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ABSTRACT

Soft tissue sarcomas (STS) are considered non-immunogenic, although distinct entities respond to anti-
tumor agents targeting the tumor microenvironment. This study’s aims were to investigate relationships
between tumor-infiltrating immune cells and patient/tumor-related factors, and assess their prognostic
value for local recurrence (LR), distant metastasis (DM), and overall survival (OS).

One-hundred-eighty-eight STS-patients (87 females [46.3%]; median age: 62.5 years) were retrospec-
tively analyzed. Tissue microarrays (in total 1266 cores) were stained with multiplex immunohistochem-
istry and analyzed with multispectral imaging. Seven cell types were differentiated depending on marker
profiles (CD3+, CD3+ CD4+ helper, CD3+ CD8+ cytotoxic, CD3+ CD4+ CD45RO+ helper memory, CD3
+ CD8+ CD45R0O+ cytotoxic memory T-cells; CD20 + B-cells; CD68+ macrophages). Correlations between
phenotype abundance and variables were analyzed. Uni- and multivariate Fine&Gray and Cox-regression
models were constructed to investigate prognostic variables. Model calibration was assessed with
C-index. IHC-findings were validated with TCGA-SARC gene expression data of genes specific for macro-
phages, T- and B-cells.

B-cell percentage was lower in patients older than 62.5 years (p = .013), whilst macrophage percentage
was higher (p = .002). High B-cell (p = .035) and macrophage levels (p = .003) were associated with
increased LR-risk in the univariate analysis. In the multivariate setting, high macrophage levels (p = .014)
were associated with increased LR-risk, irrespective of margins, age, gender or B-cells. Other immune cells
were not associated with outcome events.

High macrophage levels were a poor prognostic factor for LR, irrespective of margins, B-cells, gender
and age. Thus, anti-tumor, macrophage-targeting agents may be applied more frequently in tumors with
enhanced macrophage infiltration.
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Introduction
underlying mechanisms leading to differences in response

Soft tissue sarcomas (STS) account for less than 1% of primary
malignancies, yet constitute a heterogenous group of over 50
different histological subtypes.' Systemic treatment options —
apart from conventional chemotherapy and some tyrosine
kinase inhibitors - are still limited, with 20-25% 3-year survi-
val rates in the metastatic setting.> Although STS was the first
tumor entity successfully treated with an early form of “immu-
notherapy” in 1891, * novel immunotherapeutic agents such as
immune checkpoint inhibitors largely failed to achieve
encouraging results as observed in different malignant tumors,
including melanoma and non-small cell lung cancer.** Despite
the fact that STS are generally considered non-immunogenic,
distinct entities, including undifferentiated pleomorphic sar-
coma (UPS) and dedifferentiated liposarcoma seem to respond
to a certain degree to immunotherapeutic agents.* Yet, the

rates based on the tumor microenvironment (TME) are largely
unknown.’ Tumor-infiltrating immune cells (TTICs), including
tumor-infiltrating lymphocytes (TILs) and monocytes (TIMs),
are regarded as a response of the host to tumor-related
antigens.”® Expression levels of specific cell lineages have
been associated with altered outcomes in various tumor
entities.”? 12 High levels of CD20 + B-cells, for example, are
associated with improved disease-specific survival (DSS) in
STS with wide resection margins.” Moreover, high CD3 + T-
cell and CD8+ cytotoxic-T-cell levels constitute positive prog-
nostic factors for overall survival (OS), disease-free survival,
and DSS in STS." Apart from TILs, also TIMs - especially
macrophages - have gained attention during the last years due
to their dual role in cancer.'”'* The potential role of macro-
phages in STS tumorigenesis and progression has already been
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investigated, although with partially contradictory results. In
leiomyosarcoma, for example, high levels of macrophages'>'°
have been associated with both poor disease-specific survival'®
and overall survival."?

In STS, several prognostic factors for local recurrence (LR),
distant metastasis (DM), and OS have been identified in the
past, allowing risk-stratification of patients and enabling deci-
sion-making toward (neo)-adjuvant radiotherapy and/or
chemotherapy.'” ' However, the role of markers derived
from the tumor’s immunological profile is still poorly
understood.

Therefore, the aims of the present study were to analyze
differences in TIICs depending on tumor- and patient-related
factors, and to assess whether the amount of TIICs has a
prognostic influence on LR- and DM-risk, as well as OS.

Materials and Methods

Any adult patients (=18 years at the time of surgery),
having undergone surgery with curative intent for STS of
extremities and trunk between 1998 and 2016 at a single
institution were potentially eligible. Subsequently, patients
with incomplete demographic, clinical, treatment- or out-
come-related information were excluded. Further exclusion
criteria were missing informed consent, wrong primary
tumor diagnosis that had been adjusted during histopatho-
logical reevaluation, and unavailability of representative
tumor tissue. Of initially 442 patients treated with STS
within the defined time period, 220 had to be excluded, as
at least one exclusion criterion applied. Of the remaining
202 patients, 4 treated with neoadjuvant radiotherapy and
10 with neoadjuvant chemotherapy were excluded, as the
immune phenotype abundances could have been altered by
these preoperative treatments. Thus, 188 patients (87
females [46.3%]; median age: 62.5 years; interquartile

range [IQR]: 49.5-75 years) with extremity and trunk STS
were finally eligible (Figure 1). Median follow-up was
46.5 months (IQR: 19-99 months).

Clinical Data

Variable patient age was divided into three groups, i.e.
18-35 years (teenagers and young adults), 36-70 years (adults),
and >70 years (elderly). Margins were defined according to the
Union International Contre le Cancer (UICC) guidelines, 2ie.
RO being negative margins with at least 1 mm of healthy tissue
between tumor and surface, R1 defining marginal margins with
less than 1 mm of healthy tissue between tumor and surface,
and R2 being microscopically positive margins. For statistical
analysis, R1 and R2 margins were grouped together against RO
margins. The maximum diameter of the tumor upon definite
surgery was taken as tumor size. Histological subtypes were
defined according to the World Health Organization
Classification of Tumors of Soft Tissue and Bone 2013 and
divided into six different categories, i.e. synovial sarcoma,
myxofibrosarcoma, leiomyosarcoma, malignant peripheral
nerve sheath tumor (MPNST), UPS and “others” (i.e. seldom
diagnoses). Grading was defined according to the French
Federation of Cancer Centers Sarcoma Group (FNCLCC) into
three categories (i.e. G1, G2, and G3). Upon statistical analysis,
low-grade tumors (i.e. G1 and G2) were grouped against high-
grade (i.e. G3) STS.

Patients underwent regular postoperative follow-up check-
ups, with clinical examinations, local magnetic resonance ima-
ging (MRI) scans and computed tomography (CT) scans of the
thorax (alternating with chest x-rays) performed three-
monthly for the first three postoperative years, then biannually
up to the end of the 5th postoperative year, and annually
thereafter. Local recurrences were defined as recurrent tumors
within the original tumor bed, either diagnosed on local MRI
scans or upon re-resection. Distant metastases were defined as

Initial Cohort - STS Patients
n=442

Missing Information

n=144

Lack of Sufficient Tumour Tissue

n=62

Neoadjuvant CTX

n=10

Neoadjuvant RTX

n=4

Final Cohort - STS Patients
n=188

Figure 1. Flow-chart showing patient and sample selection.



disseminated lesions of the original tumor seen on MRI, chest
X-rays or CT-scans during follow-up. Time to last follow-up
was defined as the time interval from surgery to last follow-up
or death. Time to LR and DM were defined as the time interval
from surgery to diagnosis of either LR or DM or last follow-up/
death. The current study was approved by the local institu-
tional review board (IRB-approval number: 29-205 ex 16/17).
All patients included had given their consent to have their
tumor tissue analyzed at time being treated for STS.

