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Abstract

Aims: To investigate the prognostic value of combining inflammatory biomarkers in a prognostic index (Aarhus composite biomarker score: ACBS), adjusted for
known confounders, including comorbidity, in patients with metastatic sarcoma.
Materials and methods: All patients diagnosed with metastatic sarcoma from 1993 until 2008 were extracted from the Aarhus sarcoma database. The levels of
serum albumin, C-reactive protein, serum sodium, haemoglobin, neutrophils and lymphocytes were collected. ACBS as well as the neutrophil to lymphocyte
ratio (NLR), Glasgow prognostic score (GPS) and a combined score of GPS and NLR known as CNG were calculated. The prognostic importance of the biomarkers
on disease-specific mortality was analysed. Adjustments were made for age, comorbidity, histological type and site of metastasis using the Cox proportional
hazard model. Harrell’s concordance index (C-index) was used to evaluate whether the ACBS adds prognostic information to already known prognostic factors.
The data were validated using the bootstrapping method.
Results: In total, 265 patients with metastatic sarcoma were included. The 2-year disease-specific mortality was 74% (95% confidence interval 68e80) and 79%
(95% confidence interval 68e88) for soft-tissue sarcoma and bone sarcoma, respectively. Comorbidity was present in 21% of soft-tissue sarcoma patients and 13%
of the bone sarcoma patients. All six biomarkers were independent prognostic factors. The various scoring systems (NLR, GPS, CNG and ACBS) combining more
than one biomarker were also prognostic for disease-specific mortality.
Conclusion: The biomarker scoring systems are independent prognostic factors for adult patients with metastatic sarcoma. However, a modified ACBS was
superior to all the other scoring systems in predicting outcome.
� 2019 The Royal College of Radiologists. Published by Elsevier Ltd. All rights reserved.
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Introduction

Metastatic disease is the primary cause of death for sar-
comapatients and 12%will alreadyhavemetastatic disease at
the time of diagnosis [1]. Despite new advances and the
introduction of new drugs, the overall survival of metastatic
sarcoma patients has, for decades, been disappointingly low,
with a median survival of less than 2 years and only 5e8% of
patients are alive after 5 years. A large randomised phase III
EuropeanOrganization for Research and Treatment of Cancer
(EORTC) study showed that, despite a higher response rate, a
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combination of ifosfamide and doxorubicin did not improve
overall survival of metastatic soft-tissue sarcoma (STS) pa-
tients comparedwithdoxorubicin alone [2]. Thismay suggest
that an indiscriminate use of aggressive chemotherapy to all
patients with metastatic sarcoma is not an optimal way to
improve outcome. Therefore, there is a clear need for away to
stratify patients with metastatic sarcoma into various prog-
nostic groups for a more tailored treatment strategy.

The systemic inflammatory response to malignancy is
believed to play an important role in the development and
progression of cancer [3] and, hence, treatment outcome.
Testing the prognostic value of serum biomarkers involved
in this inflammatory response has become the focus of
recent research, particularly as it may shed some light on
the biological interaction between tumour progression and
the immune system.
All rights reserved.
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Certain individual serum biomarkers, such as C-reactive
protein (CRP), haemoglobin, serum albumin and neutrophil
count, have been reported to have a prognostic value in
metastatic sarcomas [4e6]. Another serum biomarker, serum
sodium, is also known to be a prognostic factor for various
cancers and inflammatory conditions. We have previously
shown that sodium is prognostic in a small cohort of meta-
static Gastrointestinal stromal tumor (GIST) [7], as well as in
metastatic sarcomas receiving trabectedin chemotherapy [8].

Combining multiple biomarkers in one scoring system
may have a better ability to categorise patients in various
prognostic groups. An example is the CNG system, which
includes both the neutrophil to lymphocyte ratio (NLR) and
the Glasgow prognostic score (GPS) and can divide the pa-
tient cohort into four groups [9e11]. Another example is our
previously reported Aarhus composite biomarker score
(ACBS), which includes CRP, neutrophil and lymphocyte
counts, serum albumin and haemoglobin, andwas shown to
be an independent prognostic index superior to GPS and
NLR for localised bone sarcoma and STS [12,13].

