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Background: The pro-inflammatory cytokine interleukin-6 (IL-6) plays a role in cancer development and
progression, but research into the predictive value of IL-6 on postoperative outcome in soft tissue sar-
coma (STS) is scarce. The purpose of this study is to investigate the predictive value of serum IL-6 level for
the achievement of assumed (post)operative outcome after STS surgery, the so-called textbook outcome.
Methods: Preoperative IL-6 serum levels were collected in all patients with a STS at first presentation
between February 2020 and November 2021. Textbook outcome was defined as a RO resection, no
complications, no blood transfusions, no reoperation within the postoperative period, no prolonged
hospital stay, no hospital readmission within 90-days, and no mortality within 90-days. Factors associ-
ated with textbook outcome were determined by multivariable analysis.
Results: Among 118 patients with primary, non-metastatic STS, 35.6% achieved a textbook outcome.
Univariate analysis showed that smaller tumor size (p = 0.026), lower tumor grade (p = 0.006), normal
hemoglobin (Hb, p = 0.044), normal white blood cell (WBC) count (p = 0.018), normal C-reactive protein
(CRP) serum level (p = 0.002) and normal IL-6 serum level (p = 1.5 x 10~>) were associated with
achieving textbook outcome after surgery. Multivariable analysis showed that elevated IL-6 serum level
(p = 0.012) was significantly associated with not achieving a textbook outcome.
Conclusions: Increased IL-6 serum level is predictive for not achieving a textbook outcome after surgery
for primary, non-metastatic STS.

© 2023 Elsevier Ltd, BASO ~ The Association for Cancer Surgery, and the European Society of Surgical

Oncology. All rights reserved.
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1. Introduction

Soft tissue sarcoma (STS) is a rare type of cancer that develops
from mesenchymal tissue and accounts for <1% of all malignant
tumors [1]. STS is a heterogeneous group of tumors that can occur
at any anatomical site. For localized STS, treatment consists of
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surgery, which can be combined with (neo)adjuvant radiotherapy
or chemotherapy.

The symptoms of a STS are diverse and depend on the size and
location of the tumor. In some patients, these symptoms are
accompanied by a poor performance status at presentation. These
patients often have a large tumor, are in pain, show fatigue, weight
loss and abnormal blood test results such as anemia and hypo-
albuminemia. Interestingly, these patients also seem to have
increased inflammatory blood parameters including C-reactive
protein (CRP) and white blood cell (WBC) count.

The link between inflammation and cancer is widely accepted.
Increasing evidence suggests that tumors are sometimes capable of
inducing local and systemic inflammation that enhances their own
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growth [2,3]. Blood markers to assess systemic inflammation, such
as CRP, neutrophil-to-lymphocyte ratio (NLR) and platelet-to-
lymphocyte ratio (PLR) have been extensively studied as prog-
nostic markers in cancer [4—6].

Interleukin-6 (IL-6) is a pleiotropic cytokine produced by almost
all stromal cells and immune cells in the body [7]. With its pro- and
anti-inflammatory effects, IL-6 is an important regulator of the
immune system, inflammation and hematopoiesis. Dysregulation
of IL-6 has been linked to various disease conditions, such as
chronic inflammation, autoimmune disease, infectious disease, and
cancer [8,9]. Autocrine production of IL-6 is one of the strategies
used by cancer cells to enhance proliferation, angiogenesis, sur-
vival, and invasion through the JAK/STAT3 pathway, resulting in
aggressive tumor growth, poor prognosis and shorter survival
[10—13]. IL-6 serum levels showed prognostic value in many cancer
types, including lung, cervical, breast, colorectal, gastric, prostate
and ovarian cancer [14—20].

Also in STS, an association between IL-6 serum levels and survival
was found, which may be relevant for the prognosis and follow-up of
STS patients [21,22]. However, the consequences of high IL-6 serum
levels on short-term postoperative outcomes are not yet clear. The
exploration of a subset of STS patients with high inflammatory
markers suggests that there may be an association between these
high inflammatory markers and poor performance status at pre-
sentation, which might negatively influence the postoperative
outcome. Therefore, inflammatory markers like IL-6 could poten-
tially provide useful information to guide treatment planning.