Construction of Tissue Microarrays

One-hundred eighty-eight paraffin-embedded tumor samples
were reevaluated by two specialized soft tissue tumor patholo-
gists (IB and BLA). Representative areas with high tumor-cell
abundance were marked on the FFPE specimens.
Subsequently, paraffin blocks were punched within the marked
areas of interest into seven cores of 4 pm thickness per tumor
on average. Per tumor, six cores (+ 3 cores) on average were
created, resulting in a total of 1266 cores analyzed. The cores
were transferred to a recipient paraffin block to construct the
TMAs. 3-5 pum sections were cut from each TMA-paraffin
block to perform multiplex immunohistochemistry. A simpli-
fication of the entire data analysis workflow is visible in
Figure 2.

Multiplex Inmunohistochemistry

Multiplex immunohistochemistry (MP-IHC) with six antibo-
dies and DAPI was performed, using the following reagents:
CD4 (EPR6855, Abcam plc, Cambridge, UK), CD8 (C8/144B,
Abcam ple, Cambridge, UK), CD20 (L26, Abcam plc,
Cambridge, UK), CD3 (LN10, Leica Biosystems Inc., Vienna,
Austria), CD45RO (UCHLI, Cell Signaling Technology Europe,
B.V., Leiden, The Netherlands), CD68 (PG-M1, Dako Agilent
Pathology Solutions, Agilent, Vienna, Austria). Tyramide-

| Patient Cohort Selection |

!

| Tissue Sample Collection |

1

| Histopathological Re-Evaluation

l

| TMA Construction |

!

| Multiplex Immunohistochemistry || Validation |

l |

| Multiplex Image Scanning & Analysis | | TCGA SARC Dataset |

I 1

| Statistical Analysis |

| Output |

Figure 2. Flow-chart depicting the data analysis workflow.
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signal-amplification ~ (TSA) kit (Akoya  Biosciences,
Marlborough, USA) technique was used for MP-THC.

Staining, Scanning & Image Analysis
Staining of all 5 TMA slides was performed with the autostai-
ner system Bond RX (Leica Biosystems Inc., Vienna, Austria).
Slides were then scanned with the Vectra® 3 (Akoya
Biosystems, Marlborough, USA; software version 3.0.7) micro-
scope. Whole-slide scans were taken at 4x magnification to
locate and select individual TMA cores. Multispectral images
of identified TMA cores were then recorded at 20x magnifica-
tion, resulting into one image color channel for each stained
antibody. Images were processed with inForm software (Akoya
Biosystems, Marlborough, USA; software version 2.4.8),
including spectral unmixing and removal of autofluorescence.
Resulting multispectral images were evaluated using
HALO® Image  Analysis Platform (Indica  Labs,
Albuquerque, NM, US; Version 3.1.1076.342). Single
recorded images at 20x magnification are stitched together
into a continuous field of view of the whole TMA slide.
Individual cells were then identified using the DAPI nucleus
staining by setting a threshold for nucleus size, roundness
and signal intensity. For the six fluorescence-labeled mar-
kers, thresholds were set according to staining intensity of
the entire cell. Based on the predefined marker combina-
tions, seven different cell phenotypes were differentiated in
all TMA cores: T-cells (CD3+), helper T-cells (CD3+, CD4
+), cytotoxic T-cells (CD3+, CD84+), helper memory T-cells
(CD3+, CD4+, CD45R0+), cytotoxic memory T-cells (CD3
+, CD8+, CD45R0O+), B-cells (CD20+), and macrophages
(CD68+; Figure 3A & 3B). Finally, phenotypes were auto-
matically counted in each TMA core individually and later
combined for cores of the same patient. These phenotype
abundances, represented as percentages of the total number
of cells in each TMA core, constitute the final MP-IHC
features used for subsequent analysis.

TCGA-SARC Database

In order to validate the IHC findings, expression data and
clinical data for The Cancer Genome Atlas Sarcoma (TCGA-
SARC) dataset (the Genomic Data Commons (GDC) ver-
sion) was downloaded from the UCSC Xena browser
(University of California, Santa Cruz, California, USA).**
Gene expression data for primary tumor samples of 259
patients with STS were available. Three cases with incom-
plete follow-up data were subsequently excluded, resulting
in 256 profiles finally analyzed. Gene expression units used
were log2(fpkm+1) and treated as continuous variables, as
previously suggested.”>*® CDI9, MS4AI (Membrane
Spanning 4-Domains Al; CD20), CD22 and CD79A were
used as genes characteristic for B-cells, while CD68,ITGAM
(Integrin Subunit Alpha M; CDI1IB) and CDI163 were cho-
sen as genes characteristic for macrophages. CD3D, CD3E,
CD52 and CD6 were selected as genes characteristic for
T-cells. As the TCGA-SARC dataset does not incorporate
many clinical parameters such as grading, the statistical
analysis focused on differences in gene expression depend-
ing on patient age and histological subtype, as well as on
their prognostic impact on OS.
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Figure 3A & B. Multispectral image of two undifferentiated pleomorphic sarcomas at different magnifications (clockwise: x12; x20; x40; x60; x80). Note the high

positivity for CD68+ in sample depicted in panel B in comparison to panel A.

Statistical Analysis

Means (with standard deviations [SD]) and medians (with inter-
quartile ranges [IQR]) of clinical data as well as phenotype abun-
dances were provided for normally and non-normally distributed
variables, respectively. Normality of continuous variables was
assessed with Shapiro-Wilk test. Spearman’s rank correlation
coefficients were used to assess correlations between different
immune cell markers. Wilcoxon rank-sum test and Kruskal
Wallis test with post hoc Dunn test (using Benjamini-Hochberg
adjustment for multiple comparisons”’) were used to analyze
differences in non-normally distributed variables between binom-
inal or categorical clinical variables, respectively. Uni- and multi-
variate Fine & Gray competing risk-regression models were used
to assess time-dependent influences of variables on the develop-
ment of LR and DM, with death as the competing event. The
impact of variables on OS was estimated with uni- and multi-
variate Cox regression analyses. Apart from demographic variables
patient age and gender, factors with a p-value of <0.1 in the
univariate analyses were included in the multivariate models.

Immune cell phenotypes were both analyzed as continuous and
categorical variables in the univariate time-to-event analyses. For
multivariate time-to-event models, the continuous variable pat-
tern was used. The median of each immune cell phenotype was
used as the cutoff value defining “low” and “high” phenotype
abundance. Harrell’s C-index was calculated for each multivariate
model to assess its goodness of fit. A C-index close to 1 would
indicate perfect calibration, whilst a C-index of 0.5 indicates no
predictive discrimination between observed and predicted
outcomes.”® For all analyses, a p-value of <0.05 was considered
statistically significant.

