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Osteosarcoma is the most common primary malignant
bone malignancy which accounts for about two-
thirds of all cases."? Most of the osteosarcomas are
classified as traditional type, high-grade tumors, and
diagnosed by radiological examinations and biopsy.
Typical osteosarcomas are osteoblastic or osteolytic
lesions which can be demonstrated with a periosteal
reaction on conventional radiographs. However,
osteosarcoma can break out beyond the traditional
types of findings, and diagnosing some of its variants
is difficult for clinicians.®! Serum tumor markers used
in the diagnosis of osteosarcoma usually result in a
very little success. While the response to treatment
and disease prognosis can be estimated with the help
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ABSTRACT

Objectives: This study aims to evaluate the diagnostic and
prognostic significance of neutrophil-to-lymphocyte ratio (NLR),
platelet-to-lymphocyte ratio (PLR), and lymphocyte-to-monocyte
ratio (LMR) values in patients with osteosarcoma.

Patients and methods: A total of 172 patients (111 males,
61 females; mean age: 24.3+15.3 years; range, 7 to 82 years)
diagnosed with osteosarcoma in our institution between January
2002 and December 2018 were retrospectively analyzed. A total
of 165 healthy individuals (115 males, 50 females; mean age:
20.2+9.2 years; range, 10 to 65 years) who did not have infectious,
rheumatological or hematological diseases or any pathological
finding were assigned as the control group. The clinical, laboratory,
and demographic findings of the patients were obtained from
hospital records. Pre-treatment NLR, PLR, and LMR values were
calculated in all patients. Diagnostic and prognostic values of
pre-treatment NLR, PLR and LMR were assessed using receiver
operating curve (ROC) analysis. The Kaplan-Meier method was
used for survival analysis.

Results: For diagnostic approach, the highest significance in
area under the curve (AUC) values was obtained for NLR
(AUC=0.763). The AUC for PLR and LMR was statistically
significant, while the statistical power was weak compared
to NLR (AUC=0.681 and 0.603). The NLR, PLR, and LMR
were found to be predictors of mortality. The cut-off value was
found to be 3.28 for NLR, 128 for PLR, and 4.22 for LMR.
The prognostic value of NLR for mortality was higher than
(AUC=0.749) PLR (AUC=0.688) and LMR (AUC=0.609). The
NLR, PLR, and LMR were associated with overall survival (OS).
There was a significant difference in the median OS time among
the NLR, PLR, and LMR values (log-rank test order p<0.001,
p=0.001, and p=0.004, respectively).

Conclusion: Based on our study results, pre-treatment NLR,
PLR and MLR have diagnostic and prognostic values in
osteosarcoma.

Keywords: Diagnostic significance, neutrophil/lymphocyte ratio,
osteosarcoma, prognostic significance.
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of some serum markers, there is no inexpensive and
widely available marker to help in diagnosis.” Besides,
poor prognosis and high mortality rates in metastatic
osteosarcoma are similar to those of 20 years ago,
despite current multimodality treatment.”

An increasing number of evidence has shown
that, in cancer patients, host-related variables may
help in diagnosis with an impact on prognosis.
In particular, systemic inflammatory response
and related variables are reported to have a
remarkable effect.’”] Demonstration of the increased
presence of inflammatory cells in the tumor local
microenvironment has also triggered the interest
in markers, such as circulating leukocyte counts
and neutrophil-to-lymphocyte ratio (NLR).®! It has
been shown that inflammation-based scores may
contribute to diagnostic and prognostic evaluation in
various types of cancer.b

In the literature, prognostic markers calculated
on the basis of inflammatory cells are shown to
have a prognostic value in osteosarcoma patients.
However, both the diagnostic and prognostic effects
of these markers on osteosarcoma have not been
fully clarified. In the present study, we aimed to
investigate the effect of prognosis of the levels of
pre-treatment inflammatory markers (NLR, platelet-
to-lymphocyte ratio [PLR], and lymphocyte-to-
monocyte ratio [LMR]) on patients with osteosarcoma
and to compare them with the healthy controls for
identifying the diagnostic value.