To avoid bias in estimating the prognostic value of a
given biomarker, one has to correct for possible con-
founders, such as age and comorbidities, that can influence
the serum biomarker value and the survival outcome in-
dependent of the cancer diagnosis.

Unfortunately, few literature studies have taken comor-
bidity into account when reporting their results and no
study has compared the various prognostic scores in met-
astatic sarcomas.

The aim of this study was to investigate the prognostic
value of a battery of serum biomarkers either alone or
combined and to evaluate various scoring biomarker-based
systems to clarify which is the best survival outcome pre-
dictor for patients with metastatic sarcomas. This is carried
out while taking into account that comorbidity and age are
confounding factors.
Materials and Methods

Study Cohort

All patients diagnosed with metastatic sarcoma treated
between January 1994 and December 2008 at Aarhus Sar-
coma Centre, Denmark were included in the present study.
The inclusion date was the date of diagnosis of metastatic
disease. Patients with unclassifiable tumours or who had no
available blood samples were excluded from the analysis.
This resulted in a cohort of 265 patients.

Data Sources

The clinical data were acquired from the validated
population-based Aarhus Sarcoma Registry [14]. Patients
with metastatic disease were diagnosed and treated ac-
cording to national guidelines.

Serum biomarker data were collected from the clinical
laboratory information system (LABKA) research database
[15]. This database registers test results according to the
international nomenclature, properties and units coding
system [16]. Serum albumin, CRP, haemoglobin, neutro-
phils, lymphocytes and sodium were analysed. The bio-
markers were divided into normal or high/low. Normal
albumin was defined as levels >36 g/l or >542 mmol/l.
Normal CRP was defined as values <8 mmol/l or <75 nmol/
l. Normal haemoglobinwas defined as levels>7.3 mmol/l in
women and >8.3 mmol/l in men. Normal neutrophils were
defined as values <7 � 109/l. Normal lymphocytes was
defined as values >1.3 � 109/l. Normal sodium was defined
as values >137 mmol/l.

The GPS [10,17] was determined as: normal if albumin
and CRP were normal, 1 if either albumin was low or CRP
was high and 2 if both albumin was low and CRP was high.

A high NLR was defined as values >5.3.
CNG (the combination of NLR and GPS) was also evalu-

ated. A CNG of 0 was defined as normal albumin, normal
CRP and NLR > 2; patients with one, two or three abnormal
values were assigned a score of 1, 2 or 3, respectively.

Our own biomarker score, the ACBS, as previously
described [12,13], included five biomarkers: CRP, albumin,
neutrophil, lymphocytes and haemoglobin. The ACBS
scoring was previously defined as: normal if albumin, CRP,
neutrophils, lymphocytes and haemoglobin were normal, 1
if one of the abovementioned biomarkers was abnormal
and 2 if more than one abnormal biomarker was present. In
this study we tested the value of adding serum sodium to
the ACBS and divided the score into four groups. We called
it the modified ACBS (ACBSm).

The National Patient Registry [18] was used to obtain
data on comorbidities before the sarcoma diagnosis. The
comorbidities were reported as the Charlson comorbidity
index [19].

Data Analysis and Statistics

Data from the Aarhus Sarcoma Registry, LABKA and LPR
were linked on an individual level using the 10-digit civil
personal registration number, which since 1968 has been
assigned to all citizens in Denmark.

The vital status and cause of death were registered
through linkage to the Central Population Registry and
Cause of Death Registry [20]. The primary end points were
overall and disease-specific mortality.

