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Giant cell-rich osteosarcoma: A match pair analysis of 11 new
cases and literature review of 56 patients

Daniel Karczewski MD! ® | Marcos R. Gonzalez MD*® | Angad Bedi BS? |
John E. Ready MD® | Megan E. Anderson MD*® | Santiago A. Lozano-Calderon MD?

1Department of Orthopedic Surgery,
Musculoskeletal Oncology Service, Abstract
Massachusetts General Hospital, Harvard T . . . .
Medical School, Boston, Massachusetts, USA Background: Limited remains known on giant cell-rich osteosarcoma (GCRO) with

2Department of Orthopaedic Surgery, current studies being case reports or smaller series. This investigation compared

University Medical Center Groningen, GCRO and conventional osteoblastic osteosarcoma (OOS) with regard to demo-
University of Groningen, Groningen, The hi d vl
Netherlands graphics and survival.

3Department of Orthopedic Surgery Methods: An institutional tumor registry was used to identify 11 patients (six males)

Musculoskeletal Oncology Service, treated for GCRO. Mean age was 43 years. Staging showed American Joint
Massachusetts General Brigham Hospital,

Harvard Medical School, Boston, Committee on Cancer (AJCC) stages IIA in four and IIB in seven patients. Mean

Massachusetts, USA follow-up was 14 years. Study initiatives were: (1) Comparison of demographics
“Department of Orthopedic Surgery, between GCRO and 167 OOS from our institutional registry, (2) Differences in
Musculoskeletal Oncology Service, Boston .

Children's Hospital, Boston, survival between GCRO and 33 OOS case controls (based on sex and AJCC stage), as
Massachusetts, USA well as 10 OOS using an age-based propensity match, and (3) Summary of all GCRO
c cases reported in the literature.

orrespondence
Santiago A. Lozano-Calderon, MD, Results: (1) Sex (p=0.53), grading (p=0.56), AJCC stage (p=0.42), and chemo-

Department of Orthopedic Surgery,

Musculoskeletal Oncology Service, therapeutic response rate (p=0.67) did not differ between groups. Age was

Massachusetts General Hospital, Harvard significantly increased in GCRO (p=0.001). (2) Case-control and propensity-
Medical School, 55 Fruit St, Boston, MA . . . .
02114, USA matched groups revealed no difference in disease-free survival, local recurrence,

Email: slozanocalderon@mgh.harvard.edu and distant disease-free survival at 2 years (p > 0.05). (3) Mean age of 56 patients
(50% males) reported in the literature was 26 years. After merging with our 11 cases,
the 2-year disease-free survival was 66%.

Conclusions: GCRO remains a rare disease with high short-term mortality. Although
affecting older patients more than conventional osteosarcoma, GCRO should not be

viewed as a predictor of survival compared to OOS.

KEYWORDS

atypical osteosarcoma, cancer survival, osteoclast-type giant cells, osteosarcoma
demographics, survival predictors

1 | INTRODUCTION around 80% of all cases.>* Knowledge of the histopathological subtype
of osteosarcoma is important as it directly impacts the selection of an

Osteosarcoma is the most common malignant primary bone tumor with adequate treatment regimen with certain subtypes being more

an estimated incidence of five patients in one million affected per year.'? susceptible to chemotherapy than others.>®

Osteoblastic, fibroblastic, and chondroblastic histopathology form the Despite the impact of histopathology on treatment strategy and

group of intramedullary-conventional osteosarcoma, and represent possible implications on long-term prognosis, little remains known on
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osteosarcomas of atypical histopathology.” Giant cell-rich osteo-
sarcoma (GCRO) represents an estimated 1%-3% of all osteosarcoma
cases.®? It was first described by Bathurst et al. in 1986.%° Although a
number of case reports have been published over the last decades,
no study has reported outcomes of more than 10 patients. Moreover,
the limited case series of four to nine patients did not include any
comparison groups, limiting knowledge of baseline demographics and
survival among GCRO.1°"12 This limitation is even more critical as
nationwide databases such as the Surveillance, Epidemiology, and
End Results program do not differentiate for GCRO.®

For that reason, this study aimed to (1) Compare baseline
demographics between GCRO and conventional osteoblastic osteo-
sarcoma (OO0S), (2) Analyze survival differences between GCRO and
0O0S, and (3) Summarize all cases of GCRO reported in the literature
to date.

2 | PATIENTS AND METHODS

After obtaining ethical approval, a registry-based search was used to
identify all patients treated for GCRO between 1990 and 2020 at
three metropolitan, tertiary-care university-based cancer centers. A
GCRO was defined as a primary bone tumor with malignant cells
producing lace-like primitive bone matrix coexisting with non-
neoplastic osteoclast-type giant cells scattered through the entirety
of the tumor.1°"12 Using these criteria, 11 patients (six males) at a
mean age of 43 years (range, 15-83 years), diagnosed with GCRO
between 1993 and 2012, were included (Table 1). The mean follow-
up was 14 years (range, 5 days to 29 years).

