-
fection and postinfection (biopsy during thoraco-
scopic debridement) using whole- exome sequencing, 
low- coverage whole- genome sequencing and RNA- 
sequencing(RNA- seq). In addition to the traditional micro-
bial culture, we performed metagenomic next- generation 
sequencing of the pleural effusion and found a variety 
of microorganisms at the tumor site, including Acineto-
bacter (69.2%), Streptococcus (26.3%) (also reported by 
William Coley) and Streptobacillus (2.2%), etc (figure 2A 
and online supplemental table 2). We did not observe 

any previously reported genetic predictive biomarker in 
terms of gene alteration (such as PD- L1 amplification) or 
total mutation burden high. Furthermore, we performed 
a cytokine immunoassay (Luminex, Thermo Fisher) to 
compare the inflammatory factors in the tumor microen-
vironment (online supplemental figure 1). Surprisingly, 
we found a fourfold increased IFN-γ expression in postin-
fection versus preinfection, compared with our in- house 
reference dataset (figure 2B). The immunohistochem-
istry staining suggested that the postinfection intra-
tumor region was 1% PD- L1 positive, with a high CD8+ 
T cell infiltration compared with the preinfection one 
(figure 2C–F). In contrast, other immune cells, such as 

Figure 2 Correlative analysis of the osteosarcoma tumor specimens pre- and post- infection (A) The metagenomic next- 
generation sequencing (mNGS) of the pleural effusion. Numbers in the bracket indicate the percentage (%) of Genus absolute 
abundance of the bacteria. No fungus, virus or parasite was detected. (B) The Luminex cytokine immunoassay suggested a 
4- fold increased IFN-γ expression in post- versus pre- infection tumor samples. An in- house dataset of fifty- five osteosarcoma 
samples were also plotted as a reference. (C) Estimation of intra- tumoral immune infiltration by immunohistochemistry 
suggested higher CD8+ T cell infiltration (cells per high- power field), but not CD4+, FOXP3+ T cell or B cells, in post- infection 
compared to the pre- infection specimen. (D) The H&E staining of pulmonary metastasectomy sample confirm the diagnosis of 
recurrent osteosarcoma. (E- F) The immunohistochemical (IHC) staining of PD- L1 and CD8 in the metastatic lesions pre- and 
post- infection. (G) RNA- seq gene expression of several potential check- point molecular targets in post- infection compared to 
the pre- infection samples, as indicated as transcript per million (TPM).
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B cells, Treg and neutrophils, had minimal changes after 
the infection (online supplemental table 3). Interestingly, 
RNA- seq gene expression analysis of postinfection versus 
preinfection samples revealed an increased expression 
of PDCD1, as well as other well- known immune check-
point molecules that are potentially targetable, such as 
CD200, LAG3, TIGIT, IDO, CTLA- 4, etc (figure 2G). The 
methodological details are shown in online supplemental 
method.

DISCUSSION
OS is typically considered an ‘immunologically cold 
tumor’ with minimal PD- 1 and PD- L1 expression and 
the lack of inflammatory immune cell and T cells infil-
tration, which is a plausible explanation for the observed 
resistance to immune checkpoint inhibitors. In contrast, 
tumor site infection has long been hypothesized as an 
immune activation factor in orthopedic oncology, poten-
tially favorable for patient survival during the postoper-
ative adjuvant setting. However, whether such infection 
could boost antitumor immunity as a priming effect for 
ICIs in the refractory and recurrent setting is unknown.

Our report might be the first one supporting such 
hypothesis since the durable antitumor response of camrel-
izumab seen in our case far exceeded the outcomes from 
previous clinical trials of PD- 1 inhibition monotherapy 
(online supplemental table 1). There was no other known 
predictive biomarker such as microsatellite instability, 
gene alteration (such as PD- L1 amplification) or TMB in 
this case, and the tumor response is unlikely due to the 
infections per se. To further investigate such hypothesis, 
we demonstrated that tumor site infections could modu-
late the tumor immune microenvironment at the cellular 
and molecular levels. These findings are consistent with 
previous translational studies showing that TLR4 activa-
tion by lipopolysaccharide (LPS) triggered CD8+ cells 
infiltrating into lung metastases and suppressed tumor 
progression in the mouse model. In vivo depletion of 
CD8+ T cells exacerbated these antitumor effects of LPS.7 
Furthermore, Nakane et al8 reported that introducing 
Staphylococcus aureus to mice could enhance the IFN-γ 
production, especially in the non- lethal infection setting. 
However, since the microbial sequencing demonstrated 
multiple microorganisms in our case, other mechanisms 
such as immune modulation by metabolites derived from 
the complex interaction between lung microbiota and 
host microenvironment remain to be explored.

