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Abstract. — OBJECTIVE: Inflammation has a
vital role in tumor development and metastasis.
Changes in blood count parameters have been
associated with tumor prognosis. We aimed to
evaluate the prognostic significance of neu-
trophil to lymphocyte ratio (NLR) in predicting
lung metastasis of giant cell tumors of the bone
(GCTB) of the extremities.

PATIENTS AND METHODS: 34 GCTB pa-
tients (22 males and 12 females) were includ-
ed in the study. Patients were divided into two
groups. The metastasis group (n = 7) included
GCTB patients with lung metastasis, while the
non-metastasis group (n = 27) included those
without lung metastasis. Descriptive statistics
and frequency distribution were calculated [age,
white blood cell (WBC), neutrophil, lymphocyte,
platelets, neutrophil to lymphocyte ratio (NLR),
and platelets to lymphocytes ratio (PLR)]. Con-
tinuous normal variables were expressed as
mean * standard deviation and compared using
Student’s t-tests. The receiver operating charac-
teristic (ROC) curve analysis was used to eval-
uate the ability of NLR and PLR to predict lung
metastasis. The factors were considered to be
statistically significant at p < 0.05.

RESULTS: There were no significant differ-
ences between the lymphocyte count (1.81 vs.
2.23 103/mm3), platelet count (436 vs. 364 10%/
mm?3), and PLR values (247 vs. 190) of the two
groups (p > 0.05). The WBC count (11.8 vs.
8.95 103/mm3), neutrophil count (8.78 vs. 5.69
103/mm3), and NLR levels (5.45 vs. 2.81) (p <
0.05) were significantly higher in the metasta-
sis group. The presence of an NLR cut-off val-
ue of 3.7 significantly predicted the existence of
lung metastasis (AUC = 0.857 [95%CI = 0.714-1],
p = 0.004) with a sensitivity of 85% and specific-
ity of 82%.

CONCLUSIONS: NLR may serve as a prom-
ising prognostic marker for predicting lung me-
tastasis in GCTB patients.
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Introduction

Giant cell tumor of the bone (GCTB) is a ra-
re, invasive, and benign bone tumor consisting
of a large number of osteoclast-like giant cells
between which mononuclear stromal cells are
embedded'?. Metastasis in GCTB occurs most
commonly in the lung, with a reported number
ranging from 1-9%%'°. Accurate prediction of the
prognosis of GCTB remains difficult due to the
scarcity of prospective studies. Many researchers
suggested that some criteria, including grading
and surgical margin, affect the progression of
GCT!""", However, the prognosis of this condition
varied significantly even with the same grade
and surgical approach. Therefore, a better under-
standing of the pathogenesis of GCTB and find-
ing alternative prognostic markers would greatly
improve its clinical treatment.

According to growing data, inflammation
appears to have an important role in the de-
velopment and progression of various cancers.
Impairment of adaptive immune response may
stimulate the initiation of tumor growth and an-
giogenesis'>!?. Inflammation may favor tumori-
genesis phases, including initiation, promotion,
and metastasis progression®’. Various cytokines
are secreted during tumor growth, such as vas-
cular endothelial growth factor (VEGF), inter-
leukins (ILs), and tumor necrosis factor (TNF),
which trigger the production of platelets and
granulocytes'>2!23,
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Some cytokines, such as interleukin (IL)-8, could
contribute to the metastatic potential of tumor cells
via the chemoattraction of neutrophils, which re-
lease enzymes that may enhance metastasis. These
series of enzymes facilitate the remodeling of the
extracellular matrix, which favors tumor angiogen-
esis and permits neutrophil migration. These en-
zymes also activate proteases and weaken cell-cell
interactions, thereby allowing the detachment of
tumor cells from the primary tumor mass**°. It has
been shown that activated platelets enhance tumor
development by secreting cytokines and growth
factors such as interleukin 6, granulocyte colo-
ny-stimulating factor, VEGF, and fibroblast growth
factor. Furthermore, they promote metastatic de-
velopment by causing tumor cell aggregation in
the circulatory system?”2*. Previous research® has
demonstrated that the adaptive and innate immune
system lymphocytes prevent tumor development.
A specific cytotoxic immune response against a
tumor needs a complex interaction between the
adaptive and innate immune systems as the main
immune cells of the human body. Activated neu-
trophils can induce T-cell death and suppress the
proliferation of activated T-cells via an H,0O, de-
pendent pathway, thereby allowing tumor immune
tolerance, which contributes to uncontrolled tumor
growth*. Therefore, inflammation forms the basis
of tumor development, including metastasis.