Results

The most common histological subtypes were myxofibrosarco-
mas (n = 76; 40.4%), followed by UPS (n = 32; 17.0%). The
majority of STS were G3 (n = 129; 72.9%), whilst G1 (n = 17;
9.6%) and G2 STS (n = 31; 17.5%) amounted to less than a
quarter of cases. Further tumor- and treatment-related



variables are detailed in Table 1. CD68+ macrophages and
CD3 + T-cells constituted the most frequent cell population,
with a median percentage of 2.93 (IQR: 0.85-9.30) and 2.65
(IQR: 1.02-6.70), respectively, over all histological subtypes

(Table 1; Figure 4).

Table 1. General patient features.

Correlation between immune cell markers

According to the Spearman’s correlation analysis, all immune
cell phenotype abundances were positively associated with each
other, except for CD68+ macrophages and CD20 + B-cells, as

ONCOIMMUNOLOGY €1896658-5

well as CD68+ macrophages and CD3 + T-cells (Table 2).

Count

Age (in years, median + IQR)
Gender

Tumor Size (in cm, mean + SD)
Location

Depth

Grade

Margins

Histology

Follow-Up (in months; median + IQR)
Status

TIC (in percent; median + IQR)*

Male
Female

Upper Limb
Lower Limb

Trunk

Superficial

Deep

Superficial + Deep

R2
Myxofibrosarcoma
Synovial Sarcoma
UPS

Liposarcoma
Other
Leiomyosarcoma

Alive

Died

CD3 + T-cells

CD3+ CD4+ Helper T-cells

CD3+ CD8+ Cytotoxic T-cells

CD3+, CD4+, CD45RO+ Helper memory T-cells
CD3+ CD8+ CD45R0+ Cytotoxic memory T-cells
CD20 + B-cells

CD68+ Macrophages

62.5 (49.5-75.0)
101 (53.7%)
87 (46.3%)

85%53
47 (25.1%)
123 (65.8%)

17 (9.1%)
56 (29.8%)
105 (55.8%)
27 (14.4%)

17 (9.6%)
31 (17.5%)
129 (72.9%)
143 (76.1%)
41 (21.8%)

4(2.1%)
76 (40.4%)

12 (6.4%)

32 (17.0%)

22 (11.7%)

25 (13.3%)

21 (11.2%)
46.5 (19-99)
120 (63.8%)
68 (36.2%)

2.65 (1.02-6.70)

0.25 (0.06-0.89)

0.34 (0.08-1.71)

0.06 (0.00-0.28)

0.05 (0.00-0.30)

0.01 (0.00-0.07)

2.93 (0.85-9.30)

Legend: IQR - interquartile range; SD — standard deviation; TIIC — tumor-infiltrating immune cells

*Overall absolute percentages per cell line

80
1

60

% positive cells in total cells
20 40
1

o 4

Immune Cell Phenotype Abundances

;__L;;_L_s_

Figure 4. Overall phenotype abundance.

CD3+ CD3+ CD4+
:I T-Cells :I Helper T-Cells

CD3+ CD8+ CD3+ CD4+ CD45RO+
:l Cytotoxic T-Cells l:l Helper Memory T-Cells

CD3+ CD8+ CD45RO+ CD20+
|:| Cytotoxic Memory T-Cells :I B-Cells

CD68+

Macrophages
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Table 2. Correlation of immune cell phenotype abundances. Spearman’s rho indicates strong positive correlation between different TIICs.

T-Cells Helper T-Cells Cytotoxic T-cells Helper memory T-cells Cytotoxic memory T-cells B-cells
Helper T-Cells 0.645*
Cytotoxic T-cells 0.668* 0.746*
Helper memory T-cells 0.371* 0.768* 0.526*
Cytotoxic memory T-cells 0.505* 0.736* 0.704* 0.842*%
B-cells 0.316* 0.438* 0.308* 0.561* 0.483*
Macrophages 0.198** 0.545* 0.449* 0.598* 0.569* 0.202%**

Legend: Spearman’s rho given; *p-value < 0.0001; ** p-value = 0.140; ***p-value = 0.118

Difference in immuno-profile between patient
subpopulations

Clinico-pathological associations with immune cell pheno-
type abundances and well-known prognostic factors resulted
in the following findings: Whilst the percentage of
CD20 + B-cells was significantly lower in patients older
than 62.5 years of age (0.00% [IQR: 0.00-0.03%] vs. 0.02%
[0.00-0.08%]; p = .013), the percentage of CD68+ macro-
phages was significantly higher (5.16% [IQR: 1.77-11.8%] vs.
1.9% [IQR: 0.64-4.83%]; p = .002). Other cell types did not
significantly differ depending on median patient age.
Furthermore, the percentage of CD3 + T-cells was signifi-
cantly lower in tumors larger than the mean size of 8.5 cm
in comparison to those smaller than 8.5 cm (1.74% [IQR:
1.04-5.61%] vs. 3.62% [1.05-8.65%]; p = .029), whilst the
other immune cells did not differ depending on tumor size.
In comparison to low-grade tumors, high-grade STS had
significantly higher levels of CD3+ CD4 + T-helper cells
(0.33% [IQR: 0.11-1.00%] vs. 0.14% [IQR: 0.03-0.48%];
p = .021), CD3+ CD4+ CD45RO+ helper memory T-cells
(0.11% [IQR: 0.01-0.40%] vs. 0.04% [IQR: 0.00-0.18%];
p = .036), CD3+ CD8+ cytotoxic T-cells (0.46% [IQR:
0.12-1.72%] vs. 0.18% [0.03-1.87%]; p = .050), and CD3
+ CD8+ CD45RO+ cytotoxic memory T-cells (0.08% [IQR:
0.01-0.39%] vs. 0.01% [IQR: 0.00-0.15%]; p = .002).
Marginally significant differences were found for CD68
+ macrophages (low-grade vs. high-grade tumors: 1.94%
[IQR: 0.65-5.16%] vs. 3.56% [IQR: 0.98-10.54%]; p = .054)
and CD3 + T-cells (low-grade vs. high-grade tumors: 1.87%
[0.62-5.15%]; p = .063). No significant difference was found
for CD20 + B-cells (p = .666). Furthermore, there were
significant overall differences between histological subtypes
and CD3 + T-cells (p = .019), CD3+ CD4 + T-helper cells
(p < .001), CD3+ CD8+ cytotoxic T-cells (p < .001), CD3
+ CD4+ CD45RO+ helper memory T-cells (p < .001), CD3
+ CD8+ CD45RO+ cytotoxic memory T-cells (p < .001),
CD20 + B-cells (p = .031), and CD68+ macrophages
(p < .001; Figure 5). Gender, tumor depth and location
revealed no statistically significant difference with regards
to immune cell count (all p > .05).

Prognostic impact of phenotype abundances and clinical
variables

Besides R1/2 margins (p = .037), higher amounts of CD68
+ macrophages (p = .003) and CD20 + B-cells (p = .035) were
significantly associated with increased risk of LR (Figure 6).
Notably, no such association was found when using cutoff
values for “high” (above median) and “low” (below median)
abundance of CD68+ macrophages (p = .273) and CD20 + B-

cells (p = .883; Supplementary Table 1). Other immune cells,
neither as continuous or categorical variables, showed no sig-
nificant association (Supplementary Table 1).

