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Primary malignant bone tumors originate from bone
tissue and are generally rarer than secondary bone
tumors. Primary bone tumors account for about 0.2%
of all neoplasms.! Osteosarcoma, chondrosarcoma,
and Ewing’s sarcoma are the most common primary
malignant tumors of the bone, representing 35%,
30%, and 16% of all cases, respectively.” These
tumors are diagnosed clinically, radiologically, and
histopathologically, and there are many factors that
affect prognosis.®¥ In the diagnosis and treatment of
bone tumors, studies on blood values for diagnostic
and prognostic purposes have been increasing in
recent years."

Inflammation has a significant role in tumor
progression and metastasis, and platelets (PLTs)
also play an essential role in inflammation.!) Some
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ABSTRACT

Objectives: This study aims to investigate the diagnostic and
prognostic role of mean platelet volume (MPV) and MPV/platelet
(PLT) ratio in primary malignant bone tumors.

Patients and methods: We retrospectively investigated patients
with primary malignant bone tumors between January 2010 and
January 2019 and included 109 patients (69 males, 40 females;
mean age: 41.9+17.9 years; range 15 to 86 years) in the study.
A total of 107 healthy volunteers (61 males, 46 females; mean
age: 47 years; range 19 to 61 years) who donated blood to
the blood center of our hospital in 2019 formed the control
group. Demographic features, MPV, PLT counts, mortality, and
recurrence records of the patients were obtained from archives.

Results: Of the 109 patients, 11 were diagnosed with Ewing’s
sarcoma, 52 with chondrosarcoma, and 46 with osteosarcoma. The
tumor was located on the right in 56% of patients and on the lower
extremity in 59.6% of patients. The recurrence rate was 41.3%
in the patient group. Of the 109 patients, 17 (15.6%) resulted in
exitus at follow-up. The mean PLT value of the patient group was
significantly higher than the control group (289,440 vs. 247,299,
p<0.001). The median MPV and MPV/PLT ratios were statistically
significantly lower in the patient group than in the control group
(8.3 vs. 10.5, p<0.001 and 0.032 vs. 0.043, p<0.001, respectively).
The MPV, PLT count, and MPV/PLT ratio were not associated
with mortality and recurrence. The cut-off value was determined
as >9.25 fL for MPV (sensitivity=74%, specificity=85%, positive
likelihood ratio=4.96, positive predictive value=83.4%, and
negative predictive value=76.5).

Conclusion: Consequently, MPV and MPV/PLT ratios can be
used as a diagnostic support parameter in primary malignant bone
tumors, but have no prognostic value.

Keywords: Bone tumor, mean platelet volume, platelet count.

PLT indices are related with prognosis of various
cancers, including breast cancer, laryngeal cancer,
colorectal cancer, pancreatic cancer, gastric cancer,
and non-small cell lung cancer.” Platelet count
and mean platelet volume (MPV) are two main
characteristics to evaluate PLT activation.’! Mean
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platelet volume is a PLT volume index and there are
several opinions regarding the decrease of MPV in
neoplastic processes. According to one of these, the
inflammatory condition associated with carcinoma
is thought to lead to excessive PLT consumption
and, consequently, to a recently confirmed MPV
reduction.P1?!

To the best of our knowledge, there is no study
investigating the relationship between primary
malignant bone tumors and MPV and MPV/PLT
ratio in the literature. Therefore, in this study, we
aimed to investigate the diagnostic and prognostic
role of MPV and MPV/PLT ratio in primary
malignant bone tumors.