Crude and adjusted analyses were carried out by using
the Cox proportional hazard model. The following variables
were included in the adjusted analysis: age at the time of
metastatic disease (continuous variable), comorbidity (yes
versus no), histological type (bone sarcoma versus STS) and
site of metastasis (pulmonary only, extrapulmonary
metastasis existed). This adjustment is based on the direct
acyclic graph shown in Figure 1. The Fine and Gray
competing risk model [21] was used to illustrate the cu-
mulative disease-specific mortality for each scoring system,
with death from other causes as a competing event. In this
model, adjustments were made for age at the time of
metastatic disease and comorbidity.

To evaluate if the ACBS added additional information to
the Cox proportional model compared with already known



Fig 1. Direct acyclic graph model showing the confounders for the
association between the biomarkers and the outcome.

N. Aggerholm-Pedersen et al. / Clinical Oncology 31 (2019) 242e249244
prognostic factors, different methods were used. The five
different scores (GPS, NLR, CNG, ACBS and ACBSm) were
individually compared by Akaike Information Criterion
(AIC) and the Harrell’s concordance index (C-index). Vali-
dation of the ACBS was carried out using the bootstrapping
method with 1000 iterations. All statistical tests were car-
ried out by Stata version 14. A two-sided P value less than
0.05 was regarded as significant. If there was multiple
testing over 10 tests for the same biomarker or biomarker
profile, Bonferroni-corrected P values were used.

Ethics

The Ethics Committee of Denmark (1-10-72-233-12) and
the Danish Agency of Data Protection (1-16-02-169-12)
approved the study.
Table 1
Patient, tumour and treatment characteristics of patients treated for m

Total

Age at diagnosis (years)
Median (range) 56 (15e90)

Sex
Female 110 (42)
Male 155 (58)

Comorbidity
No 209 (79)
Yes 56 (21)

Time of metastatic disease
At the time of primary diagnosis 104 (39)
Later developed metastatic disease 161 (61)
Metastatic site
Only lung
1e3 metastases 29 (11)
>3 metastases 89 (33)
Extrapulmonary 147 (56)
Treatment modalityy

No treatment 32 (12)
Chemotherapyz 153 (58)

* Fisher’s exact test or chi-squared test and Wilcoxon rank-sum test.
y Surgery, chemotherapy or radiation therapy.
z Patients treated with chemotherapy compared with patients not tr
Results

Patient Characteristic

The median age at diagnosis of metastatic disease was 56
years (range 15e90) but there was a clear difference in the
median age ofmetastatic disease between STS (59 years) and
bone sarcoma (49 years) patients. Less than half the patients
(118 patients, 34%) had metastasis only to the lungs. About
10% of patients with only lung metastasis (29 patients) had
between one and three lung metastases. Comorbidity was
present in 21% of the patients. Table 1 summarises the pa-
tients’ tumour and treatment characteristics.

The most frequent histological types for STS were un-
differentiated polymorphic sarcoma (n ¼ 41), leiomyo-
sarcoma (n ¼ 31), liposarcoma (n ¼ 27), synovial sarcoma
(n ¼ 27), malignant peripheral nerve sheath tumour
(n ¼ 15) and others (n ¼ 63). The most frequent histological
types for bone sarcoma were osteosarcoma (n ¼ 28), Ewing
(n ¼ 8), chondrosarcoma (n ¼ 19) and other bone sarcoma
(n ¼ 8).

Most patients in this metastatic cohort (161 patients,
61%) had metachronous metastasis, whereas 104 patients
(39%) already had their metastasis at the time of primary
tumour diagnosis. Thirty-two patients did not receive any
treatment for metastatic disease and the median time from
the metastatic diagnosis until death for these patients was
55 days. Eight patients were treated with radiation alone
and 52 patients with surgery alone. The remaining patients
received various types of chemotherapy according to the
national standards at the time. The median follow-up time
for the whole cohort was 0.9 year; for patients still alive at
etastatic sarcoma (n ¼ 265)

Soft tissue Bone P value*

59 (17e90) 49 (15e82) <0.00

85 (42) 25 (40)
117 (58) 38 (60) 0.74

159 (79) 50 (79)
43 (21) 13 (21) 0.91

77 (38) 27 (43)
125 (62) 37 (57) 0.51

21 (10) 8 (12)
72 (35) 17 (27)
109 (54) 38 (61) 0.38

22 (11) 10 (16)
120 (59) 33 (52) 0.32

eated with chemotherapy.



