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Clinicopathological features, prognostic factors, and survival
outcomes in giant cell tumors of bone: a retrospective study
at the Instituto Nacional de Cancerologia, Mexico

Caracteristicas clinicopatologicas, factores pronosticos y resultados de supervivencia en tumores de
células gigantes del hueso: un estudio retrospectivo en el Instituto Nacional de Cancerologia, México

Reyna-Pérez K,* Gonzalez-Alvarez C,! Tahuahua-Flores O,* Rivero-Zambrano L, *
Gonzalez-Prieto RE,! Clara-Altamirano MA,* Alamilla-Garcia GC,* Garcia-Ortega DY*

Instituto Nacional de Cancerologia. Ciudad de México, México.

ABSTRACT. Introduction: giant cell tumor of
bone (GCTB) is a locally aggressive bone neoplasm that
predominantly affects young adults. It most frequently
involves the distal femur and proximal tibia. Despite its
benign classification, GCTB carries a significant risk
of local recurrence and pulmonary metastasis. Surgical
resection remains the cornerstone of treatment, often
complemented by local adjuvants. Denosumab has emerged
as a therapeutic option, although its impact on recurrence
rates remains controversial. Evidence regarding early
predictors of recurrence remains limited. Material and
methods: this retrospective cohort study included 97
patients with confirmed GCTB treated at the INCan in
Mexico City between 2010 and 2023. Inclusion required a
minimum follow-up of six months. Clinical, demographic,
and treatment-related variables were analyzed to identify
prognostic factors for local and distant recurrence. Kaplan-
Meier survival analysis and log-rank tests were used to
assess recurrence-free and overall survival. Results: the
median patient age was 30 years, with a median tumor size
of 8.8 cm. The femur (28%) and tibia (22%) were the most
commonly affected sites. Campanacci grade I1I was present
in 77% of cases. Recurrence occurred in 22% of patients,

RESUMEN. Introduccion: el tumor de células gigantes
del hueso (TCGH) es una neoplasia 6sea de comportamiento
localmente agresivo que afecta predominantemente a
adultos jovenes. Se localiza con mayor frecuencia en
el fémur distal y la tibia proximal. El TCGB conlleva un
riesgo significativo de recurrencia local y de metastasis
pulmonares. La reseccion quirtrgica continta siendo la
piedra angular del tratamiento, a menudo complementada
con adyuvantes locales. El denosumab ha emergido como
una opcion terapéutica; sin embargo, su impacto en las tasas
de recurrencia sigue siendo controvertido. La evidencia
sobre predictores tempranos de recurrencia contintia siendo
limitada. Material y métodos: este estudio de cohorte
retrospectivo incluyd a 97 pacientes con diagnostico de
TCGH, tratados en el Instituto Nacional de Cancerologia
entre 2010 y 2023. Se incluyeron unicamente pacientes
con un seguimiento minimo de seis meses. Se recopilaron
y analizaron datos clinicos, demograficos y relacionados
con el tratamiento para identificar factores pronosticos de
recurrencia local y metastasis a distancia. Se emplearon
analisis de Kaplan-Meier para estimar la supervivencia
libre de recurrencia y global, y se utilizaron pruebas log-
rank para comparar subgrupos. Resultados: la mediana
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with local relapse in 15% and pulmonary metastases in 8%.
Tumors located in the lower extremities and those treated
initially at outside institutions showed significantly higher
recurrence rates. Denosumab use was not associated with
recurrence. Conclusions: treatment at high-volume centers
and early identification of high-risk features are critical
for reducing recurrence in GCTB. Denosumab remains
a valuable adjunct in selected cases within a multimodal
approach.

Keywords: giant cell tumor of bone, local recurrence,
prognostic factors, denosumab.

Abbreviations:
GCTB = Giant cell tumor of bone.
INCan = Instituto Nacional de Cancerologia.

