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ABSTRACT
Background: Undifferentiated pleomorphic sarcoma of the extremity and trunk (ET-UPS) presents a unique
therapeutic challenge. Although immunotherapy has recently been employed in advanced soft tissue
sarcoma, there is limited data characterizing the immune infiltrate in ET-UPS. Radiotherapy (RT) has been
shown in other tumor types to promote tumor antigen release and enhance tumor-specific targeting by
the adaptive immune system. The aim of this study was to 1) characterize the baseline immune infiltrate
and 2) evaluate the effect of preoperative RT on the histologic appearance of and the immune infiltrate in
ET-UPS. Methods: We identified 17 matched ET-UPS samples before and after RT. Immunohistochemistry
was performed with CD8, CD4, PD-L1, PD1, CD3, CD163 and FoxP3 positive cells identified in all samples.
Changes in the immune infiltrate following RT were examined. Results: There was a trend towards
increased density of tumor infiltrating immune cells in ET-UPS following RT, with increases in median
number of CD3 (158 vs 219 cells/mm2, p D 0.06), CD4 (3 vs 13 cells/mm2, p D 0.01), CD8 (55 vs 111 cells/
mm2, p D 0.17), and FOXP3 (14 vs 25 cells/mm2, p D 0.23) positive cells. Interestingly, although PD-L1 was
not expressed in any ET-UPS tumor at baseline, positive PD-L1 expression was observed in 21% (3/14) of
tumors after RT (p D 0.07). Conclusion: An immune infiltrate is present in ET-UPS at the time of diagnosis,
with a trend towards increased density of immune infiltrate and PD-L1 expression after RT. These data
support prospectively evaluating immune checkpoint inhibitors with standard of care RT in the treatment
of ET-UPS.
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Introduction

Within the past decade, major advances have been made in
cancer therapy through the use of immune checkpoint block-
ade – with FDA approval of therapies targeting the PD-1 path-
way in the setting of stage IV disease across several different
cancer types.1–5 These therapies are now being extended to dif-
ferent histologies, including soft tissue sarcoma (STS).

STS are a heterogeneous group of tumors originating from
connective tissue with > 60 histologic subtypes.6,7 Biologically,
STS consist of two distinct groups: genetically “simple” and
“complex” tumors. Complex tumors, such as undifferentiated
pleomorphic sarcoma (UPS), have mutational and copy num-
ber heterogeneity8 and express high levels of genes related to
antigen presentation and T-cell infiltration.

The mainstay of treatment for primary localized STS of the
extremities or trunk is surgical resection. Achieving complete
surgical resection is of critical importance as surgical resection
margins have been shown to influence both local recurrence-
free survival (LRFS) and distant metastasis-free survival
(DMFS) as well as disease specific survival (DSS).9 Additionally,

radiation therapy (RT) has been shown to improve local disease
control, whether given in the neoadjuvant or adjuvant setting
and particularly in patients with large (>5 cm), intermediate-
grade or high-grade tumors, or in patients with uncertain or
positive surgical margins.10–14 There is currently, however, no
standard approach for the assessment and reporting of the
histologic appearance of STS following neoadjuvant RT.15

For patients with STS of the extremities or trunk, the 5-year
overall survival (OS) is approximately 75%, with 20% develop-
ing local recurrence within that time frame across all STS
histologies. The most common cause of death, however, is
distant metastatic disease, which occurs in 30% of patients by
5 years.16–20 The most common STS histologic subtype occur-
ring in the extremities or trunk is UPS, which is associated with
inferior 5-year LRFS, DMFS, and DSS (81%, 56.8%, 60.1%)
compared to the next most common subtypes arising in these
locations (well differentiated liposarcoma 86.4%, 100%, 100%;
myxoid liposarcoma 94%, 81.7%, 84.9%; myxofibrosarcoma
82.8%, 68.3%, 76.7%; and leiomyosarcoma 82.3%, 65.4%,
76.8%, respectively).20
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Current therapies for the management of advanced sarco-
mas are primarily based on cytotoxic chemotherapy and have
modest efficacy with considerable toxicity.21,22 With recent suc-
cesses of immunotherapy across multiple solid tumors, there
has been increasing interest in applying immunotherapy to the
treatment of STS with a small but growing number of immuno-
therapy clinical trials in advanced sarcomas.22–26 However, a
significant subpopulation of patients treated with immunother-
apy will not respond. At baseline, both the tumor immune
microenvironment and the poor antigenicity of the tumor allow
it to escape immune recognition. Compared to immunologi-
cally active tumors such as melanoma, STS are relatively immu-
nologically quiet or “cold.”27 However, highly mutated tumors,
such as UPS, may provide multiple immunologic mutated pro-
tein targets. Indeed, one such immunotherapy trial, SARC028,
an open-label, phase II trial (NCT02301039) of anti-PD-1
monotherapy utilizing pembrolizumab in patients with
advanced bone and soft tissue sarcomas, recently reported
promising activity in UPS with a 40% overall response rate (vs
18% in the overall STS cohort).28