Recently, ‘textbook outcome’ is proposed as a novel composite
measure to evaluate short-term outcomes among patients under-
going surgery [23—28]. It was originally developed to study the
quality of care and hospital variation in outcome among colon cancer
patients [29]. Textbook outcome represents an ideal postoperative
course by combining multiple individual outcome parameters
reflecting different domains of care. Textbook outcome covers the
complete surgical process and not just one or two parameters such
as complications, and is achieved when all desired short-term out-
comes are met. This summary measure provides a powerful tool that
estimates the quality of surgical procedures and how often the
perioperative process is successful. With the textbook outcome tool,
short-term surgical outcomes can be more accurately assessed and
compared. Textbook outcome among patients undergoing surgery
for STS was investigated previously and ranged from 35 to 56%
depending on the type of surgery and textbook outcome definition
[30—32]. Identification of parameters that predict the risk for
decreased textbook outcome after STS surgery could potentially
provide guidance to optimize the perioperative course and improve
the postoperative outcome of STS patients.

In the present study, we aim to analyze the association between
pre-operative IL-6 serum level and the achievement of a textbook
outcome in patients with a primary, non-metastatic STS of any
subtype or location.

2. Methods
2.1. Data acquisition and group definition

Data was collected for all patients with a STS presented in a
tertiary referral center in the Netherlands between February 2020
and November 2021. Patient, tumor and treatment characteristics
were retrospectively retrieved from the medical files. Patients with
a benign tumor (e.g. desmoid fibromatosis, well-differentiated
liposarcoma), a diagnosis other than STS, an active second malig-
nancy, and concurrent use of oral corticosteroids or purine antag-
onists were excluded. The study was approved by the Institutional
Review Board (IRBd20-239).
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Maximum tumor size, tumor depth and presence of necrosis
were obtained from baseline CT and MRI scans that were performed
in the preoperative period with a maximum of 90 days between
initial visit and start of treatment. Tumor depth was assessed in
relation to the deep fascia. Histopathological diagnosis was
confirmed by pathology review and tumor grading was determined
using the French Federation of Cancer Centers Sarcoma Group
(FNCLCC) system [33]. This grading system is not suitable for
gastrointestinal stromal tumors (GIST). GIST were therefore clas-
sified based on their mitotic count: <5 mitoses per 5 mm? was
considered as ‘low grade’ whereas >5 mitoses per 5 mm? was
considered as high grade. This cutoff is based on the Mietinnen
criteria that are used for risk classification of GIST [34]. Blood re-
sults were prospectively collected at initial visit. Hospital standards
were used for the cut-off values for blood test results, see Table 1.
The cut-off value for IL-6 levels was according to hospital standard
set at 7 ng/L. IL-6 levels were measured from serum by the Elecsys®
IL-6 immunoassay on a cobas pro system (Roche Diagnostics).
Postoperative complications were graded using the Clavien-Dindo
Classification of Surgical Complications [35].

For textbook outcome analysis, only patients with a non-
metastatic primary STS that were primarily treated with surgery
were included. Patients that underwent a whoops resection or that
had a significant delay in the start of treatment (>90 days between
first visit and start of treatment) were excluded from the analysis.

2.2. Textbook outcome

The textbook outcome definition was based on STS studies by
Wiseman et al. [30] and Lazarides et al. [31], and was defined as RO
resection, no > grade 2 complications according to the Clavien-
Dindo classification, no perioperative or postoperative blood
transfusions, no reoperation within the postoperative period, no
prolonged hospital stay — defined as a postoperative stay <50th
percentile of the total cohort (with a median of 7 days and 3 days
for retroperitoneal/trunk sarcomas and extremity STS, respectively)
-, no hospital readmission within 90-days and no postoperative
mortality within 90-days.