Introduction

Giant cell tumor of bone (GCTB) is a locally aggressive
but typically benign neoplasm that has garnered significant
attention in oncology. Although considered to be benign
tumors of bone, GCTB has a relatively high recurrence rate,
and metastases occur in 1 to 9% of patients.!

The hallmark of GCTB is the presence of numerous,
evenly distributed multinucleated giant cells.” These giant
cells resemble osteoclasts and contain up to 50 nuclei. They
are interspersed within a stroma of mononuclear and spindle-
shaped cells. The mononuclear cells are considered the
neoplastic component of GCTBs, driving the tumor’s growth.’

GCTB represents 4-5% of primary malignant and 20% of
benign bone tumors. It most commonly affects individuals
aged 20-40, with a slight female predominance.' The distal
femur and proximal tibia are the most frequent sites (50-
70%), followed by the distal radius (10-15%), sacrum, spine
(2-5% each), and other bones. The tumor’s origin near the
growth plate suggests a possible link to bone development.*

GCTBs are known for their aggressive nature and high
post-treatment recurrence rates. Various factors contribute
to the likelihood of recurrence, which can complicate
management and treatment strategies. Understanding these
risk factors is crucial for improving patient outcomes and
tailoring treatment plans. Curettage vs resection: curettage,
a common surgical method for GCTB, is associated with
higher recurrence rates, approximately 18.4 to 32.4%,
compared to en bloc resection, which has a significantly
lower recurrence rate of 4.6 to 10.6%.° Tumors located
in the proximal tibia and distal radius are more prone
to recurrence. The proximal tibia has been identified as
an independent risk factor for recurrence, regardless of
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de edad fue de 30 afios y el tamaiio tumoral medio de 8.8
cm. Las localizaciones mas frecuentes fueron el fémur
(28%) y la tibia (22%). Setenta y siete por ciento presentod
enfermedad Campanacci grado III. La recurrencia total
fue de 22%, siendo local en 15% y pulmonar en 8%. Se
encontré mayor recurrencia en tumores de extremidades
inferiores y en pacientes tratados inicialmente en otros
centros. El uso de denosumab no se asocié con mayor ni
menor recurrencia. Conclusiones: el tratamiento en centros
de alta especializacion y la identificacion temprana de
caracteristicas de alto riesgo son fundamentales para reducir
la recurrencia en el TCGH. El denosumab sigue siendo un
complemento terapéutico valioso en casos seleccionados,
dentro de un enfoque multimodal.

Palabras clave: tumor de células gigantes del hueso,
recurrencia local, factores prondsticos, denosumab.

the surgical method used.” Similarly, the distal radius is
frequently associated with soft tissue recurrence,® and the
proximal Femur also shows a higher recurrence rate, mainly
when treated with curettage.” Younger patients under 30
years old are at a higher risk of recurrence; this may be
due to the biological behavior of the tumor in younger
individuals.® Soft tissue invasion and pathological fractures
at presentation are associated with increased recurrence
rates. It has been hypothesized that these factors complicate
surgical management and may lead to incomplete tumor
removal.” Higher mitotic counts and vascular invasion are
significant predictors of recurrence.® Denosumab has been
shown to influence recurrence rates. While it is used to
reduce tumor size preoperatively, its impact on recurrence is
complex and may depend on the surgical method employed.’

While these factors are significant, it is important to
consider the variability in individual cases. Factors such as
tumor size, Campanacci grade, and inflammatory markers
have not shown consistent associations with recurrence.’
Additionally, the potential for malignant transformation in
recurrent cases highlights the importance of vigilant follow-
up and management strategies.’

Material and methods

We performed a retrospective analysis of 97 cases of
GCTB treated at the Instituto Nacional de Cancerologia
(INCan) in Mexico City, a leading institution in oncological
care, between 2010 and 2023. The inclusion criteria were
a confirmed histopathological diagnosis of GCTB, a
minimum follow-up of six months, and the availability of
complete medical records.

