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Abstract. Evidence is limited regarding the immunologic 
profile and immune microenvironment of soft tissue sarcoma 
subtypes. The aim of the present study was to describe the 
clinical significance and prognostic implications of PD‑L1, 
PD‑L2, and PD‑1 in patients with retroperitoneal sarcoma 
(RSar). In this retrospective, multicenter, collaborative study, 
medical charts were reviewed and the immunohistochemical 
staining results of resected tissue specimens from 51 patients 
with RSar were examined. Immunohistochemical staining was 

performed with primary antibodies against PD‑L1, PD‑L2, 
PD‑1, and Ki‑67. The correlations between the baseline clinical 
parameters and expression levels of the four molecules in 
sarcoma cells were evaluated, and their prognostic values after 
tumor resection were assessed. Dedifferentiated liposarcoma 
(41%), leiomyosarcoma (20%), and undifferentiated pleomor‑
phic sarcoma (16%) were the three major types identified. 
Dedifferentiated liposarcoma and leiomyosarcoma showed 
higher levels of PD‑L1 expression than did other sarcomas. 
The Spearman correlation analysis revealed that baseline 
serum lactate dehydrogenase levels were moderately and 
positively correlated with PD‑L1 (P=0.02, r=0.41) and PD‑L2 
(P=0.006, r=0.47) expression. The median recurrence‑free 
and disease‑specific survival was 58 and 16 months, respec‑
tively, during the 29‑month median follow‑up after surgery. 
On univariate analysis, a higher expression level of PD‑1 
was associated with a higher risk of recurrence, whereas 
multivariate analyses revealed that independent predictors of 
recurrence‑free and disease‑specific survival indicated a high 
expression of Ki‑67 (P=0.03; hazard ratio, 2.29 vs. low expres‑
sion) and prognostic stage IIIB (P=0.04; hazard ratio, 5.11 vs. 
stage I‑II), respectively. Findings of the current study provide 
novel insights about the prognostic value of PD‑L1, PD‑L2, 
and PD‑1 expression in RSar. Serum lactate dehydrogenase 
levels constitute a potential predictor of PD‑L1 and PD‑L2 
expression levels in RSar. Further investigations are needed 
to determine the immunologic landscape of RSar and provide 
a foundation for therapeutic intervention using immune 
checkpoint inhibitors.

Introduction

Soft tissue sarcomas can occur in any anatomic region. Those 
arising from the retroperitoneal cavity (retroperitoneal sarcoma; 
RSar) are rare, aggressive, heterogeneous malignancies, 
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accounting for approximately 15% of all soft tissue sarcomas (1). 
As RSar‑induced symptoms are frequently nonspecific and pain‑
less, the median size at first diagnosis ranges from 15 to 18 cm (2). 
Enlarged RSars tend to invade the surrounding vital organs, 
including the kidneys, liver, pancreas, duodenum, small intestine, 
colon, inferior vena cava, and aorta, making complete surgical 
resection difficult in clinical practice (3). The poor prognosis of 
RSar has been driving the continual efforts for determining the 
prognostic factors (1,3‑5), developing the molecular classifica‑
tion (6,7), and establishing perioperative interventions (8,9) and 
novel antitumor drugs and regimens (10‑12). RSar is character‑
ized by many different cell types, resulting in a wide variety 
of histological entities such as well‑differentiated liposarcoma 
(WDLPS), dedifferentiated liposarcoma (DDLPS), undifferenti‑
ated pleomorphic sarcoma (UPS), and leiomyosarcoma (LMS). 
Considering the disease heterogeneity, it is very complicated to 
define and manage the treatment strategies.

As some patients with unresectable, treatment‑refractory 
soft‑tissue sarcoma respond to immune checkpoint inhibitors 
(ICIs) that target programmed cell death 1 (PD‑1), programmed 
cell death ligand‑1 (PD‑L1), and cytotoxic T‑lymphocyte 
antigen, the perioperative administration of ICIs would 
be beneficial for treatment‑naive patients with less tumor 
burden (13). Several prospective clinical trials are ongoing to 
verify the efficacy of ICIs and/or radiotherapy in the neoadju‑
vant settings for patients with surgically resectable RSar (8,13). 
The immunologic profile, copy number alteration, and tumor 
mutation burden are useful predictive factors of the response 
to ICIs (14). Although the prognostic impact and biological 
role of PD‑1 and PD‑L1 in sarcomas have been investigated 
in previous studies including meta‑analyses (15,16), only a few 
studies have focused on the immunologic profile of RSar.