2.3. Statistical analysis

Descriptive statistics were presented as median (IQR) for
continuous variables and frequency (%) for categorical variables.
Baseline patient, tumor and treatment characteristics and textbook
outcome were evaluated using Mann-Whitney U test for contin-
uous data and the Pearson chi-square test and Fisher's exact test, as
appropriate, for categorical data. Spearman's rank correlation co-
efficient was used to compare correlations between IL-6 levels and
variables that were expected to be related to IL-6 level. Results were
considered statistically significant if the p-value was <0.05. A
multivariable logistic regression model was created to determine
associations between baseline characteristics and the occurrence of
a textbook outcome. First, associations of baseline variables that
were likely to be associated with the occurrence of a textbook
outcome were tested by univariate analysis. The association with
the occurrence of textbook outcome was tested for the following
variables: gender, age at diagnosis, temperature, body mass index
(BMI), ASA classification, histology, tumor size, location, tumor
depth, tumor grade, necrosis on imaging, neoadjuvant systemic
therapy, neoadjuvant radiotherapy, hemoglobin (Hb), leukocytes,
NLR, PLR, albumin, CRP, and IL-6. Only significant variables at uni-
variate analysis were entered in the logistic regression model.
Statistical analysis was performed using IBM SPSS statistical soft-
ware version 27.0. Figures were created using GraphPad Prism
version 9.0.2.
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Table 1

Baseline characteristics (median (IQR) or n (%)). Abbreviations: ASA: American Society of Anesthesiology, BMI: body mass index, CRP: C-reactive protein, Dediff. liposarcoma:
Dedifferentiated liposarcoma, GIST: gastrointestinal stromal tumor, Hb: hemoglobin, IL-6: interleukin 6, Max: maximum, MPNST: malignant peripheral nerve sheath tumor,
NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-to-lymphocyte ratio, sarcoma NOS: sarcoma not otherwise specified, SFT: solitary fibrous tumor, UPS: Undifferentiated
Pleiomorphic Sarcoma, WBC count: white blood cell count.

Variable IL-6 < 7 ng/l IL-6 > 7 ng/l p-value Total
N 80 (67.8) 38 (32.2) 118

Demographics

Gender, n (%) 0.284

Male 40 (50) 23 (60.5) 63 (53.4)
Female 40 (50) 15 (39.5) 55 (46.6)
Age at first visit, n (%) 0.015

<50 years 26 (32.5) 3(7.9) 29 (24.6)
50—70 years 39 (48.8) 25 (65.8) 64 (54.2)
>70 years 15(18.8) 10 (26.3) 25 (21.2)

Patient and tumor characteristics

Temperature (median, IQR) 36.6 (36.2—36.8) 36.8 (36.2—37.2) 0.233 36.6 (36.2—36.9)
BMI, n (%) <0.001

Normal (18.5—24.9) 43 (55.8) 7 (18.9) 50 (43.9)
Overweight (25—29.9) 18 (23.4) 22 (59.5) 40 (35.1)
Obesity (>29.9) 16 (20.8) 8 (21.6) 24 (21.1)
ASA classification, n (%) 0.025

1 42 (52.5) 10 (26.3) 52 (44.1)
2 30 (37.5) 23 (60.5) 53 (44.9)
3 8 (10) 5(13.2) 13 (11)
Histology, n (%) 0.007

GIST 18 (22.5) 3(7.9) 21(17.8)
Leiomyosarcoma 11(13.8) 8(21.1) 19 (16.1)
Sarcoma NOS 6(7.5) 7(18.4) 13 (11)
Dediff. liposarcoma 5(6.3) 7 (18.4) 12 (10.2)
Myxoid liposarcoma 8(10) 0 8 (6.8)
UPS 2(2.5) 5(13.2) 7 (5.9)
Dermal sarcoma 4 (5) 1(2.6) 5(4.2)
Angiosarcoma 4(5) 1(2.6) 5(4.2)
MPNST 3(3.8) 1(2.6) 4(3.4)
Myxofibrosarcoma 1(1.3) 2(5.3) 3(2.5)
Synovial sarcoma 3(3.8) 0 3(2.5)
Pleiomorphic liposarcoma 1(1.3) 1(2.6) 2(1.7)
SFT 1(1.3) 0 1(0.8)
Other 13 (16.3) 2(5.3) 15 (12.7)
Max. tumor size, n (%) <0.001