Radiation therapy can induce increased antigenic expres-
sion, release pro-inflammatory cytokines that recruit immune
cells, promote antigen cross-presentation, and induce tumor
expression of death receptors.29,30 Used together, RT and
immunotherapy may have synergistic effects, which are being
explored in such cancers as lung cancer.31 Although immuno-
therapy has recently started to be employed in clinical trials of
advanced STS including UPS, there is limited data characteriz-
ing the immune infiltrate in this histologic subtype. Our aim in
this study is to characterize the baseline immune infiltrate in
UPS of the extremities or trunk (ET-UPS) and evaluate the
effect of preoperative RT on the histologic appearance and
tumor immune microenvironment of these tumors.

Results

Patient characteristics

We identified 17 patients with primary, resectable UPS of the
trunk or extremities who received neoadjuvant RT prior to sur-
gical excision at The University of Texas MD Anderson Cancer
Center and had tissue available prior to and following RT. All
patients had unifocal disease and all patients underwent pre-
treatment biopsy followed by neoadjuvant RT and surgical
resection. Patient demographics and tumor characteristics are
listed in Table 1. Median age was 56.3 years (range 20.3 to
83.2 years). Median tumor size was 8.7 cm (range 5.3
to 21.7 cm). The majority of tumors were located in the extrem-
ity (58.8% lower extremity, 17.6% upper extremity); 23.5% were
UPS of the trunk.

Treatment

Patients received preoperative RT to a dose of 5000 centigray
(cGy) delivered over 25 fractions. Of the 17 patients, 10
(58.8%) additionally received neoadjuvant chemotherapy
(Supplemental Table 1). A slight majority of patients (58.8%)
demonstrated stable disease (41.2%) or partial response
(17.6%) with neoadjuvant RT by RECIST (Table 2).

All patients underwent surgical resection of UPS following
completion of neoadjuvant RT. All patients underwent a mac-
roscopically complete (R0 or R1) resection, with the majority
having negative pathologic resection margins (R0, 94.1%). Neo-
adjuvant treatment effect (tumor necrosis and hyalinization)
was seen in 12 of 17 (70.5%) resected tumor specimens on
pathologic review. Median percent tumor necrosis was 20%
(range 0 to 90%) and median percent tumor hyalinization was
17.5% (range 5 to 95%).

Patient outcomes

Median follow-up was 56 months (range 10 to 90.8 months).
Eight patients (47.1%) developed disease recurrence. All recur-
rences occurred at distant sites (8 pulmonary, 2 also developed
brain metastases). Recurrence-free survival (RFS) at 3 years
was 50.4%. Median RFS was 36.3 months (range 2.3 to
79.3 months). OS at 3 years was 70.1%. Median OS was not

Table 1. Clinico-Demographic and Treatment Characteristics of 17 Patients with
Undifferentiated Pleomorphic Sarcoma of the Extremity and Trunk.

Median (range, %)

Age, years 56.3 (20.3–83.2)
Gender

Male 11 (35%)
Female 6 (65%)

Tumor size, cm 8.7 (5.3–21.7)
Primary tumor location

Trunk 4 (23.5%)
Upper extremity 3 (17.6%)
Lower extremity 10 (58.8%)

Mitoses per 10 HPF 7.5 (3–70)
Neoadjuvant therapy

XRT only 7 (41.2%)
XRT C chemotherapy 10 (58.8%)

HPF: high-power fields
XRT: radiation therapy

Table 2. Outcomes of 17 Patients with Undifferentiated Pleomorphic Sarcoma of
the Extremity and Trunk.