PATIENTS AND METHODS

This single-center, retrospective study was
conducted at Dr. Abdurrahman Yurtaslan Ankara
Oncology Training and Research Hospital,
Department of Orthopedics and Traumatology,
between January 2002 and December 2018. A total
of 172 patients (111 males, 61 females; mean age:
24.3£15.3 years; range, 7 to 82 years) diagnosed with
osteosarcoma in our institution were included.
A total of 165 healthy individuals (115 males,
50 females; mean age: 20.2+9.2 years; range, 10 to 65
year) who did not have infectious, rheumatological
or hematological diseases or any pathological
finding were assigned as the control group. The
control group who referred to the outpatient clinic
of orthopedic and traumatology with non-specific
symptoms was similar in terms of age and sex to
the patient group. A written informed consent was
obtained from each participant and/or his/her legal
guardian. The study protocol was approved by
the Dr. Abdurrahman Yurtaslan Ankara Oncology
Training and Research Hospital Ethics Committee
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(date/no: 2020-06/647). The study was conducted in
accordance with the principles of the Declaration of
Helsinki.

Patients with a histopathologically confirmed
osteosarcoma diagnosis who had no previous
anticancer treatment and who had complete medical
and follow-up records were included. Patients
with elevated C-reactive protein results, who were
lost to follow-up, those with diabetes mellitus,
infections disease, rheumatological diseases and
other inflammatory diseases, any hematological
disease, previously treated with non-steroid anti-
inflammatory drugs, and those with missing medical
records were excluded from the study. Clinical and
demographic data of the patients were reviewed
from the hospital records. Age, sex, tumor location,
side, pre-treatment complete blood count results,
date of diagnosis, the final follow-up date, surgical
procedure, the status of metastasis at diagnosis,
mortality, and recurrence records were reviewed
from the patient files. The NLR and PLR were
calculated as the absolute count of neutrophils
and platelets, respectively, divided by the absolute
lymphocyte count. The LMR was calculated as the
absolute count of lymphocyte divided by the absolute
monocyte count.

Statistical analysis

Statistical analysis was performed using the
IBM SPSS for Windows, version 22.0 software
(IBM Corp., Armonk, NY, USA). Descriptive
statistics are presented in number and percentage
for categorical variables and in mean + standard
deviation or median (min-max) for continuous
variables. Normal distribution for continuous
variables were assessed with visual (histograms
and probability graphics) and analytic methods
(Kolmogorov-Smirnov test). In the data that do
not fit the normal distribution, the Mann-Whitney
U test was used for comparison analysis between
the two independent groups. Comparison analyses
for categorical variables between independent
groups were done by chi-square test. Diagnostic
and prognostic values of pre-treatment NLR,
PLR, and LMR were assessed using the receiver
operating curve (ROC) analysis. The area under the
ROC curve (AUC) results were considered excellent
for AUC values between 0.9-1, good for AUC values
between 0.8-0.9, fair for AUC values between
0.7-0.8, poor for AUC values between 0.6-0.7,
and failed for AUC values between 0.5-0.6.113%]
Following the ROC analysis results, the AUC and
cut-off values, sensitivity and specificity of these
cut-offs, likelihood ratio (LHR), positive predictive
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TABLE |

Baseline demographic characteristics of patients with
osteosarcoma (n=172)

Characteristic n %
Localization
Femur 98 57.0
Tibia 30 17.4
Humerus 16 9.3
Fibula 13 7.6
Pelvis 12 7.0
Shoulder 1 0.6
Scapula 1 0.6
Radius 1 0.6
Metastasis at diagnosis
No 152 88.4
Yes 20 11.6
Mortality
Non-survivors 76 44.2
Survivors 96 55.8

value (PPV) and negative predictive value (NPV)
were calculated. Survival analyses were performed
using the Kaplan-Meier method and log-rank test.
A p value of <0.05 was considered statistically
significant.

RESULTS

Of the patients with osteosarcoma, 11.6% of the
patients had metastases at the time of diagnosis,
while 44.2% of the patients died during follow-up.
According to the localization, tumors were mostly
located in the femur (57%) and tibia (17.4%). The
age and sex distributions of the control and the
patient groups were similar (p=0.528 and p=0.313,
respectively) (Table I).