A complete blood count is the most common
examination performed clinically. Neutrophils,
platelets, and lymphocytes may indicate the im-
mune response and are important value for tumor
prognosis prediction. The predictive value of the
ratio of neutrophils to lymphocytes (NLR) and
platelets to lymphocytes (PLR) have been assessed
in many tumors, including lung, colorectal, breast,
thyroid, and gastric cancer’”**. Based on previous
studies, NLR and PLR can potentially become
predictive factors in tumor prognosis and metasta-
sis. As an element of complete blood count, NLR
and PLR are cost-effective and simple markers for
evaluating inflammation. However, the potential
of NLR and PLR as predictive indicators for lung
metastasis in GCTB has not been systematically
investigated. In this retrospective study, we eval-
uated the diagnostic efficacy of NLR and PLR for
assessing lung metastasis in GCTB.

Patients and Methods

We retrospectively reviewed the clinical data of
patients diagnosed with GCTB of the extremities

at Wahidin Sudirohusodo General Hospital, affil-
iated with the Faculty of Medicine of Hasanuddin
University, between January 2019 — June 2022.
The inclusion criteria comprised the following:
(1) Patients with histopathological diagnosis of
giant cell tumor of the bone at the extremities; (2)
Pre-treatment inflammatory markers were mea-
sured; (3) No infection, hematological disease,
blood transfusion or fever; (4) No concurrent
malignancies; (5) No chronic disease such as dia-
betes and chronic obstructive pulmonary disease;
(6) Radiologic findings of chest computed tomog-
raphy (CT) were assessed. There were nine pa-
tients diagnosed with GCTB but not included in
the study. A total of 34 patients with GCTB who
met the inclusion criteria were finally included in
the study. Hospital records of age, gender, tumor
stage, tumor location, white blood cell count,
absolute neutrophil count, absolute lymphocyte
count, absolute platelet count, and chest CT eval-
uation were collected for each patient. White
blood cell count, absolute neutrophil, platelets,
and lymphocyte count were measured within
three days before operative intervention as part
of routine preoperative laboratory assessments.
Hematological parameters were analyzed by us-
ing a hematology analyzer (The Sysmex XP300
Hematology Analyzer, 2015 Sysmex America
Inc, USA) immediately after blood samples were
taken. NLR and PLR were calculated separately
as the absolute count of neutrophils and plate-
lets divided by the absolute lymphocyte count.
Pulmonary metastasis was established when ab-
normal lesions were found as single or multiple
pulmonary nodules and well-defined opacities on
chest CT. Due to the COVID-19 outbreak in In-
donesia since March 2020, all patients scheduled
for surgery underwent a preoperative COVID-19
test. This study was conducted in accordance with
the Declaration of Helsinki and approved by the
Institutional Review Board (or Ethics Commit-
tee) of Hasanuddin University (245/UN.4.6.4.531/
PP36/2022).

Statistical Analysis

Data analysis was performed using IBM SPSS
Statistics v.23 for Windows (Statistical Pack-
age for Social Science, IBM Corp., Armonk,
NY, USA). The data distribution was analyzed
in terms of normality using the Kolmogor-
ov-Smirnov test. Depending on the normality
of the distribution, continuous normal variables
were expressed as mean = standard deviation
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and compared using Student’s t-tests. In con-
trast, non-normal continuous variates were pre-
sented as median and interquartile range and
compared with the log-rank test. The count data
were presented as frequency or rate. The receiv-
er operating characteristic (ROC) curve analysis
was used to evaluate the ability of NLR and PLR
factors to predict lung metastasis. Sensitivity
and specificity ratios of significant threshold
values were calculated according to the ROC
curve analysis results. The factors were con-
sidered to be statistically significant at p <0.05.
All confidence intervals (CI) were expressed as
a 95% confidence level. Critical appraisal for
this journal was analyzed using STROBE table
(Supplementary Table I)*.

Results

A cross-sectional study involving patients with
giant cell tumors of bone (GCTB) was conducted
in Dr. Wahidin Sudirohusodo Central General
Hospital, Makassar. After selecting patients ac-
cording to the inclusion and exclusion criteria,
there were 34 sample patients to be included in
the data analysis.

Among the 34 patients with GCTB of the
extremities, 22 were males (64.7%), and 12 were
females (35.3%). The mean age of patients was
3473 £ 13.57. At the time of diagnosis, all pa-
tients were stratified according to Campanacci
classification, with 0 (0%) grade I, 4 (12.8%)
grade II cases, and 30 (87.2%) grade III cases.
The most common tumor location was the femur
(n=10) while the least common location (n=1) was
the ulna and ilium. 7 (20.6%) out of 34 patients

Table 1. Baseline characteristic of giant cell bone tumor
patients.

