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Abstract
Background: The presence of osteoclast-like giant cells in malignant tumors is a rare 
finding. Giant cell rich histology can be seen in both benign and malignant tumors and 
can be found in diverse sites from the skeleton to the head and neck to the viscera. The 
rarity of these tumors makes their identification and treatment a dilemma. Materials 
and methods: A meta-analysis of 43 case reports and case series was conducted from 
studies from 1989-2018, totaling 82 patients. Data on demographics, survival, stage, site, 
and histopathology was compiled and analyzed using Kaplan-Meier analysis/log-rank 
and logistical regression. Results: Giant cell rich osteosarcoma was the most common 
histopathological type, and limb was the most common site. On univariate analysis 
histopathological type, site, treatment type, and AJCC, T, N, and M stage were found to 
significantly affect survival, while on multivariate analysis only histopathological type 
was found to be significant. Conclusions: Giant cell rich malignancies are rare and can 
affect diverse sites. Lower stage, treatment type, histopathological type, and primary site 
significantly affect survival in these uncommon cancers.

Keywords: Giant cell rich; Cancer; Malignancy; Sarcoma; Meta-analysis

Introduction 
The presence of giant cells in certain benign and malignant 
neoplasms has been known for some time. Flanagan and 
coworkers [1] noted that the multinucleated giant cells seen in 
giant cell granuloma were osteoclasts by noting that the giant 
cells excavated bone, their motility was inhibited by calcitonin 
and that the cells bound osteoclast-specific monoclonal 
antibodies. Flanagan and Chambers  [2] also noted that a giant 
cell rich variant of malignant fibrous histiocytoma (MFH) 
contained osteoclast-like giant cells that excavated bone and 
bound osteoclast-specific monoclonal antibodies. Since that 
time numerous giant cell-rich lesions have been characterized, 
ranging from benign aneurysmal bone cysts and giant cell tumors, 
to malignant osteosarcomas. [3-48] These lesions are relatively 
rare yet can be found in diverse primary sites such as the axial 
skeleton head and neck, abdominal cavity and mediastinum/
thorax. Given the rarity of these giant cell malignancies and 
the diverse histopathological types and primary sites, treatment 
regimen recommendations and survival data can be difficult 
to determine. To our knowledge, no large meta-analysis or 
systematic review has examined the aggregate survival data 
for malignant giant cell rich tumors. In this study a literature 
search of case reports and case series on malignant giant cell 
rich tumors was conducted, and a meta-analysis was performed 
to examine demographic, treatment, and tumor characteristics 
impacting survival.

Materials and Methods
A Pubmed literature search was conducted using the search terms 
“giant + cell + rich”. This literature review and meta-analysis 
was carried out and reported using the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis (PRISMA) 
guidelines for the reporting of observational studies. [49] Figure 

1 illustrates the PRISMA flow diagram for study selection. For 
the period 1989-2018 703 total papers were identified. After 
excluding duplicate studies, review articles, and studies without 
analyzable individual patient data, a total of 43 studies reporting 
82 total patients were identified  [5-48]. Case reports, case series, 
and cohort studies containing individual analyzable patient 
data on patients of any age with a pathologic diagnosis of a 
malignant giant cell rich tumor of any site were included in the 
meta-analysis of survival outcomes. The outcomes were overall 
survival and disease-free survival.

Results
A total of 82 patients with malignant giant cell rich tumors 
were identified from the literature. Patient demographics are 
summarized in Table 1. The average age was 42.7 years, the 
median age was 43 years, and the standard deviation for age 
was 22.5 years. Patient sex was unknown in 6 patients, while 
the remaining patients included 38 males and 38 females 
(1:1 M:F ratio). The most common primary sites were limb 
(42/82, 51.2%) and genitourinary (18/82, 22.0%). The most 
common AJCC (American Joint Commission on Cancer) stages 
were stage II and stage IV, both with 28/82 patients, 34.1% 
each. The most common T stage was T2 with 42/82 patients 
(51.2%). There were 11 of 82 patients with positive nodal 
metastases at diagnosis (N+, 13.4%), and 27 of 82 patients 
had distant metastases at diagnosis (M+, 32.9%).  Table 2 
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Figure 1: PRISM study selection diagram.

Figure 2: (A) Kaplan Meier overall survival for the entire 
cohort. (B) Kaplan-Meier disease-free survival for the entire 
cohort.

Figure 3: (A) Kaplan-Meier overall survival by 
histopathological type. (B) Kaplan-Meier disease-free 
survival by histopathological type.