The analysis included epidemiological data, clinical
assessments, radiographic and histopathological findings,
surgical approaches, the application of local adjuvants, and
the administration of denosumab. The study population
comprised patients of all age groups with tumors located in
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the appendicular or axial skeleton, as well as the head and
neck regions. The cohort also included individuals who had
previously undergone treatment at other healthcare institutions
and those presenting with de novo metastatic disease.

Clinical and radiographic assessments were performed
during follow-up evaluations using standardized protocols
derived from international guidelines.

Statistical methods

Continuous variables were expressed as means with
their respective ranges, while categorical variables were
summarized as absolute frequencies and percentages.

Recurrence rates were evaluated using the chi-square
test, and odds ratios were computed to examine associations
between key demographic, clinical, and pathological risk
factors for recurrence. Kaplan-Meier analysis was employed
to estimate cumulative recurrence-free survival and overall
survival, while statistical differences were assessed using
log-rank tests.

All statistical analyses were conducted using SPSS
software (version 29). A two-tailed approach was applied
for all tests, and statistical significance was defined as a
p-value < 0.05.

Results

This analysis included 97 Mexican GCTB patients
treated at INCan from 2010 to 2023. The median follow-up

Number of patients by state in Mexico

1.0 40 7.0 290

Figure 1:

Geographic landscape
of Mexicans with
giant cell tumor at the
Instituto Nacional de

Cancerologia (N = 97). Map data: © OSM Created with Datawrapper
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Hospital Distance Radius: 382 km

duration for these patients was 55 months (IQR 21 to 91
months). The patients are located across the country’s central
and southern regions, reflecting a diverse socioeconomic
background. Their distances to healthcare facilities vary
significantly, with a mean radius of 238 kilometers, ranging
from 2 to 2,590 kilometers (Figure 1).

Table 1 summarizes the demographic and
histopathological characteristics of the cohort. The group
comprised 38 women (39%) and 59 men (61%), with a
medium age at diagnosis of 30 years (range 23-39 years).
Campanacci stages I and II represented 21% of the cases (n
= 21), while Campanacci stage III accounted for 77% (n =
75). The medium tumor size was 8.8 cm (range 6.0-11.0).

Most tumors, accounting for 82% (n = 80), were in the
appendicular skeleton. Within this group, the femur was the
most frequently affected bone, representing 28% (n =27) of
the cases, followed by the tibia at 22% (n = 21), the radius
at 13% (n = 13), and the humerus at 7% (n = 7). Tumors in
the axial skeleton comprised 18% of the total cases (n=17).
Among the tumors in the axial skeleton, the most common
sites were the sacrum at 5% (n = 5), dorsal spine at 4% (n =
4), and skull bones at 2% (n = 2) (Figure 2). Additionally,
23% (n = 22) of the cases presented with a pathologic
fracture, and 10% (n = 10) of patients had lung metastases
at the initial staging.

Of 97 tumors, 72% (n = 70) were classified as primarily
resectable. Surgical interventions were conducted on 83%
(n = 81) of the patients, with the following distribution of
treatment modalities: intralesional resection combined with

Instituto Nacional de Cancerologia,
Mexico City
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Table 1: Baseline demographic and histopathological

characteristics of patients diagnosed with giant cell
tumor of bone and treatment data (N = 97).