PATIENTS AND METHODS

We retrospectively investigated patients with
primary malignant bone tumors between January
2010 and January 2019 at Dr. Abdurrahman
Yurtaslan Oncology Training and Research
Hospital. Demographic features, MPV, PLT counts,
mortality, and recurrence records of the patients
were obtained from archives. All MPV and PLT
values of patients were recorded before biopsy or
any treatment (surgery, neoadjuvant radiotherapy
or chemotherapy). A total of 109 patients (69 males,
40 females; mean age: 41.9£17.9 years; range 15 to
86 years) diagnosed with Ewing’s sarcoma (n=11),
chondrosarcoma (n=52), and osteosarcoma (n=46)
were included. The MPV and PLT values of 107
healthy volunteers (61 males, 46 females; mean age:
47 years; range 19 to 61 years) who referred to our
hospital blood center in 2019 and were similar in age
and sex to the patient group constituted the control
group. Patients with hematological disease, infection,
and autoimmune disease were excluded. The study
protocol was approved by the Dr. Abdurrahman
Yurtaslan Oncology Training and Research Hospital
Ethics Committee (Approval No: 2020-06/635). A
written informed consent was obtained from each
participant. The study was conducted in accordance
with the principles of the Declaration of Helsinki.

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Descriptive statistics were presented as
numbers and percentages for categorical variables
and mean * standard deviation, median (min-max)
for continuous variables. Normal distributions for
continuous variables were assessed with visual
(histograms and probability graphics) and analytic
methods (Kolmogorov-Smirnov and Shapiro-Wilk
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test). In the data that do not fit the normal distribution,
Mann-Whitney U test was used for comparison
analysis between the two independent groups and
the independent sample t-test was used for the data
that fit the normal distribution. Comparison analyses
for categorical variables between independent groups
were performed by chi-square test. Diagnostic and
prognostic values of pre-treatment MPV, PLT count
and MPV/PLT ratio were assessed using receiver
operating curve (ROC) analysis. Results presented
following ROC analysis included area under curve
(AUCQ) and cut-off values, sensitivity and specificity
of these cut-off values, likelihood ratio (LHR), positive
predictive value (PPV), and negative predictive
value (NPV).l"12I A p value of <0.05 was considered
statistically significant.

RESULTS

The tumor was located on the right in 56% of patients
and on the lower extremity in 59.6% of patients. The
recurrence rate was 41.3% in the patient group. Of the
109 patients in the patient group, 17 (15.6%) resulted
in exitus at follow-up (Table I). The age and sex
distributions of the control and patient groups were
similar (p=0.871 and p=0.345, respectively). The mean
PLT value of the patient group was significantly higher
than the control group (289,440 vs. 247,299, p<0.001)

TABLE |
Basal demographics of malignancies (n=109)

Characteristic n %
Pathology of malignancies

Ewing’s sarcoma 11 101

Chondrosarcoma 52 47.7

Osteosarcoma 46 42.2
Side

Right 62 56.9

Left 47 431
Localization

Upper limb 28 25.7

Lower limb 65 59.6

Pelvis 13 11.9

Clavicle 1 0.9

Scapula 2 1.8
Recurrence

Yes 45 41.3

No 64 58.7
Exitus

Yes 17 15.6

No 92 84.4
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TABLE Il

Evaluation of patient and control groups (n=216)

Patients (n=109) Controls (n=107)
n % Mean+SD Median Min-Max n % MeanxSD Median  Min-Max p

Age (year) 40 15-86 47 19-61 0.871*
Sex 0.345%

Female 40 36.7 46  43.0

Male 69 63.3 61 57.0
PLT count 289,440+8,409 247,299+5 141 <0.001%
MPV 8.3 6.4-11.7 10.5 8.1-14.0 <0.001*
MPV/PLT ratio 0.032 0.01-0.07 0.043 0.02-0.08 <0.001*
SD: Standard deviation; Min: Minimumx; Max: Maximum; PLT: Platelet; MPV: Mean platelet volume; * Mann-Whitney U test; T Chi-Square test; £ Independent
Sample T test.