Figure 4: (A) Kaplan-Meier overall survival by primary site. 
(B) Kaplan-Meier disease-free survival by primary site.
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Figure 5: (A) Kaplan-Meier overall survival by AJCC stage. 
(B) Kaplan-Meier disease-free survival by AJCC stage.

Figure 6: (A) Kaplan-Meier overall survival by patient sex. 
(B) Kaplan-Meier disease-free survival by patient sex.

Figure 7: (A) Kaplan-Meier overall survival by T stage. (B) 
Kaplan-Meier disease-free survival by T stage.

Figure 8: (A) Kaplan-Meier overall survival by N stage. (B) 
Kaplan-Meier disease-free survival by N stage.
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Figure 9: (A) Kaplan-Meier overall survival by M stage. (B) 
Kaplan-Meier disease-free survival by M stage.

Figure 10: (A) Kaplan-Meier overall survival by treatment 
type. (B) Kaplan-Meier disease-free survival by treatment 
type.

Figure 11: (A) Kaplan-Meier overall survival by presence 
of recurrence. (B) Kaplan-Meier disease-free survival by 
presence of recurrence.

summarizes the histopathological type data for the cohort. The 
most common histopathological subtypes were Giant cell rich 
(GCR) osteosarcoma (36/82, 43.9%), GCR Malignant fibrous 
histiocytoma (MFH, 11/82, 13.4%), and GCR endometrioid 
adenocarcinoma (10/82, 12.2%).

Figure 2a illustrates the Kaplan Meier actuarial overall survival 
(OS) for the entire cohort, while Figure 2b illustrates the Kaplan 
Meier actuarial disease-free survival (DFS) for the entire cohort. 
Overall 5-, 10-, and 20-year survival was 40.7, 40.7, and 40.7% 
respectively, while DFS at 5-, 10-, and 20-years was 35.1%, 
31.9%, and 31.9%, respectively. Figure 3a illustrates the Kaplan 
Meier actuarial OS by histopathological subtype, while Figure 3b 
illustrates the Kaplan Meier actuarial DFS by histopathological 
subtype. Survival was greater for GCR osteosarcoma, GCR 
intraskeletal osteosarcoma (ESOS), and GCR malignant fibrous 
histiocytoma (MFH) and lower for GCR angiosarcoma, GCR 
undifferentiated carcinoma of the urinary tract, and GCR 
endometrioid adenocarcinoma (p<0.0001 for OS, p<0.0001 
for DFS). Figure 4a illustrates the Kaplan Meier actuarial OS 
by primary site, while Figure 4b illustrates the Kaplan Meier 
actuarial DFS by primary site. Survival was greater for head 
and neck and limb primary sites, and lower for organ/soft tissue 
NOS (not otherwise specified), gastrointestinal/intraabdominal, 
and genitourinary primary sites (p<0.0001 for OS, p<0.0001 for 
DFS). Figure 5a illustrates the Kaplan Meier actuarial OS by 
overall American Joint Commission on Cancer (AJCC) stage, 
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while Figure 5b illustrates the Kaplan Meier actuarial DFS by 
AJCC stage. OS was greater for stage I and II tumors than for 
stage III and IV tumors (p<0.0001 for OS), and DFS was greater 
for stage II tumors than for stage III and IV tumors (p<0.0001 
for DFS). Figure 6a illustrates the Kaplan Meier actuarial OS 

by sex, while Figure 6b illustrates the Kaplan Meier actuarial 
DFS by sex. There was no significant difference in OS or DFS 
for male or female patients (p=0.5 for OS, p=0.9 for DFS). 
Figure 7a illustrates the Kaplan Meier actuarial OS by T stage, 
while Figure 7b illustrates the Kaplan Meier actuarial DFS by 
T stage. OS was greater for T1 and T2 tumors than for TX, 
T3, and T4 tumors, while DFS was greater for T2 tumors than 
TX, T3, and T4 tumors (p=0.002 for OS, p=0.005 for DFS). 
Figure 8a illustrates the Kaplan Meier actuarial OS by N stage, 
while Figure 8b illustrates the Kaplan Meier actuarial DFS by 
N stage. OS and DFS were greater for N0 patients than for NX 
and N+ patients (p=0.001 for OS, p=0.01 for DFS). Figure 9a 
illustrates the Kaplan Meier actuarial OS by M stage, while 
Figure 9b illustrates the Kaplan Meier actuarial DFS by M 
stage. OS and DFS were greater for M0 patients than for MX 
and M+ patients (p<0.0001 for OS, p<0.0001 for DFS). Figure 
10a illustrates the Kaplan Meier actuarial OS by treatment type, 
while Figure 10b illustrates the Kaplan Meier actuarial DFS by 
treatment type. OS and DFS were greater for patients treated 
with surgery + chemotherapy (S+C) than for patients treated 
with surgery alone (S), (p<0.0001 for OS, p<0.0001 for DFS). 
Mean disease-free survival time was 20.0 months for S+R+C, 
24.0 months for S+R, 134.4 months for S+C, 28.0 months for 
S alone, and 3.0 months for chemotherapy (C) alone. Mean 
overall survival time was 20.1 months for S+R+C, 24.0 months 
for S+R, 134.9 months for S+C, 34.9 months for S alone, and 
4.0 months for chemotherapy (C) alone. Figure 11a illustrates 
the Kaplan Meier actuarial OS for patients who experienced 
recurrence and for patients who did not have recurrent disease, 
while Figure 11b illustrates the Kaplan Meier actuarial DFS for 
patients who experienced recurrence and for patients who did 
not have recurrent disease. While the decreased DFS seen in 
patients with recurrent disease approached survival, the OS and 
DFS were not statistically significantly different between the 
recurrence and no recurrence groups (p=0.5 for OS, p=0.07 for DFS).