In the current study, we evaluated the clinical signifi‑
cance and prognostic implications of PD‑L1, PD‑L2, PD‑1, 
and Ki‑67 expression in patients with RSar. It is well known 
that PD‑L1 binding to PD‑1 is a negative regulator of T‑cell 
responses and contributes to immune escape in the tumor 
microenvironment (13). By contrast, the clinical and biological 
role of PD‑L2 in tumor immunity remains unclear, especially 
in RSar (16). Thus, to better understand the role and prognos‑
tication of the PD‑L1/PD‑L2/PD‑1 axis in RSar, we conducted 
this multicenter collaborative study of the Nara Urological 
Research and Treatment Group (NURTG) by performing 
immunohistochemical (IHC) staining analysis of surgically 
resected tissue specimens.

Materials and methods

Patient selection and data collection. This study was approved 
by the ethics committee of the Nara Medical University, and 
informed consent from the participants was obtained in the 
form of opt‑out in the outpatient clinic and on the web‑site 
(reference ID: 1256/1966). Between January 2000 and 
September 2019, a total of 64 patients were diagnosed with 
primary RSar at the Departments of Urology or Orthopedic 
Surgery of Nara Medical University Hospital, Urology of 
Nara Prefecture General Medical Center, and Urology of 
Nara City Hospital. Of the 64 patients, 9 were excluded owing 
to insufficient follow‑up data. Four patients were excluded 
because only tissue biopsy, not surgical tumor resection, was 

performed; finally, 51 patients with RSar who underwent 
surgical tumor resection were included in the analysis. The 
baseline clinicopathological information and follow‑up data 
were collected by retrospectively reviewing the medical charts. 
The blood parameters included the levels of hemoglobin (Hb), 
albumin, C‑reactive protein (CRP), and lactate dehydroge‑
nase (LDH), calcium adjusted by albumin level (hereafter 
referred to as adjusted Ca), the neutrophil‑to‑lymphocyte 
ratio (NLR), the platelet‑to‑lymphocyte ratio (PLR), and the 
monocyte‑to‑lymphocyte ratio (MLR). All patients underwent 
contrast‑enhanced computed tomography and/or magnetic 
resonance imaging prior to surgery to determine the tumor 
location and size.

Surgical resection of RSar. Complete surgical resection is 
among the principal treatment modalities for RSar. The resec‑
tion of contiguous organs, major blood vessels, and major 
muscles is associated with a higher rate of complete resection, 
thereby resulting in improved disease‑free survival  (3,17). 
A previous study using a nationwide database revealed that 
contiguous organ resection was not associated with increased 
postoperative morbidity or severe morbidity (17). The extent 
of surgical resection depended on the attending physicians and 
surgeons in our cohort. We reviewed the contiguous organs, 
vessels, and muscles that were resected concomitantly. The 
resection of a tumor with at least one organ, major vessel, or 
major muscle was defined as ‘extended resection’.

Pathological evaluation and tumor staging. All hematoxylin 
and eosin‑stained (H&E) specimens obtained via surgical 
resection or biopsy (image‑guided core needle biopsy or 
open/laparoscopic excision biopsy) were re‑assessed inde‑
pendently by two experienced pathologists (K.H. and T.F.) 
considering the tumor histology, tumor‑cell‑free surgical 
margins, and tumor grade according to the French Federation 
Nationale des Centres de Lutte le Cancer (FNCLCC) 
system (18). The resection margins were coded by using the 
residual tumor (R) classification on the basis of the macroscopic 
and microscopic evaluation (19), and they were categorized 
into one of the following three categories: Microscopically 
negative (R0), microscopically positive (R1), or grossly posi‑
tive (R2). TNM categories were classified and the prognostic 
stage (from stage  IA to IV) was defined according to the 
American Joint Committee on Cancer (AJCC) eighth edition 
for the retroperitoneum‑specific criteria (20).