<5 cm 30 (37.5) 3(7.9) 33(28)
5—10 cm 33 (41.3) 10 (26.3) 43 (36.4)
>10 cm 17 (21.3) 25 (65.8) 42 (35.6)
Location, n (%) 0.619

Retroperitoneal, intra-abdominal, pelvic 34 (42.5) 18 (47.4) 52 (44.1)
Other 46 (57.5) 20 (52.6) 66 (55.9)
Tumor depth, n (%) 0.364

Superficial 16 (20) 5(13.2) 21(17.8)
Deep 64 (80) 33 (86.8) 97 (82.2)
Tumor grade, n (%) <0.001

Low 34 (44.7) 1(2.8) 35 (31.3)
High 42 (55.3) 35(97.2) 77 (68.8)
Necrosis on imaging, n (%) 0.003

No 68 (86.1) 22 (61.1) 90 (78.3)
Yes 11 (13.9) 14 (38.9) 25(21.7)
Neoadjuvant systemic therapy, n (%) 0.540

No 63 (78.8) 28 (73.7) 91 (77.1)
Yes 17 (21.3) 10 (26.3) 27 (22.9)
Neoadjuvant radiotherapy, n (%) 0.150

No 57 (71.3) 22 (57.9) 79 (66.9)

(continued on next page)
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Table 1 (continued )
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Variable IL-6 < 7 ng/l IL-6 > 7 ng/l p-value Total
Yes 23(28.7) 16 (42.1) 39 (33.1)
Baseline clinical laboratory results
Hb, n (%) <0.001
Male <8.5, Female <7,5 mmol/l 12 (15) 24 (63.2) 36 (30.5)
Male >8.5, Female >7.5 mmol/l 68 (85) 14 (36.8) 82 (69.5)
WABC count, n (%) <0.001
<10,5 x 109/ 77 (96.3) 3 (60.5) 100 (84.7)
>10,5 x 101 3(3.8) 15 (39.5) 18 (15.3)
NLR, (median, IQR) 23(1.7-3.1) 42 (2.5-6.7) <0.001 2.6 (1.9-4.03)
PLR, (median, IQR) 147.9 (114.6—172.3) 216.5 (145.3—297.7) <0.001 161.2 (124.9-210.2)
Albumin, n (%) <0.001
<35¢g/l 0 6(15.8) 6(5.1)
>35 g/l 80 (100) 32(84.2) 112 (94.9)
CRP, n (%) <0.001
<10 mg/l 63 (94) 3(10) 66 (68)
>10 mg/l 4(6) 27 (90) 31(32)

3. Results

Table 2

3.1. Cohort characteristics

Data of 118 patients with primary, non-metastatic STS was
collected for textbook outcome analysis. The cohort included 63
men and 55 women with a median age of 60 years (IQR 49.8—70.0).
The majority of patients did not have a severe comorbidity (89%)
defined as having an American Society of Anesthesiology (ASA)
class 3 or greater. Patients were most commonly diagnosed with
GIST (17.8%) and leiomyosarcoma (LMS, 16.1%). Median tumor size
was 7.6 cm (IQR 4.5—12.6). Most tumors were deeply seated (82.2%)
and of a high grade (68.8%). Neoadjuvant radiotherapy or neo-
adjuvant systemic therapy was given in 33.1% and 22.9% of the
patients, respectively. Elevated IL-6 levels were found in 38 (32.2%)
of the patients. All clinicopathological parameters are presented in
detail in Table 1. Age at first visit (p = 0.015), BMI (p < 0.001), ASA
classification (p = 0.025), histology (p = 0.007), tumor size
(p < 0.001), tumor grade (p < 0.001), necrosis reported on imaging
(p <0.003), Hb (p < 0.001), WBC count (p < 0.001), NLR (p < 0.001),
PLR (p < 0.001), albumin (p < 0.001) and CRP (p < 0.001) demon-
strated to be different for the two IL-6 groups.

