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ABSTRACT
Background The prognostic impact of comorbidities 
in patients with sarcomas is not well defined. The 
aims of this study were to examine the implications of 
comorbidities and abnormal peripheral blood indices in 
patients with sarcomas.
Methods A population- based database was assembled 
to extract patients with sarcoma in Hong Kong between 
January 2004 and March 2018. Charlson’s Comorbidity 
Index (CCI) score and prevalence of comorbidities, 
neutrophil, lymphocyte and platelet counts at diagnosis 
were assessed. The prognostic values of CCI, neutrophil- 
lymphocyte (NLR) and platelet- lymphocyte ratios (PLR) 
were estimated using Cox proportional hazard models. 
Restricted cubic spline plots were used to explore the 
association of baseline NLR and PLR with all- cause and 
cancer- specific mortality.
Results Among 3358 eligible patients with sarcomas, 
52.2% died after a median 26 months of follow- up. The 
most common comorbidities were diabetes mellitus (9.8%) 
and cerebrovascular disease (4.8%). Patients with higher 
CCI had higher mortality (CCI=3 vs CCI=2; HR 1.49; 95% CI 
1.19 to 1.87; p<0.01; CCI ≥7 vs CCI =2; HR 3.20; 95% CI 
2.62 to 3.92; p<0.001). Abnormal NLR and PLR levels 
were associated with higher all- cause mortality (NLR: HR 
1.698, p<0.001, 95% CI 1.424 to 2.025; PLR: HR 1.346, 
p<0.001, 95% CI 1.164 to 1.555) and cancer- related 
mortality (NLR: HR 1.648, p<0.001, 95% CI 1.341 to 2.024; 
PLR: HR 1.430, p<0.001, 95% CI 1.205 to 1.697).
Conclusions This is the largest population- based soft- 
tissue or bone sarcoma cohort worldwide. Comorbidities 
have significant negative prognostic impact on the survival 
of patients with sarcomas. Moreover, NLR and PLR are 
robust prognostic factors, and abnormal NLR and PLR have 
negative effects yet non- linear effects on survival.

INTRODUCTION
Sarcoma is the term used for cancers of bone 
and soft- tissue. Most sarcomas arise from 
mesoderm- derived cells. Sarcomas are hetero-
geneous, with >50 subtypes recognised in the 
WHO classification of tumours of soft- tissue 
and bone.1 In adults, soft- tissue sarcomas 
(STSs) are about four times more common 
than sarcomas of bone (13 040 compared with 
3450 cases, respectively, in 2018 in the USA).1 
Approximately 40% of patients diagnosed 

with sarcoma will die of the disease, with 
the majority dying of metastatic disease.2 
The aetiology is generally unknown, and the 
symptoms may initially mimic many benign 
conditions. Delay of diagnosis has been well 
described in sarcomas.2 These cancers are 
uncommon, constituting <1% of cancers 
occurring in adults and approximately 15% 
of cancers in children.1 The incidence of 
sarcomas, however, increase with age.3

Accurate prognostication of patients with 
cancer has beneficial implications to the 
individual patient and to entire healthcare 
systems through appropriate channelling 
of healthcare resources.3 4 Traditionally, the 
assessment of tumour- size (T), involvement 
of regional lymph nodes (N) and presence 
or absence of distant metastases (M) are reli-
able prognosticators from a disease biology 
perspective, and most certainly are the basis 

Key questions

What is already known about this subject?
 ► Traditionally, the assessment of tumour- size, in-
volvement of regional lymph nodes and presence or 
absence of distant metastases are reliable prognos-
ticators. However, the prognostic impact of comor-
bidities in patients with sarcomas is not well defined.

What does this study add?
 ► From this large population- based cohort, prog-
nostic implications of common medical comorbid-
ities and haematological factors in patients with 
sarcomas were assessed. It was found that co-
morbidities, abnormal neutrophil- lymphocyte and 
platelet- lymphocyte ratios (NLR and PLR) were prog-
nostic factors and had negative effects on survival.