Immunohistochemical staining. IHC staining was performed 
using paraffin‑embedded, formalin‑fixed tissue blocks (fixed 
in 10% buffered formalin at room temperature for 24‑48 h), as 
previously described (21). The details about the primary and 
secondary antibodies and conditions are available in Table SI. 
Histofine Simple Stain™ MAX PO (MULTI) kit (catalogue no. 
414151; Nichirei Corporation) was used for peroxidase color 
development according to the manufacturer direction. The 
membranous expression of PD‑L1, PD‑L2, and PD‑1 and the 
nuclear expression of Ki‑67 were evaluated in at least 3 inde‑
pendent high‑power microscopic fields (x400, 0.0625 µm2) of 
sarcoma cells, which were determined on the basis of the cell 
morphology. The percentage of positive sarcoma cells divided 
by the total counted sarcoma cells was calculated (0‑100%). 
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The staining intensity of these markers was not taken into 
account. The cut‑off values for defining low or high expression 
on IHC staining were based on the median‑positive scores. 
The IHC staining results were evaluated by two investigators 
(Y.O. and S.H.) who were blinded to any clinicopathological 
data.

Postoperative management and follow‑up. Additional chemo‑
therapy and/or radiotherapy were performed on a case‑by‑case 
basis, especially for patients presenting with R1 or R2 disease. 
Doxorubicin plus ifosfamide or doxorubicin alone was admin‑
istered for most cases (22). A chest/abdomen/pelvis CT scan 
was obtained approximately every 3 months for 3 years after 
surgery, every 6 months from years 4 to 5, and annually there‑
after. Recurrence was defined as radiographically detectable 
local recurrence or distant metastases.

Statistical analysis. IBM SPSS version 23 (SPSS Inc.) and 
PRISM software version 5.00 (San Diego) were used for 
statistical analyses and data plotting, respectively. A P‑value 
<0.05 was considered statistically significant. Continuous 
variables were expressed as the median and interquartile range 
(IQR) and compared using the Mann‑Whitney U‑test or the 
Kruskal‑Wallis test, followed by the post hoc test (Dunn test). 
Data are expressed as box plots. Categorical variables were 
compared using a Chi‑square or Fisher's exact test, as appro‑
priate. The correlations among the studied parameters were 
examined using the Spearman correlation coefficient (ρ value) 
and linear regression analysis (Y‑slope). The absolute values 
of Spearman ρ<0.2‑0.4 were considered to indicate weak 
correlation; 0.4‑0.7, moderate correlation; and >0.7, strong 
correlation.

Recurrence‑free survival (RFS) and disease‑specific 
survival (DSS) were the primary outcomes. Survival was 
estimated with the Kaplan‑Meier method by calculating the 
RFS and DSS from the date of surgery to the date of events 
or the last follow‑up, and were compared using log‑rank 
tests. Multivariate analysis was used to identify independent 
prognostic variables by using a stepwise Cox proportional 
hazards regression model. Variables that potentially affected 
prognosis (P<0.1) on univariate analysis were included in the 
multivariate analysis.

Results

Patient characteristics. A total of 51 patients treated at three 
tertiary hospitals were included in this study. Table I summa‑
rizes the clinicopathological characteristics. Tumor biopsy 
prior to surgery was performed in 10 patients (20%) to make 
the diagnosis of sarcoma and determine its histologic subtype. 
The paired pathological results of biopsy tissues and surgi‑
cally resected tissues are listed in Table SII. The pathological 
results of biopsy tissues and surgically resected tissues were 
the same or similar in 8 of the 10 patients (80%), while the 
pathological results were changed from LMS or rhabdomyo‑
sarcoma to DDLPS and from inflammatory tissue to DDLPS 
in 1 patient each. Simple tumor resection was performed in 
20 patients (35%) and extended resection in 31 patients (65%). 
The number of resected organs and the concomitant procedure 
are shown in Table SIII. Eighteen (58%) of the 31 patients 

Table I. Clinicopathologic characteristics of 51  cases with 
retroperitoneal sarcoma.