In the multivariate model, the positive association of CD68
+ macrophages (p = .014), independent from R1/2 margins,
CD20 + B-cells, gender, and patient age (all p > .05) remained
significant (Table 3). C-index of 0.727 indicated a good model
calibration.

Large tumor size (p = .006) and UPS (p = .028) were
significantly associated with a higher DM-risk in the univariate
setting, whilst other demographic and tumor related-variables,
as well as phenotype abundances (both as continuous and
categorical variables), showed no statistically significant asso-
ciation (all p > .05; Supplementary Table 1). In the multivariate
model, large tumor size (p =.002) and UPS (p = .009) remained
significantly associated with higher risk of DM, independent of
grading, patient age, or gender (all p > .05; Table 4). Model
calibration was good, with a C-index of 0.696.

CD3+ CD8+ CD45R0+ cytotoxic memory T-cell phenotype
abundance above the median was associated with worse OS in
the univariate analysis (p = .035; Supplementary Table 1). None
of the other immune cell phenotype abundances or demo-
graphic variables showed a significant association with OS in
the univariate analysis (Supplementary Table 1). In the multi-
variate model, age over 70 years at time of surgery (p = .046),
large tumor size (p = .006) as well as synovial sarcoma
(p = .012), and histological subtypes labeled as “other”
(p = .034) were independently associated with worse OS, irre-
spective of gender or grading (all p > .05; Table 5). C-index of
0.728 indicated a good model calibration.

CD68+ macrophages and CD20 + B-cells associated with
higher LR-risk in myxofibrosarcoma

Subgroup analysis of the multivariate model for LR was per-
formed for myxofibrosarcoma, being the most frequent histo-
logical subtype in the present study and one with high immune
cell abundance. In this model, the negative association between
high CD68+ macrophages and LR-risk prevailed (p = .012),
irrespective of gender, age, margins, or CD20 + B-cells (Table
3). Of note, in myxofibrosarcoma, high CD20 + B-cell levels
were also associated with increased LR-risk (p = .045; Table 3).
C-index for this model was 0.642.

Validation of IHC with TCGA-SARC database

In the TCGA-SARC dataset, patients older than 62.5 years had
significantly higher levels of macrophage-characteristic genes
CD68 (0.93 [IQR: 0.49-1.56] vs. 0.60 [IQR: 0.24-1.33],
p =.003),ITGAM (2.26 [IQR: 1.47-2.98] vs. 1.66 [IQR: 0.97-
2.89], p =.02), and CD163 (4.35 [IQR: 3.40-5.64] vs. 3.76 [IQR:
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Table 3. Multivariate competing risk regression model for local recurrence, for all histological subtypes (top) and for myxofibrosarcomas only (bottom), with death as
competing event.

Local Recurrence

Multivariate Model — All Histological Subtypes

95%Cl
HR Lower Upper p-value
Gender Male 1 0.154
Female 0.501 0.193 1.297
Age at Surgery 18 — 35 years 1
36 - 70 years 1.035 0.139 7.690 0.973
> 70 years 1537 0.195 12.103 0.683
Margins RO 1 0.051
R1/2 2436 0.995 5.963
CD20+ B-cells 1.344 0.762 2.371 0.307
CD68+ Macrophages 1.054 1.010 1.099 0.014
Subgroup Analysis — Myxofibrosarcoma
Gender Male 1 0.045
Female 0.181 0.034 0.959
Age at Surgery 18 — 35 years N/A N/A N/A N/A
36 - 70 years 1 0.548
> 70 years 1.663 0.316 8.749
Margins RO 1 0.831
R1/2 0.740 0.047 11.766
CD20+ B-cells 1.951 1.014 3.755 0.045
CD68+ Macrophages 1.073 1.016 1.134 0.012
Table 4. Multivariate competing risk regression model for distant metastasis, with death as competing event.
Distant Metastasis Multivariate Model
95%Cl
HR Lower Upper p-value
Gender Male 1 0.375
Female 1.291 0.734 2.272
Age at Surgery 18 — 35 years 1
36 - 70 years 1.074 0.264 4.368 0.921
> 70 years 0.860 0.206 3.594 0.836
Grading G1/2 1
G3 1.188 0.654 2.159 0.571
Tumour size (in cm) 1.070 1.026 1.116 0.002
Histology Myxofibrosarcoma 1
Synovial sarcoma 1.662 0.510 5421 0.399
UPS 2.866 1.303 6.300 0.009
Liposarcoma 0.388 0.125 1.205 0.101
Others 1.204 0.501 2.896 0.678
Leiomyosarcoma 1.961 0.947 4.060 0.070
Table 5. Multivariate cox regression analysis for overall survival.
Overall Survival Multivariate Model
95%Cl
HR Lower Upper p-value
Gender Male 1 0.794
Female 0.935 0.563 1.551
Age at Surgery 18-35 years 1
36-70 years 1.706 0.469 6.203 0.417
> 70 years 3.888 1.026 14.740 0.046
Grading G1/2 1 0.595
G3 1.190 0.626 2.261
Tumor size (in cm) 1.063 1.018 1.111 0.006
Histology Myxofibrosarcoma 1
Synovial sarcoma 3.512 1314 9.383 0.012
UPS 1.856 0.933 3.691 0.078
Liposarcoma 0.467 0.146 1.492 0.199
Others 2356 1.069 5.195 0.034
Leiomyosarcoma 1.427 0.638 3.192 0.386




2.13-5.05], p = .002) in comparison to patients younger than
62.5 years, being in line with the IHC findings. Furthermore,
levels of B-cell-characteristic gene CD22 were significantly
lower in patients older than the median of 62.5 years (0.18
[IQR: 0.09-0.37] vs. younger than 62.5 years: 0.25 [IQR: 0.10-
0.66], p = .030). Abundance of all genes analyzed significantly
differed depending on histological subtype (p < .05), with B-cell
characteristic genes CD19, MS4A1 and CD79A being present at
higher levels in liposarcoma, and T-cell and macrophage-char-
acteristic genes at high levels in myxofibrosarcoma and MFH/
UPS compared to other histological subtypes (Figure 7).