Table 2
Patient, tumour and treatment characteristic for each biomarker score (n ¼ 265)

Total GPS NLR CNG ACBS

0 1 2 P* 0 1 P* 0 1 2 3 P* 0 1 2 P*

Total number 101 121 43 198 67 26 94 104 41 49 74 142
Age at diagnosis (years)
15e40 64 (24) 26 (26) 30 (25) 8 (18) 45 (23) 19 (28) 4 (15) 30 (32) 22 (21) 8 (20) 15 (31) 13 (18) 36 (25)
>40 201 (76) 75 (74) 91 (75) 35 (80) 0.64 153 (77) 48 (72) 0.35 22 (85) 64 (68) 82 (79) 33 (80) 0.16 34 (69) 61 (82) 106 (75) 0.23
Sex
Female 110 (42) 44 (44) 59 (41) 16 (37) 85 (43) 25 (37) 11 (42) 45 (48) 39 (38) 15 (37) 20 (41) 36 (49) 54 (38)
Male 155 (58) 57 (56) 71 (59) 27 (63) 0.78 113 (57) 42 (63) 0.42 15 (58) 49 (52) 65 (63) 26 (63) 0.45 29 (59) 38 (51) 88 (62) 0.32

Comorbidity
No 209 (79) 83 (82) 98 (81) 28 (65) 157 (79) 52 (78) 21 (81) 78 (83) 84 (81) 26 (63) 42 (86) 58 (78) 109 (77)
Yes 56 (21) 18 (18) 23 (19) 15 (35) 0.05 41 (21) 15 (22) 0.77 5 (19) 16 (17) 20 (19) 15 (37) 0.07 7 (14) 16 (22) 33 (23) 0.41
Time of metastatic disease
At the time of primary
diagnosis

104 (39) 31 (31) 47 (39) 36 (60) 79 (40) 25 (37) 7 (27) 31 (33) 40 (38) 26 (63) 15 (31) 30 (41) 59 (42)

Later developed
metastatic disease

161 (61) 79 (69) 74 (61) 17 (40) 0.004 119 (60) 42 (62) 0.71 19 (73) 63 (67) 64 (62) 15 (37) 0.004 34 (69) 44 (59) 83 (58) 0.39

Histology
Soft-tissue sarcoma 202 (77) 81 (80) 87 (72) 34 (79) 157 (79) 45 (67) 20 (77) 75 (80) 75 (72) 32 (78) 39 (80) 62 (84) 101 (71)
Bone sarcoma 63 (23) 20 (20) 34 (28) 9 (21) 0.33 41 (21) 22 (33) 0.04 6 (23) 19 (20) 29 (28) 9 (22) 0.64 10 (20) 62 (84) 41 (29) 0.10
Metastatic site
Only lung
1e3 metastases 29 (11) 14 (14) 13 (11) 2 (5) 20 (10) 9 (13) 6 (23) 10 (11) 12 (12) 1 (2) 9 (18) 8 (11) 12 (8)
>3 metastases 89 (33) 33 (33) 42 (35) 14 (33) 67 (34) 22 (32) 5 (19) 35 (37) 35 (34) 14 (34) 15 (31) 29 (39) 45 (32)
Extrapulmonary 147 (56) 54 (54) 66 (55) 27 (63) 0.57 111 (56) 36 (54) 0.74 15 (58) 49 (52) 57 (55) 26 (63) 0.67 25 (51) 37 (50) 85 (60) 0.30

GPS, Glasgow prognostic score; NLR, neutrophil to lymphocyte ratio; CNG, a combined score of GPS and NLR; ACBS, Aarhus composite biomarker score.
* Fisher’s exact test or chi-squared test and Wilcoxon rank-sum test.
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the end of the analysis, the median follow-up time was 12
years.