Median (range, %)

RECIST response to neoadjuvant XRT
Partial response 3 (17.6%)
Stable disease 7 (41.2%)
Disease progression 7 (41.2%)

Final resection margins
R0 16 (94.1%)
R1 1 (5.9%)

Percent necrosis 20 (0–90)
Percent hyalinization 17.5 (0–95)
RFS, months 36.6 (2.3–79.3)
3-year RFS 50%
OS, months NR (10–90.8)
3-year OS 70%
Status at last follow-up

No evidence of disease 10 (60%)
Alive with disease 2 (11.8%)
Dead of disease 4 (23.5%)
Dead, cause unknown 1 (5.9%)

NR: not reached
OS: overall survival
R0: microscopic negative margins
R1: gross complete resection with positive microscopic margins
RFS: recurrence-free survival
XRT: radiation therapy
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reached (range 10 to 90.8 months). At last follow-up, 10
patients (60%) had no evidence of disease, 2 (11.8%) were alive
with disease, 4 (23.5%) were dead of disease, and 1 (5.9%) had
died of unknown cause.

Histological assessment of treatment response

Extent of tumor necrosis and hyalinization/fibrosis were
assessed in H&E sections of resected UPS treated with neoadju-
vant RT (Fig. 1). We found significant rates of tumor necrosis
and hyalinization following neoadjuvant RT (Table 2). Hyalini-
zation was present in 93% of post-treatment samples, with a
median extent of 17.5% of tumor (range 0%¡95%). Necrosis
was seen in 86% of tumors, with a median extent of 20% (range
0%¡90%). Additionally, we found that patients whose tumors
demonstrated >5% hyalinization following completion of
neoadjuvant RT had better 3-year RFS (56% vs. 25%, p D 0.05)
and a trend towards improved OS (79% vs. 50%, p D 0.27)
(Fig. 2A). Increased necrosis, however, was associated with a
trend toward worse 3-year RFS (37% vs 75%, p D 0.14) and OS
(65% vs 100%, p D 0.21) (Fig. 2B), although small patient num-
bers limited the analysis and warrants further investigation.

Characterizing the immune infiltrate

We next sought to characterize the immune infiltrate in ET-
UPS by quantifying the density of tumor-infiltrating immune
cells such as CD4 and CD8 positive T cells, regulatory T cells
(Tregs), and monocytes/macrophages by staining for expres-
sion of CD4, CD8, FoxP3, and CD163, respectively, in biopsies
of UPS obtained prior to initiation of neoadjuvant treatment
(Fig. 3). Additionally, we evaluated for expression of PD-1, a T
cell surface expressed negative regulator of tumor infiltrating T
cells, as well as expression of its ligand, PD-L1, by UPS tumors.
To gain insight into the effect of RT on the immune infiltrate
in UPS, we compared the density of tumor-infiltrating immune
cells expressing the above described immune markers in surgi-
cally resected specimens to pre-treatment biopsies (Fig. 4).

Overall, there was a trend towards increased density of
tumor infiltrating immune cells in ET-UPS with RT. Following
neoadjuvant RT, UPS tumors demonstrated an increased
median number of tumor infiltrating immune cells expressing
CD3 (158 vs 219 cells/mm2, p D 0.06), CD4 (3 vs 13 cells/mm2,
p D 0.01), CD8 (55 vs 111 cells/mm2, p D 0.17), and FOXP3
(14 vs 25 cells/mm2, p D 0.23) positive cells. While there was
an increase in CD163 (1363 vs 2011 cells/mm2, p D 0.76)
between pre and post-treatment specimens, this was not statis-
tically significant. Additionally, although PD-L1 was not
expressed in any UPS tumor at baseline prior to RT, following
RT PD-L1 expression was observed in 21% (3/14) of tumors
(p D 0.07).