Variables n (%)
Age in years, median [range] 30 [23-39]
Gender
Male 38 (39)
Female 59 (61)
BMI 25.7[22.1-29.7]
Distance to INCan in km, median 131 [37.5-277]
[range]
Tumour size in cm, median [range] 8.8 [6-11]
Skeletal distribution
Axial 17 (18)
Appendicular 80 (82)
Primary tumour site
Humerus and scapula 7(7)
Wrist and hand 18 (18)
Sacrum and spine 10 (11)
Pelvis 6 (6)
Femur 27 (28)
Foot and ankle 24 (25)
Other sites 5(5)
Campanacci grade
Vil 20 (20)
11 75 (77)
Joint or soft tissue involvement 48 (47)
Pathological fracture 22 (23)
Secondary aneurysmal bone cyst 8(8)
Type of surgery
Curettage 26 (26)
Marginal/wide 49 (50)
Amputation 6 (6)
Adjuvant 22 (23)
Preoperative denosumab 18 (19)
Pulmonary metastasis 10 (10)

INCan = Instituto Nacional de Cancerologia.

local adjuvant therapy for 26% (n = 26), and marginal or
wide resection, with or without reconstruction, for 50% (n
=49); while 15% (n = 15) received medical management.
Furthermore, one patient (1%) received radiotherapy, while
6% (n = 6) required amputation (Figure 3). The remaining
27% (n = 26) were deemed unresectable due to various
factors, including significant surgical morbidity, personal
and familial decisions, poor clinical condition, preoperative
cytoreduction, and the presence of pulmonary metastases.

The local recurrence rate among patients who underwent
surgical intervention was 15%. As expected, recurrence
rates were significantly higher following intralesional and
marginal resections compared to wide resections, at 67, 14,
and 0%, respectively. Local recurrence was more frequent
in the axial skeleton (23%, n = 4) than in the appendicular
skeleton (14%, n = 11). Stratification by individual tumor
sites revealed recurrence rates of 31% in the radius (4 of
13 cases), 10% in the tibia (2 of 21), and 7% in the femur
(2 of 27). No significant associations were found between
clinicopathologic characteristics, surgical approach, and
distant recurrence.
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In the univariate analysis, factors such as age, sex,
aneurysmal bone cyst component, tumor extension,
neutrophil-to-lymphocyte ratio, prognostic nutritional
index, overweight or obesity, neoadjuvant denosumab, and
pathological fractures showed no significant correlation
with recurrence rates. However, as a group, tumors in the
lower extremities were significantly associated with local
recurrence (p = 0.036). 7able 2 summarizes the univariate
analyses and associated factors.

In this cohort, treatment at a high-volume center and
local therapy were key determinants of recurrence risk.
Patients managed at a high-volume center had a local
recurrence rate of 11% (10 of 87) versus 50% (5 of 10)
among those initially treated elsewhere (p = 0.001) (Figure
4). Local adjuvant therapy was associated with lower local
recurrence (p = 0.002), though the sample size was limited.

Finally, we analyzed Kaplan-Meier curves (Figure 5) and
demonstrated that among the 81 tumors (83%) treated with
primary intervention, the median recurrence-free survival
was 139 months, with a 100% five-year overall survival
rate. Additionally, in patients with de novo lung metastases,
the overall survival analysis indicated a median survival of
127 months.

Discussion

GCTB is a rare but locally aggressive tumor primarily
affecting young adults. Although it is classified as benign,
it poses significant therapeutic challenges due to its
potential for local recurrence, pathological fractures, and
even distant metastases. Effective management relies on a
multidisciplinary approach, with surgical resection as the
cornerstone of treatment.'’!" However, recurrence rates
remain highly variable, influenced by factors such as tumor
location, surgical technique, and adjuvant therapies.'*"”
This study evaluates the unique characteristics of a
Mexican cohort, emphasizing clinicopathological features,
geographic disparities, and surgical techniques as critical
factors associated with local and distant recurrence.

Incidence rates vary from 1.03 to 1.33 cases per million
annually, with recurrence rates reported between 10 and
75%.!415:1017.1% Intralesional resections, while effective
in preserving function, carry a higher risk of recurrence
unless combined with adjuvant therapies such as phenol,
cryotherapy, or cement augmentation.'®'”'?* Wang, et al.
demonstrated that local recurrence increases the risk of
pulmonary metastases, corroborated by our finding that 10%
of patients present with lung metastases at diagnosis.