For B-cell characteristic genes, univariate Cox-regression
analysis revealed no significant impact of CDI9 (p = .122),
MS4A1 (p = .144), CD22 (p = .907), or CD79A (p = .088)
expression on OS. Likewise, expression of macrophage-spe-
cific genes CD68 (p = .940),ITGAM (p = .315), and CDI63
(p = .248) was not significantly associated with altered OS.
Contradictory to the IHC findings, however, high expression
levels of T-cell characteristic genes CD3D (HR: 0.848; 95%CI:
0.736-0.976; p = .022), CD3E (HR: 0.845; 95%CIL: 0.724-
0.987; p = .034), and CD52 (HR: 0.835; 95%CI: 0.734-
0.951; p = .007) were significantly associated with a better
OS, whilst no difference was found for CD6 (p = .105).
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Discussion

In this study, we described a comprehensive picture of immune
cell infiltration to sarcoma and its clinical impact on important
clinical endpoints. As a result, we observed significant differ-
ences in the abundance of tumor-infiltrating immune cells
between soft tissue sarcoma subtypes, with overall higher
amounts seen in myxofibrosarcoma and UPS. Furthermore,
the tumors’ immune profile changed with patients’ age, with
lower amounts of CD20 + B-cells and higher amounts of CD68
+ macrophages present in older individuals. These findings
were confirmed by TCGA-SARC gene expression analysis.
Moreover, higher amounts of tumor-infiltrating immune cells
were observed in high-grade tumors. Both high amounts of
CD68+ macrophages and CD20 + B-cells correlated with
increased risk of LR. The only immune cell type independently
associated with patients’ prognosis was CD68+ macrophages,
with higher percentages correlating with increased risk of LR,
independent of margin status, patient age, gender or
CD20 + B-cells. Furthermore, in the subgroup analysis for
myxofibrosarcoma, high CD68+ macrophage- and CD20 + B-
cell-levels were independently associated with higher LR-risk,
irrespective of margins, gender, or age.

TCGA-SARC Gene Expression
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As reported by others, ®*’ we observed a significant positive
correlation between all immune cell phenotype abundances,
except for CD20 + B-cells and CD68+ macrophages, and
CD3 + T-cells and CD68+ macrophages. However, in contrast
to previous reports, / we neither observed a statistically sig-
nificant positive prognostic impact of increased CD20 + B-cell
concentration nor a negative prognostic influence of elevated
CD3 + T-cell concentration on patient overall survival. The
lack of prognostic impact could be related to the different
analysis of the immune cell density in our cohort, taking the
percentages of phenotype abundance rather than defining a
cutoff value for low and high values of the respective tumor-
infiltrating cells.” However, when using cutoff values to define
high and low immune cell phenotype abundance, we neither
were able to demonstrate additional significant associations.
Furthermore, the overall percentage of tumor-infiltrating
immune cells apart from CD3 + T-cells and CD68+ macro-
phages was rather low in our study, again highlighting the per
tendency low immunogenicity of STS.* However, contrary to
the study by Dancsok et al., >° we discovered a significant
positive association between advanced tumor grade and high
levels of tumor-infiltrating immune cells, with 6 out of 7
phenotypes showing marginal or statistically significant differ-
ences between G1/G2 and G3 STS. Notably, the amount of
CD68+ macrophages was overall higher than the one of TILs,
an observation already made by others.*’' Considering that
TAM:s usually harbor surface molecules and properties indu-
cing angiogenesis, tumor growth and metastasis formation
whilst suppressing immune-related responses, they constitute
potential anti-tumor targets. However, monocytes and macro-
phages are rather insensitive to conventional DNA-damaging
chemotherapeutics, as they are considered quiescent.’*?’
Notably, specific chemotherapeutic agents, as trabectedin, do
not only affect the tumor itself by interfering with late S and G2
phases of the cell cycle, ***° but also alter the TME, especially
monocytes and macrophages.” By triggering the activation of
caspase, a key effector molecule of the extrinsic apoptotic path-
way in monocytes, apoptosis of macrophages is induced by
trabectedin.'**® Correspondingly, Germano et al. discovered
that not only the density of CD68+ macrophages is reduced by
50% in tumors of mice treated with trabectedin but also the
production of chemokine (C-C motif) ligand 2 (CCL2) as
parameter of monocyte-recruitment, as well as density of
micro-vessels.>” In this respect, it seems reasonable that
immune checkpoint inhibitors have rather low efficacy in
STS, whilst agents targeting macrophages, like trabectedin,
can achieve promising anti-tumor responses.

Furthermore, we found a correlation between elevated
CD68+ macrophage abundance and advanced patient age
over all histological subtypes. Corresponding to previous
observations that STS with complex karyotypes are more likely
to promote phagocytic inflammation than translocation-asso-
ciated STS, *"*® highest amounts of CD68+ macrophages were
seen in UPS and myxofibrosarcoma, whilst very low levels were
present in synovial sarcoma. These findings were also con-
firmed at the genomic level using the TCGA-SARC dataset.

In our study, high levels of CD68+ macrophages were inde-
pendently associated with an increased risk of LR, irrespective
of margin status, patient age, gender, or CD20 + B-cell count.

Moreover, in the subgroup analysis for myxofibrosarcoma, not
only high CD68+ macrophage levels but also high CD20 + B-
cell levels were associated with higher LR-risk. Contrary to our
findings, a protective effect of high CD20 + B-cell levels in STS
regarding disease-specific survival, >’ metastasis-free survival, ®
and overall survival® has been reported. However, none of
these studies investigated the potential association of
CD20 + B-cells and LR-risk. Also, the effect observed in the
present study was only present in the subgroup analysis for
myxofibrosarcoma. Considering that the prognostic role of
tumor-infiltrating CD20 + B-cells is still controversially dis-
cussed, with both positive and negative effects reported for
different tumors, *° our observations warrant further investiga-
tions. As to the authors knowledge, this is the first study
reporting a potential association between macrophage levels
and local recurrence in STS. Similar results have been only
reported for cholangiocarcinoma®' and colorectal cancer, **
with high CD68+ macrophages being associated with early LR.

Considering that STS with complex karyotypes appear to
more likely present high amounts of tumor-infiltrating CD68
+ macrophages, anti-tumor agents targeting macrophages (e.g.
trabectedin) may be applied in these tumors as an adjuvant
treatment to improve local control. Yet, to better understand
the role of macrophages in STS, further in-depth research,
focusing on patterns of immune cell infiltration, mechanistic
pathways, confirmation of the generated hypothesis on an
independent dataset, and correlation of findings with addi-
tional methods as flow-cytometry and sequencing, is
warranted.

The current study has several limitations that should be
considered when interpreting the results. First, the combina-
tion of immunohistochemical markers used to identify the
immune cell phenotypes may not identify all relevant cells.
However, since standardized, uniformly available assays for
immunophenotyping are still pending, **** this study focused
on established markers of B-cells, T-cells and macrophages
with a multiplex THC staining platform. Second, we used
CD68 as a general marker for macrophages staining for both
M1- and M2-like subtypes, 31,4546 Lather than further differ-
entiating between these subtypes by applying additional mar-
kers. However, taking into consideration that either phenotype
of tumor-associated macrophages is susceptible to DNA-bind-
ing anti-tumor agents (as e.g. trabectedin) approved for specific
STS subtypes, > the additional value of differentiating into M1-
or M2-like macrophages remains to be questioned. Third, the
overall abundance of tumor-infiltrating immune cells was gen-
erally low, an issue related to the relatively poor immunogeni-
city of STS in general. Nonetheless, by using computer-assisted
scoring for simultaneously stained markers, a standardized and
un-biased evaluation is possible. Fourth, the limited sample
size — particularly regarding different histological subtypes -
may have led to model overfitting. On the other hand,
C-indices for competing risk regression and Cox-regression
models were all near to or above 0.70, indicating good model
calibration. Yet, C-index for the multivariate model performed
on myxofibrosarcomas only was already lower at 0.642, indi-
cating poorer model calibration. Thus, results have to be seen
as preliminary, warranting validation on independent sample
sets. Fifth, owing to the methodological approach chosen, we



did not differentiate between central or peripheral immune cell
infiltrates, high and/or low-level patterns but rather focused on
the TME holistically. Furthermore, due to the limited clinical
information available in the TCGA-SARC database, we could
only validate IHC findings with gene expression data on
selected clinical characteristics and OS as the primary end-
point. Yet, gene expression data largely confirmed results
obtained with IHC, particularly regarding demographic vari-
able age and histological subtypes, although it should be noted
that correlation between mRNA expression- and protein
expression-levels is generally weak, owing to regulatory pro-
cesses taking place between protein transcription and
formation.*’~>° Thus, the current preliminary results generated
a hypothesis that may provide a basis for future research on the
role of TAMs in STS.

