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Background. The pathological subtype of osteosarcoma is one of the most common malignant bone tumors. Notably,
chemotherapy-resistant metastatic osteosarcoma has been reported to cause significant mortality and shows poor prognosis with
the currently available multidisciplinary treatments. This study investigated whether combined adoptive TIL and anti-PD1
therapy improves the prognosis of patients with chemotherapy-resistant metastatic osteosarcoma. Methods. A total of 60
patients with chemotherapy-resistant metastatic osteosarcoma between June 2016 and March 2018 were enrolled. The primary
endpoint was to evaluate the safety and adverse effects (AEs) of infusions of TIL and anti-PD1 therapy in the patients. Besides,
secondary endpoints included assessing the objective response rate (ORR), progression-free survival time (PFS), and overall
survival time (OS). Results. We reported that combined TIL therapy and anti-PD1 therapy is safe and all treatment-related AEs
were reversible or manageable. The ORR of all the patients is 36.67%, and patients with more infusions of TIL and CD8+TIL,
less infusions of CD8+PD1+TIL, and less infusion of CD4+FoxP3+TIL exhibited increased PFS and OS. Conclusion. This study
determined that combined TIL and anti-PD1 therapy is safe and effective in metastatic osteosarcoma patients with
chemotherapy resistance.

1. Introduction

Osteosarcoma is mortal cancer predominantly affecting chil-
dren and young adults with a peak age of about 20 years [1].
Approximately 70% of patients with nonmetastatic osteosar-
coma can survive for a long time when subjected to the cur-
rently developed multidisciplinary treatments [2, 3].
However, progress has slowed over the past 30 years, and
efforts to improve outcomes with intensifying chemotherapy
regimens or adding novel nonselective agents are unsuccess-
ful [4–7]. Moreover, about 25-30% of osteosarcoma patients
present with clinical metastases at the time of the first diag-
nosis, and patients without clinical metastases at initial pre-
sentation often develop metastatic disease despite
undertaking the multidisciplinary treatments [8, 9]. Of note,
chemotherapy is the main treatment method for these
patients either with or without surgery; however, it is not

effective against metastatic osteosarcoma with 5-year overall
survival time (OS) less than 20% [2, 3]. Additionally, patients
with metastatic osteosarcoma rapidly develop more lesions
and become resistant to chemotherapy. Therefore, new ther-
apeutic strategies for metastatic osteosarcoma, particularly
for patients exhibiting chemotherapy resistance, are urgently
needed to improve the prognosis.

Recent studies have reported immune checkpoint inhibi-
tors, particularly those that block the PD1/PDL1 pathway;
this indicates remarkable clinical success in many cancer
types including osteosarcoma [10–14]. However, this form
of immunotherapy has vastly changed the treatment land-
scape and achieved FDA approval for osteosarcoma [15].
Besides, most patients have a limited objective response rate
(ORR) to these drugs, indicating that in-depth research
should be conducted to understand the immunocompetency
of the patients. A multicenter, phase 2 trial of patients from
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the Sarcoma Alliance for Research through Collaboration
(SARC028) studied pembrolizumab in patients (12 years or
older) with advanced soft tissue and bone sarcoma. Notably,
ORR was achieved in 1 out of 22 (5%) patients with osteosar-
coma [11]. This may have been attributed to the effects of
these drugs which depend on preexisting endogenous antitu-
mor immune responses. In many settings, cancer patients
generate T cell immune responses against tumors in the
microenvironment, and tumor-reactive cytotoxic T lympho-
cytes (CTLs) infiltrate the tumor thereby inhibiting or elimi-
nating the tumor [16, 17]. However, many studies suggest
that CTLs are induced during metastatic osteosarcoma pro-
gression but are later exhausted in the tumor microenviron-
ment [18–20]. Of note, the ORR of anti-PD1 therapy is
slightly dependent on the numbers of TILs in the microenvi-
ronment [21, 22]. Therefore, anti-PD1 therapy alone may not
be an effective treatment strategy for metastatic
osteosarcoma.

Adoptive cell therapy (ACT) of tumor-infiltrating lym-
phocytes (TILs) has achieved a satisfactory treatment effect
for metastatic melanoma patients reporting ORR of between
40 and 70% [23–26]. However, TILs represent a potential
therapeutic approach in numerous malignant pathologies,
yet there are no reports on its underlying mechanism against
osteosarcoma [27–30]. A report from a preclinical study indi-
cated that TILs extracted from osteosarcoma could penetrate
the tumor microenvironment and showed cytotoxic effects
against allogeneic tumor cells; this demonstrates that TIL
therapy could be an efficient strategy for treating osteosar-
coma [31]. Anti-PD1 therapy relies on TILs in the tumor
microenvironment; therefore, combined anti-PD1 therapy
and TILs may induce potential antitumor effects on metasta-
tic osteosarcoma patients.