Lesions in the axial skeleton present unique challenges,
with higher recurrence rates and surgical complexities
compared to appendicular locations.'*>*** In our cohort,
axial lesions exhibited a 23% recurrence rate compared
to 14% in appendicular tumors, consistent with reports by
Balke et al. skull bone lesions showed a 50% recurrence
rate, underscoring the difficulty of achieving clear margins
in these locations.''¢#520-27
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Geographic disparities emerged as a significant factor,
with patients traveling up to 2,590 kilometers for treatment.
Becker et al. found similar disparities in Brazil, highlighting
worse outcomes among underserved populations.*'” Our
findings suggest that such disparities likely delay diagnosis
and limit access to timely intervention, contributing to more
advanced disease stages at presentation. Tsukamoto et al.
highlighted that outcomes improve significantly in high-
volume centers due to standardized practices rather than
surgeons’ expertise. Our findings corroborate this trend,
even with a limited cohort initially treated elsewhere.’?%2%%

Denosumab is pivotal in managing GCTB, particularly as
a cytoreductive agent and in the metastatic setting. Targeting
the RANKL pathway effectively reduces tumor burden,
enhancing the feasibility of surgical resection, especially
in cases deemed unresectable or located in anatomically
challenging regions. This benefit is particularly relevant
given that 23% of our cohort presents with pathological
fractures, where denosumab facilitates stabilization and
preserves skeletal integrity. Additionally, denosumab
demonstrates efficacy in controlling disease progression
and minimizing complications from skeletal-related events
in patients with pulmonary metastases, observed in 10% of
our study population. However, its use introduces surgical
challenges due to sclerotic bone formation, as confirmed
by our findings, necessitating precise preoperative planning
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Cervical vertebrae % z
2%
Sternum/ribs
4%
Thoracic vertebrae
1%
Lumbar vertebrae

7%
Humerus
%

Pelvis
13%
Radius
4%

Ulna

5%
Sacrum

Pathologic fracture at
diagnosis: 23%

22%
Tibia

2%
Fibula

Figure 2: Location of tumors in the axial skeleton.
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Table 2: Factors influencing the risk of local

recurrence: results from univariate analyses.

Characteristics Odds ratio 95% CI p
Pathological fracture 1.9 0.465-7.816 0.347
Joint or ST involvement 1.5 0.590-3.972 0.376
Location (lower 32 1.041-10.030 0.036
extremity)

Primary resectability 0.6 0.15-2.33 0.461
Local adjuvant therapy 0.257 0.105-0.629 0.002
Perioperative denosumab 0.63 0.13-3.09 0.571

95% CI = 95% Confidence Interval.

and experienced surgical teams. Despite these limitations,
denosumab remains an indispensable component in the
multimodal treatment of GCTB, optimizing both local

control and systemic outcomes in carefully selected
patients 26,31,32,33,34,35,36,37,38,39,40

Strengths and limitations

Strengths: this study utilizes a comprehensive dataset
from a high-volume referral center in Mexico, enabling
a detailed analysis of clinical and demographic factors
influencing GCTB outcomes. Advanced statistical methods,
including Kaplan-Meier survival analysis, add reliability
to our findings. Moreover, including geographic factors
provides a comprehensive perspective on healthcare
disparities and their impact on outcomes-an area often
overlooked in GCTB research.”!

Limitations: the monocentric design limits
generalizability to the broader Mexican population,
potentially underrepresenting underserved areas and
introducing selection bias. The retrospective nature is prone
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Figure 4: Recurrence rates.
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Figure 5: Recurrence-free survival.
95% CI = 95% Confidence Interval. RFS = recurrence-free survival.

to data collection and interpretation biases. The absence
of a control group from non-specialized centers restricts
direct outcome comparisons between high- and low-volume
institutions. Additionally, variability in follow-up duration
may affect long-term outcome assessment.
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