To the author’s knowledge, this is the first study identifying
high amounts of tumor-infiltrating CD68+ macrophages as a
poor prognostic factor for local recurrence, irrespective of
margin status, CD20 + B-cell infiltration, or patient age.
Based on our observations, it can be hypothesized that anti-
tumor agents targeting macrophages may be applied more
frequently in patients with tumors showing high levels of
CD68+ macrophages. However, to better understand the role
of macrophages in STS, further in-depth research is warranted.

Acknowledgement

The current study was supported by the K1 COMET Competence Center
CBmed (Center for Biomarker Research in Medicine), which is funded by
the Federal Ministry of Transport, Innovation and Technology (BMVIT),
Land Steiermark (Department 12, Business and Innovation), the Federal
Ministry of Science, Research and Economy (BMWEFW), the Styrian
Business Promotion Agency (SFG), and the Vienna Business Agency.
The COMET program is executed by the Austrian Research Promotion
Agency (FFG). Co-author L.H. was supported by CBmed via the PhD
program  Advanced Medical Biomarker Research (AMBRA).
Furthermore, co-author J.F. was supported by the Austrian Science
Fund (FWE).

Disclosure statement

No potential conflict of interest was reported by the authors.

Funding

The current study was funded by PharmaMar (Madrid, Spain) under
GrantPM-ID 8048. The funding source had no impact on the design of
the study, its conduction, analysis, presentation of results or
interpretation.

References

1. Organisation WH. Soft tissue and bone tumours: WHO classifica-
tion of tumours. International Agency for Research on Cancer,
World Health Orgn, International Academy of Pathology. 2020;30
(5): 2020. 5 ed.

2. Meyer M, Seetharam M. First-line therapy for metastatic soft tissue
sarcoma. Curr Treat Options Oncol. 2019;20(1):6. doi:10.1007/
$11864-019-0606-9.

3. Coley WB. Contribution to the Knowledge of Sarcoma. Ann Surg.
1891;14(3):199-220. doi:10.1097/00000658-189112000-00015.

10.

11.

12.

13.

14.

15.

16.

17.

ONCOIMMUNOLOGY €1896658-11

. Tawbi HA, Burgess M, Bolejack V, Van Tine BA, Schuetze SM, Hu

J, D'Angelo S, Attia S, Riedel RF, Priebat DA, et al. Pembrolizumab
in advanced soft-tissue sarcoma and bone sarcoma (SARCO028): a
multicentre, two-cohort, single-arm, open-label, phase 2 trial.
Lancet Oncol. 2017;18(11):1493-1501. doi:10.1016/S1470-2045
(17)30624-1.

D’Angelo SP, Mahoney MR, Van Tine BA, Atkins J, Milhem
MM, Jahagirdar BN, Antonescu CR, Horvath E, Tap WD,
Schwartz GK, et al. Nivolumab with or without ipilimumab
treatment for metastatic sarcoma (Alliance A091401): two
open-label, non-comparative, randomised, phase 2 trials.
Lancet Oncol. 2018;19(3):416-426. doi:10.1016/S1470-2045
(18)30006-8.

Tsagozis P, Augsten M, Zhang Y, Li T, Hesla A, Bergh J, Haglund
F, Tobin NP, Ehnman M. An immunosuppressive macrophage
profile attenuates the prognostic impact of CD20-positive B cells
in human soft tissue sarcoma. Cancer Immunol Immunother.
2019;68(6):927-936. doi:10.1007/500262-019-02322-y.

Sorbye SW, Kilvaer T, Valkov A, Donnem T, Smeland E, Al-
Shibli K, Bremnes RM, Busund LT. Prognostic impact of lym-
phocytes in soft tissue sarcomas. PLoS One. 2011;6(1):e14611.
doi:10.1371/journal.pone.0014611.

Dunn GP, Bruce AT, Ikeda H, Old LJ, Schreiber RD. Cancer
immunoediting: from immunosurveillance to tumor escape. Nat
Immunol. 2002;3(11):991-998. doi:10.1038/ni1102-991.

Pages F, Kirilovsky A, Mlecnik B, Asslaber M, Tosolini M, Bindea
G, Lagorce C, Wind P, Marliot F, Bruneval P, et al. In situ cytotoxic
and memory T cells predict outcome in patients with early-stage
colorectal cancer. J Clin Oncol. 2009;27(35):5944-5951.
doi:10.1200/JC0O.2008.19.6147.

Hwang WT, Adams SF, Tahirovic E, Hagemann IS, Coukos G.
Prognostic significance of tumor-infiltrating T cells in ovarian
cancer: a meta-analysis. Gynecol Oncol. 2012;124(2):192-198.
doi:10.1016/j.ygyno.2011.09.039.

Dieu-Nosjean MC, Antoine M, Danel C, Heudes D, Wislez M,
Poulot V, Rabbe N, Laurans L, Tartour E, Chaisemartin L, et al.
Long-term survival for patients with non-small-cell lung cancer
with intratumoral lymphoid structures. ] Clin Oncol. 2008;26
(27):4410-4417. d0i:10.1200/JC0O.2007.15.0284.

Hutterer GC, Pichler M, Chromecki TF, Strini KA, Klatte T,
Pummer K, Remzi M, Mannweiler S, Zigeuner R. Tumour-asso-
ciated macrophages might represent a favourable prognostic indi-
cator in patients with papillary renal cell -carcinoma.
Histopathology. 2013;63(3):309-315. doi:10.1111/his.12163.
Boxberg M, Steiger K, Lenze U, Rechl H, Von Eisenhart-rothe R,
Wortler K, Weichert W, Langer R, Specht K. PD-L1 and PD-1 and
characterization of tumor-infiltrating lymphocytes in high grade sar-
comas of soft tissue — prognostic implications and rationale for immu-
notherapy. Oncoimmunology. 2018;7(3):e1389366. doi:10.1080/
2162402X.2017.1389366.

Mantovani A, Marchesi F, Malesci A, Laghi L, Allavena P.
Tumour-associated macrophages as treatment targets in oncology.
Nat Rev Clin Oncol. 2017;14(7):399-416.  doi:10.1038/
nrclinonc.2016.217.