The study is primarily aimed at assessing the response of
combined adoptive TIL therapy and anti-PD1 therapy in
patients with chemotherapy-resistant metastatic osteosar-
coma. Also, it sought to determine whether biomarkers that
predict response to TIL therapy and anti-PD1 therapy could
be identified from cultured TILs. This will help in identifying
patients most likely to benefit from the newly proposed
therapy.

2. Materials and Methods

2.1. Patients. Sixty patients with a clinical diagnosis of meta-
static osteosarcoma were enrolled in this study. In addition,
the study group had experienced disease progression after
chemotherapy, exhibiting chemotherapy resistance. We
followed the methods of Chen et al. for the inclusion and
exclusion [32]. Other inclusion criteria included (1) disconti-
nuing any cancer therapy before enrollment, (2) having age
above 11 years, (3) life expectancy of more than 3 months,
(4) Eastern Cooperative Oncology Group (ECOG) perfor-
mance status of 0-1, (5) adequate organ function, and (6)
lesions that can be assessed using the standard response eval-
uation criteria in solid tumors (RECIST 1.0 version 1.1)
guidelines [33]. The following exclusion criteria were
applied: previous treatment with anti-CTLA4 or anti-
PD1/PDL1 therapy, any form of primary immunodeficiency

or history of autoimmune diseases, ongoing systemic infec-
tions and concurrent systemic steroid therapy, and recruit-
ment into other clinical trials. All participating patients
provided informed consent.

2.2. Study Design and Procedures. This single-center clinical
study was approved by the Ethics Committee at the Affiliated
Luoyang Central Hospital of Zhengzhou University. All
methods and procedures associated with this study were con-
ducted in accordance with the Good Clinical Practice guide-
lines and accorded ethically with the principles of the
Declaration of Helsinki and local laws. All authors had access
to the study data and reviewed and approved the final man-
uscript. Infusions of anti-PD1 therapy (nivolumab, 3mg/kg)
were administered to the patients at our department for two
weeks for one cycle. All patients received at least 8 cycles of
infusions or received cycles until they experienced disease
progression or unacceptable adverse effects (AEs) or with-
drew from this study. In the first cycles of anti-PD1 therapy,
TILs were transfused into patients. Patients with disease pro-
gression were received multidisciplinary synthetic therapy
and best support care. After treatment, all the patients were
received follow-up to examine the tumor status every 3
months. The follow-up deadline was February 2020.

2.3. Outcome Measures. The primary endpoint was to evalu-
ate the safety and AEs of infusions of TILs plus nivolumab in
the patients. Secondary endpoints included assessments of
the objective response rate (ORR), progression-free survival
time (PFS), and overall survival time (OS). Safety evaluations
primarily consisted of clinical and laboratory abnormalities
that were monitored throughout the study up until two
weeks after the last infusion of nivolumab. AEs were evalu-
ated using the National Cancer Institute Common Toxicity
Criteria version 4.0 [34]. Treatment-associated AEs were
assessed during the treatment and observation periods, and
the highest observed grade was recorded for each patient.
In each patient, lesions were evaluated using computed
tomography (CT) or magnetic resonance imaging (MRI)
every 3 months. The ORR were assessed by RECIST version
1.1 [33]. Potential prognostic factors were also analyzed by
univariate and multivariate analyses based on combined TILs
and anti-PD1 therapy. The PFS was calculated from the date
of immunotherapy to the time of disease progression.
Patients free of these events were censored at the time of
the last contact. The OS was calculated from the date of
immunotherapy to the time of death, and patients who were
alive at the time of the last contact were censored. PFS and
OS were calculated by the Kaplan-Meier method.

