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Cartilaginous tumors of the skeleton are amongst the
most common; however, differential diagnosis remains
to be a challenge.[1,2] These neoplasms range from
enchondromas to chondrosarcomas with diagnostic
margin being rather vague, particularly between
enchondromas and low-grade chondrosarcomas where
misdiagnosis may bring burdensome consequences.
Currently, clinical discrimination mainly relies on
location, radiologic, and pathologic properties of the
tumor which yield little agreement between different
clinicians for each patient. The need for a reliable and
easily generalizable criteria is evident; however, there
are no specific biomarkers available in the clinical
setting despite ongoing studies.[3,4]
Recent decade has seen many reports delivering
evidence on the role of inflammation in the
development and carcinogenic advancement of
neoplasms, although pathways remain mainly
unknown up to this date.[5,6] Therefore, blood-based
markers of inflammation such as inflammatory
cell counts and rates which are derived from those,
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ABSTRACT
Objectives: This study aims to evaluate the role of elevated
neutrophil-to-lymphocyte ratio (NLR) and monocyte-tolymphocyte ratio (MLR) in differential diagnosis of enchondroma
and low-grade chondrosarcoma.

Patients and methods: One-hundred-and-one patients (44 males,
57 females; mean age 53.6±11.5 years; range, 21 to 85 years)
diagnosed with enchondroma and low-grade chondrosarcoma in
Ankara Oncology Training and Research Hospital between January
2010 and December 2019 were included in this retrospective study.
Patients’ age, gender, location and type of tumor, and pre-treatment
complete blood count results were acquired. One-hundred patients
(48 males, 52 females; mean age 50.9±13.6 years; range, 19 to 76
years) with complete blood count results admitted to the same
center for reasons other than fracture, infection or tumors with
similar age and gender to the aforementioned study group were
included as healthy controls.
Results: Neutrophil-to-lymphocyte ratio and MLR of the study
group were found to be significantly higher than the control
group (p<0.001). Neutrophil-to-lymphocyte ratio and MLR held
diagnostic importance with statistically significant cut-off values.
Statistically significant cut-offs for NLR and MLR were ≥2.0
(sensitivity=73.3%, specificity=67%) and ≥0.2 (sensitivity=76.2%,
specificity=63%), respectively. Multivariate logistic regression
analysis was performed adjusting for age and gender and
NLR ≥2 [odds ratio (OR)=3.1] or MLR ≥0.2 (OR=2.9) were found
to be associated with approximately three-fold risk for diagnosis of
enchondroma or low-grade chondrosarcoma.
Conclusion: The NLR and MLR have diagnostic value
in cartilaginous tumors such as enchondroma and low-grade
chondrosarcoma. However, our results do not support utilization
of NLR and MLR as diagnostic value for differentiation of
enchondroma and low-grade chondrosarcoma.
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such as neutrophil-to-lymphocyte ratio (NLR)
and monocyte-to-lymphocyte ratio (MLR), are
being studied extensively not only in cancers of
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musculoskeletal system but other systems as well.[7-12]
Relying on current data and considering they can be
easily obtained from routine complete blood counts,
it is plausible to assume that NLR and MLR might
have a previously unknown role in differential
diagnosis of cartilaginous tumors. Therefore, in this
study, we aimed to evaluate the role of elevated NLR
and MLR in differential diagnosis of enchondroma
and low-grade chondrosarcoma.

PATIENTS AND METHODS
Patients diagnosed with enchondroma and lowgrade chondrosarcoma in Ankara Oncology Training
and Research Hospital between January 2010 and
December 2019 were included in this retrospective
study. One-hundred-and-one patients (44 males, 57
females; mean age 53.6±11.5 years; range, 21 to 85 years)
were identified in the institutional patient database
and age, gender, location and type of tumor, and pretreatment complete blood count results were acquired
retrospectively. Of 101 identified patients, 81 were
diagnosed with enchondroma and 20 with low-grade

Table I
Localization and type of malignancies (n=101)
Characteristic

n

%

Pathology
Enchondroma
Chondrosarcoma

81
20

80.2
19.8

49
32

60.5
39.5

10
10

50
50

Localization
Enchondroma (n=81)
Distal femur
Proximal humerus
Chondrosarcoma (n=20)
Distal femur
Proximal humerus