To evaluate whether neoadjuvant chemotherapy may impact
the immune infiltrate in UPS, we compared the density of
tumor-infiltrating immune cells between patients who received
neoadjuvant RT alone (7/17, 41%) and those who received neo-
adjuvant chemotherapy and RT (10/17, 59%) (Supplemental
Table 2). Despite small cohort size and heterogenous neoadju-
vant chemotherapy regimens administered (Supplemental
Table 1), there was no statistical difference between patients

who received neoadjuvant RT alone versus neoadjuvant che-
motherapy and RT both with respect to the immune infiltrate
at baseline and after neoadjuvant therapy. The exception may
be CD163 where the median number of positive staining cells
following neoadjuvant therapy appears to be lower among

Figure 1. Examples of treatment effect following radiotherapy of undifferentiated
pleomorphic sarcoma. Representative photographs of HCE stained undifferenti-
ated pleomorphic sarcoma of the extremity and trunk demonstrating increased
tumor necrosis and hyalinization following radiotherapy. (A) Tumor with extensive
hyalinization (H&E, 100x). (B) Tumor with extensive necrosis with ghost and degen-
erative tumor cells (H&E, 100x). (C) Tumors could also have a mix of both necrosis
and hyalinization (H&E, 100x). Cytological changes consistent with treatment effect
(inset, H&E, 200x) was also present in this sample.
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patients who received neoadjuvant chemotherapy and RT com-
pared to neoadjuvant RT alone. Further studies are needed to
validate and investigate this finding given lower sample num-
bers. Additionally, despite small sample number, there overall
appears to remain a trend towards increased density of tumor
infiltrating immune cells in UPS following neoadjuvant RT,
regardless of whether neoadjuvant chemotherapy had been
administered.

Discussion

In this study, we profiled the immune infiltrate in UPS of the
extremity or trunk acquired from 17 patients at baseline and
following completion of RT. We show that tumor infiltrating
immune cells are present at baseline and that following RT
there is a trend towards increased density of the immune infil-
trate, as represented by CD3, CD4, CD8, FOXP3 and PD-1
immunohistochemical staining. In addition, we demonstrate
that although PD-L1 is not expressed in UPS at baseline,
expression was induced with RT in a significant minority
(21%) of patients. These data suggest that RT may change the
tumor immune microenvironment and potentially enhance the
efficacy of immunotherapies in UPS. Therefore, prospective
evaluation of immune checkpoint inhibitors with standard of
care RT in the treatment UPS and other STS histologic sub-
types is warranted.

While the primary aim of this study was to profile the
immune infiltrate of ET-UPS and to characterize the impact of
RT on tumor infiltrating immune cells, we also wished to char-
acterize the histologic appearance of ET-UPS following neoad-
juvant RT, as there is currently no standard approach for the
assessment and reporting of STS histologic appearance after
neoadjuvant therapy.15 Indeed, prior to undertaking a planned
prospective clinical trial to explore the potential role of immune

checkpoint blockade with standard of care RT for ET-UPS, it is
critical for us to understand the histologic appearance of ET-
UPS after neoadjuvant RT alone. As reported in other STS sub-
types, we found that RT was associated with significant rates of
both tumor necrosis as well as treatment effect characterized by
hyalinization and fibrosis in ET-UPS.32,32,33 Despite the small
cohort of patients examined in this study, tumor necrosis fol-
lowing neoadjuvant RT was associated with shorter RFS and
worse OS. Whether this is due to necrosis from treatment effect
or tumor necrosis that could be associated with higher
FNCLCC grade cannot be determined in these post-treatment
samples. Past studies have shown various associations, both
inferior and superior, between outcome after RT and tumor
necrosis, perhaps partially due to imprecise distinctions of hya-
linization and active necrosis.15,34–38 Conversely, we found that
hyalinization/fibrosis following RT was associated with
improved RFS and OS. These are similar to results recently
reported by Schaefer et al in their single institution experience
of 100 patients with primary localized STS of the extremity or
trunk treated with preoperative RT followed by surgical
resection.15 UPS represented a minority of tumors in this
cohort. Similar to our results, the authors found a significant
association between presence of radiation treatment effect and
improved RFS (HR 0.48, p D 0.006) and OS (HR 0.36,
p D 0.02) on multivariate analysis, with increasing extent of
hyalinization and/or fibrosis associated with increasing 5-year
RFS and 5-year OS.15 They did not detect an association
between outcome and necrosis.