The correlations of IL-6 levels and clinical parameters of patients
in the cohort are shown in Table 2. IL-6 serum levels showed a
significant positive correlation with BMI (p = 0.254, p = 0.006),
tumor size (p = 0.378, p = <0.001), WBC count (p = 0.612, p =
<0.001), neutrophils (p = 0.622, p = <0.001), thrombocytes
(p=10.520, p = <0.001), NLR (p = 0.499, p = <0.001), PLR (p = 0.413,
p = <0.001), and showed a strong positive correlation with CRP
levels (p =0.795, p = <0.001). Negative correlations with IL-6 levels
were found for hemoglobin in males but not in females (male:
p = —0.612, p = <0.001; female: p = —0.204, p = 0.135), and al-
bumin level (p = —0.649, p = <0.001).

3.2. Factors associated with textbook outcome

Textbook outcome was achieved in 35.6% of the patients, as
displayed in Fig. 1A. Reasons not to achieve textbook outcome were
mostly readmission, complications and a prolonged hospital stay.

Factors contributing to textbook outcome were assessed by
univariate and multivariable analysis. The univariate analysis

Correlation of IL-6 (ng/l) with patient and tumor characteristics and clinical labo-
ratory results. Abbreviations: BMI: body mass index, CRP: C-reactive protein, Hb:
hemoglobin, IL-6: interleukin 6, NLR: neutrophil-to-lymphocyte ratio, PLR: platelet-
to-lymphocyte ratio, WBC count: white blood cell count.

Variables unit n Spearman p p-value
Patient and tumor characteristics
Preoperative temperature °C 69 0.183 0.133
BMI at first visit kg/m? 114 0.254 0.006
Maximum tumor size cm 118 0.378 <0.001
Baseline clinical laboratory results
Hb mmol/l
Male 63 -0.619 <0.001
Female 55 -0.204 0.135
WABC count x 1091 118 0.612 <0.001
Neutrophils x 1091 118 0.622 <0.001
Thrombocytes x 1091 118 0.520 <0.001
NLR 118 0.499 <0.001
PLR 118 0.413 <0.001
CRP mg/l 97 0.795 <0.001
Albumin g/l 118 —0.649 <0.001

showed that a smaller tumor size (p = 0.026), lower tumor grade
(p = 0.006), normal Hb (p = 0.044), normal WBC count (p = 0.018),
normal CRP (p = 0.002) and normal IL-6 (p = 1.5 x 107>) were
significantly associated with achieving a textbook outcome.

Fig. 1B displays the results of textbook outcome achievement in
patients with normal IL-6 serum levels (48.8%) versus patients with
elevated IL-6 serum levels (7.9%) (p < 0.001). For all individual
outcomes that were included in the textbook outcome measure,
patients with elevated IL-6 levels were less likely to achieve these
outcomes. In particular, no transfusion (p < 0.001), no reoperation
(p = 0.012, no readmission (p = 0.011), no complications
(p = 0.002) and no prolonged hospital stay (p < 0.001) showed
statistically significant differences for patients with elevated IL-6
levels compared to patients with normal IL-6 levels.

Table 3 reports the variables that were entered in the logistic
regression model. Since CRP and IL-6 were strongly correlated
(p =0.795, p = <0.001), logistic regression was performed for both
variables separately, each with tumor size, tumor grade, Hb and
WBC count as covariates. By adding those variables in the
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Fig. 1. A. Textbook outcome distribution (per item and cumulative) for patients with
primary, non-metastatic STS that underwent resection. B. Textbook outcome distri-
bution stratified by IL-6 groups. *: p < 0.05, **: p < 0.01, ***: p < 0.001.

Table 3
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multivariable analysis, only a high IL-6 level (odds radio (OR) 0.139,
confidence interval (CI) 0.027—0.730, p = 0.020) showed to be
predictive for not achieving textbook outcome. None of the other
variables included in multivariable analysis showed a significant
effect on achieving textbook outcome.