There was no significant correlation between age
and NLR (r=0.052, p=0.337), PLR (r=0.054, p=0.320)
and LMR (r=0.046, p=0.396). The NLR (p=0.544), PLR
(p=0.796) and LMR (p=0.364) between the age groups
of <18 years old and >18 years old were similar. When
it was evaluated separately for patient and control
groups, each NLR (pcontro1=0.938, ppatients=0.243), PLR
(pcontrol:0-504/ ppatientszo-zgz)/ and LMR (pcontr01:0-658/
ppatients:O.SSS) among age groups of <18 years old and
>18 years old were found to be similar.

The NLR and PLR values of the sarcoma group
were significantly higher than the controls (p<0.001)
(Table II). The LMR values were statistically
significantly lower in the sarcoma group, compared to
the controls (p=0.001). The diagnostic power of NLR,
PLR, and LMR with ROC analysis was evaluated
(Figure 1). Accordingly, the highest significance in
AUC values was obtained for NLR (AUC=0.763).
The calculated value of AUC for PLR and LMR was
statistically significant, while the statistical power
was weak, compared to NLR (AUC=0.681 and 0.603).

The cut-off values were determined for all three
parameters, and sensitivity, specificity, + LHR,
PPV, and NPV values of the cut-off values were
calculated. The predictability of NLR values of
22.45 in the diagnostic approach for osteosarcoma
was higher than the other two parameters
(sensitivity=64.5%, specificity=78.8%, + LHR=3.04,
PPV=75%, and NPV=67.7) (Table III). The cut-off
value for PLR was found to be 119 (sensitivity=60.5%,
specificity=64.2%, + LHR=1.69, PPV=63.4%, and
NPV=60.7) for diagnostic approach.

The predictability of NLR, PLR, and LMR values
for mortality was evaluated by the ROC analysis and
the statistical significance of AUC values obtained
from ROC analysis was presented in Table IV and
Figure 2. The NLR, PLR, and LMR were found to be

TABLE Il

Comparison of patients and control groups (n=337)

Controls (n=165)

Patients (n=172)

n % Median Min-Max n % Median Min-Max p

Age (year) 19 10-65 19 7-82 0.520*
Sex 0.313**

Male 115 697 111 64.5

Female 50 30.3 61 35.5
Neutrophil-to-lymphocyte ratio 1.83 0.11-9.18 3.33 0.46-13.51 <0.001*
Platelet-to-lymphocyte ratio 110.53 63.7-296.7 127.84 40.51-807.8  <0.001*
Lymphocyte-to-monocyte ratio 4.81 1.1-9.13 4.19 0.66-20.9 0.001*

Min: Minimum; Max: Maximum; * Mann-Whitney U test; ** Chi-square test.
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FIGURE 1. Receiver operating characteristic (ROC) curves for diagnostic value of the NLR (a), PLR (a), and LMR (b). (a) Larger
results of NLR and PLR indicate more diagnostic positive test for sarcomas. (b) Smaller results of LMR indicate more diagnostic

positive test for sarcomas.
NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio.

The median overall survival (OS) duration of the
osteosarcoma patients was 46.6 (range, 22.4 to 70.82)
months. While the one-year OS rate was 86.2%,
the three-year OS rate decreased to 59.7% and the

predictors of mortality. The cut-off value was found to
be 3.28 for NLR, 128 for PLR, and 4.22 for LMR. The
prognostic value of NLR for mortality was higher than
(AUC=0.749) PLR (AUC=0.688) and LMR (AUC=0.609).

TABLE Il

Statistical analysis of various diagnostic approaches for the predictive value of pre-treatment NLR, PLR and LMR (n=337)

AUC (95% ClI) P Cut-off Sensitivity Specificity +LHR PPV NPV

(%) (%) (%) (%)

NLR 0.763 (0.711-0.814) <0.001 >2.45 64.5 78.8 3.04 75 67.7

PLR 0.681 (0.624-0.738) <0.001 2119 60.5 64.2 1.69 63.4 60.7

LMR 0.603 (0.542-0.663) 0.001 <4.47 59.9 60.6 1.54 61.3 59.2
AUC: Area under the curve; Cl: Confidence interval; +LHR: Positive likelihood ratio; PPV: Positive predictive value; NPV: Negative predictive value; NLR: Neutrophil-to-

lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio.