STS are generally not considered to be highly immunogenic
malignancies and thus it is encouraging that we and others have
identified the presence of tumor infiltrating immune cells in STS.
They tend to have low total mutational burdens and high copy
number alterations relative to most other solid tumors. In the
present study, we demonstrate the presence of tumor infiltrating

Figure 2. Association between treatment effect following radiotherapy and survival. Increased hyalinization (A) and decreased necrosis (B) of undifferentiated pleomor-
phic sarcomas following radiotherapy are associated with improved recurrence-free and overall survival following surgical resection.
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immune cells specifically in UPS of the extremity and trunk. We
show that a variety of T cells (CD3C), including cytotoxic
(CD8C), helper (CD4C) and regulatory (FOXP3C) T cells, as
well as those bearing the checkpoint surface receptor PD-1,
are present as components of the immune infiltrate in UPS of
the extremity and trunk. These results are concordant with those
recently published by others in various sarcoma subtypes,

including osteosarcoma,39 synovial sarcoma,40 and chondrosar-
coma,41 as well as across mixed histologic subtypes.8,42,43

Interestingly, there have been mixed reports regarding
expression of PD-L1, one of the ligands for PD-1, by sarco-
mas.8,42,44,45 Pollack et al recently reported that UPS exhibited
the highest levels of PD-L1 and PD-1 expression on immuno-
histochemistry among their cohort of STS,8 while conversely,
D’Angelo et al reported PD-L1 tumor expression to be uncom-
mon in sarcoma.42 Some groups have reported an association
of PD-L1 expression with poorer prognosis and more aggres-
sive disease.22,43 In this study, we found that none of the UPS
tumors expressed PD-L1 at baseline, however PD-L1 expres-
sion was detected and increased following RT (in 21% of cases).
Furthermore, published literature in other tumor types would
suggest that lack of PD-L1 expression does not predict failure
of response to anti-PD-1 therapy.46 Thus, the role of the
PD-1/PD-L1 axis and potential efficacy of checkpoint blockade
in STS, and UPS specifically, remains to be elucidated.

We observed an overall trend towards increased density of
tumor infiltrating immune cells in UPS following RT compared
to matched pretreatment tumors. Additionally, RT is correlated
with increased tumor expression of PD-L1 in 21% of patients.
Indeed, there have been numerous reports in the preclinical
and clinical literature to suggest potential synergy between RT
and immunotherapy.29,30,47–55 In 2011, Sharma et al reported
increased expression of cancer testis antigens in human carci-
noma cell lines as well as human tumor specimens upon RT
and additionally found increased immune cell infiltrate in radi-
ation treated human tumors.48 The same authors in 2013 com-
pared RNA and protein expression of a panel of immune-
associated markers in 38 matched pairs of sarcoma specimens
obtained from patients at baseline and following RT and found
similar findings in STS.49 These studies as well as the current
study suggest that RT may be an effective immunoadjuvant.56

Our study is not without limitations. The sample size in the cur-
rent study is small, however similar findings have been observed in
other tumor types and efforts to expand this cohort are ongoing.
Additionally, all post-RT samples were obtained after the comple-
tion of neoadjuvant RT at the time of definitive surgical resection.
The influx or increase in tumor infiltrating immune cells may
occur earlier following initiation of RT and the optimal time to
obtain tumor biopsies to capture a change in the tumor immune
microenvironment may be earlier during the time course of RT.

In conclusion, our current analysis demonstrates that tumor
infiltrating immune cells are present in the UPS microenviron-
ment and suggest that RT may further increase the density of
these cells. Although we found that PD-L1 was not expressed
in UPS at baseline presentation, PD-L1 expression was induced
following RT in a significant subset of patients. These data sup-
port evaluating the role of immunotherapy for the treatment of
UPS in conjunction with standard of care RT.

Materials and methods

Patient selection

Patients with primary UPS of the trunk or extremities who had
received neoadjuvant RT prior to surgical resection between 2009
and 2012 at The University of Texas MD Anderson Cancer

Figure 3. Comparison of immune infiltrate immunohistochemical studies in a pre-
and post-treatment undifferentiated pleomorphic sarcoma. Representative photo-
graphs of immunostained undifferentiated pleomorphic sarcoma of the extremity
and trunk. Increased CD3, CD4, CD8, CD163, FOXP3 and PD1 positive cells were
seen in the post treatment specimen. Tumoral PD-L1 expression was increased.
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Center were identified from the Department of Radiation Oncol-
ogy database. Patients were included if both pre-RT biopsy and
post-RT surgical specimen were available for immunohistochem-
ical stains and analysis. Preoperative RT was performed to a
median dose of 50 Gy in all patients administered over 25
fractions.