How might this impact on clinical practice?
 ► This study suggests that in the management of 
patients with sarcoma, high- risk patients on the 
number of comorbidities present as well as the 
magnitude of elevation of NLR and/or PLR may po-
tentially be identified.
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of clinical cancer staging. However, given the rarity of 
sarcomas and the differing biology of various histopatho-
logical types, the discerning prognostic power of this 
approach have been called into question.5 Comorbidity 
has been proven to be an important prognostic factor for 
survival in various cancer types, even adjusting for other 
significant factors such as age, disease stage and treat-
ment.6–10 To our knowledge, findings of prior studies on 
the impact of comorbidities and its potential impact on 
survival of sarcoma patients have been inconclusive. On 
the one hand, two earlier studies which only included 
adult, high- grade, non- metastatic, primary and adult 
extremity or trunk STS, respectively, reported no predic-
tive value for comorbidity when compared with patients 
with and without comorbidities.11 12 On the other hand, 
a more contemporary study that assessed the prevalence 
and prognostic impact of comorbidities from a larger 
population- based series which used a sarcoma- specific 
registry in Denmark concluded with the contrary.10 In 
this analysis which assembled information from over 
1700 patients spanning a 30- year period from 1979 to 
2008 from a single sarcoma institution, the overall prev-
alence of comorbidity in STS patients were identified at 
25%. The prevalence increased with age, and patients 
with comorbidities had a larger proportion of adverse 
prognostic factors. Overall, patients with comorbidities 
had significantly increased overall and disease- specific 
mortality compared with patients without comorbidi-
ties, even on adjustment of important prognostic factors 
including age. While these data appear compelling, a 
major limitation to this prior study was the fact that it was 
from a single institution, and not from a larger population 
cohort. Moreover, peripheral blood indices of systemic 
inflammation such as neutrophil- lymphocyte ratio (NLR) 
and platelets- lymphocyte ratio (PLR) have been shown 
to be strong prognostic markers in a variety of cancers, 
including sarcomas.10 13–16

The aims of our study are, through the largest cohort 
of sarcoma patients ever assembled for population- based 
study in Asia, (1) to assess the prognostic implications of 
common medical comorbidities in patients with sarcomas 
through a large territory- wide, population- based database 
and (2) to assess the implications of abnormal NLR and 
PLR on patients’ survival.

METHODS
We assembled a retrospective database of all patients with 
a diagnosis of sarcoma, defined by having coded with the 
International Classification of Diseases, Ninth Edition, 
Clinical Modification (ICD-9- CM) code of 170.x and 
171.x whoever attended clinics and hospitals operated 
by the Hong Kong Hospital Authority (HA) between 1 
January 2004 and 31 March 2018. The HA database has 
been extensively used for conducting high- quality large- 
scale cohort studies for oncology patients.17 18 The date 
of diagnosis was defined as the earliest date of which the 
ICD-9- CM disease diagnostic code was recorded. Allowing 

for a 1- year window period, patients with index dates 
before 1 January 2005 were excluded. Primary causes 
of death were determined by ICD-10 diagnosis code 
provided by the Births and Deaths General Register in 
Hong Kong of the Hong Kong Immigration Department. 
Subjects exited the cohort at the following timepoint: (1) 
31 March 2018, being the last date of data capture, (2) 
death from any cause and (3) censored at the last health-
care service utilisation, whichever came first.

Baseline covariates
The considered baseline covariates were age, sex, clinical 
characteristics including initial year of sarcoma diagnosis, 
sarcoma tumour location (bone and articular cartilage, 
connective and other soft- tissue or both), body mass index 
(BMI), weight, glycated haemoglobin, systolic and dias-
tolic blood pressure, Charlson Comorbidity Index (CCI), 
serum lactate dehydrogenase (LDH), absolute neutro-
phil count, absolute lymphocyte count, platelet count, 
NLR and PLR, NLR and PLR were generated by the ratios 
of absolute neutrophil count, absolute platelet count 
and absolute lymphocyte count, respectively. Based on 
prior reports, abnormal NLR was defined by NLR ≥2.5.16 
Abnormal PLR was defined by PLR ≥182.16 Abnormal 
serum LDH was defined by (1) for men, <106 U/L or 
>218 U/L; (2) for women, <103 U/L or >199 U/L.

Outcomes
All- cause mortality and cancer- related mortality were 
outcomes of interest.

Statistical analysis
Baseline demographic and clinical characteristics for 
sarcoma patients were presented. Survival rates and 95% 
CIs using normal distribution at years from one to ten in 
overall and by demographic and clinical subgroups were 
determined, while linear trends in survival at 1 year up to 
10 years over time from 2005 to 2016 were investigated.

Incidence rates (IR) of each outcome event in overall 
and subgroup were estimated using the total number of 
sarcoma patients during the follow- up period divided by 
person- years at risk. To examine the association between 
the baseline characteristics and mortality events, Cox 
proportional hazards regression model assessed the effect 
of sociodemographic characteristics, sarcoma tumour 
locations and CCI on each outcome event. HRs and their 
95% CI were reported for each variable in the regression 
model. Log- rank test was used to compare the equality of 
the survival curves between the subgroups. Exploratory 
analysis examined the non- linear associations between 
baseline NLR and PLR and all- cause mortality, fitting a 
restricted cubic spline function with four knots (5th, 
35th, 65th and 95th centiles). Cumulative prevalence of 
comorbid conditions at diagnosis, 1–5 years after diag-
nosis were reported.