TABLE IV

Statistical analysis of various prognostic approaches for the predictive value of pre-treatment NLR, PLR and LMR (n=172)

AUC (95% ClI) P Cut-off Sensitivity Specificity +LHR PPV NPV

(%) (%) (%) (%)

NLR 0.749 (0.675-0.824) <0.001 >3.28 61.8 76 2.58 67.1 71.6

PLR 0.688 (0.608-0.768) <0.001 >128 68.4 64.6 2.01 60.5 721

LMR 0.609 (0.525-0.664) 0.014 <4.22 63.2 57.3 1.47 53.9 66.3
AUC: Area under the curve; Cl: Confidence interval; +LHR: Positive likelihood ratio; PPV: Positive predictive value; NPV: Negative predictive value; NLR: Neutrophil-to-

lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio.
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FIGURE 2. Receiver operating characteristic (ROC) curves for prognostic value of the NLR (a), PLR (a), and LMR (b). (a) Larger
results of NLR and PLR indicate more prognostic positive test for sarcomas. (b) Smaller results of LMR indicate more diagnostic
positive test for sarcomas.

NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio.

TABLE V

Overall survival rates (n=172)
Log Rank test Overall survival, 1-year 3-year 5-year 10-year
(p) months survival rate survival rate survival rate survival rate
Median (95% Cl) (%) (%) (%) (%)
All patients = 46.6 (22.4-70.82) 86.2 59.7 47.2 39.0
NLR <0.001
<3.28 87.3 (62.8-111.7) 92.3 76 67.7 47.8
>3.28 31.7 (22.7-40.6) 78.0 39.7 23 35.3
PLR 0.001
<128 92.4 (74.7-112.9) 89.7 73.3 65.3 43.5
>128 36.0 (29.2-42.7) 83 48.9 33.7 36.2
LMR 0.004
<4.22 73.6 (44.1-103.2) 90.8 73.2 61.6 40.2
>4.22 33.6 (27.8-39.4) 82 47.5 34.3 38.2
Cl: Confidence interval; NLR: Neutrophil-to-lymphocyte ratio; PLR: Platelet-to-lymphocyte ratio; LMR: Lymphocyte-to-monocyte ratio.

10-year OS rate to 39% (Figure 3a). There was a DISCUSSION
signifi.cant difference in the median OS time In the current study, we evaluated factors showing
according to NLR, PLR, and LMR values (log-rank the systemic inflammatory response from two

test order p<0.001, p=0.001, and p=0.004, respectively) different perspectives. Pre-treatment values of
(Table V, Figures 3b-d). NLR, PLR, and LMR in the peripheral blood of
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FIGURE 3. Kaplan-Meier curves for overall survival. (a) Overall survival curve and of patients with osteosarcoma. The OS
rates of patients at 1, 3, 5, and 10 years after surgery were 86.2, 59.7, 47.2 and 39%, respectively. (b) Overall survival curve
of patients with osteosarcoma in different NLR groups. (c) Overall survival curve of patients with osteosarcoma in different

PLR groups. (d) Overall survival curve of patients with osteosarcoma in different LMR groups.

OS: Overall survival; NLR: Neutrophil-to-lymphocyte ratio; LNLR: Low neutrophil-to-lymphocyte ratio; HNLR: High neutrophil-to-lymphocyte ratio;
LPLR: Low platelet-to-lymphocyte ratio; HPLR: High platelet-to-lymphocyte ratio; LLMR: Low lymphocyte-to-monocyte ratio; HLMR: High lymphocyte-
to-monocyte ratio.

osteosarcoma patients were found to be diagnostic our study confirmed that high NLR, PLR, and low
and prognostic values. The prognostic value of pre- LMR were Sigl‘liﬁCaI’ltly associated with poor OS.
treatment inflammatory markers (NLR, PLR, and

To the best of our knowledge, the current study
LMR) in the osteosarcoma patients was mentioned in is the one of the premise studies showjng both

the literature.>>' Consistent with previous studies, diagnostic and prognostic value of inflammatory
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based markers.!"”? We demonstrated that inflammatory
markers, particularly NLR, could be significantly
supportive in diagnosing osteosarcoma. In a patient
having a suspicion of osteosarcoma, the clinical
suspicion increased, when the NLR value was >2.45,
while the probability of the disease progressing with
poor prognosis became stronger, if the pre-treatment
NLR was >3.28.