Three GCROs were located in the distal femur, proximal
humerus, and proximal tibia, as well as one in the proximal femur
and one in the vertebral body of T1. Preoperative staging, according
to the American Joint Committee on Cancer 8th edition (AJCC)'®
demonstrated stages IIA in four and IIB in seven patients. Grading
revealed G2 in two, G2 to G3 in two, and G3 in seven patients; all
cases were considered high grade according to their histopathology.
Clinically, nine patients presented with Enneking classification*
stages IIA and IIB in two cases. The largest tumor dimension was
10 cm on average (range, 2-17 cm). Elevated alkaline phosphatase
was noted in three patients (27%).

One 83-year-old female refused surgery and chemotherapy. One
patient underwent an above-knee amputation. Reconstruction
strategies among the remaining nine patients included allograft
prosthetic composite in three cases, tumor megaprosthesis in three
patients, osteoarticular allograft in two cases, and spinal instrumen-
tation with en bloc resection and cage reconstruction in one case.
Mean resection margin was 5cm (range, 0.1-11 cm). Eight patients
received preoperative chemotherapy for a mean of 3 months.
Postoperative chemotherapy was conducted in six patients for a
mean of 5 months. MAP chemotherapy protocol (methotrexate,
adriamycin, cisplatin) was used in seven patients. Chemotherapeutic
response rate was measured as percentage of necrotic area of the

primary tumor.*®

Study outcomes were defined as: (1) Differences in baseline
demographics and treatment approaches between GCRO and OQS,
(2) Differences in disease-free survival, local recurrence-free survival,
and distant disease-free survival between GCRO and OQS, and (3)
Comprehensive analysis of all GCRO cases and case series published
to date. Our tumor registry was used to include 167 OOS patients
undergoing treatment of osteosarcoma during the same period
(1993-2012). Baseline demographics and outcome were compared
between the 11 GCRO cases and (1) all 167 OOS cases, (2) through a
one to three case-control analysis based on AJCC stage and sex, and
(3) through an age-based propensity match.

Comparisons between baseline demographics were performed
with a Pearson's chi-squared test for categorical variables, as well as
with a Wilcoxon rank-sum test for continuous variables.
Kaplan-Meier curves were performed to determine survivorship.¢
A log-rank test was used to determine differences in survival.!’”
Calculations were performed with R version 3.6.2 (R Foundation for
Statistical Computing, Vienna, Austria, 2019).

3 | RESULTS

3.1 | Differences in demographics and treatment
approaches between GCRO and OOS

While GCRO patients were significantly older than the 167 OOS
patients (mean age 43 vs. 21 years, median age 38 vs. 14 years;
p <0.01), both groups were otherwise comparable concerning
demographics, tumor characteristics, treatment approaches, and
chemotherapeutic response rate. Likewise, matched-pair analysis
and age-adjusted propensity match showed no statistically
significant difference, except for age in the matched-pair group
(Table 2).

3.2 | Differences in survival between GCRO
and OOS

No statistically significant difference was noted in overall events of
local recurrence, any death, and any death by disease between OOS
and GCRO (Table 2). Development of distant disease was significantly
increased in OOS (p = 0.02), although this effect was not significant
when comparing the matched cohorts (p = 0.48, 0.21).

The 2-year overall survival was 80% (95% confidence interval
[CI]: 41%-95%) in GCRO, 84% (95% Cl: 77%-89%) for all 167
OOS patients (p =0.08; Figure 1). Similarly, the 2-year overall
survival for the 33 OQOS patients in the matched cohort was 84%
(95% Cl: 66%-93%; Figure 2). The disease-free survival was 90%
(95% Cl: 80%-100%) in 33 case-control OOS (p = 0.18), and 80%
(95% Cl: 55%-100%) in the propensity match group (p = 0.40).
With one additional disease-related death in the GCRO group at
12 vyears, the final disease-free survival was 67% (95% ClI:
35%-98%). The 2-year local recurrence-free survival was 100%
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TABLE 2 Baseline and outcome characteristics of GCRO and OOS.
GCRO All OOS comparison Propensity match comparison 3:1 match pair comparison
GCRO 00sS p** 00sS p** 00Ss p**

Patients’ 11 167 - 10 33 -
Age at diagnosis* 43 (15, 83) 21 (6, 93) <0.01 38 (17, 71) 0.92 26 (6, 93) <0.01
Males’ 5 (46) 92 (55) 0.53 4 (40) 0.80 15 (45) 0.99
Localization® 0.09 0.67 0.05

Femur 4 (36) 105 (63) 6 (60) 22 (67)