chondrosarcoma. One-hundred patients (48 males,
52 females; mean age 50.6±13.6 years; range, 19 to 76
years) with complete blood count results admitted
to the same center for reasons other than fracture,
infection or tumors with similar age and gender to the
aforementioned study group were included as healthy
controls. Patients without necessary information or
with high C-reactive protein or procalcitonin were
excluded. Neutrophil-to-lymphocyte ratio and MLR
were calculated as the absolute count of neutrophils
and monocyte, respectively, divided by the absolute
lymphocyte count. The study protocol was approved
by the Ankara Oncology Training and Research
Hospital institutional review board. A written
informed consent was obtained from each patient.
The study was conducted in accordance with the
principles of the Declaration of Helsinki.
Statistical analysis
Statistical analyses were performed using the IBM
SPSS Statistics for Windows, version 22.0 software (IBM
Corp., Armonk, NY, USA). Descriptive statistics are
presented as numbers and percentages for categorical
variables and mean ± standard deviation, median
(minimum-maximum) for continuous variables.
Normal distribution for continuous variables was
assessed with visual (histograms and probability
graphics) and analytic methods (Kolmogorov-Smirnov
and Shapiro-Wilk tests). Data between groups for
continuous variables were found to be not fitting to
normal distribution. Comparison analyses between
two groups were performed by Mann-Whitney U
test. Comparison analyses for categorical variables
between independent groups were performed by chisquare test. Diagnostic value of pre-treatment NLR
and MLR were assessed using receiver operating
curve (ROC) analysis. Results following ROC analysis;
area under curve and cut-off values, sensitivity and

Table II
Evaluation of patient and control groups
Patients (n=101)
n

%

Age (year)
Gender
Female
Male

Controls (n=100)

Mean±SD

Median

Min-Max

53.6±11.5

53

21-85

n

%

Mean±SD

Median

Min-Max

50.9±13.6

54

19-76

p
0.279*
0.528†

57
44

56.4
43.6

52
48

52.0
48.0

NLR

2.7±1.2

2.54

1.12-7.46

1.9±0.7

1.75

0.75-3.68

<0.001*

MLR

0.3±0.1

0.26

0.10-0.62

0.2±0.1

0.17

0.06-0.51

<0.001*

SD: Standard deviation; Min: Minimum; Max: Maximum; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; * Mann-Whitney U test;
† Chi-Square test.

0.002*

0.002*

-

<0.001*

<0.001*

0.394†

0.522*

0.574*
0.17
SD: Standard deviation; Min: Minimum; Max: Maximum; NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio; * Mann-Whitney U test; † Chi-Square test.

1.75
1.9±0.7

0.24

1.12-7.40

0.10-0.62

2.59

0.27

2.7±1.2

0.3±0.1
MLR

NLR

60.5
39.5
49
32
Localization
Distal femur
Proximal humerus

56.8
43.2
46
35
Gender
Female
Male

RESULTS

0.2±0.1

1.35-7.46
2.33
2.7±1.4

10
10

11
9

50.0
50.0

0.3±0.1

0.10-0.46

0.75-3.68

0.520†
0.885†
52.0
48.0
52
48
55.0
45.0

26-79
59
56.0±15.1
21-85
52
53.1±10.4
Age (year)

specificity of these cut-offs values, and positive and
negative predictive values are presented. Effect of
NLR and MLR on diagnosis was evaluated with
multivariate logistic regression. Results of these
analyses are presented as odds ratios (ORs) with 95%
confidence intervals (CIs). P values of <0.05 were
considered to be statistically significant.

0.06-0.51

-

0.818*
0.152*
19-76
54
50.9±13.6

p
p
p

0.136*

G1 vs G3
G1 vs G2

Min-Max
Median
Mean±SD

Controls (G3) (n=100)

%
n
Min-Max
Median
Mean±SD
%

Chondrosarcoma patients (G2) (n=20)

n
Min-Max
Median
Mean±SD
%

Enchondroma patients (G1) (n=81)

n

Table III
Evaluation of enchondroma patients, chondrosarcoma patients and control groups

0.806†
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Of 101 identified patients, 81 were diagnosed with
enchondroma and 20 with low-grade chondrosarcoma.
Distal femur was the most common location
for enchondromas (n=49), followed by proximal
humerus (n=32). Half of the chondrosarcomas were
located in distal femur and half in proximal humerus
(Table I). No difference was observed for gender and
age between study and control groups (Table II).
Neutrophil-to-lymphocyte ratio and MLR of the
study group were found to be significantly higher
than the control group (p<0.001) (Table II). However,
no statistically significant difference was found
for NLR and MLR values between enchondroma
and low-grade chondrosarcoma groups (p=0.522,
p=0.574, respectively). Neutrophil-to-lymphocyte
ratio and MLR were significantly elevated in both
enchondroma and chondrosarcoma groups compared
to control group (p<0.001, p=0.002, respectively)
(Table III).
Presence of a statistically significant cut-off value
in NLR and MLR was evaluated with ROC analysis.
This showed that NLR and MLR held diagnostic
importance with statistically significant cut-off values
(Table IV). Results of ROC analysis are presented in
Figure 1. Statistically significant cut-offs for NLR and
MLR were ≥2.0 (sensitivity=73.3%, specificity=67%)
and ≥0.2 (sensitivity=76.2%, specificity=63%),
respectively. Cut-offs for NLR and MLR defined by
ROC analysis were used to categorize patients in
the study and control groups. Multivariate logistic
regression analysis was performed adjusting for age
and gender and NLR ≥2 (OR=3.1) or MLR ≥0.2 (OR=2.9)
were found to be associated with approximately
three-fold risk for diagnosis of enchondroma or lowgrade chondrosarcoma (Table V).