All statistical analyses were performed using STATA 
V.13.0 (StataCorp). All significance tests were two tailed 
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and p values<0.05 were taken to indicate statistical 
significance.

RESULTS
A total of 3358 eligible patients with sarcomas were 
recruited in the study, including 661 with sarcomas 
in bone and articular cartilage, 2576 with sarcomas in 
connective and other soft- tissue (online supplemental 
figure 1). A total of 121 patients were coded as suffering 
from sarcomas of both connective and other soft- tissue as 
well as bone and articular cartilage.

The mean age of patients with bone sarcomas and STSs 
were 46.8 and 56.5, respectively (online supplemental 
table 1). A larger proportion adolescent and young adults 
suffered from ‘bone and articular cartilage’ sarcoma, 
accounting 26.2% of the total patients with this disease, 
vs only 16.3% in ‘connective and other soft- tissue’. This is 
particularly evidence in children, defined as <18 years of 
age, accounting for 17.5% of bone and cartilage vs 4.7% 
of connective and other STS). Mean weight and BMI of 
all patients were 61.1 kg and 24.2 kg/m2, respectively. 
Mean level of overall serum LDH was 332.6 U/L. Patients 
with STS had a relatively higher mean CCI than patients 
in two other groups.

The total follow- up time was 12 099 person- years with 
a median 26 months of follow- up. The estimated IR of 
all- cause mortality was 14.50/100 person- years (95% CI 
13.83 to 15.19) (online supplemental table 2). Male 
patients had higher incidence of all- cause mortality 
(15.72/100 person- years, 95% CI 14.74 to 17.74) than 
female (13.23/100 person- years, 95% CI 12.32 to 14.19). 
Patients over 80 years had highest IR (53.37/100 person- 
years, 95% CI 47.58 to 59.66) among all age groups. In 
terms of causes of death (online supplemental table 3), 
71.8% of all patients died with ‘neoplasm’ as the primary 
cause (70.1% in bone and articular cartilage; 71.9% in 
connective and other soft- tissue group). Specifically, 22% 
died of ‘sarcoma’ as the primary cause of death. Other 
neoplastic causes of death included lung cancer (5.76%) 
and liver cancer (1.31%). Interestingly, nasopharyn-
geal cancer, a disease that is endemic in the Southern 
Chinese population, accounted for 1.77% of causes of 
death within our sarcoma population cohort. The most 
common non- neoplastic cause of death was ‘diseases of 
the respiratory system’, with pneumonia- related mortality 
account for 8.15% of all deaths within this cohort. Other 
non- neoplastic causes of death included diseases of the 
‘circulatory system’ and ‘digestive system’ reported at 
2.96% and 1.20%, respectively.

HRs were estimated for factors that might influence all- 
cause mortality and cancer- related mortality of patients 
as reported in table 1. Specifically, Age 18–40 (HR 1.813, 
95% CI 1.293 to 2.542; HR 2.040, 95% CI 1.366 to 3.048), 
65–80 (HR 1.945, 95% CI 1.132 to 3.343; HR 1.997, 
95% CI 1.075 to 3.711) and over 80 years old (HR 2.685, 
95% CI 1.526–4.725; HR=2.689, 95% CI 1.403 to 5.154) 
were shown as risk factors of both all- cause mortality and 

cancer- related mortality when compared with patients<18 
years of age. Higher risk of mortality was also found to 
be associated with increased CCI. CCI ≥7 led to 2.391 
times risks of all- cause mortality (p=0.001). Patients with 
abnormal NLR, PLR and serum LDH were under the risk 
of all- cause mortality by 1.698 (p<0.001), 1.346 (p<0.001) 
and 1.355 (p<0.001) times, respectively.

The trends of overall survival at 1–10- years by year of 
sarcoma diagnosis is displayed in online supplemental 
figure 2. The data of survival rates through 10 years after 
diagnosis of overall and by subgroups are shown in table 2.