4. Discussion

Our study suggests a relation between systemic inflammation
and a deteriorated post-operative outcome after resection of a
primary, non-metastatic STS. Preoperative elevated serum IL-6
shows to be predictive for not achieving a textbook outcome after
STS surgery. In our current cohort, patients with normal IL-6 levels
achieved textbook outcome in 48.8% of cases, while only 7.9% of the
patients with elevated IL-6 levels achieved textbook outcome.

Since previous studies proposed the prognostic relevance of IL-6
for various cancer types, we were interested to study the role of IL-6
in STS. To our knowledge, this is the first study in STS that in-
vestigates the relationship of IL-6 levels and postoperative
outcome. Earlier studies reported an association between IL-6
elevation and worse survival among STS patients [21,36]. In a
study by Rutkowski et al., IL-6 levels showed to be prognostic for
survival and to correlate with clinicopathological features such as
tumor size [22], which is in line with the findings in our study. An
earlier study evaluated the relationship between cytokine serum
levels and hematological alterations during routine blood tests in
STS; neutrophilia, leukocytosis, thrombocytosis, and low hemo-
globin levels were correlated with the elevation of IL-6 and other
cytokines [37]. Abnormalities in hematological parameters were
also found in our current study. Moreover, other inflammatory
serum markers such as NLR, PLR, and CRP, were found to be
important prognostic factors in STS as well [38—44].

Univariate and multivariable analysis of demographic, clinical characteristics and textbook outcome of patients undergoing resection for primary, non-metastatic STS (n
(%)).Abbreviations: CRP: C-reactive protein, Hb: hemoglobin, IL-6: interleukin 6, WBC count: white blood cell count.

Variable Missing (%) Textbook outcome Univariate analysis Multivariable analysis
No Yes p-value 0dds ratio 95% CI p-value

Tumor size, n (%) 0 0.026

<5cm 15 (19.7) 18 (42.9)

5-10 cm 30 (39.5) 13 (31)

>10 cm 31(40.8) 11 (26.2)

Tumor grade, n (%) 5.1 0.006

Low 16 (22.2) 19 (47.5)

High 56 (77.8) 21(52.5)

Hb, n (%) 0 0.044

Male <8.5, Female <7,5 mmol/l 28 (36.8) 8(19)

Male >8.5, Female >7.5 mmol/l 48 (63.2) 34 (81)

WABC count, n (%) 0 0.018

<105 x 10%/1 60 (78.9) 40 (95.2)

>10.5 x 10%1 16 (21.1) 2(48)

CRP, n (%) 17.8 0.002

<10 mg/l 36 (57.1) 30(88.2)

>10 mg/l 27 (42.9) 4(11.8)

IL-6, n (%) 0 1.5x 10-5

<7 ng/l (reference) 41 (53.9) 39 (92.9)

>7 ng/l 35 (46.1) 3(7.1) 0.115 0.021-0.623 0.012
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To date, the underlying mechanisms leading to elevated IL-6 and
the concurrent inflammatory processes in STS patients are not quite
clear. One could speculate that the tumor microenvironment is the
primary source of IL-6 production caused by the autocrine capacity
of the tumor cells, supported by macrophages, myeloid-derived
suppressor cells, CD4" T-cells and fibroblasts that secrete IL-6 in
the tumor microenvironment [45]. There may be a link between
tumor necrosis and an increased local IL-6 production, but if this is
a causal relationship is not known [46]. Moreover, whether IL-6
that is secreted in the tumor microenvironment leads to an
increased IL-6 serum level, or if this is the result of a systemic
immune reaction is still unresolved [47]. In any case, the resulting
systemic inflammation not only enhances tumor growth but is
suggested to affect other processes as well.