The safety and tolerability of initiating PD- 1 blockade 
therapy during the ongoing infection for patients with 
advanced cancer remain another interesting question. 
Conventionally, the National Comprehensive Cancer 
Network (NCCN) guideline has recommended screening 
for any autoimmune disease, endocrinopathy and infec-
tious disease with caution before ICI treatment. Some 
reports suspect that blocking the PD- 1/PD- L1 axis may 
disrupt the immune control of specific opportunistic 
infections such as tuberculosis.9 However, the positive role 

of PD- 1 blockades in treating acute and chronic infectious 
disease has recently emerged to gain interest, given that 
PD- 1 pathway might permit the microorganisms to escape 
the elimination by the host’s immune system, especially 
for the chronic infection.10 In our case, we initiated ICI at 
the stage when the ongoing infection was controlled and 
tolerated with no evidence of sepsis or systemic inflamma-
tory response syndrome. Close surveillance with a multi-
disciplinary team was prepared during the course of ICI 
for the patients. Our results indicated that an ongoing 
infection might, at least in our case, not be a contraindi-
cation for the use of PD- 1 inhibition therapy.

CONCLUSION
We described a patient with refractory pulmonary metas-
tases of OS, who has suffered from ongoing infection 
and demonstrated a rapid and durable remission of the 
metastatic lesions after the administration of the PD- 1 
inhibitor. Our report highlights the importance of redis-
covering the microbial and the host mechanism of tumor 
site infection as a synergistic effect for ICI in relapsed and 
refractory OS.
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Supplementary Table 1   Summary of Case Reports and Clinical trials of anti-PD1/PD-L1 in Advanced Osteosarcoma 

 

Author（year 

published） 
Therapy Disease Type result 

Merchant1（2016） Ipilimumab 

recurrent or refractory solid 

tumors, including 

osteosarcoma (n=8) 

 

 multicentre, open-label, 

single-arm, phase 1-2 trial 

 

no CR or PR 

Tawbi2(2017) pembrolizumab 
advanced soft tissue and  

bone sarcomas   

Multicentre, Single arm, 

Phase 2 Trial 

1/22 PR in osteosarcoma, the mPFS and the mOS 

was 8 weeks [95% CI, 7-9] and 52 weeks [95% 

CI, 40-72]in BS 

D'Angelo 3(2018) 
Nivolumab +/- 

ipilimumab 

Metastatic  or unresectable 

sarcoma (incloud 9 bone 

sarcomas) 

 non-comparative multi-

center randomized phase II 

study 

 

On the nivolumab monotherapy arm, The mPFS 

was 1.7 months [n=42, 95% CI (1.4–4.3months). 

The mOS was 10.7months [n=42, 95% CI (5.5–

15.4)]，The longest PFS and OS was 13months 

and 16.5 months, 

Le Cesne4(2019) 

pembrolizumab

+cyclophospha

mide 

metastatic and/or 

unresectable osteosarcoma 

 open-label, multicentre, 

phase 2 study 

1/17PR, The 6month non-progression rate was 

13.3% (95% CI = 1.7-40.5). The mPFS was 1.4 

months (95% CI = 1.0 months-1.4 months), and 

the mOS was 5.6 months (95% CI = 2.1 months-

12.1 months)， 

Davis5 (2020) Nivolumab 
the common paediatric solid 

tumours 

 multicentre, open-label, 

single-arm, phase 1-2 trial 

 

no significant single-agent activity 

xie6（2020） 
Apatinib 

+camrelizumab 
Advanced osteosarcoma 

 single- arm, open- label, 

phase 2 trial 

The mPFS of 6.2 months (95% CI 4.0 to 6.9) and 

CBR of 30.2% (95% CI 17.2% to 40.1%) 

Geoerger7 (2020) Atezolizumab solid tumours 
multicentre phase 

1–2 study 
no CR or PR in osteosarcoma patients(n=10) 

Boye8 (2021) pembrolizumab Advanced osteosarcoma 

single-arm, open-label, phase 

2 trial 

 

Estimated  mPFS  was 1.7 months (95% CI 

1.2–2.2). mOS  was 6.6 months (95% CI 3.8–

9.3)， At time of data cut-off, 11 patients were 

deceased due to osteosarcoma. 

Sterz9 (2021) 
 Ipilimumab+ 

nivolumab 
 metastasized osteosarcoma Case report PFS: at least one year 

M  PFS: median progression-free survival.  mOS: median overall survival. CR: complete response. PR: partial response OR: objective responses  

 BS: bone sarcoma. CBR :the proportion of patients who did not have disease progression at 24 weeks. 
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Supplementary Table 3 immune infiltration density in pre- and post-infection tumor samples 

Cell marker used for immunohistochemistry assays: Treg Foxp3, Total lymphocytes LCA, B cells CD20, Macrophage CD68. 