2.4. Generation of TILs. Fresh tumor tissues from metastatic
sites were obtained from each patient by thick needle punc-
ture and culture of the TILs. The tumor tissues were con-
firmed by two independent pathologists in our hospital
before culturing the TILs. The detailed protocol used is sim-
ilar to the previously described procedure [23, 35, 36], as fol-
lows: [1] Tumor tissues were sliced into pieces of about 2 to
3mm3 in size using a scalpel. [2] Collagenase type IV
(Sigma-Aldrich, St. Louis, MO, USA, 1mg/mL), DNase I
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(Sigma-Aldrich, St. Louis, MO, USA, 2U/mL), and hyal-
uronidase type V (Sigma-Aldrich, St. Louis, MO, USA,
0.5U/mL) were used to digest the tissues for approximately
3 hours at room temperature to obtain single-cell suspen-
sions. [3] The single-cell suspensions were filtered, washed
twice with phosphate-buffered saline (PBS), and incubated
in a 12-well plate at a concentration of 1:0 × 106 TILs/mL
in X-VIVO medium (Muenchensteinerstrasse 38, CH-4002
Basel, Switzerland) with 7000 IU/mL recombinant human
interleukin-2 (rhIL-2, Novartis, UK). This day was consid-
ered day 0. [4] On the 1st day, the cell suspensions were
removed and further purified via Ficoll gradient. The purified
bulk TIL culture was maintained at a concentration of 1‐2
× 106 cells/mL in X-VIVO medium with 7000 IU/mL rhIL-
2 until all other cells (including osteosarcoma cells) were
eliminated to achieve a cell number of at least 5 × 107 TIL
cells. The culturing process occurred for approximately 10
to 14 days. [5] Eventually, the cultured TIL cells were imme-
diately used with anti-CD3 antibody (GE Healthcare Biosci-
ences, Pittsburgh, PA, USA; 30 ng/mL) and 1000 IU/mL
rhIL-2 for large-scale expansion production, whereby up to
5 × 109 TIL cells were harvested. These cells were infused
back into patients after detecting the immunophenotyped
TILs.

2.5. TIL Immunophenotyping. The cultured TIL phenotypes
after culture were characterized using flow cytometry with
anti-CD3 (Cat#: 555339, 1.5μL/106 cells), anti-CD4 (Cat#:
557871, 2μL/106 cells), anti-CD8 (Cat#: 563823, 2μL/106

cells), anti-CD56 (Cat#: 56275, 3μL/106 cells), and anti-

PD1 (Cat#: 561272, 5μL/106 cells) for 30 minutes on ice in
the dark [35, 37]. Thereafter, the cells were washed once with
PBS and resuspended in 400μL PBS. 7AAD was used to dis-
tinguish live cells and dead cells, and the cells were run on a
BD Fortessa (BD Biosciences). Fluorescence minus one
(FMO) was used as the negative control. Moreover, FlowJo
software was used to analyze the data generated by flow
cytometry. FoxP3 staining was conducted using an intracel-
lular staining protocol from BD Biosciences as follows: anti-
CD3 and anti-CD4 were stained for 30 minutes on ice in
the dark; TILs were washed, fixed, and permeabilized follow-
ing protocols for BD Fix Buffer I (Cat#: 557870, BD Biosci-
ences, USA) and Perm Buffer III (Cat#: 558050, BD
Biosciences, USA). The cells were washed thrice with Perm
Buffer III and incubated with anti-FoxP3 (Cat#: 560460,
5μL/106 cells) for 30 minutes on ice in the dark. The cells
were run on a BD Fortessa (BD Biosciences). Fluorescence
minus one (FMO) was used as the negative control. FlowJo
software was used to analyze the data generated by flow
cytometry.

2.6. Statistical Analysis. GraphPad Prism 7.0 and SPSS 17.0
software were used for statistical analysis. PFS and OS were
calculated by Kaplan-Meier. OS and PFS were calculated
from the start of TIL therapy. Univariable and multivariable
Cox proportional hazards regression models were used to
estimate hazard ratios along with associated confidence
intervals and p values. Other data used t-test or χ2 test. For
all statistical analyses, significance is indicated as at least p
< 0:05.

3. Results

3.1. Patient Characteristics. Between June 2016 and March
2018, 60 patients with chemotherapy-resistant metastatic
osteosarcoma were enrolled in this study, and they were
treated with TILs and nivolumab therapy. Detailed charac-
teristics of the patients are shown in Table 1.

3.2. Phenotype of TILs. The total number of TILs at infusion
time was averagely 5 × 109 cells (range, 3-8 × 109). The TILs
were primarily CD3+ T cells (92:84% ± 5:61%, N = 60) and
comprised CD8+ T cells (67:55% ± 10:84%, N = 60), CD4+
T cells (27:87% ± 5:64%, N = 60), NK cells (3:14% ± 3:67%,
N = 60), and NKT cells (23:21% ± 9:47%, N = 60). PD1 was
expressed as the mean ± SD of 21:51% ± 7:85% of infused
TILs, primarily on CD8+ T cells (18:31% ± 5:30%, N = 60).
A subgroup of Foxp3+ T regulatory cells (19:75% ± 8:80%)
was isolated from the CD3+CD4+ T cell population
(Figure 1).