Results (n = 34)

Age, years 3473 £13.57
Gender, male (%) 22 (64.7)
Campanacci staging (%)

Stage | 0

Stage 11 4(12.8)

Stage 111 30 (87.2)
Tumor location (%)

Humerus 4 (11.8)

Radius 7 (20.6)

Ulna 129

Hand 3 (8.9

Ilium 1(2.9)

Femur 10 (29.4)

Tibia 8(23.5)
Lung metastasis (%)

Yes 7 (20.6)

No 27 (79.4)

developed pulmonary metastasis (Table I). Bilat-
eral metastasis occurred in 7 cases, and they had
multiple metastasis lesions. The representative
pulmonary metastasis of GCTB is shown in Fig-
ure 1. Two of seven patients had lung metastasis
within < 3 months of the initial diagnosis of
GCTB (synchronous disease), and five patients
had lung metastasis during follow-up of > 3-31
months (metachronous disease) (Table II). There
were 18 patients with Giant Cell Tumors of
Bone scheduled for surgery since the outbreak
of COVID-19. SARS-Cov-2 (COVID-19- testing
was performed before definitive surgery based
on reverse transcriptase polymerase chain reac-
tion (RT-PCR). Two GCTB patients (11%) were
infected by COVID-19, presenting with asymp-

Figure 1. Representative case of giant cell tumor of bone at the proximal humerus. The radiograph showed osteolytic lesions
with cortical thinning, expansile remodeling, and cortical breakthrough (a). Chest CT showed lung metastasis in the right lung
(b) and left lung (¢) 10 months after the initial operation.
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Table Il. Clinical detailed information of 34 patients with GCTB.

Location Previous Surgery for Local Lung
No Age Gender of tumor Campanacci surgery primary tumor recurrence metastasis
1 35 M Femur 111 No Resection No No
2 46 M Femur II No Curretage No No
3 34 F Femur I No Curretage No No
4 47 F Femur II No Curretage No No
5 51 M Metacarpal I Yes Resection No Synchronous
6 19 M Radius I No Resection Yes Metachronous
7 26 M Radius 11 No Resection No No
8 21 M Tibia I No Resection No Metachronous
9 40 M Tibia 11 No Curretage No No
10 27 F Tibia II No Curretage No No
11 42 M Tibia 111 No Resection No No
12 60 F Ulna 11 No Resection No No
13 26 F Femur I No Curretage No No
14 28 M Femur I No Resection No No
15 47 M Femur I No Resection No No
16 23 M Femur 11 No Resection No No
17 24 M Femur I No Curretage Yes Metachronous
18 22 M Femur 11 No Curretage No No
19 35 M Humerus 111 No Resection No Metachronous
20 43 M Humerus I No Resection No No
21 35 F Humerus 111 No Curretage No No
22 39 M Humerus 11 No Resection No No
23 41 M Ilium 111 No Curretage No Synchronous
24 25 F Phalanx of hand I Yes Resection No No
25 62 F Phalanx of hand I No Curretage No No
26 27 M Radius 111 No Resection No No
27 42 F Radius 11 No Curretage No No
28 19 M Radius 111 No Resection No No
29 19 M Radius 111 No Resection No No
30 28 F Radius I No Resection No No
31 39 F Tibia I No Resection No Metachronous
32 16 M Tibia 111 No Curretage No No
33 72 M Tibia I No Resection No No
34 21 F Tibia I No Curretage No No

tomatic symptoms. Elective surgical procedures
were delayed until the patients were no longer
infectious and had demonstrated negative results
from RT-PCR COVID-19 tests. Until the last fol-
low-up, neither lung metastasis nor complications
had been found in the patients.