In the study population, age was proven to be an 
important prognosticator for mortality. Comparing 
to children (<18 years), the HR for all causes of death 
were significantly higher in adolescent and young adults, 
defined as 18 to <40 years (HR 1.81; 95% CI 1.29 to 2.54; 
p=0.001), and in the elderly (65 to <80; HR 1.94; 95% CI 
1.13 to 3.34; p=0.016; ≥80; HR 2.69; 95% CI 1.57 to 4.73; 
p=0.001). A similar pattern was also seen in cancer- related 
mortality. Figure 1 depicts the Kaplan- Meier curves of all- 
cause and cancer- specific mortality in relation to age of 
presentation.

Comorbidities and its impact on prognosis
21.3% and 33.7% of patients had at least one or more 
associated comorbidities defined within the CCI in the 
‘bone and articular cartilage’ and ‘connective and other 
soft- tissue’ at time of sarcoma diagnosis, respectively. The 
mean CCI of the entire population cohort was 4.6 (Bone 
and articular cartilage group 4.0; connective and soft- 
tissue group 4.8). Discounting the comorbidity of ‘muscu-
loskeletal and chronic orthopaedic disorders’ the most 
common comorbidity present at sarcoma diagnosis was 
diabetes mellitus, reported at 9.8% in the entire cohort 
(7.0% in bone and articular cartilage group and 10.7% in 
connective and soft- tissue group). Moreover, prevalence 
of diabetes mellitus further increased to 12.5% at 5 years 
after diagnosis, occurring in one- eighth of the entire 
study population (online supplemental table 4). Other 
common comorbidities included cerebrovascular disease 
(4.8%), other chronic ischaemic heart disease (3.8%), 
chronic lung disease (2.9%), congestive heart failure 
(2.6%), liver disease (2.4%) and peptic ulcer disease 
(2.4%). Within the study cohort, increasing number of 
comorbidities, as defined by a higher CCI score, was also 
associated with an incremental high risk for all- cause 
as well as cancer specific mortality. This remained true 
after correction for age and presence of history of any 
solid tumours as factors that may influence the CCI score. 
Figure 2 indicates the impact of CCI in relation to all- 
cause and cancer- specific mortality.

Peripheral blood indices and its impact on prognosis
Within the 3358 patients who satisfied inclusion criteria 
for analysis, 3020 patients had neutrophils, lymphocytes 
and platelet results available for NLR and PLR calcula-
tion. The earliest haematology result after the date of 
index diagnosis of sarcoma were used for analysis. In total, 
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1989 (65.9%) of patients had abnormal NLR, defined 
as NLR >/=2.5. 1438 (47.6%) patients had abnormal 
PLR, as defined by PLR >/=192. The HR for all- cause 
mortality in patients with abnormal NLR and abnormal 
PLR vs normal NLR and PLR were 1.698 (95% CI 1.42 to 
2.025) and 1.346 (95% CI 1.164 to 1.555), respectively. 
Similar results are also seen in cancer- specific mortality 
(Abnormal NLR: HR 1.648 (95% CI 1.341 to 2.204) and 
Abnormal PLR: 1.430 (95% CI 1.205 to 1.697)). Patients 
with both abnormal NLR and PLR had the worst prog-
noses (figure 3). Moreover, the relationship between 
NLR and PLR with mortality was found to be non- linear. 
Restricted cubic spline plots of four knots which provided 
the best fit were chosen to test this hypothesis (online 
supplemental figure 3). There is evidence that the magni-
tude of detriment of an increased NLR and PLR plateaus 
off at higher values.

DISCUSSION
In this report, we have assembled the largest population- 
based soft- tissue or bone sarcoma database worldwide. We 
have shown that comorbidities are prevalent in patients 

with sarcomas at the time of diagnosis in the Asian popu-
lation, with over 20% in bone and articular cartilage and 
over 30% of connective and other STS patients having 
at least one documented medical comorbidity at time of 
diagnosis. Moreover, the presence of and an increasing 
number of concomitant comorbidities are associated with 
worse prognoses.

Interestingly, we have shown that diabetes mellitus as 
being the most common comorbidity identified in our 
cohort (9.8%), followed by cerebrovascular disease (4.8%) 
and other chronic ischaemic heart disease (3.8%). While 
there are not many datasets available internationally for 
comparison, when reviewing data available from existing 
literature, the higher prevalence of diabetes mellitus over 
other comorbidities appear to be unique to our popula-
tion. Specifically, in a report that used the Dutch Pathology 
Registry linked to the PHARMO database investigating 
553 patients with an STS diagnoses between years 2000 
and 2007,19 the OR for patients with STS versus a cancer- 
free control cohort of diabetes mellitus was 1.8 (95% CI 
1.2 to 2.6), and was comparable to other comorbidities 
including cardiovascular disease (OR 2.0; 95% CI 1.7 to 