This study utilized textbook outcome to assess IL-6 as a pre-
dictor for postoperative outcome among STS patients. Our textbook
outcome definition was adapted based on previous studies, as a
standardized definition has not been established for STS. Taken our
entire study cohort together, textbook outcome was achieved in
35.6% of cases. This result is comparable to a study among retro-
peritoneal sarcomas by Wiseman et al. in which 34.9% of patients
reached a textbook outcome [30]. Two other studies in STS show
much higher rates for retroperitoneal (54%) and extremity (56%)
STS [31,32]. This dissimilarity could be explained by a less strict
textbook outcome definition composed out of fewer parameters,
lacking the occurrence of complications, blood transfusions and
reoperations. However, their importance should not be under-
estimated: Wiseman et al. showed complications and blood
transfusions as two of the most frequent events preventing a
textbook outcome for retroperitoneal sarcoma [30].

Our present study reveals a relationship between decreased
textbook outcome and cancer-associated systemic inflammation, as
measured by IL-6 plasma levels. Univariate analysis showed tumor
size, tumor grade, Hb, WBC count, CRP and IL-6 all to be associated
with textbook outcome, however, after correction by multivariable
analysis this effect was only found for IL-6. This suggests that IL-6
could provide valuable information to predict the preoperative
course, and could help to increase awareness for postoperative
complications. As an example, increased IL-6 levels in STS may
function as a biomarker that could be used to identify patients that
need immediate surgery or to select patients to undergo primary
surgery without any neoadjuvant treatment, since the patient's
condition may deteriorate during neoadjuvant therapy. Whether
IL-6 functions simply as a marker for inflammatory tumors corre-
lated with worsened postoperative outcomes or as a true inducer of
the inflammatory process that leads to the development of those
complications is not fully understood. The latter seems most
reasonable, as it can be imagined that the immune system has a role
in the pathogenesis of complications, particularly the ones of an
inflammatory nature [48]. More studies are needed to confirm the
role of IL-6 as a potential key player in inducing systemic inflam-
mation in STS.

To improve outcomes after surgery, patients at risk for compli-
cations could be offered interventions to lower the risk of post-
operative complications, such as preoperative prehabilitation
programs that are composed of both exercise and a (immuno)
nutritional program that has been studied for abdominal surgery
[49—51]. Other interventions could include the dampening of the
inflammation by the use of immunomodulatory drugs [52]. Selec-
tive IL-6 inhibitors such as tocilizumab demonstrated normaliza-
tion of CRP levels in rheumatoid arthritis and Castleman disease
and have been extensively studied for the treatment of COVID-19
associated hyperinflammation [53,54]. For ovarian cancer, tocili-
zumab was investigated to lower platinum drug resistance and
improve the host immunity [55]. Treatment with tocilizumab
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resulted in lower IL-6 and CRP levels, but clinical efficacy in terms of
oncological outcome was not demonstrated. Further studies are
needed to investigate the role and cost-efficiency of this treatment
strategy in cancer, but the availability of IL-6 inhibitors could make
IL-6 a potentially interesting target.

This study has several limitations. The first limitation is the
retrieval of retrospective data from the patients in the study,
resulting in missing data and a lack of relevant data such as tem-
perature, other cytokines in the blood, pain scores, and perfor-
mance status. Second, ‘tumor grade’ was based on different
classifiers: either mitotic count for GIST or the FNCLCC system for
other STS, since there is no uniform classification system to apply
on both histologies. Third, our cohort consists of tumors at different
anatomic locations and this could be a disadvantage when choosing
the most optimal resection margin for a textbook outcome defini-
tion since for retroperitoneal liposarcoma RO and R1 are usually
combined while this is not the case in extremity sarcoma. Also,
different locations require different surgical strategies and this
might impact textbook outcome, although neo adjuvant treatment,
tumor location and tumor depth did not show any effect on text-
book outcome in univariate analysis. Fourth, the different histologic
STS subtypes that were pooled create a bias. However, the findings
may be true for STS surgery in general.

In summary, this study reveals that increased IL-6 is an impor-
tant predictor for worse postoperative outcome, determined by not
achieving textbook outcome after surgery of a primary, non-
metastatic STS. More prospective studies are needed to assess the
clinical relevance of elevated IL-6 levels and whether this phe-
nomenon can be used to better tailor treatment for STS.
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