In a study, the NLR cut-off values were found to be
3.43 for OS and 3.67 for progression-free survival, and
it was found that the probability of poor prognosis
on both parameters increased in patients with NLR
values above the cut-off." The prognostic value
calculations in the current study are consistent with
the literature. Another important finding of the
current study is that the OS rate of patients with an
NLR value of >3.28 was significantly lower at three
(39.7%) and five (23%) years.

Similar to changes in peripheral blood immune
cells, changes in immune infiltrations around
the tumor microenvironment are also reliable
and effective prognostic factors for many tumors,
including bone and soft tissue sarcomas.’ Besides,
early peripheral blood lymphocyte recovery after
initiation of chemotherapy is a reliable prognostic
indicator for superior outcomes in patients with
osteosarcoma.”?l Considering the aforementioned
information and current study findings, the high
NLR, PLR, and low LMR ratio appeared as a poor
prognostic indicator, which could be due to reflection
of the inability of the host metabolism to respond to
the tumor with sufficient cellular immunity.

In the literature, there are studies on the diagnostic
value of inflammatory variables in malignancies. In a
study, the NLR was shown to have a diagnostic value
for cartilaginous tumors, although it was not found
to be effective in distinguishing the subtypes of the
tumor.” Another study demonstrated that NLR +
LMR combination was effective both in separating
glioma from acoustic neuroma and meningioma, and
differential diagnosis of glioblastoma multiforme
from low-grade gliomas.”? The value of inflammatory
markers was also investigated in determining the
malignancy potential of spinal tumors and the cut-
off value was calculated as 3.19 for NLR and as
141 for PLR value. Malignancy potential of spinal
mass patients with the results above these values
has been reported to be high.® Although there are
studies showing the diagnostic value of inflammatory
markers, a study on ovarian mass reported that NLR
was an ineffective marker in predicting the malignant
characteristics of a pelvic mass.? The findings of the
current study showed that inflammatory variables

could be supportive in diagnosing osteosarcoma such
as spinal masses, cartilaginous tumors, and gliomas.

Nonetheless, there are several limitations
to this study. First, this study has a single-center,
retrospective design. Second, despite its advantages in
this cohort, inflammatory markers were a non-specific
predictor for osteosarcoma and, thus, inevitably had
intrinsic weaknesses and limitations. However, there
are no specific serum markers for osteosarcoma.
Non-specific findings such as NLR, PLR, and LMR
could be beneficial to support the suspicion of clinical
and radiological osteosarcoma for some patients.

On the other hand, the current study has several
strengths. First, the infection markers were evaluated
and the effects of the infection on the inflammatory
markers were prevented by excluding the patients
who were considered to be infected. Second, both
diagnostic and prognostic values of inflammatory
markers were evaluated and cut-off values were
separately specified for both. In the current study, the
clinician should also pay attention to the pre-treatment
high NLR to evaluate the OS in bone masses with
suspected malignancy. The NLR, PLR, and LMR are
simple, low cost, easy to measure with widely used
and standardized tests, and the current study is the
first to demonstrate the diagnostic value of these non-
specific inflammatory markers.

In conclusion, our study results suggest that
patients with a bone mass with malignant potential
have higher levels of NLR and PLR and lower levels
of LMR than healthy individuals. Pre-treatment NLR,
PLR, and MLR have diagnostic and prognostic values
in osteosarcoma, supporting the prognostic value of
inflammatory markers in osteosarcoma. In addition,
NLR may be a superior distinguishing factor to LMR
and PLR. There are many different situations which
determine the prognosis of neoplastic diseases, and
NLR may be one of them. However, the NLR values
cannot be a standalone decision maker in patients with
osteosarcoma, but they can be one of the variables to
be taken into account while making a treatment plan.
Further multi-center, large-scale, prospective studies
are needed to confirm our findings and investigate
the value of the combined use of these inflammatory
markers to prolong the remission time of patients
with osteosarcoma.
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