3.3. Treatment-Related Toxicities. The most common AEs of
combined TILs and anti-PD1 therapy included fever, fatigue,
rash, anorexia, leukopenia, and anemia (Table 2). All grades
of treatment-associated AEs occurred in 45 patients (75%),
and 43 of the 45 patients were grade 1 or 2 (95.56%). Grade
3 or 4 treatment-associated AEs were observed in two
patients (3.33%). One patient exhibited a grade 4 fever during
treatment; however, objective antitumor regression (com-
plete response (CR)) was observed in this patient after 6

Table 1: Patient characteristics (N = 60).

Characteristic No. of patients %

Gender

Male 40 66.7

Female 20 33.3

Age (years)

≥20 18 30

<20 42 70

ECOG PS

0 44 73.3

1 16 26.7

Site of primary tumor

Femur and tibia 38 63.3

Other 22 36.7

Size of primary tumor (cm)

≥5 48 80

<5 12 20

Response to neoadjuvant chemotherapy

Good 10 16.7

Poor 50 83.3

Location of metastasis

Lung 50 83.3

Others 10 16.7
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cycles of combined TILs and nivolumab therapy. Besides,
grade 3 fever was observed in another patient with CR after
6 cycles of combined TILs and nivolumab therapy. Notably,

fever was the most frequently observed AE, which occurred
in 32 patients (53.33%). Nearly all fever cases rose no higher
than 38°C and spontaneously resolved within 12 hours. The
patients with grade 3 and 4 fever were treated with nonsteroi-
dal anti-inflammatory drugs and resolved to a normal level
within 48 hours. No patient exhibited other treatment-
associated serious AEs. Moreover, infections, vitiligo, nausea,
or vomiting was not observed following combined TILs and
nivolumab therapy. No patient was discontinued from any
treatment due to treatment-associated AEs.

3.4. Treatment Outcomes. The ORR was recorded in 22 out of
60 patients (36.67%) including 2 with a CR and 20 with a par-
tial response (PR). The disease control rate (DCR) was
observed in 48 patients (80%). During the last follow-up in
February 2020, all the patients experienced disease progres-
sion, 50 patients had died, and 10 were alive. The mPFS
and mOS were 5.75 and 13.6 months, respectively
(Figures 2(a) and 2(b)). The 1-year PFS and OS rates were
25% (95% CI: 13%, 37%) and 60% (95% CI: 50%, 72%),
respectively. Additionally, patients who experienced a CR
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Figure 1: Phenotype of TILs at the time of infusion. (a) Representative flow cytometry of CD3+, CD3+CD4+, CD3+CD8+, CD3+CD56+,
CD3-CD56+, CD3+CD8+PD1+, and CD4+FoxP3+percentage of TILs. (b) Quantitative analysis of CD3+, CD3+CD4+, CD3+CD8+,
CD3+CD56+, CD3-CD56+, CD3+PD1+, CD3+CD8+PD1+, CD3+CD8+PD1+, and CD4+FoxP3+percentage of TILs. FMO is negative control.

Table 2: Treatment-related adverse events in patients in response to
therapy (N = 60).

Side effects
No. (%) of patients associated with

adverse events
Grade 1 or 2 Grade 3 or 4

Fever 30 (50) 2 (3.33)

Fatigue 15 (25) 0

Rash 11 (18.33) 0

Anorexia 13 (21.67) 0

Leukopenia 9 (15) 0

Anemia 8 (13.33) 0

Vitiligo 0 0

Nausea 0 0

Vomiting 0 0

Total incidence 43 (71.67) 2 (3.33)
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were 15-year-old and 20-year-old males with lung metastases
and liver metastases, respectively. After 12 weeks of com-
bined TILs and nivolumab therapy, the multiple lung metas-
tases (Figure 3(a)) and liver metastases (Figure 3(b))
disappeared. The PFS was 15 months and 12.1 months for
the first patient and the second patient, respectively, and
the two patients are so far alive. The 22 patients with CR
+PR achieved an mPFS for 8.85 months (Figure 4(a)) and
an mOS for 23.7 months (Figure 4(b)). Of note, 8 of the 20
patients with PR are currently alive for the last follow-up.