Routine preoperative laboratory assessments,
including white blood cell count, absolute neutro-
phil count, absolute lymphocyte count, and plate-
let count, were compared between metastasis and
non-metastasis groups. There was a significant
difference in the WBC count and absolute lym-
phocyte count parameters. WBC counts were
significantly higher in the metastasis group [11.8
+ 3.19 10°/mm?] compared to the non-metastasis
group [8.95 + 2.27 10°mm?] (p=0.009). Neu-
trophil counts were significantly higher in the
metastasis group [8.78 + 2.69 10*/mm?] compared
to the non-metastasis group [5.69 + 1.58 10*/mm?]
(p=0.022). Lymphocyte counts were 1.81 £ 0.7

10°/mm? in the metastasis group and 2.23 + 0.78
10>/ mm?® in the non-metastasis group (p=0.208).
Platelet counts were 436 + 164 10°/mm? in the
metastasis group and 364 + 106 10°’mm’ in
the non-metastasis group (p=0.305) (Table III).
Neutrophil to lymphocyte ratio was significantly
higher in the metastasis group [5.45 £ 2.29] com-
pared to the non-metastasis group [2.81 + 1.37]
(p=0.022) (Figure 2). Platelet to lymphocyte ratio
was higher in the metastasis group [247.41 + 39.8]
compared to the non-metastasis group [190.08 +
98.17]; however, the difference is not statistically
significant (p=0.144) (Figure 3).

The value of NLR level in predicting the pres-
ence of advanced stages of metastasis was evalu-
ated by ROC analysis. It was found that the NLR
cut-off value of 3.7 was significant in predicting
the presence of metastasis (AUC = 0.857 [95%
CI=0.714-1], p=0.004) with a sensitivity of 85%
and specificity of 82% (Figure 4).
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Table Ill. Comparison of inflammation indicators between metastasis group and non-metastasis group.

Non-metastasis group Metastasis group p-value
White blood cell count, 103/mm? 8.95+2.27 11.8 £3.19 0.009
Absolute neutrophil count, 103/mm? 5.69 +1.58 8.78 £2.69 0.022
Absolute Lymphocyte Count, 10> /mm? 2.23+0.78 1.81 +0.70 0.208
Platelet count, 10°/mm? 364 £+ 106 436 + 164 0.305
Neutrophil-lymphocyte ratio 2.81 +£1.37 5.45+2.29 0.022
Platelet-lymphocyte ratio 190.08 + 98.17 24741 +39.8 0.144
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Figure 2. Comparison NLR values of metastasis and non-
metastasis group.

Discussion

Despite seemingly simple, the relationship be-
tween inflammatory markers and outcomes in
tumor patients may involve a complex interac-
tion that is yet little understood. Continuous cell
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renewal and proliferation cause the persistent
inflammatory environment linked with tumors.
The inflammatory tumor microenvironment ul-
timately encourages angiogenesis, tumor prolif-
eration and metastasis through interactions be-
tween malignant and non-malignant cells**. On
the other hand, inflammation inhibits anti-tumor
immune responses, which aids tumors in evading
host immunosurveillance®.

Neutrophil infiltration of the tumor environ-
ment also reflects changes in circulating neutro-
phils. This shows us that the number of circulat-
ing neutrophils in tumor patients may indicate
the presence of tumor metastases*. In fact, by in-
hibiting peripheral leukocyte activation, circulat-
ing tumor-associated neutrophils in patients with
advanced cancer help the circulating tumor cell
survive. As a tumor grows, circulating neutro-
phils rise gradually and change into tumorigenic
tumor-associated neutrophils, distinguished from
naive neutrophils by upregulation of CCL12, CX-
CL2, and Argl?. To facilitate tumor metastasis,
neutrophils can surround circulating tumor cells
in a protective layer. These findings may de-
scribe how neutrophils function in predicting tu-

ROC Curve

AUC = 0857
p=0.004

Sensitivity

T T T T
00 02 04 06 08 10

1 - Specificity

Figure 3. Comparison PLR values of metastasis and non-
metastasis group.
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Figure 4. Receiver operating characteristic (ROC) curve
of NLR in predicting lung metastasis in GCTB patients.
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mor metastasis and therapy*. Cancer-associated
neutrophilia has been demonstrated to facilitate
extracellular matrix remodeling, which triggers
the release of basic fibroblast growth factors,
migration of endothelial cells, and dissociation
of tumor cells. Additionally, neutrophil-derived
reactive oxygen species are known to inhibit
lymphocyte cytotoxicity, reduce the extracellular
matrix’s ability to promote adhesion and suppress
cancer cell apoptosis in the tumor microenviron-
ment25’49’50.