(Table II). The median MPV and MPV/PLT ratios were
statistically significantly lower in the patient group
than in the control group (8.3 vs. 10.5, p<0.001 and
0.032 vs. 0.043, p<0.001, respectively). Since the rates
of MPV, PLT count, and MPV/PLT showed significant
differences in patient/control group comparison,
we evaluated the diagnostic predictability of all
three parameters for bone tumors via ROC analysis
(Figure 1). The highest significant AUC value was
obtained for MPV (AUC=0.894) and then for MPV/PLT
ratio (AUC=0.786) (Table III). The AUC value obtained
for PLT count was statistically significant but weak
(AUC=0.657).

The cut-off value was determined as >9.25 fL for
MPV (sensitivity=74%, specificity=85%, +LHR=4.96,
PPV=83.4%, and NPV=76.5). When the cut-off
values obtained for all three parameters and the
sensitivity, specificity, +LHR, PPV, and NPV values
of these cut-off values were analyzed, values of
MPV 9.25 and below were better than the other two
parameters (MPV/PLT ratio and PLT count) in the
diagnostic approach for the disease (sensitivity=74%,
specificity=85%, +LHR=4.96, PPV=83.4%, and

NPV=76.5). The predictability of MPV, PLT count,
and MPV/PLT ratio for mortality and recurrence
was evaluated by ROC analysis (Table IV). The AUC

Statistical parameters of various diagnostic approaches for-lp-)‘::c:-iftil\::a value of preoperative MPV, PLT count, and MPV/PLT ratio
(n=216)

AUC 95% Cl p Cut-off  Sensitivity (%)  Specificity (%) +LHR PPV (%) NPV (%)
PLT 0.657 0.584-0.730 <0.001 >257.5 60.6 63.6 1.66 62.9 61.3
MPV/PLT ratio 0.786  0.725-0.846 <0.001 <0.033 66.1 85 4.42 81.8 711
MPV 0.894 0.853-0.934 <0.001 <9.25 74.3 85 4.96 83.4 76.5
AUC: Area under curve; Cl: Confidence interval; +LHR: Positive likelihood ratio; PPV: Positive predictive value; NPV: Negative predictive value; PLT: Platelet;
MPV: Mean platelet volume.

TABLE IV

Predictability of mortality and recurrence for PLT count, mean PLT volume and mean PLT

volume/PLT ratio using receiver operating curve analysis (n=107)

Mortality Recurrence
AUC 95% ClI p AUC 95% CI p
PLT 0.561 0.395-0.727 0.428 0.625 0.519-0.732 0.027
MPV/PLT ratio 0.549 0.384-0.714 0.526 0.591 0.483-699 0.107
MPV 0.505 0.352-0.659 0.943 0.501 0.392-0.610 0.985
AUC: Area under curve; Cl: Confidence interval; PLT: Platelet; MPV: Mean platelet volume.
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FIGURE 1. Receiver operating characteristic curves for mean PLT volume (a), mean PLT volume/PLT ratio, and PLT (b).

(a) Smaller results of mean PLT volume and mean PLT volume/PLT ratio indicate more diagnostic positive test for sarcomas. (b) Larger results of PLT indicate

more diagnostic positive test for sarcomas; MPV: Mean platelet volume; PLT: Platelet.

values of all three parameters were below 0.7. The
MPV, PLT, and MPV/PLT ratio were not associated
with mortality and recurrence.

DISCUSSION

Measurement of MPV is noninvasive, cheap, and
quick, and may therefore serve as a valuable
predictor.” Our study is the first that examined the
relationship between MPV, PLT count, MPV/PLT
ratio, and primary malignant bone tumor. The main
finding of the study presented is that MPV and
MPV/PLT ratio were lower in primary malignant
bone tumor patients than in the control group and
can be used in diagnosis.