DISCUSSION
Our study showed that pre-treatment NLR and
MLR are tripled in enchondroma and low-grade
chondrosarcoma patients compared to matched
controls although it does not support use of NLR
and MLR on determining the aggressiveness of
cartilaginous bone tumors.[13]
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Table IV
Statistical parameters of various diagnostic approaches for predictive value of preoperative neutrophil-to-lymphocyte ratio and
monocyte-to-lymphocyte ratio
Parameter

AUC (95% CI)

p

Cut-off

Sensitivity (%)

NLR

0.740 (0.672-0.809)

MLR

0.748 (0.680-0.816)

Specificity (%)

PPV (%)

<0.001

≥2

<0.001

≥0.2

NPV (%)

73.3

67

69.2

71.3

76.2

63

67.5

72.4

AUC: Area under curve; CI: Confidence interval; PPV: Positive predictive value; NPV: Negative predictive value; NLR: Neutrophil-to-lymphocyte ratio; MLR:
Monocyte-to-lymphocyte ratio.

Enchondroma is common and often diagnosed
incidentally; however, despite described benign
radiological and clinical findings, distinguishing
these from the aggressive form, low-grade
chondrosarcoma, requires high suspicion and
careful approach. Even with modern diagnostic

ROC Curve

1.0

Systemic inflammatory biomarkers such as NLR
and MLR in clinical management of neoplasms have
recently started emerging as valid alternatives to
conventional methods having been shown to correlate
with diagnosis and/or prognosis in different kinds of
tumors.[7-12] Current interest in utilizing these ratios
seems justified as these are readily available values
derived from routine complete blood count with no
economic burden.

Sensitivity

0.8

0.6

0.4

0.2
NLR
MLR
Reference line

0.0
0.0

techniques such as bone scintigraphy and
fluorodeoxyglucose positron emission tomographycomputed tomography, confident diagnosis remains
a challenge.[2] Noninvasive biomarkers are often
used in diagnosis of other neoplasms such as
ovarian cancer, prostate cancer, gastric cancer, lung
cancer, and many others.[14] A similar approach to
cartilaginous tumors of the skeleton would increase
the much-needed diagnostic precision.

0.2

0.4
0.6
Specificity

0.8

1.0

FIGURE 1. Receiver operating characteristic curves for NLR
and MLR.
NLR: Neutrophil-to-lymphocyte ratio; MLR: Monocyte-to-lymphocyte ratio;
ROC: Receiver operating characteristic.

Table V
Multivariate logistic regression analysis for NLR and MLR
on enchondroma and chondrosarcoma
Multivariate logistic
regression analysis model*
Adjusted OR (95% CI)

p

NLR ≥2 (ref: <2.25)

3.1 (1.5-6.5)

0.002

MLR ≥0.2 (ref: <0.2)

2.9 (1.4-6.1)

0.004

* Logistic regression analyses adjusted for gender and age; OR: Odds
ratio; CI: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; MLR:
Monocyte-to-lymphocyte ratio.

A 2014 meta-analysis of over 40,000 solid
malignancy patients showed that the median cutoff of 4 can be regarded as an indicator of worse
outcome.[15] Thio et al.[16] and Wang et al.[17] have
found that 3 would be a reasonable cut-off value in
estimating prognosis in cancer patients with bone
metastases. We had a different approach where
we aimed to shed light on current challenges in
differential diagnosis of two cartilaginous tumors
with different aggressiveness. The literature suggests
that a tumor with malignant characteristics would
be associated with elevated neutrophils which
secrete large amounts of reactive oxygen species
and vascular endothelial growth factors that induce
deoxyribonucleic acid damage, angiogenesis and
promote tumor microenvironment.[18,19] Neutrophils
are also suggested to negatively influence
T-cell activation which results in reduced
lymphocyte-mediated immune response.[20,21] In
addition, increased number of tumor-associated
macrophages, originating from circulating
monocytes, has been shown to be correlated with
malignant characteristics.[22] In our study, the rates
of NLR and MLR were significantly higher in the
cartilaginous tumor groups such as enchondroma
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and low-grade chondrosarcoma compared to the
control group. Our initial expectation was that
chondrosarcoma would be associated with higher
NLR and MLR which would enable differentiation
from enchondroma. However, our study has shown
no statistically significant difference between these
tumors which may be due to complex inflammatory
characteristics of cartilaginous tumors or the small
sample size, which we acknowledge as a limitation.
Another limitation would be the retrospective,
single-center nature of the study. We believe
that future studies with larger sample sizes are
necessary to further explore the characteristics of
inflammation and role of systemic inflammatory
biomarkers in cartilaginous skeletal tumors.
In conclusion, NLR and MLR have diagnostic
value in cartilaginous tumors such as enchondroma
and low-grade chondrosarcoma. However, our results
do not support utilization of NLR and MLR as
diagnostic value for differentiation of enchondroma
and low-grade chondrosarcoma.
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