3.5. Characteristics of Patients with ORR. The mPFS and
mOS of the patients with ORR (N = 22) and patients with

non-ORR (N = 38) were analyzed. The mPFS and mOS of
ORR versus non-ORR were 8.85 months vs. 4.8 months
(p < 0:0001) and 23.7 months vs. 8.7 months (p < 0:0001),
respectively (Figures 5(a) and 5(b)). Notably, patients with
ORR could highly benefit from combined TILs and anti-
PD1 therapy. Therefore, we explored the biomarkers for this
therapy based on the characteristics of patients with ORR.
Many prognostic factors were reported for predicting osteo-
sarcoma progression [38–41]. First, characteristics of
patients with ORR and non-ORR patients were analyzed
based on gender, ages, ECOG PS, site and size of the primary
tumor, response to neoadjuvant chemotherapy, and location
of metastasis. These factors are significant prognostic factors
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Figure 2: Kaplan-Meier curves for PFS and OS of patients, N = 60. (a) The PFS curve of patients. (b) The OS curve of patients.
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Figure 3: Two complete responses of patients with TIL therapy combined with anti-PD1 therapy. (a) A 15-year-old patient with lung
metastasis experienced a complete response (CR) after 12 weeks of TIL therapy plus anti-PD1 therapy. The red arrow points at the target
lesions before treatment. (b) A 20-year-old patient with liver metastasis experienced a complete response (CR) after 12 weeks of TIL
therapy plus anti-PD1 therapy. The red arrow points at the target lesions before treatment.
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Figure 4: Kaplan-Meier curves for PFS and OS of patients with ORR (CR+PR), N = 22. (a) The PFS curve of patients with ORR. (b) The OS
curve of patients with ORR.
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for patients with osteosarcoma; however, there were no sig-
nificant differences between these factors in patients with
ORR and non-ORR (Table 3). Interestingly, significant dif-
ferences in the infusions of TIL numbers, CD8+TIL percent-
age, CD8+PD1+TIL percentage, and CD4+FoxP3+TIL
percentage were reported between patients with ORR and
non-ORR (Table 3). The infusion of TIL numbers and CD8+-

TIL percentage in patients with ORR versus patients with
non-ORR was 6:2 × 109 ± 1:1 × 109 vs. 2:5 × 109 ± 1:4 × 109
(p < 0:0001) and 75:3% ± 3:2% vs. 52:2% ± 4:1% (p < 0:0001
), respectively. Contrarily, infusion of CD8+PD1+TIL per-
centage and CD4+FoxP3+TIL percentage in patients with
ORR versus patients with non-ORR was 5:1% ± 1:3% vs.
25:8% ± 3:1% (p < 0:0001) and 12:5% ± 3:6% vs. 24:0% ±
8:1% (p < 0:0001), respectively. Overall, more infusion of
TIL numbers and CD8+TIL percentage, less infusion of
CD8+PD1+TIL percentage, and CD4+FoxP3+TIL percentage
are potentially significant factors for predicting response to
combined TILs and anti-PD1 therapy.

3.6. Prognostic Factors of Combined TILs and Anti-PD1
Therapy. Patients with ORR had more infusion of TIL num-
bers and CD8+TIL percentage but less infusion of CD8+-

PD1+TIL percentage and CD4+FoxP3+TIL percentage.
Therefore, potential prognostic factors that could predict
clinical response to combined TILs and anti-PD1 therapy
were assessed. There were no significant differences in mPFS
and mOS based on gender, ages, ECOG PS, site and size of
the primary tumor, response to neoadjuvant chemotherapy,
and location of metastasis using Kaplan-Meier analysis
(Table 4). Contrarily, univariate analyses proposed that more
infusion of TIL numbers and CD8+TIL percentage and less
infusion of CD8+PD1+TIL percentage and CD4+FoxP3+TIL
percentage were significantly associated with increased mPFS
(12.2 months vs. 4.8 months, p < 0:0001; 9.45 months vs. 3.85
months, p < 0:0001; 6.8 months vs. 4.8 months, p < 0:0001;
and 6.7 months vs. 3.9 months, p < 0:0001) (Figure 6(a), A–
D) and mOS (21.4 months vs. 8.6 months, p < 0:0001; 18.7
months vs. 8.4 months, p < 0:0001; 18.0 months vs. 8.2

months, p < 0:0001; and 16.7 months vs. 7.9 months, p <
0:0001) (Figure 6(b), A–D). These differences were signifi-
cant in the multivariate Cox proportional hazards model
(p < 0:0001) in mPFS (Table 5) and mOS (Table 6). Conclu-
sively, more infusion of TIL numbers and CD8+TIL percent-
age and less infusion of CD8+PD1+TIL percentage and
CD4+FoxP3+TIL percentage may be potential prognostic fac-
tors which can predict clinical response to combined TILs
and anti-PD1 therapy.