Table 1 Factors associated with all- cause mortality and cancer- related mortality of patients with sarcoma

All- cause mortality Cancer- related mortality

HR 95% CI P value HR 95% CI P value

Male 1.123 (0.983 to 1.282) 0.087 1.008 (0.863 to 1.177) 0.921

Age group (<18, children and adolescent)

  18 to <40, young adults 1.813 (1.293 to 2.542) 0.001* 2.040 (1.366 to 3.048) <0.001*

  40 to <65, adults 1.502 (0.927 to 2.435) 0.098 1.618 (0.936 to 2.798) 0.085

  65 to <80, young elderly 1.945 (1.132 to 3.343) 0.016* 1.997 (1.075 to 3.711) 0.029*

  ≥80, elderly 2.685 (1.526 to 4.725) 0.001* 2.689 (1.403 to 5.154) 0.003*

Sarcoma tumour site (both)

  Bone and articular cartilage 0.972 (0.698 to 1.355) 0.869 0.915 (0.625 to 1.339) 0.648

  Connective and other soft- tissue 1.093 (0.801 to 1.493) 0.575 1.083 (0.759 to 1.544) 0.660

Charlson Comorbidity Index (2)

  3 1.420 (0.955 to 2.112) 0.083 1.575 (1.017 to 2.442) 0.042*

  4 1.672 (1.058 to 2.642) 0.028* 1.808 (1.091 to 2.997) 0.022*

  5 1.878 (1.169 to 3.017) 0.009* 1.908 (1.125 to 3.236) 0.016*

  6 2.337 (1.418 to 3.853) 0.001* 2.275 (1.298 to 3.987) 0.004*

  ≥7 2.391 (1.441 to 3.969) 0.001* 2.143 (1.210 to 3.799) 0.009*

Abnormal NLR* 1.698 (1.424 to 2.025) <0.001* 1.648 (1.341 to 2.025) <0.001*

Abnormal PLR* 1.346 (1.164 to 1.555) <0.001* 1.430 (1.205 to 1.697) <0.001*

Abnormal serum LDH* 1.355 (1.182 to 1.554) <0.001* 1.302 (1.108 to 1.529) 0.001*

Chemotherapy ever used (not ever used)

  Anthracyclines not ever used 1.511 (1.270 to 1.797) <0.001* 1.567 (1.282 to 1.917) <0.001*

  Anthracyclines- based chemotherapy as 
first line

1.511 (1.249 to 1.828) <0.001* 1.560 (1.255 to 1.941) <0.001*

  Non- anthracyclines as first line but 
anthracyclines ever used

1.547 (1.101 to 2.174) 0.012* 1.799 (1.238 to 2.614) 0.002*

*Abnormal NLR: NLR ≥2.5; abnormal PLR: PLR ≥182; abnormal Serum LDH: <106 or >218 (for men); <103 or >199 (for women).
LDH, lactate dehydrogenase; NLR, neutrophil- lymphocyte ratio; PLR, platelet- lymphocyte ratio.

https://dx.doi.org/10.1136/esmoopen-2020-001035
https://dx.doi.org/10.1136/esmoopen-2020-001035


Open access

5Loong HH, et al. ESMO Open 2020;5:e001035. doi:10.1136/esmoopen-2020-001035 Loong HH, et al. ESMO Open 2020;5:e001035. doi:10.1136/esmoopen-2020-001035

Ta
b

le
 2

 
S

ur
vi

va
l r

at
es

 a
t 

1 
ye

ar
, 2

 y
ea

rs
, 3

 y
ea

rs
, 5

 y
ea

rs
 a

nd
 1

0 
ye

ar
s 

af
te

r 
a 

d
ia

gn
os

is
 o

f s
ar

co
m

a 
ov

er
al

l a
nd

 b
y 

su
b

gr
ou

p
s

S
ub

g
ro

up
s

S
ur

vi
va

l r
at

e 
%

 (9
5%

 C
I)

1 
ye

ar
2 

ye
ar

s
3 

ye
ar

s
5 

ye
ar

s
10

 y
ea

rs

O
ve

ra
ll

72
.3

 (7
0.

7 
to

 7
3.

9)
61

.3
 (5

9.
6 

to
 6

3.
0)

55
.5

 (5
3.

7 
to

 5
7.

2)
49

.4
 (4

7.
5 

to
 5

1.
2)

40
.4

 (3
8.

3 
to

 4
2.

6)

S
ex

 
 M

al
e

71
.5

 (6
9.

3 
to

 7
3.