Variables	 Value

Total	 51 (100%)
Sexa	
  Male	 32 (63)
  Female	 19 (37)
Age at surgery, yearsb 	 65 (54‑71)
Tumor size, cmb	 7.6 (4.9‑11.2)
Hemoglobin, g/dlb	 12.8 (11.3‑14.3)
Albumin, g/dlb	 4.0 (3.7‑4.3)
LDH, IU/lb	 196 (169‑226)
Adjusted calcium, mg/dlb 	 9.3 (9.1‑9.5)
CRP, mg/dlb	 0.2 (0.05‑1.7)
NLRb	 2.3 (1.7‑3.4)
PLRb	 147 (97‑173)
MLRb	 0.30 (0.21‑0.49)
Biopsy prior to surgerya,c	
  No	 41 (80)
  Yes	 10 (20)
Extended resectiona,d	
  No	 20 (39)
  Yes	 31 (61)
Tumor entitya	
  WDLPS	 5 (10)
  DDLPS	 21 (41)
  Myxoid LPS	 1 (2)
  LMS	 10 (20)
  UPS	 8 (16)
  Epithelioid sarcoma	 1 (2)
  Fibrosarcoma	 1 (2)
  Myxofibrosarcoma	 1 (2)
  Synovial sarcoma	 1 (2)
  Sarcoma, NOS	 2 (4)
FNCLCC gradinga	
  G1	 10 (20)
  G2	 14 (27)
  G3	 27 (53)
Prognostic staginga,e

  IA	 5 (10)
  IB	 5 (10)
  II	 9 (18)
  IIIA	 15 (29)
  IIIB	 15 (29)
  NA	 2 (4)
Resection margina,f

  R0	 23 (45)
  R1	 23 (45)
  R2	 5 (10)
Postoperative treatmenta	
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underwent concomitant resection of one organ. Frequently 
resected targets included the kidneys (48%) and psoas muscle 
(35%). One patient (an 81‑year‑old man) with a large retro‑
peritoneal DDLPS underwent multi‑visceral resection of the 
left kidney, descending/sigmoid colon, psoas muscle, and 
common iliac artery via F‑F bypass vascular reconstruction. 
Regarding the tumor histopathology, liposarcoma (WDLPS, 
DDLPS, and myxoid LPS) was the most frequent tumor entity, 
accounting for 53% of all cases. The three major types of RSar 
in our cohort were DDLPS (41%), LMS (20%) and UPS (16%) 
(Table I).

PD‑L1, PD‑L2, PD‑1, and Ki‑67 expression in RSar speci‑
mens. As no patients underwent neoadjuvant therapy in the 
studied cohort, all the specimens were treatment‑naïve RSar. 
Representative images of IHC staining for PD‑L1, PD‑L2, 
PD‑1, and Ki‑67 in retroperitoneal sarcoma are shown in Fig. 1. 
The percentage of positive sarcoma cells divided by the total 
counted sarcoma cells was calculated (0‑100%). The median 
scores and IQRs for PD‑L1, PD‑L2, PD‑1, and Ki‑67 expres‑
sion in sarcoma cells were 7 (2 to 11), 2 (0 to 8), 15 (5 to 27), 
and 5 (2 to 19), respectively. These scores were compared 
considering the sarcoma subtypes and prognostic stage. There 
was a significant difference in the PD‑L1‑positive score among 
the tumor subtypes on the Kruskal‑Wallis test, followed by 
multiple comparisons showing higher levels of PD‑L1 expres‑
sion in DDLPS and LMS than in other sarcomas (Fig. 2A). 
PD‑L2, PD‑1, and Ki‑67 staining results were not associated 
with sarcoma subtypes. Although the prognostic stage was not 
correlated with the IHC staining results in our cohort, there 
seemed to be a tendency that PD‑L1 and PD‑L2 positive scores 
decreased from stage II to IIIA in that order (Fig. 2B).

Correlation analysis. To investigate the correlations among the 
baseline parameters and the expression of immune checkpoint 
proteins in the RSar specimens, we selected continuous vari‑
ables for analysis using the Spearman correlation coefficient. 

Fig. 3A summarizes the P‑values and Spearman ρ values from 
the correlation coefficient analyses and the Y‑slopes from the 
linear regression analyses. The tumor size was inversely corre‑
lated with Hb and albumin levels. Three systemic inflammation 
markers, i.e., the NLR, PLR, and MLR, were moderately to 
strongly correlated (all P<0.001; NLR vs. PLR ρ=0.56; PLR vs. 
MLR ρ=0.64: NLR vs. MLR ρ=0.78, respectively). Serum LDH 
levels were moderately and positively correlated with expres‑
sion of PD‑L1 (P=0.018, ρ=0.41) and PD‑L2 (P=0.006, ρ=0.47) 
(Fig. 3B). A PD‑L1 positive score was positively correlated 
with a PD‑1 positive score (Fig. 3B; P=0.039, ρ=0.41), while 
the Ki‑67 labeling index was positively correlated with PD‑L2 
(P=0.03, ρ=0.48) and PD‑1 expression (P=0.01, ρ=0.52). Age 
and adjusted calcium levels were not significantly correlated 
with any parameters (Fig. 3A).