Biomarkers

Each biomarker was investigated separately. Low albu-
minwas present in 54 (20%) of the patients, high CRP in 153
(58%), low haemoglobin in 97 (37%), high neutrophil counts
in 91 (34%), low lymphocytes in 88 (33%) and low sodium in
42 (16%) of the patients. The patient, tumour and treatment
characteristics for each biomarker can be found in
Supplementary Table S1. As seen in Supplementary Table
S1, age, sex, comorbidity, histology and number/site of
metastasis were equally distributed between the cohorts of
normal and abnormal biomarkers.

The scoring systems GPS, NLR, CNG and ACBS were
likewise investigated. Table 2 shows the allocations of pa-
tients into the different prognostic groups for each score. In
general, no difference was seen between patient, tumour
and treatment characteristics for each scoring system,
except for CNG and GPS, where patients with a high score
did seem to have a higher value if their metastatic disease
was shown at the time of primary diagnose compared with
patients who developed metastatic disease later.

Disease-specific Mortality

Two hundred and forty-six patients died during follow-
up. The overall 5-year overall mortality was 92% (95% con-
fidence interval 88e95%).

The crude and adjusted analysis for each individual
biomarker is seen in Table 3. All biomarkers, except for
lymphocytes, were prognostic for disease-specific survival
(DSS), also after adjusting for age (at the time of metastatic
disease), comorbidity, histology and site of metastasis.
Table 3
Uni- and multivariate analysis using disease-specific survival (n ¼ 265

No. Events Crude

Hazard rat

Albumin
Normal 211 (80) 197 1
Low 54 (20) 49 2.0 (1.5e2.
C-reactive protein
Normal 112 (42) 98 1
High 153 (58) 148 2.5 (1.9e3.
Haemoglobin
Normal 168 (63) 152 1
Low 97 (37) 94 2.4 (1.8e3.
Neutrophils
Normal 174 (66) 160 1
High 91 (34) 86 1.8 (1.4e2.
Lymphocytes
Normal 177 (67) 163 1
Low 88 (33) 83 1.3 (1.0e1.
Sodium
Normal 223 (84) 205 1
Low 42 (16) 41 2.8 (1.9e3.

* Adjustment was made for comorbidity, age, histology (bone versus
The crude and adjusted analysis for the GPS, NLR, CNG
and ACBS are shown in Table 4. For all scoring systems, a
higher score was associated with a statistically significant
worse prognosis. Adjusting for confounders did not change
the association between each scoring system and outcome
(DSS) and all scores were independent prognostic factors.

The cumulative incidence function of disease-specific
mortality for the GCP, NLR, CNG and ACBS are illustrated
in Figure 2. The graphs are adjusted for age at the time of
metastasis and comorbidity.
Model Selection

As all the scoring systems were independent prognostic
factors they were compared to determine which one could
best predict DSS according to AIC. No difference in the
ability to predict outcome was observed between GCP, NLR
CNG or ACBS. However, adding serum sodium to the ACBS
and dividing the cohort into four risk groups made this
modified ACBS (ACBSm) superior to the other scoring sys-
tems. The ACBSm had the lowest AIC and highest C-index
(see Supplementary Table S2 for AIC values and C-index).