6)
59

.6
 (5

7.
2 

to
 6

1.
9)

53
.3

 (5
0.

8 
to

 5
5.

8)
47

.7
 (4

5.
2 

to
 5

0.
2)

37
.1

 (3
4.

1 
to

 4
0.

1)

 
 Fe

m
al

e
73

.2
 (7

0.
9 

to
 7

5.
4)

63
.2

 (6
0.

7 
to

 6
5.

6)
57

.9
 (5

5.
3 

to
 6

0.
4)

51
.2

 (4
8.

5 
to

 5
3.

9)
44

.1
 (4

1.
1 

to
 4

7.
1)

A
ge

 g
ro

up

 
 <

18
, c

hi
ld

re
n 

an
d

 a
d

ol
es

ce
nt

90
.1

 (8
5.

6 
to

 9
3.

2)
81

.9
 (7

6.
3 

to
 8

6.
2)

76
.0

 (6
9.

9 
to

 8
1.

1)
70

.5
 (6

3.
9 

to
 7

6.
2)

65
.3

 (5
7.

4 
to

 7
2.

1)

 
 18

 t
o 

<
40

, y
ou

ng
 a

d
ul

ts
85

.0
 (8

1.
6 

to
 8

7.
9)

73
.8

 (6
9.

6 
to

 7
7.

4)
69

.8
 (6

5.
4 

to
 7

3.
7)

64
.5

 (5
9.

9 
to

 6
8.

8)
58

.4
 (5

3.
2 

to
 6

3.
3)

 
 40

 t
o 

<
65

, a
d

ul
ts

77
.4

 (7
5.

1 
to

 7
9.

6)
66

.7
 (6

4.
1 

to
 6

9.
2)

60
.6

 (5
7.

9 
to

 6
3.

3)
55

.3
 (5

2.
5 

to
 5

8.
1)

45
.6

 (4
2.

1 
to

 4
8.

9)

 
 65

 t
o 

<
80

, y
ou

ng
 e

ld
er

ly
60

.5
 (5

6.
9 

to
 6

3.
9)

49
.7

 (4
6.

0 
to

 5
3.

3)
42

.7
 (3

9.
1 

to
 4

6.
4)

35
.1

 (3
1.

4 
to

 3
8.

8)
24

.9
 (2

0.
9 

to
 2

9.
1)

 
 ≥8

0,
 e

ld
er

ly
45

.4
 (4

0.
0 

to
 5

0.
7)

31
.1

 (2
6.

1 
to

 3
6.

2)
26

.0
 (2

1.
3 

to
 3

1.
0)

17
.3

 (1
3.

0 
to

 2
2.

2)
6.

3 
(3

.0
 t

o 
11

.2
)

S
ar

co
m

a 
tu

m
ou

r 
si

te

 
 B

on
e 

an
d

 a
rt

ic
ul

ar
 c

ar
til

ag
e

73
.7

 (7
0.

1 
to

 7
7.

0)
65

.0
 (6

1.
0 

to
 6

8.
6)

59
.6

 (5
5.

5 
to

 6
3.

4)
52

.6
 (4

8.
3 

to
 5

6.
6)

44
.5

 (3
9.

7 
to

 4
9.

2)

 
 C

on
ne

ct
iv

e 
an

d
 o

th
er

 s
of

t-
 tis

su
e

71
.7

 (6
9.

8 
to

 7
3.

4)
60

.5
 (5

8.
5 

to
 6

2.
4)

54
.9

 (5
2.

8 
to

 5
6.

9)
49

.3
 (4

7.
2 

to
 5

1.
4)

39
.9

 (3
7.

4 
to

 4
2.

4)

 
 B

ot
h

78
.8

 (7
0.

3 
to

 8
5.

2)
58

.8
 (4

9.
3 

to
 6

7.
1)

46
.5

 (3
7.

0 
to

 5
5.

4)
34

.8
 (2

5.
8 

to
 4

3.
9)

28
.6

 (1
9.

5 
to

 3
8.

5)

N
LR

 
 <

2.
5

87
.9

 (8
5.

7 
to

 8
9.

8)
78

.7
 (7

6.
0 

to
 8

1.
1)

72
.5

 (6
9.

5 
to

 7
5.

3)
66

.4
 (6

3.
2 

to
 6

9.
4)

56
.5

 (5
2.

4 
to

 6
0.

4)

 
 ≥2

.5
61

.1
 (5

8.
8 

to
 6

3.
3)

48
.3

 (4
5.

9 
to

 5
0.

6)
42

.0
 (3

9.
7 

to
 4

4.
4)

35
.5

 (3
3.