TLS tertiary lymph node LCA leucocyte common antigen 

 
CD4+ 

T cells 

CD8+ 

T cells 

Treg 

cells 
B cells 

Neutro-

phils 

Total 

lymphocytes 

Macro-

phage 
TLS 

VEGFR2 

expression 

PD-1 

expression 

pre-

infection 
0 9 2 3 0 40 8 rare negative negative 

post-

infection 
0 35 0 0 1 35 5 none negative negative 
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Supplementary Method 

 

Luminex immunoassay of 48 inflammatory factors 

Quantification of inflammatory factors was performed by Universal Biotech (Shanghai, China) 

using 48-Plex Bio-Plex Pro Human Cytokine Screening Panel (#12007283, Bio-rad laboratories, 

USA) and Luminex instrument platform (ThermoFisher, USA) according to the manufacturer’s 
protocol. Briefly, tissue lysate was diluted and prepared in 2ug/ul before use. The magnetic 

beads were diluted in 10X and vortexed for 30 seconds before adding to the plate well in 50 ul. 

Antigen standard (50 ul) and tissue lysate (50 ul) were added to the plate and incubated for 30 

minutes with 800 rpm shaking at room temperature. Then, 25 ul of detection antibody mix 

diluted in 10X was added to the plate, followed by incubating 50 ul of Streptavidin-PE (100X) 

for 30 minutes. After bead re-suspending with 125 ul Assay Buffer, data were acquired on the 

Luminex platform and the readouts were transformed to the original tissue concentration for 

further analysis.  

 

Immune infiltration estimation by immunohistochemistry 

Tissue preparation, hematoxylin-eosin stain, immunohistochemistry and pathological 

evaluation were performed in the pathology department of the researcher’s institution. 
Formalin-fixed paraffin-embedding samples were stained with CD8 (Dako, Agilent, USA), CD4 

(Dako, Agilent, USA), Foxp3 (Abcam, USA), CD20 (Dako, Agilent, USA), LCA (Dako, Agilent, 

USA), CD68 (Dako, Agilent, USA), VEGFR2 (Dako, Agilent, USA), PD-1 (ZSGB-BIO, China) 

and PD-L1 (Dako, Agilent, USA) to label different cell components within the tumor. According 

to previous reports1 2, the density of immune cell infiltration was interpreted by a single 

experienced pathologist (Prof. Chen. XY) who counted the number of marker-positive cells per 

high-power field (40X objective, 0.55 mm in diameter), followed by averaging five random 

regions within the tumor area. 

 

Microbial metagenomic sequencing 

 

The microbial metagenomic sequencing study was performed in a well-validated hospital-

based sequencing platform3. Briefly, specimens were mixed with 1 g of 0.5-mm glass beads 

and agitated vigorously at ~3000 rpm for 30 min. The extraction of sample DNA was performed 

with TIANamp Micro DNA Kit (DP316, Tiangen Biotech, China) according to the manufacturer’s 
protocols. Single-end sequencing of extracted DNA with 50 cycles was automated on the 

BGISEQ-50 sequencer (BGI, China). In parallel with the testing, nuclease-free water was 

subjected to the same pipeline as negative controls. The raw sequencing data were pre-

processed by low-quality and short (< 50 nucleotides) reads removal, followed by alignment to 

the human reference genome hg19 with Burrows-Wheeler Aligner (BWA) (version 0.7.13-

r1126). The remaining unaligned reads were then mapped to National Center Biotechnology 

Information (NCBI, ftp://ftp.ncbi.nlm.nih.gov/genomes/) RefSeq reference database, including 

3,446 bacterial species, 4,152 viral taxa, 206 fungi, and 140 parasites. 

 

Tumor next-generation sequencing 
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The genomic mutation, copy-number variation and gene expression profiles of tumor samples 

were investigated using whole exome (WES), low-coverage(3x) whole-genome (WGS) and 

whole transcriptome (RNA-Seq) sequencing. Library preparation, tumor sequencing and 

bioinformatic interpretation service was performed by Primbio Genes Co., Ltd (Wuhan, China) 

according to the manufacturer’s protocols. Briefly, WGS libraries were constructed using the 

KAPA Hyper Prep Kits（KK8504, Roche, USA）and WES libraries were prepared with the KAPA 

Hyper Prep Kits (KK8504, Roche, USA), followed by exome capture with xGen Exome 

Research Panel v2.0 (Integrated DNA Technologies, USA) according to the manufacturer’s 

protocols. RNA-Seq libraries were constructed with KAPA RNA HyperPrep Kit with RiboErase 

(KAPA # KK8481, Roche, USA) per protocols. Following the assessment of library quality and 

quantity, next-generation sequencing was performed to generate paired-end (2×150) data on 

Illumina HiSeq 2500 platform (Illumina, USA) and mapped to the reference genome hg19. The 

researcher manually curated the result of tumor exome mutation and copy-number results to 

identify the potential meaningful gene alteration related to immunotherapy. Gene expression 

was normalized as transcripts per million (TPM) to compare the expression of potentially 

targetable check-point molecules. 
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