The adjusted hazard ratio for patients with ACBSm 3 was
9.7 (95% confidence interval 6e15.7), for ACBSm 2 was 3.8
(95% confidence interval 2.4e5.9) and for ACBSm 1 was 2.4
(95% confidence interval 1.6e3.4) compared with ACBSm 0.
Bootstrapping

The robustness of ACBSm was tested using boot-
strapping. The adjusted bias-corrected hazard ratio for
ACBSm 1 was 2.4 (95% confidence interval 1.6e3.6), for
ACBSm 2 was 3.8 (95% confidence interval 2.4e6.2) and for
ACBSm 3 was 9.7 (95% confidence interval 5.3e16.8).
)

Adjusted* P value

io P value Hazard ratio

1
7) <0.001 2.3 (1.7e3.2) <0.001

1
2) <0.001 2.4 (1.9e3.2) <0.001

1
1) <0.001 2.6 (2.0e3.4) <0.001

1
4) <0.001 1.9 (1.5e2.5) <0.001

1
7) 0.07 1.3 (1.0e1.8) 0.035

1
9) <0.001 2.7 (1.9e3.9) <0.001

soft tissue) and site of metastasis.



Table 4
Uni- and multivariate analysis using disease-specific survival (n ¼ 265)

No. Events Crude P value Adjusted* P value

Hazard ratio Hazard ratio

Age at diagnosis (years)
15e40 64 (24) 58 1 1
>40 201 (76) 188 1.2 (0.91e1.65) 0.71 1.9 (0.9e1.6) 0.28
Sex
Female 110 (42) 104 1 1
Male 155 (58) 142 0.9 (0.7e1.1) 0.25 0.9 (0.7e1.2) 0.48
Comorbidity
No 209 (79) 194 1 1
Yes 56 (21) 52 1.6 (1.2e2.1) 0.004 1.34 (1.0e1.9) 0.09
Histology
Soft-tissue sarcoma 202 (76) 188 1 1
Bone sarcoma 63 (24) 58 0.9 (0.7e1.2) 0.5 0.7 (0.5e1.0) 0.03
Metastatic site
Only lung
1e3 metastases 29 (11) 25 1 1
>3 metastases 89 (34) 86 2.2 (1.4e3.4) 0.001 2.4 (1.5e3.8) <0.001
Bone metastasis 19 (7) 18 1.5 (0.8e2.8) 0.19 1.6 (0.9e3.0) 0.12
Solitary metastasis elsewhere 24 (9) 20 1.1 (0.6e1.9) 0.85 1.2 (0.7e2.2) 0.5
Metastasis at more than one site 104 (39) 97 1.9 (1.2e3.0) 0.003 2.1 (1.3e3.4) 0.001
NLR
Normal 198 (75) 184 1 1
High 67 (25) 62 1.7 (1.3e2.3) <0.001 1.7 (1.3e2.3) <0.001
GPS
0 101 (38) 89 1 1
1 121 (46) 117 1.9 (1.4e2.5) <0.001 2.0 (1.5e2.7) <0.001
2 43 (16) 40 5.4 (3.6e8.0) <0.001 5.2 (3.5e7.7) <0.001
CNG
0 26 (10) 21 1 1
1 94 (35) 86 2.0 (1.2e3.2) 0.007 2.3 (1.4e3.9) 0.001
2 104 (39) 101 3.2 (2.0e5.3) <0.001 3.8 (2.3e6.35) <0.001
3 41 (15) 38 10.5 (6.0e18.6) <0.001 11.4 (6.3e20.5) <0.001
ACBS
0 49 (18) 41 1 1
1 74 (28) 69 2.0 (1.3e2.9) 0.001 2.1 (1.4e3.1) <0.001
2 142 (54) 136 3.2 (2.2e4.6) <0.001 3.7 (2.6e5.5) <0.001

GPS, Glasgow prognostic score; NLR, neutrophil to lymphocyte ratio; CNG, a combined score for GPS and NLR; ACBS, Aarhus composite
biomarker score.
* Adjustment was made for comorbidity, age, histology and site of metastasis. For age adjustment was made only for comorbidity and for

comorbidity adjustment was made for only age.
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Discussion

In this study of 281 metastatic sarcoma patients we
found all six investigated serum biomarkers to be inde-
pendent prognostic factors for DSS. The various scoring
systems including two or more of these biomarkers were
also independently prognostic for DSS. However, the
ACBSm was statistically superior to the other scoring sys-
tems and could stratify the cohort into four groups where
the best group had a 5-year DSS of 30% and the worst group
had a 100% mortality within 2 years.