4. Discussion

Immunotherapy has improved the field of oncology and is
largely attributed to the success of immune checkpoint inhib-
itors. However, the durability and efficacy of anti-PD1 ther-
apy vary across different malignancies. Many studies have
been conducted on the use of anti-PD1 against osteosarcoma;
however, the ORR of nonselective patients is less than 10%
which significantly lowers the effectiveness of anti-PD1 ther-
apy to osteosarcoma [11]. The absence of TILs in the tumor
microenvironment is one of the potential causes of tumor
resistance to this immune checkpoint therapy [42]. Notably,
TIL therapy has achieved successful clinical efficacy in treat-
ing melanoma since its first report by Rosenberg and col-
leagues more than 20 years ago [23]. The encouraging
success achieved in TIL treatment against melanoma has
stimulated scientists globally to conduct studies on other
solid tumors, such as renal cell carcinoma, cervical cancer,
and other epithelial cancers [27–30]. However, the clinical
response of TIL therapy to these tumors is lower when com-
pared to melanoma in general. Of note, there are limited
studies of TILs on osteosarcoma, except for a previously con-
ducted preclinical study [31]. In this study, benefits are
derived from combined TILs and anti-PD1 therapy in treat-
ing chemotherapy-resistant metastatic osteosarcoma. Inter-
estingly, this new treatment strategy displayed a promising
antitumor effect and a satisfactory objective response with
22 out of the 60 patients exhibiting clinical tumor regression.
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Figure 5: Kaplan-Meier curves for PFS and OS of patients with ORR (CR+PR), N = 22, and non-ORR, N = 38. (a) The PFS curve of patients
with ORR and non-ORR. (b) The OS curve of patients with ORR and non-ORR. The blue line shows patients with ORR, and the red line
shows patients with non-ORR.
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Moreover, inhibiting the PD1/PDL1 pathway released
the brake on T lymphocytes and restored antitumor immune
response resulting in tumor elimination [43]. Notably, a sub-
population of PD1+T lymphocytes was observed in the cul-
tured TILs, suggesting that a PD1 blockade may
significantly increase the cytotoxicity of TILs. Similarly,
recent studies have reported that blocking the PD1 pathway
significantly increased the antitumor effects of adoptive T
lymphocyte immunotherapy performed with chimeric anti-
gen receptor (CAR) T cells [44, 45]. Univariate and multivar-

iate analyses indicated that patients with less infusion of
CD8+PD1+TIL percentage showed better PFS and OS.
Therefore, it was proposed that combined TILs and anti-
PD1 therapy potentially increases clinical response rates
and survival time in chemotherapy-resistant metastatic
osteosarcoma.

In addition, effective treatment methods for metastatic
osteosarcoma patients with chemotherapy resistance are
unavailable. Therefore, exploring treatment methods for
these patients is urgently significant. This study reported
the efficacy of the combined TILs and anti-PD1 therapy in
metastatic osteosarcoma patients exhibiting chemotherapy
resistance. Out of the 60 patients, 22 patients showed an
objective response, 2 with CR and 20 with PR. The mPFS
was 5.75 months, whereas the mOS was 13.6 months. How-
ever, there is a sizable arsenal of chemotherapy agents with
proven efficacy against osteosarcoma patients, and the mOS
is no more than 6 months in metastatic osteosarcoma
patients with chemotherapy resistance [46]. Therefore, com-
bined TILs and anti-PD1 therapy may provide an improved
treatment method for metastatic osteosarcoma patients exhi-
biting resistance to chemotherapy.