Kostine M, Briaire-de Bruijn IH, Cleven AHG, Vervat C, Corver
WE, Schilham MW, Beelen EV, Boven HV, Haas RL, Italiano A,
et al. Increased infiltration of M2-macrophages, T-cells and PD-L1
expression in high grade leiomyosarcomas supports immunother-
apeutic  strategies. Oncoimmunology. 2018;7(2):e1386828.
doi:10.1080/2162402X.2017.1386828.

Lee CH, Espinosa I, Vrijaldenhoven S, Subramanian §,
Montgomery KD, Zhu S, Marinelli RJ, Peterse]L, Poulin N, et al.
Prognostic significance of macrophage infiltration in leiomyosar-
comas. Clin Cancer Res. 2008;14(5):1423-1430. doi:10.1158/1078-
0432.CCR-07-1712.

Casali PG, Abecassis N, Bauer S, Biagini R, Bielack S, Bonvalot S,
Boukovinas I, Bovee JVMG, Brodowicz T, Broto JM, et al. Soft
tissue and visceral sarcomas: ESMO-EURACAN Clinical Practice
Guidelines for diagnosis, treatment and follow-up. Ann Oncol.
2018, 29.


https://doi.org/10.1007/s11864-019-0606-9
https://doi.org/10.1007/s11864-019-0606-9
https://doi.org/10.1097/00000658-189112000-00015
https://doi.org/10.1016/S1470-2045(17)30624-1
https://doi.org/10.1016/S1470-2045(17)30624-1
https://doi.org/10.1016/S1470-2045(18)30006-8
https://doi.org/10.1016/S1470-2045(18)30006-8
https://doi.org/10.1007/s00262-019-02322-y
https://doi.org/10.1371/journal.pone.0014611
https://doi.org/10.1038/ni1102-991
https://doi.org/10.1200/JCO.2008.19.6147
https://doi.org/10.1016/j.ygyno.2011.09.039
https://doi.org/10.1200/JCO.2007.15.0284
https://doi.org/10.1111/his.12163
https://doi.org/10.1080/2162402X.2017.1389366
https://doi.org/10.1080/2162402X.2017.1389366
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1038/nrclinonc.2016.217
https://doi.org/10.1080/2162402X.2017.1386828
https://doi.org/10.1158/1078-0432.CCR-07-1712
https://doi.org/10.1158/1078-0432.CCR-07-1712

€1896658-12 M. A. SMOLLE ET AL.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Van Praag VM, Rueten-Budde AJ, Jeys LM, Laitinen MK, Pollock
R, Aston W, Hage JA, Dijkstra PDS,Ferguson PC, Griffin AM, et al.
A prediction model for treatment decisions in high-grade extre-
mity soft-tissue sarcomas: personalised sarcoma care (PERSARC).
Eur J Cancer. 2017;83:313-323. doi:10.1016/j.jca.2017.06.032.
Callegaro D, Miceli R, Bonvalot S, Ferguson P, Strauss DC, Levy A,
Griffin A, Hayes AJ, Stacchiotti S, Pechoux CL, et al. Development
and external validation of two nomograms to predict overall sur-
vival and occurrence of distant metastases in adults after surgical
resection of localised soft-tissue sarcomas of the extremities: a
retrospective  analysis. Lancet Oncol. 2016;17(5):671-680.
doi:10.1016/S1470-2045(16)00010-3.

Rueten-Budde AJ, Van Praag VM, Studygroup P, Maj VDS, Fiocco
M. Dynamic prediction of overall survival for patients with high-
grade extremity soft tissue sarcoma. Surg Oncol. 2018;27(4):695-
701. doi:10.1016/j.suronc.2018.09.003.

Kattan MW, Leung DH, Brennan MF. Postoperative nomogram
for 12-year sarcoma-specific death. J Clin Oncol. 2002;20(3):791-
796. doi:10.1200/JC0.2002.20.3.791.

Wittekind C, Compton CC, Greene FL, Sobin LH. TNM residual
tumor classification revisited. Cancer. 2002;94(9):2511-2516.
do0i:10.1002/cncr.10492.

Fletcher CD, Bridge JA, Hodgendoorn PCW, Mertens F. WHO
classification of tumours of soft tissue and bone. In: Cd F, Ja B, Pcw
H, Mertens F, editors. Lyon, France: IARC; 2013.

Goldman M]J, Craft B, Hastie M, Repecka K, McDade F, Kamath A,
Banerjee A, Luo Y, Rogers D, Brooks AN, et al. Visualizing and
interpreting cancer genomics data via the Xena platform. Nat
Biotechnol. 2020;38(6):675-678. doi:10.1038/s41587-020-0546-8.
Raman P, Zimmerman S, Rathi KS, De Torrenté L, Sarmady M,
Wu C, Leipzig ], Taylo DM, Tozeren A, Mar JC. A comparison of
survival analysis methods for cancer gene expression RNA-
Sequencing data. Cancer Genet. 2019;235-236:1-12. doi:10.1016/j.
cancergen.2019.04.004.

Pollack SM, He Q, Yearley JH, Emerson R, Vignali M, Zhang Y,
Redman MW, Baker KK, Cooper S, Donahue B, et al. T-cell infiltra-
tion and clonality correlate with programmed cell death protein 1 and
programmed death-ligand 1 expression in patients with soft tissue
sarcomas. Cancer. 2017;123(17):3291-3304. doi:10.1002/cncr.30726.
Benjamini Y, Hochberg Y. Controlling the false discovery rate: a
practical and powerful approach to multiple testing. Journal of the
Royal Statistical Society Series B (Methodological). 1995;57
(1):289-300. doi:10.1111/j.2517-6161.1995.tb02031 x.

Harrell FE Jr., Lee KL, Califf RM, Pryor DB, Rosati RA. Regression
modelling strategies for improved prognostic prediction. Stat Med.
1984;3(2):143-152. doi:10.1002/sim.4780030207.

Komohara Y, Takeya H, Wakigami N, Kusada N, Bekki H, Ishihara
S, Takeya M, Nakashima Y, Oda Y. Positive correlation between
the density of macrophages and T-cells in undifferentiated sar-
coma. Med Mol Morphol. 2019;52(1):44-51. doi:10.1007/s00795-
018-0201-3.

Dancsok AR, Setsu N, Gao D, Blay JY, Thomas D, Maki RG,
Nielsen TO, Demicco EG. Expression of lymphocyte immunore-
gulatory biomarkers in bone and soft-tissue sarcomas. Mod Pathol.
2019;32(12):1772-1785. doi:10.1038/s41379-019-0312-y.

Dancsok AR, Gao D, Lee AF, Steigen SE, Blay JY, Thomas DM,
Maki RG, Nielsen TO, Demicco EG. Tumor-associated macro-
phages and macrophage-related immune checkpoint expression
in sarcomas. Oncoimmunology. 2020;9(1):1747340. doi:10.1080/
2162402X.2020.1747340.

Galmarini CM, D’Incalci M, Allavena P. Trabectedin and plitidep-
sin: drugs from the sea that strike the tumor microenvironment.
Mar Drugs. 2014;12(2):719-733. d0i:10.3390/md12020719.
D’Incalci M, Badri N, Galmarini CM, Allavena P. Trabectedin,
a drug acting on both cancer cells and the tumour microenvir-
onment. Br ] Cancer. 2014;111(4):646-650. doi:10.1038/
bjc.2014.149.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

Delaloge S, Yovine A, Taamma A, Riofrio M, Brain E, Raymond E,
Cottu P, Goldwasser F, Jimeno J, Misset JL, et al. Ecteinascidin-743:
a marine-derived compound in advanced, pretreated sarcoma
patients—preliminary evidence of activity. J Clin Oncol. 2001;19
(5):1248-1255. d0i:10.1200/JC0O.2001.19.5.1248.