Prognostic values of prognostic staging and high expression of 
PD‑L1 and Ki‑67. The median follow‑up period after surgery 
was 29 months (IQR, 10‑50 months). During the follow‑up 
period, 33 patients (65%) experienced tumor recurrence and 
19 patients (37%) succumbed to RSar. As no patients died of 
other cause during the follow‑up period, overall survival was 
not evaluated in this study. The median DSS and RFS were 
58 and 16 months, respectively (Fig. 4A). The 5‑year RFS and 
DSS rates were 27 and 49%, respectively. Univariate analyses 
were performed to determine the prognostic values of the 
studied parameters. The cut‑off values on IHC staining were 
defined on the basis of the median positive scores as follows: 
7% for PD‑L1, 2% for PD‑L2, 15% for PD‑1, and 5% for Ki‑67. 
On univariate analysis, a short RFS was associated with high 

Figure 1. Representative images of immunohistochemical staining for 
PD‑L1, PD‑L2, PD‑1 and Ki‑67 in retroperitoneal sarcoma. The images 
show four major subtypes of retroperitoneal sarcoma: Well‑differentiated 
liposarcoma, dedifferentiated liposarcoma, undifferentiated pleomorphic 
sarcoma, and leiomyosarcoma. All images were captured at x400 magnifica‑
tion. The scale bar indicates 100 µm. PD‑L1, programmed death ligand‑1; 
PD‑L2, programmed death ligand‑2; PD‑1, programmed cell death protein 1.

Table I. Continued.

Variables	 Value

  No	 41 (80)
  Chemotherapy	 7 (14)
  Chemotherapy + radiotherapy	 3 (6)

aPresented as n (%). bPresented as median (interquartile range). cPaired 
pathology reports of biopsy tissues and surgically resected tissues are 
listed in Table SII. dResected organs are listed in Table SIII. eAJCC 8th 
edition (20). fR classification based on the macroscopic and microscopic 
evaluation and categorized into three as follows: Microscopically nega‑
tive (R0), microscopically positive (R1), and either as grossly positive 
(R2). WDLPS, well‑differentiated liposarcoma; DDLPS, de‑differ‑
entiated liposarcoma; LMS, leimyosarcoma; UPS, Undifferentiated 
pleomorphic sarcoma; LDH, lactate dehydrogenase; CRP, C‑reactive 
protein; NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lympho‑
cyte ratio; MLR, monocyte‑to‑lymphocyte ratio; NOS, not otherwise 
specified; FNCLCC, Federation Nationale des Centres de Lutte le 
Cancer; AJCC, American Joint Committee on Cancer.
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expression levels of PD‑1 and Ki‑67, while DSS was signifi‑
cantly associated with prognostic stage IIIB disease and a high 
baseline level of CRP (Table II). The Kaplan‑Meier curves for 
RFS and DSS are shown in Figs. 4B‑D and S1. After control‑
ling for possibly confounding variables, multivariate analyses 
revealed that independent predictors of RFS and DSS were a 
high expression of Ki‑67 (P=0.03; hazard ratio, 2.29 vs. low 
expression) and prognostic stage IIIB (P, 0.04; hazard ratio, 

5.11 vs. stage I‑II), respectively (Table II). PD‑L1, PD‑L2, or 
PD‑1 expression was not an independent prognostic factor in 
our study cohort of RSar.

Discussion

The current study investigated the clinical relevance of the 
expression of three pivotal immune checkpoint proteins, 