Even though the median overall survival for patients
with metastatic STS is about 13 months [2], very little is
known about prognostic factors in this group of patients.
Yet, it is crucial for future clinical trials and to develop more
specific treatment for subgroups of patients to identify
various risk groups based on prognostic factors. Studying
serum biomarkers involved in the inflammatory response
to cancer is an area of research that has gained increased
attention in recent years [3]. Yet, only a few studies have
been published investigating inflammatory serum bio-
markers in metastatic sarcoma.

For metastatic sarcoma, only albumin, haemoglobin, CRP
and GPS have been investigated and the results from these
papers are consistent with our findings [5,6,22e24]. How-
ever, these studies do not take comorbidity into account
when analysing serum biomarkers, which might affect the
results, as comorbidity can influence different inflamma-
tory biomarkers as well as the DSS.

In our previous studies of serum biomarkers in localised
bone sarcoma [13] and STS [12], most of the currently
studied serum biomarkers were independent prognostic



Fig 2. The disease-specific mortality for the different scoring systems. The curves are cumulative incidences estimated by using the Fine and
Gray model. The resulting cumulative incidence curves are adjusted for patient age at the time of metastatic disease and comorbidity. (A)
Glasgow prognostic score (GPS), (B) neutrophil to lymphocyte ratio (NLR), (C) CNG and (D) the modified ABCS.
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factors for confounder-adjusted DSS, which points to the
same biological mechanisms whether the sarcoma is
localised or metastatic. However, contrary to patients with
localised sarcomas [12,13], in this study we found serum
sodium to be prognostic for DSS. Serum sodium is a good
marker for stress and a known prognostic marker in cancer
[7,25,26] and other life-threatening medical conditions [27]
and it cannot be excluded that it may be shown to have a
prognostic role in certain localised bone sarcoma or STS if
tested in larger patient cohorts.

A minority of patients with oligometastasis (one to
three) received radically intended local therapy (mainly
surgical excision). However, there was no statistical differ-
ence between the percentage of patients with abnormal
biomarkers in the oligometastasis and the systemic
metastasis cohorts. Better survival in the patients with
lower biomarker score cannot therefore be attributed to
them receiving surgery for their metastasis.

The weakness of this study is the retrospective nature
and the small number of patients in each sarcoma sub-
group. Another limitation of this study is its inability to
clarify whether these prognostic parameters are also pre-
dictive of response to therapy and to describe the biological
mechanisms behind the phenomenon. Therefore, further
studies in the role for inflammatory biomarkers in meta-
static as well as localised sarcoma are needed.

Comorbidity is, in this study, regarded as a confounder as
it affects both the survival and the levels of the biomarkers.
However, in this study the adjustment for comorbidity was
limited to only whether comorbidity was present or not.
Furthermore, neither the severity of the comorbidity nor
the type of comorbidity was considered. This is a limitation
of this study and in future studies including more patients
would be of great importance to make a more thorough
adjustment.

The strengths of this study are that all patients were
treated at a single-specialised institution in a free-of-
charge health system. Patient, tumour and treatment de-
tails were registered prospectively in a controlled and
validated database and follow-up data were complete for
all patients. Moreover, data on comorbidity could be
retrieved from the national registry and used to correct for
possible confounder bias. Another point of strength is the
validation of data using the bootstrapping method.

To our knowledge, this is the largest and first study to
investigate serum inflammatory biomarkers for metastatic
STS and bone sarcoma adjusted for comorbidity. Further-
more, this study is the first to compare all the different
scoring systems.
Conclusion

This study clearly showed the value of inflammation
serum biomarkers as a risk-stratifying tool and method to
predict the outcome of metastatic sarcoma patients.
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Appendix A. Supplementary data

Supplementary data to this article can be found online at
https://doi.org/10.1016/j.clon.2019.01.011.
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