2 
to

 3
7.

8)
27

.1
 (2

4.
5 

to
 2

9.
7)

P
LR

 
 <

18
2

81
.9

 (7
9.

9 
to

 8
3.

8)
71

.5
 (6

9.
1 

to
 7

3.
7)

65
.1

 (6
2.

6 
to

 6
7.

5)
58

.4
 (5

5.
7 

to
 6

1.
0)

48
.2

 (4
4.

9 
to

 5
1.

5)

 
 ≥1

82
57

.5
 (5

4.
8 

to
 6

0.
1)

44
.7

 (4
2.

0 
to

 4
7.

4)
38

.7
 (3

6.
0 

to
 4

1.
4)

32
.6

 (3
0.

0 
to

 3
5.

3)
25

.2
 (2

2.
4 

to
 2

8.
1)

S
er

um
 L

D
H

, U
/L

 
 10

6–
21

8 
(fo

r 
m

en
);

 
 10

3–
19

9 
(fo

r 
w

om
en

)
67

.5
 (6

3.
7 

to
 7

0.
9)

53
.1

 (4
9.

2 
to

 5
6.

9)
44

.8
 (4

0.
9 

to
 4

8.
7)

39
.6

 (3
5.

7 
to

 4
3.

6)
31

.7
 (2

7.
4 

to
 3

6.
0)

 
 <

10
6 

or
 >

21
8 

(fo
r 

m
en

);
 

 <
10

3 
or

 >
19

9 
(fo

r 
w

om
en

)
55

.2
 (5

1.
7 

to
 5

8.
6)

43
.8

 (4
0.

3 
to

 4
7.

2)
37

.2
 (3

3.
7 

to
 4

0.
6)

30
.5

 (2
7.

2 
to

 3
3.

9)
24

.3
 (2

0.
8 

to
 2

7.
9)

LD
H

, l
ac

ta
te

 d
eh

yd
ro

ge
na

se
; N

LR
, n

eu
tr

op
hi

l-
 ly

m
p

ho
cy

te
 r

at
io

; P
LR

, p
la

te
le

t-
 ly

m
p

ho
cy

te
 r

at
io

.



Open access

6 Loong HH, et al. ESMO Open 2020;5:e001035. doi:10.1136/esmoopen-2020-001035

2.6) and respiratory disease (OR 2.2; 95% CI 1.6 to 3.0).19 
The reason for a higher prevalence of diabetes mellitus in 
our population is not well understood, and is likely multi-
factorial. Population studies, however, have shown that 
even in ethnically identical Chinese populations in Hong 
Kong, Taiwan and Mainland China, there were significant 
higher prevalence rates of diabetes mellitus reported in 
1995–2003 in the Hong Kong (OR 1.5; 95% CI 1.4 to 1.7) 
and Taiwanese population (OR 2.0; 95% CI 1.8 to 2.2), 
as compared with the Mainland, even on adjustment for 
age and diagnostic criteria.20 Acknowledging the pres-
ence of comorbidities, and its implications on prognoses 
is of importance to the specific patient in question as well 
as the entire population. Similar to our findings, a prior 
study on data obtained from the Danish Sarcoma Registry 
of over 2167 sarcoma patients nationwide diagnosed 
between 2000 and 2013 have indicated the presence 
of comorbidities at diagnosis had significant negative 
impact on patients’ mortality in patients who only had 
localised disease on presentation, but not in patients with 
metastatic disease.21 There is thus a need for us to identify 
comorbidities early in a patients’ sarcoma disease journey.

Putting our findings and data available in the literature 
into perspective, it appears that the implications of early 
identification of comorbidities in sarcoma patients, as well 
as early diagnosis of sarcomas in patients with established 
comorbidities can both have potential positive impacts on 
patients’ survival. Sarcomas are rare malignancies and are 

often diagnosed at later stages of disease.1 With over 20% 
of sarcomas patients having established comorbidities 
at presentation, there may be a role to reinforce aware-
ness and improve on the index of suspicion of potential 
diagnoses of sarcomas among primary care physicians 
who are already treating these patients for their comor-
bidities. As an example, the endocrinologist caring for a 
patient’s diabetes mellitus may be the first ‘port of call’ 
for a patient complaining of a rapidly enlarging lump. 
The endocrinologist thus needs to recognise the poten-
tial malignant implications of this and be able to able to 
arrange for early investigations and referrals to sarcoma 
specialists to ensure timely and appropriate treatment. 
Further prospective studies may also be conducted to 
delineate specific at- risk populations, such as those with 
an established diagnosis of diabetes mellitus. On the 
other hand, patients who already have an established 
diagnosis of sarcoma in conjunction with one or more 
of the comorbidities have been shown to have a worse 
survival outcome in our series. Aggressive management 
of comorbidities may thus be beneficial to survival, espe-
cially in patients with localised disease on presentation.