The predictive effect on cancer prognosis may
be strengthened when combined with lymphope-
nia, which also appears to be associated with a
poor prognosis in cancer patients. The substantial
correlation between high densities of tumor-infil-
trating lymphocytes and improved responses to
both cytotoxic therapies and outcomes in patients
with breast cancer illustrates of the involvement
of lymphocytes in cancer control’-*. Lympho-
cytes are a crucial component of cell-mediated
immunity and the host’s defenses against malig-
nancy. Numerous malignancies have been linked
to impaired lymphocyte function and decreased
lymphocyte counts®. High recurrence in GCTB is
linked to perioperative lymphopenia®’. More stud-
ies have shown that tumor growth correlates with
absolute lymphocyte counts (ALC) in peripheral
blood and tumor-infiltrating lymphocytes (TIL).
Poor prognosis in esophageal squamous cell car-
cinoma is associated with low TIL. Furthermore,
there is a positive correlation between TIL and
ALC in peripheral blood*®. GCT is a locally ag-
gressive tumor composed of mesenchymal stromal
cells (mononuclear myeloid cells) characterized by
osteoclast-like, multinucleated giant cells. It was
reported that individuals with myeloproliferative
neoplasms with the same stromal cell group as
GCT had increased levels of NLR*,

The platelet count is another indicator of a
systemic inflammatory response and possible
micro-vessel thrombosis, which may impair tis-
sue blood flow and impede wound healing®-®.
Aggregated platelets can accelerate the growth
of tumors by releasing pro-angiogenic media-
tors into the tumor’s microvasculature®. To pro-
mote tumor cell growth and metastasis, platelets
facilitate tumor cell adherence and dissemina-
tion across the extracellular matrix®. Therefore,
thrombocytosis is a poor prognostic indicator in
various malignancies®®s, The PLR, a biomarker
that combines platelet and lymphocyte counts,
may reflect the information provided by throm-
bocytosis and lymphocytopenia and predict the

prognosis of GCTB patients. Additionally, PLR’s
value could be obtained at minimal cost through
routine laboratory testing, which offers clinical
consequences.

To the best of our knowledge, this is the first
study to describe that NLR may serve as a pre-
dictive factor for metastasis to the lung in the
GCTB of extremities. The current study found
that white blood cell (WBC) counts, and absolute
neutrophil counts increased significantly in the
metastasis patient group. These high levels of
WBC and neutrophil counts were associated with
the invasive behavior of tumor cells. Absolute
lymphocyte count decreased in the metastasis
patient’s group, although it was not statistically
significant. The predictive and prognostic signifi-
cance of NLR in tumors has received substantial
research since tumor patients frequently have el-
evated neutrophils and decreased lymphocytes®.
The majority of earlier studies either emphasized
high NLR as an effective indicator of cancer
patients’ long-term survival or investigated the
function of NLR in the evaluation of lymph node
metastases’’”. The predictive role of NLR in as-
sessing distant metastases has received less atten-
tion. Although the association of NLR and PLR
with postoperative recurrence of GCTB has been
reported, researchers did not evaluate its role in
predicting lung metastasis®*”. Elevated NLR has
been linked to an increased risk of metastasis in
thyroid cancer patients®. Our current study tested
a simple prognostic index of NLR for predicting
lung metastasis in GCTB. We found a significant-
ly higher NLR level in metastasis groups than in
non-metastasis groups. NLR, at a cut-off level of
3.7, predicted lung metastasis of GCTB with a
sensitivity of 85% and specificity of 82%. On the
other hand, there was no significant difference in
the PLR levels of the two groups. Our results are
consistent with the previous study by He et al’
which describes that initial NLR is superior to
PLR as a prognostic and predictive factor in pa-
tients with metastasis colorectal cancer. Another
literature reveals that myeloid-derived suppressor
cells, which are actively immunosuppressive by
sustaining pathological angiogenesis and sup-
pressing cytotoxic lymphocyte, were directly cor-
related with NLR as opposed to PLR, which may
also account for the benefit of NLR7"7%.

Limitations

This study has several limitations. Firstly,
metastatic lesions were diagnosed according to
chest CT evaluation, and it required histological
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confirmation. However, the majority of patients
are healthy and young, and lung abnormali-
ties are uncommon; therefore, these lung le-
sions found on imaging examinations of GCTB
patients most likely represented GCTB lung
metastasis. Secondly, this was a retrospective
study, and it was possible that several cases
or information may have been lost during fol-
low-up. Thirdly, there was a risk of statistical
error due to the small sample size. If a large
number of cases is gathered in the future, signif-
icant differences regarding the other variables in
this study may emerge.

Conclusions

The prognosis of neoplastic disorders is de-
termined by various factors, and NLR might
be one of them. Our findings show that NLR
may serve as a promising prognostic marker for
predicting lung metastasis in GCTB patients.
Future prospective multicentre studies with
larger-scale randomized trials are required to
corroborate our findings and clarify the rela-
tionship between NLR and lung metastasis in
GCTB patients.
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