Taamma A, Misset JL, Riofrio M, Guzman C, Brain E, Lopez
Lazaro L, Rosing H, Jimeno JM, Cvitkovic E. Phase I and pharma-
cokinetic study of ecteinascidin-743, a new marine compound,
administered as a 24-hour continuous infusion in patients with
solid tumors. J Clin Oncol. 2001;19(5):1256-1265. do0i:10.1200/
JCO.2001.19.5.1256.

Mantovani A, Allavena P. The interaction of anticancer therapies
with tumor-associated macrophages. ] Exp Med. 2015;212(4):435-
445. doi:10.1084/jem.20150295.

Germano G, Frapolli R, Belgiovine C, Anselmo A, Pesce S, Liguori
M, Erba E, Uboldi S, Zucchetti M, Pasqualini F, et al. Role of
macrophage targeting in the antitumor activity of trabectedin.
Cancer Cell. 2013;23(2):249-262. doi:10.1016/j.ccr.2013.01.008.
Skubitz KM, Wilson JD, Cheng EY, Lindgren BR, Boylan KLM,
Skubitz APN. Effect of chemotherapy on cancer stem cells and
tumor-associated macrophages in a prospective study of preopera-
tive chemotherapy in soft tissue sarcoma. ] Transl Med. 2019;17
(1):130. doi:10.1186/s12967-019-1883-6.

Sorbye SW, Kilvaer T, Valkov A, Donnem T, Smeland E, Al-Shibli
K, Bremnes RM, Busund LT. High expression of CD20+ lympho-
cytes in soft tissue sarcomas is a positive prognostic indicator.
Oncoimmunology. 2012;1(1):75-77. doi:10.4161/onci.1.1.17825.
Wouters MCA, Nelson BH. Prognostic significance of tumor-infil-
trating B cells and plasma cells in human cancer. Clin Cancer Res.
2018;24(24):6125-6135. doi:10.1158/1078-0432.CCR-18-1481.
Atanasov G, Hau HM, Dietel C, Benzing C, Krenzien F, Brandl A,
Wiltberger G, Matia I, Prager I, Schierle K, et al. Prognostic
significance of macrophage invasion in hilar cholangiocarcinoma.
BMC Cancer. 2015;15(1):790. doi:10.1186/s12885-015-1795-7.
Waniczek D, Lorenc Z, Snietura M, Wesecki M, Kopec A, Muc-Wierzgon
M. Tumor-associated macrophages and regulatory t cells infiltration and
the clinical outcome in colorectal cancer. Arch Immunol Ther Exp (Warsz).
2017365(5):445-454. doi:10.1007/s00005-017-0463-9.

Maecker HT, McCoy JP, Nussenblatt R. Standardizing immuno-
phenotyping for the Human Immunology Project. Nat Rev
Immunol. 2012;12(3):191-200. doi:10.1038/nri3158.

Taube JM, Akturk G, Angelo M, Engle EL, Gnjatic S, Greenbaum §,
Hedvat CV, Greenwald NH, Hollmann TJ, Juco J, et al. The Society
for Immunotherapy of Cancer statement on best practices for
multiplex immunohistochemistry (IHC) and immunofluorescence
(IF) staining and validation. ] Immunother Cancer. 2020;8(1):1.
doi:10.1136/jitc-2019-000155.

Holness CL, Simmons DL. Molecular cloning of CD68, a human
macrophage marker related to lysosomal glycoproteins. Blood.
1993;81(6):1607-1613. d0i:10.1182/blood.V81.6.1607.1607.
O’Laughlin S, Braverman M, Smith-Jefferies M, Buckley P.
Macrophages (histiocytes) in various reactive and inflammatory
conditions express different antigenic phenotypes. Hum Pathol.
1992;23(12):1410-1418. doi:10.1016/0046-8177(92)90062-8.
Koussounadis A, Langdon SP, Um IH, Harrison DJ, Smith VA.
Relationship between differentially expressed mRNA and mRNA-
protein correlations in a xenograft model system. Sci Rep. 2015;5
(1):10775. doi:10.1038/srep10775.

Maier T, Guell M, Serrano L. Correlation of mRNA and protein in
complex biological samples. FEBS Lett. 2009;583(24):3966-3973.
doi:10.1016/j.febslet.2009.10.036.

De Sousa Abreu R, Penalva LO, Marcotte EM, Vogel C. Global
signatures of protein and mRNA expression levels. Mol Biosyst.
2009;5(12):1512-1526. doi:10.1039/b908315d.

Vogel C, Marcotte EM. Insights into the regulation of protein
abundance from proteomic and transcriptomic analyses. Nat Rev
Genet. 2012;13(4):227-232. doi:10.1038/nrg3185.


https://doi.org/10.1016/j.ejca.2017.06.032
https://doi.org/10.1016/S1470-2045(16)00010-3
https://doi.org/10.1016/j.suronc.2018.09.003
https://doi.org/10.1200/JCO.2002.20.3.791
https://doi.org/10.1002/cncr.10492
https://doi.org/10.1038/s41587-020-0546-8
https://doi.org/10.1016/j.cancergen.2019.04.004
https://doi.org/10.1016/j.cancergen.2019.04.004
https://doi.org/10.1002/cncr.30726
https://doi.org/10.1111/j.2517-6161.1995.tb02031.x
https://doi.org/10.1002/sim.4780030207
https://doi.org/10.1007/s00795-018-0201-3
https://doi.org/10.1007/s00795-018-0201-3
https://doi.org/10.1038/s41379-019-0312-y
https://doi.org/10.1080/2162402X.2020.1747340
https://doi.org/10.1080/2162402X.2020.1747340
https://doi.org/10.3390/md12020719
https://doi.org/10.1038/bjc.2014.149
https://doi.org/10.1038/bjc.2014.149
https://doi.org/10.1200/JCO.2001.19.5.1248
https://doi.org/10.1200/JCO.2001.19.5.1256
https://doi.org/10.1200/JCO.2001.19.5.1256
https://doi.org/10.1084/jem.20150295
https://doi.org/10.1016/j.ccr.2013.01.008
https://doi.org/10.1186/s12967-019-1883-6
https://doi.org/10.4161/onci.1.1.17825
https://doi.org/10.1158/1078-0432.CCR-18-1481
https://doi.org/10.1186/s12885-015-1795-7
https://doi.org/10.1007/s00005-017-0463-9
https://doi.org/10.1038/nri3158
https://doi.org/10.1136/jitc-2019-000155
https://doi.org/10.1182/blood.V81.6.1607.1607
https://doi.org/10.1016/0046-8177(92)90062-8
https://doi.org/10.1038/srep10775
https://doi.org/10.1016/j.febslet.2009.10.036
https://doi.org/10.1039/b908315d
https://doi.org/10.1038/nrg3185