Furthermore, we have confirmed the prognostic impor-
tance of NLR and PLR in our large population cohort of 
patients with sarcomas. Aside from commonly used clin-
ical and/or histopathological factors including tumour 
grade, size and site, a variety of host–response factors 
such as performance status and systemic inflammatory 

Figure 1 Kaplan- Meier curves of all- cause and cancer- specific mortality in relation to age of sarcoma presentation.
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Figure 2 Kaplan- Meier curve of Charlson Comorbidity Index (CCI) in relation to all- cause and cancer- specific mortality.

Figure 3 Prognostic impact of abnormal neutrophil- lymphocyte ratio (NLR), platelet- lymphocyte ratio (PLR) and presence of 
both abnormal NLR and PLR in all- cause and cancer- specific mortality.
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response can affect clinical outcomes. We have confirmed 
that NLR and PLR are indeed robust prognostic markers 
which are readily available in most patients at diagnosis. 
As the haematological indices needed to generate NLR 
and PLR values were obtained at time of index presen-
tation with a sarcoma diagnosis, it is unlikely that these 
results, and their prognostic implications, are associ-
ated with surgery, chemotherapy or radiotherapy use. 
While prior studies have shown that high NLR and/or 
PLR are associated with worse overall survival in sarcoma 
patients,13 16 22 23 to the best of our knowledge, our report 
is the first to elucidate the fact that the relationship of 
NLR and PLR with overall survival is non- linear and 
plateaus off at higher NLR and PLR values. This has 
important implications on modelling and on establish-
ment of nomograms. Our cohort is also the largest ever 
assembled histopathological and haematological factors 
in reported literature.

As data used for analysis for this study were obtained 
from a territory- wide clinical database, one limitation to 
our study is the integrity of our data in terms of diagnosis 
is dependent on accurate coding of diagnoses by clini-
cians. A total of 121 within the 3358 patients who met 
eligibility criteria (3.6%) were concurrently coded for 
ICD-9- CM 170.x as well as ICD-9- CM 171.x, indicating 
the presence of both bone & articular cartilage as well as 
connective and STS. While it is possible that this specific 
combination coding is indicative of possible metastatic 
disease on presentation, we cannot rule out the fact that 
this was entered erroneously. Interestingly, these patients 
did indeed have worse survival outcomes when compared 
with the two larger cohorts. However, given the small 
numbers, we do not think that this will have any significant 
effect on the conclusions drawn from this study. Another 
limitation is the lack of specific histology documented in 
these patients within this database as at the time of data 
capture for this study, the Hong Kong HA anatomical 
pathology database were not fully linked with the epide-
miological, haematological and biochemical modules. 
We fully acknowledge the heterogeneity in natural history 
and treatment responses in between different types of 
sarcomas, our study’s intention was to provide a macro-
scopic landscape analysis on bone- and STSs in general. 
The large size of our assembled cohort, in conjunction 
with the robustness of haematological, biochemical and 
survival data obtained through the Hong Kong HA clin-
ical database and the Hong Kong Immigration Depart-
ment’s Register of Births and Deaths, respectively, have 
allowed us to contribute to existing literature.

CONCLUSIONS
This study revealed clinical and haematological factors 
that have prognostic implications in patients with 
sarcomas. Comorbidities are important factors that affect 
survival of patients with sarcomas. Specifically, an increase 
in number of comorbidities are associated with a worse 
prognosis. Diabetes mellitus, present in 9.8% of sarcoma 

patients at diagnosis, appeared to be the most common 
comorbidity in our Hong Kong population. Moreover, 
haematological factors including elevated NLR and 
elevated PLR are confirmed to be robust negative prog-
nostic markers within our large assembled cohort. Inter-
estingly, the magnitude of prognostic implication is non- 
linear, and the incremental risk of death associated with of 
elevated NLR and PLR diminishes and plateaus at higher 
values. Given the rarity of sarcomas, our findings suggest 
that there may be a role for early identification of patients 
with sarcomas in patients who are already being seen for 
comorbidities in primary care. In particular, high- risk 
patients based on the number of comorbidities present as 
well as the magnitude of elevation of NLR and/or PLR, 
may potentially be identified. With aggressive manage-
ment of such comorbidities, there may potentially be a 
role for improvement in patients’ survival.
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