Many studies have confirmed that T cell infiltration in
tumors is predictive of the OS of patients, indicating that T
cells can restrict tumor growth [47–52]. However, most infil-
trated tumors progress, suggesting that spontaneous antitu-
mor immune responses are insufficient in controlling
tumors. Furthermore, immune checkpoint inhibitors used
as cancer therapies reverse T cell tolerance and mediate a
proliferative response of TILs by blocking inhibitory interac-
tions between tumor cells and infiltrating T cells, thus allow-
ing for an antitumor immune response. However, the origin
of this response has not been established because chronic
activation promotes terminal differentiation or exhaustion
of tumor-specific T cells [49]. Immunotherapies are aimed
at boosting antitumor immune responses to induce durable
tumor control. Current regimens mainly include adoptive
cell therapy (“immune accelerator”) and checkpoint inhibi-
tors (“immune brake”) which have yielded unprecedented
clinical benefit in several tumor types. Besides, the efficacy
of a single anti-PD1 against osteosarcoma is limited for non-
selective patients [11]. Of note, TILs showed therapeutic effi-
cacy against osteosarcoma in preclinical mouse models [31].
Synergism from this combination may be considered as
ex vivo grown. Moreover, expanded tumor-reactive TILs
are often PD1-positive; therefore, preventing the interaction
between PD1 on T cells and PDL1 on tumor cells through
anti-PD1 therapy during TIL infusion may render the TILs
more tumoricidal [53]. Combined TILs and anti-PD1 ther-
apy may increase the clinical benefits of osteosarcoma. In this
study, the ORR of all the patients was 36.67% which is signif-
icantly higher than a single anti-PD1 therapy against osteo-
sarcoma; this is consistent with reports from previous
studies on other solid tumors [54, 55]. Besides, patients with
less infusion of CD4+FoxP3+TIL percentage were reported to
have better PFS and OS. Similarly, patients with more infu-
sion of TIL numbers and CD8+TIL percentage showed better
PFS and OS. The average numbers of infused TILs were

Table 3: Characteristics of patients with ORR (N = 22) and non-
ORR (N = 38).

Characteristic
No. of
ORR

No. of non-
ORR

p
value

Gender

Male 14 26

Female 8 12 0.705

Age (years)

≥20 6 12

<20 16 26 0.726

ECOG PS

0 20 30

1 2 8 0.231

Site of primary tumor

Femur and tibia 12 26

Other 10 12 0.282

Size of primary tumor (cm)

≥5 17 31

<5 5 7 0.688

Response to neoadjuvant
chemotherapy

Good 3 7

Poor 19 31 0.632

Location of metastasis

Lung 18 32

Others 4 6 0.811

Infusion of TIL numbers

≥5 × 109 20 15

<5 × 109 2 23 0.000

Infusion of CD8+TIL percentage

≥60% 19 11

<60% 3 27 0.000

Infusion of CD8+PD1+TIL
percentage

≥10% 4 21

<10% 18 17 0.005

Infusion of CD4+FoxP3+TIL
percentage

≥20% 2 19

<20% 20 19 0.001
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approximately 5 × 109, which is less than those reported from
other studies in melanoma [25, 54]. Most of the melanoma
patients received TIL immunotherapy. However, this study
used combined TILs and anti-PD1 therapy to treat osteosar-
coma patients; this may illustrate why the lower numbers of
infused TILs can yield satisfactory efficacy. PDL1 expression
has been correlated with higher response rates in several
tumors, while osteosarcoma has been shown to have variable
PDL1 expression and responses also seen even in the absence
of PDL1 expression in several tumors [11, 56]. In the future,
new studies showed be administered to help to elucidate the
role of PDL1 in the treatment of combined TILs and anti-
PD1 therapy. This observation should, therefore, be repli-
cated in other future studies to determine whether character-
istics of cultured TILs may truly represent the first biomarker
predictive of response to this combined immunotherapy.
Notably, the patients most likely to respond to treatment
can eventually be identified.

Additionally, combined TILs and anti-PD1 therapy was
well tolerated without an increase in serious adverse effects.
This is different from previous study reports whereby TIL
treatment yielded more adverse effects because of the lym-
phodepleting preparative regimens and the subsequent IL-2
after TIL infusion [16, 23, 24, 26]. In this study, patients only
received transfusion of TILs combined with anti-PD1 ther-
apy. Therefore, this treatment strategy was confirmed not
to increase adverse effects. Two patients showed grade 3 or
4 fever and were treated with nonsteroidal anti-

inflammatory drugs which resolved the fever within 48
hours. Interestingly, the two patients exhibited a CR. A study
published in the Journal of Clinical Oncology showed that
fever after anti-PD1 therapy may be an early predictor of
response to anti-PD1 treatment [57]. Future studies should
focus on exploring the association between fever and
immunotherapy.