Figure 2. Association of PD‑L1, PD‑L2, PD‑1, and Ki‑67 expression with the (A) sarcoma subtypes and (B) prognostic stage. The prognostic stage (from stage IA to 
IIIB) was determined according to the TNM categories and tumor grade (the American Joint Committee on Cancer eighth edition for the retroperitoneum‑specific 
criteria). All data are expressed in box-and-whisker plots. The black circles indicate outliers. Multiple data were compared using the Kruskal‑Wallis test. *P<0.05 
(post hoc Dunn test). PD‑L1, programmed death ligand‑1; PD‑L2, programmed death ligand‑2; PD‑1, programmed cell death protein 1; WDLPS, well‑differenti‑
ated liposarcoma; DDLPS, dedifferentiated liposarcoma; UPS, undifferentiated pleomorphic sarcoma; LMS, leiomyosarcoma. 
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PD‑L1, PD‑L2, and PD‑1, and Ki‑67 expression in surgically 
resected RSar. Although we evaluated the prognostic value 
of PD‑L1, PD‑L2, and PD‑1 expression, only high expression 
of PD‑1 was a possible predictor of postoperative recurrence. 
By contrast, a high expression of Ki‑67 was associated with 
a high risk of recurrence and disease‑specific death. Several 
molecular markers, such as Ki‑67, p27/kip1, α‑SMA, and 
CD133, have been identified as prognostic factors (3,23‑25). 
PD‑L1 and PD‑1 expression in sarcoma cells and tumor‑infil‑
trating lymphocytes (TILs) as well as TIL density have 
been well investigated as potential prognostic biomarkers 
in various malignancies, including sarcomas. However, the 

results were inconsistent (15). A recent study demonstrated 
that preoperative 18F‑fluorodeoxyglucose positron emis‑
sion tomography/computed tomography was able to predict 
preoperatively FNCLCC grade 3 of retroperitoneal LPS and 
estimate the short survival after surgery (cutoff: Maximum 
standardized uptake value >4.5) (26). However, to date, only 
a few molecular and radiographic markers have been used in 
clinical practice.

Some advanced/metastatic soft tissue sarcomas are 
amenable to immunotherapies (13), although there is a signifi‑
cant lack of evidence regarding the immunologic profile and 
immune microenvironment of soft tissue sarcoma subtypes. 

Figure 3. Correlation analysis for the baseline clinical parameters and immune checkpoint proteins in 51 patients with retroperitoneal sarcoma. (A) Summary 
results from the correlation analysis for the preoperative clinical parameters and immunohistochemical staining analysis in the sarcoma specimens. The P‑value 
and Spearman ρ from the correlation coefficient analysis and the Y‑slope from the linear regression analysis are shown in each cell. Blue, yellow, and orange 
cells indicate weak, moderate, and strong correlations, respectively. (B) The relationships between the baseline LDH and the PD‑L1 and PD‑L2 positive scores 
were examined using the Spearman correlation coefficient and linear regression analysis. PD‑L1, programmed cell death ligand‑1; PD‑L2, programmed death 
ligand‑2; PD‑1, programmed cell death protein 1; Hb, hemoglobin; LDH, lactate dehydrogenase; CRP, C‑reactive protein; NLR, neutrophil‑to‑lymphocyte 
ratio; PLR, platelet‑to‑lymphocyte ratio; MLR, monocyte‑to‑lymphocyte ratio.
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Pollack et al compared the expression levels of genes associ‑
ated with antigen presentation, T‑cell infiltration, and immune 
checkpoint proteins among common sarcomas including 
WDLPS, DDLPS, UPS, and LMS  (16). UPS is a highly 
mutated sarcoma and shows high levels of PD‑L1 and PD‑1 
on IHC analysis. By contrast, LPS was less mutated but highly 
expressed immunogenic self‑antigens, which may support 
the need for immunotherapy with PD‑1/PD‑L1 blockade in 
this subset of common sarcomas. The results of the current 
study showed significantly higher levels of PD‑L1 expression 
in DDLPS and LMS, but not in UPS, than in other sarcomas 
(Fig. 2A), while PD‑1 and PD‑L2 expression did not show any 
significant difference among the sarcoma subtypes. PD‑L1 is 

the most intensively researched immune checkpoint molecule 
in all oncological fields, including soft tissue sarcoma. A 
meta‑analysis of the prognostic value of PD‑L1 in sarcomas 
showed that the positive rate of PD‑L1 expression varied 
from 8.5 to 75.0% (15). This striking variability in the PD‑L1 
expression rate in sarcomas can be due to multiple factors, 
such as differences in the cut‑off values for defining PD‑L1 
positivity, differences in IHC assays, antibodies used for 
PD‑L1 expression, and differences in patient background char‑
acteristics, including the sarcoma subtypes (15). In the current 
study, we determined the absolute percentages of positivity 
in sarcoma cells and used those cut‑off values for prognostic 
assessment. Nevertheless, further comprehensive evaluation 

Figure 4. Recurrence‑free survival (RFS) curves and disease‑specific survival (DSS) curves after surgical resection of retroperitoneal sarcoma. (A) RFS and 
DSS curves of all cases. Survival rates were estimated by using the Kaplan‑Meier method. The log‑rank test was used for the comparison. The left and right 
panels show the RFS and DSS curves according to the (B) prognostic staging, (C) PD‑1 expression in sarcoma tissue, and (D) Ki‑67 expression in sarcoma 
tissue.
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Table II. Prognostic variables for recurrence‑free survival and disease‑specific in 51 patients with retroperitoneal sarcoma under‑
going resection surgery.