Discussion
Giant cell rich cancers comprise a histologically diverse group 
of malignancies. While relatively rare, these cancers can affect 
primary sites encompassing the entire human body. Since 
Flanagan and coworkers  [2] noted that the giant cells seen in the 
giant cell rich variant of MFH and giant cell granuloma were 
osteoclast-type cells, these osteoclastic giant cells have been 
noted in many other rare benign and malignant neoplasms and 
inflammatory lesions. Scotto di Carlo et al. [5] have found that 
mutations in the Histone H3. 3-protein encoding H3F3A gene 
may be implicated in the parthenogenesis of giant cell tumors 
in the clivus as well as in long bones. Histones are basic nuclear 
proteins that are responsible for the nucleosome structure of 
the chromosomal fiber in eukaryotes. Makise et al. [6] noted 
that among extraskeletal osteosarcomas (ESOS) the giant cell-
rich variant may show an H3K27me3 (the trimethylated lysine 
residue at position 27 in the protein histone H3) mutation. They 
noted that in addition to the genetic variations between the 
non-giant cell and giant cell rich versions of ESOS, that there 
may be survival differences, with non-giant cell ESOS in their 
series living from 3 to 103 months, while 2/3 of the H3K27me3-

Table 1: Patient demographics.
Demographics n %

Average age=42.7 years NA NA
Median age=43 years NA NA

Age standard deviation=22.5 years NA NA
Total patients 82 100%

Sex
F 38/82 46.3%
M 38/82 46.3%

Unknown sex 6/82 7.3%
Primary site

gastrointestinal/intra-abdominal 1/82 1.2%
genitourinary 18/82 22.0%

head and neck                            
/82 9.8%

limb 42/82 51.2%
organ/soft tissue NOS 8/82 9.8%

AJCC stage
I 4/82 4.9%
II 28/82 34.1%
III 8/82 9.8%
IV 28/82 34.1%

Unknown stage 14/82 17.1%
T (tumor) stage

T1 6/82 7.3%
T2 42/82 51.2%
T3 7/82 8.5%
T4 2/82 2.4%
TX 25/82 30.5%

N (nodal) stage
N+ 11/82 13.4%
N0 38/82 46.3%
NX 33/82 46.3%

M (distant metastasis) stage
M+ 27/82 32.9%
M0 34/82 41.5%
MX 21/82 25.6%

Table 2: Histopathology distribution for the cohort.
Histopathological type n %

GCR ESOS 7/82 8.5%
GCR Endometrioid adenocarcinoma 10/82 12.2%

GCR Leiomyosarcoma 1/82 1.2%
GCR angiosarcoma 1/82 1.2%

GCR atypical fibroxanthoma 1/82 1.2%
GCR chondrosarcoma 1/82 1.2%

GCR gliosarcoma 1/82 1.2%
GCR hemangiopericytoma/giant cell angiofibroma 1/82 1.2%

GCR malignant fibrous histiocytoma 11/82 13.4%
GCR melanoma 2/82 2.4%

GCR metaplastic carcinoma 1/82 1.2%
GCR osteosarcoma 36/82 43.9%

GCR squamous cell carcinoma 1/82 1.2%
GCR undifferentiated carcinoma of the urinary tract 6/82 7.3%
Pleomorphic giant cell-rich hepatocellular carcinoma 1/82 1.2%

Malignant giant cell tumor of bone 1/82 1.2%
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deficient giant cell-rich ESOS died from their disease in 4 and 
20 months. Osteoclast-like giant cells have also been noted in 
urinary tract malignancy and malignant melanoma. [7,10,18] Amary 
et al. [46] noted that H3.3 mutations represented a reliable genetic 
marker for malignant giant cell rich of bone.