The MPV is a precise measurement of the
dimensions calculated by hematological analyzers
based on volume distribution during the routine
blood morphology test and while MPV ranges
from 7.5 to 12.0 fL, the percentage of large PLTs
should be equal to 0.2 to 5.0% of the entire PLT
population.”? In physiological conditions, MPV
is inversely proportional to the number of PLTs
associated with the maintenance of homeostasis
and conservation of fixed PLT mass.® Therefore,
some researchers indicate that MPV should always
be assessed together with PLT count as there is a
nonlinear inverse relationship between MPV and
PLT count. Thus, we have evaluated not only MPV,
but also MPV/PLT ratio in this study.

There was a relationship between MPV and
cardiac diseases, cerebrovascular ischemia,
respiratory, diseases and some rheumatic
diseases.”! In recent years, studies investigating the
relationship between MPV and malignancy have
been increasing.>?" Inagaki et al.' in patients with
non-small cell lung cancer showed a significant
reduction in MPV and MPV/PLT ratio. The authors
believe that the decrease in these parameters is
caused by inverse nonlinear correlation between
PLT count and their volume. Yun et al.l"
demonstrated reduced MPV in renal cell cancer
patients compared to healthy volunteers. A study
by Kumagai et al.'! confirmed a lower MPV level
in patients with lung cancer compared to healthy
subjects in the control group. In addition, Aksoy
et al.l”! showed reduced MPV in solid tumors that
metastasized to the bone marrow. In this study, we
found reduced MPV and MPV/PLT ratio in patients
with malignant bone tumor compared to normal
healthy volunteers. Therefore, we believe that MPV
and MPV/PLT ratio can be used for diagnostic
purposes in malignant bone tumors.

There are studies in the literature about the
reduction of MPV in neoplastic processes, and there
are some hypotheses regarding this situation. The
first hypothesis is that the inflammatory condition
associated with carcinoma leads to excessive PLT
consumption and MPV reduction."” Another view
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states that this decrease in MPV may be due to
the interference of blood cells into angiogenesis,
migration, and invasion of cancer cells.”! Despite
these views, there are publications showing the
relationship between malignancies and increased
MPV. Kurt et al.l¥! suggest that in patients with
chronic liver diseases, MPV can be a potential
marker of liver cancer. The authors showed
that MPV levels in patients with hepatocellular
carcinoma were significantly higher compared
to patients with chronic hepatitis and healthy
subjects. Similarly, Li et al.?” showed increased
MPV in colon cancer patients compared to the
normal population. Therefore, we think that further
studies are needed to investigate the biological
relationship between MPV and cancer.

Although the number of studies that have
investigated the biological association between
MPV and cancer progression is limited, recent
clinical reports demonstrated the negative effect of
a low MPV on the prognosis of cancer patients.4¢!
Ried] et al.?! found a negative relationship between
low MPV values and survival in various types of
cancer. Similarly, there are publications linking
low MPV with poor prognosis in non-small cell
lung cancer.t4 In this study, no relationship was
found between the prognosis of malignant bone
tumors and MPV and MPV/PLT ratio. We attribute
this to many other factors (treatment methods,
distant organ metastases etc.) that may affect
prognosis. In addition, the treatment methods of
bone tumors included in this study are different and
Ewing’s sarcoma is a member of sarcoma primitive
neuroectodermal tumors (PNET). However, we
think that further studies are needed investigating
the relationship between prognosis of malignant
bone tumors and MPV and MPV/PLT ratio.

This study has some limitations. Smoking status,
which may affect the MPV and MPV/PLT ratio, has
not been recorded. Similarly, there is no record of
drugs considered to be effective on MPV. Another
limitation is that malignant bone tumors evaluated
in this study had different biological behaviors
and treatments. Moreover, this was a single-center
retrospective study. Still, our study is valuable
since it is the first to investigate the relationship
between primary malignant bone tumors and MPV
and MPV/PLT ratio.?

In conclusion, MPV and MPV/PLT ratios can be
used as a diagnostic support parameter in primary
malignant bone tumors, but have no prognostic
value. Given the full availability and accessibility
of these indices, more extensive prospective studies
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are needed to clarify their potential role in primary
malignant bone tumors.
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