Demographic, clinical, treatment, and outcome variables

Patient and tumor-related variables were collected, including
age at diagnosis, patient gender, tumor size and location, mito-
ses per high power field, neoadjuvant treatment regimens, and
surgical resection margins. Clinical response to neoadjuvant
treatment was assessed radiographically using RECIST 1.1 cri-
teria. Pathologic response to neoadjuvant treatment (RT alone
or RT plus chemotherapy) was assessed by quantifying the per-
cent tumor necrosis and hyalinization observed in surgically
resected UPS tumors.

Data regarding last follow-up visit, disease recurrence, and
death were recorded. Length of follow-up was defined as the
time from data of biopsy to date of last follow-up. Patients
whose cause of death was clearly attributed to their disease
were classified as “dead of disease.” Patients for whom cause of
death was either unknown or known but not attributable to
their disease were classified as “dead of other cause or cause
unknown.” RFS was defined as the time from date of surgical
resection to date of first recurrence. For patients alive and with-
out documentation of recurrence or progression, follow-up was
censored at the date of last disease assessment. OS was defined

as the time from date of biopsy to death (event), or censored at
last known date of survival.

Pathologic review

H&E slides of pre-treatment and post-treatment specimens were
reviewed by pathologists who specialize in bone and soft tissue
tumors (WLW, AJL, JWT). Diagnosis of undifferentiated
pleomorphic sarcoma (formerly known as malignant fibrous his-
tiocytoma) was confirmed using criteria established as a diagno-
sis of exclusion per the criteria of the 2013 WHO Classification
of Tumours of Soft Tissue and Bone. In post treatment speci-
mens, the percentage present of certain features related to treat-
ment effect was assessed. Histological features of treatment effect
include decreased cellularity, hyalinization (dense collagen
deposition), tumor necrosis (though this is impossible to distin-
guish from tumor necrosis associated with higher grade tumors
in many post treatment cases), and cytological changes (enlarged
cytoplasm with enlarged bizarre nuclei with smudgy chromatin
and sometimes pseudo-nuclear vacuoles). Many cases had vari-
able hyalinization and necrosis. The percentage of how much
treatment effect was hyalinization or necrosis was estimated.

Immunohistochemistry

Four micron unstained slides were prepared from representa-
tive whole section formalin-fixed paraffin-embedded tumor
blocks (both pre-treatment and post treatment samples).

Figure 4. Quantification of the change in the immune infiltrate following radiotherapy of undifferentiated pleomorphic sarcomas of the extremity and trunk. (A) Median
CD3, CD8, CD4, FoxP3, and PD-1 positive cells prior to and following radiotherapy; (B) change in the number of CD3 positive tumor infiltrating cells, paired samples by
patient; (C) change in the number of CD8 positive tumor infiltrating cells, paired samples by patient; (D) change in the number of CD4 positive tumor infiltrating cells,
paired samples by patient.
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Immunohistochemical staining was performed using an autos-
tainer (Bond Max, Leica BioSystems) for CD3 (Dako, 1:100),
CD4 (Leica, clone 4B12, 1:80), CD8 (Thermo Scientific, clone
C8/144B, 1:25), CD163 (Leica, clone 10D6, 1:100), FOXP3
(BioLegend, clone 206D), PD1(Abcam, clone EPR4877(2),
1:250) and PD-L1 (Dako, clone 22C3, FDA-approved assay).

Image analysis

Image analysis was performed using Aperio analytic image soft-
ware (Lecia Biosystems). Lymphocytic infiltrates (CD3, CD4,
CD8, FOXP3, PD-1) and histiocytic infiltrate (CD163) were
quantitated as density (Number/mm2). Five representative
1 mm2

fields were assessed and averaged for final density.
PD-L1 expression was scored as percentage of membranous
tumoral labeling (of any intensity).

Statistical analysis

Statistical tests were performed with SPSS Statistics 23 (IMB
SPSS, Chicago, IL, USA). For all analyses, the Student’s t test
was used and a p-value <0.05 was considered significant. Sur-
vival analyses were performed by Kaplan-Meier method.
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