To our knowledge the present study is the first meta-analysis 
of giant cell malignancies. Univariate analysis found 
histopathological type, primary site, AJCC stage, T, N, and 
M stage, and treatment type to significantly affect overall and 
disease-free survival, while multivariate analysis found that 
histopathology alone significantly affected overall and disease-
free survival. Patients with osteosarcoma or malignant fibrous 
histiocytoma histologic type, head and neck or limb primary 
site, and lower AJCC, T, N, and M stage had improved survival. 
Patients treated with surgery + chemotherapy appeared to have 
significantly improved survival over patients treated with single 
modality surgery alone or chemotherapy alone treatment, and 
improved survival over patients treated with surgery, radiation, 
and chemotherapy or surgery + radiation. The improved survival 
in patients treated with surgery + chemotherapy is likely a result 
of the large percentage of giant cell rich osteosarcoma and 
malignant fibrous histiocytoma patients in the cohort, as these 
sarcomas tend to respond well to surgery and chemotherapy. 

[50] The decreased survival in patients treated with surgery + 
radiation + chemotherapy may reflect the relatively low number 
of patients in the S+R+C group (6), and the fact that 1/3 of 
these were stage IV. Nonetheless combined modality therapy 
in general appears to offer better survival outcomes than single 
modality therapy such as surgery alone or chemotherapy alone 
in giant-cell rich malignancies, although larger studies would be 
needed to conform these results.

This study demonstrated an overall 5-year survival of 
approximately 40% and a disease-free 5 year survival of 
approximately 35% for the entire cohort. The most frequent 
tumors found in the cohort, giant cell rich osteosarcoma and 
giant cell rich malignant fibrous histiocytoma, had 5-year overall 
survival rates of approximately 55% and 50%, respectively and 
5-year disease-free survival rates of approximately 50% and 
45%. In their pooled analysis study of survival in osteosarcoma 
in patients treated with surgery and intensive or conventional 
chemotherapy, Zhang et al. [51] noted a pooled 5-year overall 
survival rate of 63.1% in the intensified chemotherapy group, 
and 61.9% in the conventional chemotherapy group. In their 
11-year study of survival outcomes in head and neck sarcoma, 
of which malignant fibrous histiocytoma was one of the largest 
groups, Sharma et al. [52] noted an overall 5-year survival of 
82.7% while 5-year disease-free survival was 55.3%. Ozkurt 
et al. [53] noted a 5-year survival rate of 81.9% in patients with 
wide surgical margins and 33.3% in patients with marginal 
margins in their study of long-term follow up in patients treated 
for malignant fibrous histiocytoma of the long bones. The 
lower 5-year overall and disease-free survival in the present 
giant-cell rich group in the present study vs. those of a cross-
section of more conventional sarcomas in the aforementioned 
studies points to a likely lower survival rate for the giant-cell 

rich variants of the tumors in the present study. The giant cell 
variants of the malignancies noted in the present study may 
behave in a more aggressive fashion vs. their non-giant cell 
rich variants, resulting in the relatively low overall and disease-
free survival noted in the giant cell rich malignancies seen in 
the present study. Futures studies may provide insight into the 
nature the giant cells present in these malignancies play in their 
development, growth, and metastasis. The giant cell rich variant 
of these malignancies may also exhibit more unpredictable 
clinical behavior.

This study has several limitations, including the relatively low 
patient numbers for this rare group of malignancies, and the 
diverse collection of primary sites and histopathological types, 
each with their own AJCC staging systems. The relatively 
low numbers of giant cell rich malignancies reported in the 
literature necessitated the inclusion of the diverse group of 
histopathological subtypes for analysis. Futures studies may be 
able to draw upon larger numbers of single histopathological 
subtypes. Additionally, the retrospective nature of the data 
makes recall and selection bias a possibility.

Conclusion
Giant-cell rich malignancies are a diverse group of cancers that 
are relatively rare. This meta-analysis found that primary site, 
histopathological type, treatment type, and AJCC, T, N, and M 
stage all significantly affected overall and disease-free survival 
on univariate analysis. Multimodality therapy including surgical 
resection when possible appears to confer the best survival 
outcomes. These malignancies tend to be aggressive, and 
13.4% of patients had nodal metastases and 32.9% had distant 
metastases, and five-year overall and disease-free survival was 
less than 50% for the cohort. Further studies with larger patient 
numbers may further illuminate optimal treatment regimens.
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