There are no current reports on the efficacy of com-
bined TILs and anti-PD1 therapy against osteosarcoma.
Besides, treatment with anti-CTLA-4 antibody ipilimumab
has been shown to increase T cell infiltration into melano-
mas and broaden the TIL response to tumors. A clinical
trial report indicated that 13 patients with metastatic mel-
anoma were treated with ipilimumab and TIL therapy;
notably, 5/13 of patients (38.5%) showed an ORR [58].
However, this study provides the first report that demon-
strates the feasibility of combining TILs with immune
checkpoint inhibitors. The role of TILs in combination
with anti-PD1 is currently subject to clinical trials in treat-
ing melanoma (NCT03374839, NCT03475134,
NCT03158935, NCT02652455, NCT02621021, and
NCT01993719). However, whether TILs should be admin-
istered in combination with anti-PD1 or as a single treat-
ment option is still unknown for solid tumors. The success
in combined treatment for metastatic osteosarcoma
patients exhibiting chemotherapy resistance confirms that
TIL combination with anti-PD1 therapy may be a better
treatment method for osteosarcoma. Therefore, in-depth
studies need to be conducted in the future.

Table 4: Univariate analysis of factors related to mDFS and mOS of patients in this study (N = 60).

Characteristics mDFS (months) p value mOS (months) p value

Gender

Male 5.75 13.5

Female 5.55 0.838 15.5 0.111

Age (years)

≥20 5.25 12.9

<20 5.9 0.375 14.5 0.518

ECOG PS

0 5.75 14.2

1 5.75 0.496 12.9 0.985

Site of primary tumor

Femur and tibia 5.75 13.5

Other 5.6 0.425 15.3 0.424

Size of primary tumor (cm)

≥5 5.55 13.6

<5 6.2 0.87 14.0 0.668

Response to neoadjuvant chemotherapy

Good 5.9 14.5

Poor 5.2 0.242 13.5 0.566

Location of metastasis

Lung 5.6 15.1

Others 6.0 0.482 13.6 0.167
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Conclusively, this study provides a report on 60 patients
with chemotherapy-resistant metastatic osteosarcoma who
received TIL therapy combined with anti-PD1 therapy.
Although it is a single-center, nonrandomized retrospective
study, this study can be an exploration of treatment for met-
astatic osteosarcoma and provides some significant clinical
implications. Prospective randomized studies are worthy to

apply to determine whether patients can achieve benefit from
combined TILs with anti-PD1 therapy.

Data Availability

The data used to support the findings of this study are
included within the article.
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Figure 6: Univariate analyses of more infusion of TIL numbers and CD8+TIL percentage and less infusion of CD8+PD1+TIL percentage and
CD4+FoxP3+TIL percentage based on PFS and OS. (a) The PFS curve of patients, A: patients with more TIL numbers (≥5 × 109, blue line) and
less TIL numbers (<5 × 109, red line); B: patients with more CD8+TIL (≥60%, blue line) and less CD8+TIL (<60%, red line); C: patients with
more CD8+PD1+TIL (≥10%, blue line) and less CD8+PD1+TIL (<10%, red line); D: patients with more CD4+FoxP3+TIL (≥20%, blue line)
and less CD4+FoxP3+TIL (<20%, red line). (b) The OS curve of patients, A: patients with more TIL numbers (≥5 × 109, blue line) and less
TIL numbers (<5 × 109, red line); B: patients with more CD8+TIL (≥60%, blue line) and less CD8+TIL (<60%, red line); C: patients with
more CD8+PD1+TIL (≥10%, blue line) and less CD8+PD1+TIL (<10%, red line); D: patients with more CD4+FoxP3+TIL (≥20%, blue line)
and less CD4+FoxP3+TIL (<20%, red line).

Table 5: Multivariate analysis (mPFS).

Parameters Hazard ratio 95% confidence interval p value

Infusion of CD8+TIL numbers (≥5 × 109 vs. <5 × 109) 3.73 (2.11, 6.57) <0.0001
Infusion of CD8+TIL percentage (≥60% vs. <60%) 4.05 (2.15, 7.64) <0.0001
Infusion of CD8+PD1+TIL percentage (≥10% vs. <10%) 2.98 (1.57, 5.66) <0.0001
Infusion of CD4+FoxP3+TIL percentage (≥20% vs. <20%) 3.12 (1.98, 5.78) <0.0001

Table 6: Multivariate analysis (mOS).

Parameters Hazard ratio 95% confidence interval p value

Infusion of CD8+TIL numbers (≥5 × 109 vs. <5 × 109) 5.30 (2.80, 10.03) <0.0001
Infusion of CD8+TIL percentage (≥60% vs. <60%) 5.88 (2.85, 12.14) <0.0001
Infusion of CD8+PD1+TIL percentage (≥10% vs. <10%) 6.38 (2.70, 15.08) <0.0001
Infusion of CD4+FoxP3+TIL percentage (≥20% vs. <20%) 4.87 (2.56, 9.84) <0.0001
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