	 Recurrence‑free survival	 Disease‑specific survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Univariate	 Multivariate	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Age at surgery, years
  <65	 1						      1					   
  ≥65	 0.73	 0.37‑1.44	 0.34				    0.65	 0.26‑1.63	 0.36			 
Sex
  Male	 1						      1					   
  Female	 0.69	 0.34‑1.37	 0.29				    0.56	 0.22‑1.35	 0.21			 
Prognostic staginga

  Stage I‑II	 1						      1			   1		
  Stage IIIA	 1.54	 0.64‑3.70	 0.32				    3.68	 0.99‑13.6	 0.08	 2.95	 0.53‑16.5	 0.22
  Stage IIIB	 1.77	 0.73‑4.31	 0.16				    6.70 	 1.96‑22.9	 0.002	 5.11	 1.06‑24.7	 0.04
Resection marginb

  R0	 1						      1					   
  R1	 1.09	 0.51‑2.31	 0.81				    0.87	 0.33‑2.31	 0.89			 
  R2	 1.79	 0.53‑6.08	 0.25				    0.96	 0.20‑4.58	 0.97			 
Tumor entityc

  DDLPS	 1						      1					   
  LMS	 1.26	 0.51‑3.08	 0.58				    0.85	 0.26‑2.74	 0.79			 
  UPS	 0.83	 0.33‑2.07	 0.69				    1.32	 0.41‑4.22	 0.62			 
  Other sarcomas	 0.94	 0.32‑2.78	 0.91				    1.09	 0.22‑5.37	 0.91			 
LDH 
  Low	 1						      1					   
  High 	 1.22	 0.59‑2.55	 0.58				    1.12	 0.44‑2.82	 0.81			 
CRP
  Low	 1						      1			   1		
  High 	 1.83 	0.87‑3.88	 0.10 				    2.37	 1.09‑5.99	 0.03	 1.39	 0.43‑4.47	 0.58
NLR
  Low	 1						      1					   
  High 	 1.50 	0.67‑3.36	 0.30 				    1.49	 0.50‑4.46	 0.47			 
PLR
  Low	 1						      1					   
  High 	 0.57	 0.26‑1.27	 0.57				    0.88	 0.30‑2.62	 0.82			 
MLR
  Low	 1						      1					   
  High 	 1.11	 0.50‑2.46	 0.79				    1.30 	 0.44‑3.86	 0.64			 
PD‑L1 expression
  Low	 1						      1					   
  High 	 0.94	 0.41‑2.17	 0.88				    0.64	 0.21‑1.92	 0.41			 
PD‑L2 expression
  Low	 1						      1					   
  High 	 1.37	 0.59‑3.17	 0.44				    1.53	 0.51‑4.59	 0.43			 
PD‑1 expression
  Low	 1			   1			   1					   
  High 	 2.15	 1.27‑5.32	 0.03	 1.61	 0.66‑3.94	 0.29	 1.25	 0.41‑3.78	 0.69			 
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of multiple available antibodies (e.g., clones SP263, E1L3N, 
and 22C3) in various types of cells including sarcoma cells, 
tumor‑infiltrating lymphocytes, and macrophages is likely to 
fill the gaps between the studies.

We provided a detailed overview of baseline clinical param‑
eters and IHC analysis (Fig. 3). We selected the parameters 
expressed with continuous values on the basis of the previously 
reported possible prognostic factors. A total of 14 parameters 
were tested, and 15 correlations were evaluated as follows: 
1 Strong, 11 moderate, and 3 weak correlations. A large tumor 
size, low Hb level, and low albumin level were moderately asso‑
ciated with each other. A high NLR, high PLR, and high MLR 
were moderately to strongly associated with each other. High 
levels of serum LDH were significantly correlated with high 
PD‑L1 expression (Spearman ρ=0.41) and PD‑L2 expression 
(ρ=0.47). LDH is an enzyme ubiquitously found in all cell types. 
In the last step of aerobic glycolysis, LDH catalyzes the conver‑
sion of pyruvate to lactate, leading to the accumulation of lactate 
and the production of an acidic tumor microenvironment (27). 
Eventually, this condition can cause immunosuppression in 
melanoma tumors (27). LDH‑A mRNA expression was associ‑
ated with an increased number of PD‑L1‑ and PD‑1‑positive M2 
macrophages in the tumor microenvironment of patients with 
extramammary Paget disease (28). A preclinical study revealed 
that the stimulation of melanoma cells with lactate upregu‑
lated the expression of PD‑L1 and altered immunomodulation 
in the tumor microenvironment; also, blockade of LDH‑A could 
improve the efficacy of anti‑PD‑1 treatment (27). A clinical 
study showed that an integrated algorithm involving baseline 
serum LDH levels in patients with metastatic solid tumors was 
able to provide a higher performance for response prediction to 
ICIs (29). A review regarding the biomarkers for predicting the 
efficacy of anti‑PD‑1 antibodies showed that elevated levels of 
serum LDH were associated with poor response to the treat‑
ment  (30). Therefore, we believe that more evidence would 
clarify the potential benefit of serum and tumor LDH levels as 
clinically available biomarkers for RSar.

The present study has several limitations. First, the sample 
size was relatively small and there was a possible selection 

bias caused by the retrospective nature of the study. Second, 
we did not perform subgroup analysis for the different types 
of sarcomas considering the prognostic values of the immune 
checkpoint molecules because only limited patients with each 
major entity (DDLPS, LMS, and UPS) were included. Third, 
we excluded patients who were diagnosed with RSar and did 
not undergo surgical resection. Fourth, only a single antibody 
for each molecule was used in the IHC analysis, which could 
affect the staining result. Fifth, we did not evaluate the expres‑
sion of cytotoxic T lymphocyte‑associated antigen‑4 (CTLA‑4). 
Although immune checkpoint blockade by the combination of 
anti‑CTLA‑4 and anti‑PD‑1 antibodies have successfully been 
used for several malignancies  (13), this treatment modality 
remains understudied in retroperitoneal soft tissue sarcoma. 
Future additional assessment of CTLA‑4 expression in RSar is 
needed for better understanding the immune microenvironment 
that can affect tumor initiation and response to therapy.

In conclusion, the findings of the current study provide novel 
insights into the prognostic values of PD‑L1, PD‑L2, and PD‑1 
expression in RSar tissues as well as regarding the correlation 
between baseline clinical parameters and immune checkpoint 
molecules. However, the complex heterogeneity of RSar hinders 
the establishment of an ideal therapeutic strategy using immu‑
notherapy. Nevertheless, further investigations are necessary to 
determine the immunologic landscape of RSar and provide a 
foundation for therapeutic intervention using ICIs.
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Table II. Continued.

	 Recurrence‑free survival	 Disease‑specific survival
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
	 Univariate	 Multivariate	 Univariate	 Multivariate
	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑	 ‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑‑
Variables	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value	 HR	 95% CI	 P‑value

Ki‑67 expression
  Low	 1			   1			   1			   1		
  High 	 2.19	 1.03‑5.13	 0.047	 2.29	 1.16‑5.50	 0.03	 2.81	 0.97‑8.08	 0.06	 2.80	 0.84‑9.29	 0.09

aAccording to TNM categories and tumor grade (the American Joint Committee on Cancer eighth edition for the retroperitoneum‑specific 
criteria). bR classification based on the macroscopic and microscopic evaluation and categorized into three as follows: Microscopically nega‑
tive (R0), microscopically positive (R1), and either as grossly positive (R2). cFive cases with well‑differentiated liposarcoma were excluded 
from the analysis because no recurrence and no disease‑specific death was observed in this subset. HR, hazard ratio; CI, confidence interval; 
DDLPS, De‑differentiated liposarcoma; LMS, leiomyosarcoma; UPS, undifferentiated pleomorphic sarcoma; LDH, lactate dehydrogenase; 
CRP, C‑reactive protein; NLR, neutrophil‑to‑lymphocyte ratio; PLR, platelet‑to‑lymphocyte ratio; MLR, monocyte‑to‑lymphocyte ratio; 
PD‑L1, programmed death ligand‑1; PD‑L2, programmed death ligand‑2; PD‑1, programmed cell death protein 1.
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