Tibia 3 (27) 40 (24) 1(10) 8 (24)

Humerus 3(27) 12 (7) 2 (20) 2 (6)

Other 1(9) 10 (6) 1(10) 1(3)
Tumor maximum in cm* 10 (2, 17) 11 (1, 32) 0.38 11 (9, 12) 0.51 11 (1, 32) 0.33
Tumor grade' 0.56 0.25 0.30

2 2 (22) 19 (15) 0 2(9)

& 7 (78) 108 (85) 5 (100) 21 (91)
AJCC stage' 0.42 0.86 0.99

1A 4 (36) 57 (34.1) 4 (40) 12 (36)

1B 7 (64) 69 (41.3) 6 (60) 21 (64)

i 0 9 (5.4) 0 0

IVA (0] 25 (15) 0 0

IVB 0 7 (4.2) 0 0
Metastasis at presentation’ 0 32 (19) 0.11 0 - 0 -
Negative resection margint” 10 (100) 160 (96) 0.51 9 (10) 0.30 32 (97) 0.57
Chemotherapeutic response rate* 67 (5, 100) 73 (10, 100) 0.67 40 (38, 49) 0.18 70 (10, 100) 0.97
Primary limb salvage' 10 (90) 147 (88) 0.85 9 (90) 0.94 32 (97) 0.43
Local recurrence’ 1(9) 26 (16) 0.56 2 (20) 0.48 4 (12) 0.78
Distant disease’ 1(9) 75 (45) 0.02 2 (20) 0.48 8 (24) 0.21
Any death’ 3 (27) 46 (28) 0.98 5 (50) 0.28 7 (21) 0.67
Death by disease’ 3 (100) 40 (93) 0.64 3 (30) 0.21 4 (12) 0.23

Abbreviations: GCRO, giant cell-rich osteosarcoma; OOS, osteoblastic osteosarcoma.

*Values are given as mean with ranges.

**All p values compared to GCRO.

TNumbers and percentages—(n (%)).

"Based on 10 cases undergoing surgery only.

in GCRO, 88% (95% Cl: 82%-93%) for all 167 OQOS (p =0.09;
Figure 3), 94% (95% Cl: 85%-100%) in case controls (p=0.91),
and 89% (95% Cl: 68%-100%) in the propensity-matched cohort
(p =0.96). One case of local recurrence was noted in GCRO at 72
months. The 2-year distant disease-free survival was 100% in
GCRO, 78% (95% Cl: 64%-93%) in case controls (p=0.21), and
78% (95% Cl: 51%-100%) in propensity-matched patients
(p =0.40). Only one metastasis was noted in GCROs at 6 years,
resulting in a distant disease-free survival of 86% (95% CI:
60%-100%).

3.3 | Literature summary of GCRO

Literature search revealed 56 cases of GCRO published between
1986 and 2022 in a total of 34 studies, with 36 cases reported from
Asia (64%; Table 3).1°71218-50 Mean age was 26 years (range, 5-73
years) and 28 were males (50%). Localizations were reported as
follows: Femur (38%; n=21; 10 times distal, 8 times diaphyseal, 2
times proximal, 1 time unspecified), tibia (27%; n=15; 14 times
proximal, 1 time diaphyseal), mandible (n=5), vertebrae Cé6 to Té
(n =4), maxilla (n = 2), proximal fibula (n = 2), proximal ulna (n = 2), foot
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FIGURE 1 Kaplan-Meier overall survival estimated for the
overall cohort of patients, GCRO versus OOS. GCRO, giant cell rich
osteosarcoma; OOS, osteoblastic osteosarcoma.
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FIGURE 2 Kaplan-Meier overall survival estimated for the
propensity-matched patients, 11 GCRO versus 33 OOS. GCRO, giant
cell rich osteosarcoma; OOS, osteoblastic osteosarcoma.

(n = 2; first metatarsal, medial cuneiform), 11th rib (n = 1), skull base
(n=1), and distal radius (n=1). All but two patients underwent
surgical treatment for osteosarcoma, 34 additional chemotherapy,
and 11 radiation therapy. Primary limb salvage was performed in all
but 11 patients (26% of 43 osteosarcomas located in the extremities).
Twenty-nine patients had no evidence of local recurrence or
metastasis (52%), 7 suffered from metastasis at diagnosis (13%;
including 2 skip metastases), 11 had local recurrence (20%), and 15
developed new distant disease after surgery (27%).

Nine patients had no follow-up report or were lost to follow-up.
The mean follow-up of the remaining 47 patients was 45 months
(range, 0.2-240 months; median 33 months). Among these patients,
28 (60%) had no evidence of disease at a mean of 54 months (range,
1-192 months; median 45 months), 17 patients (36%) died due to the
disease at a mean of 34 months (range, 0.2-240 months; median 20

Kaplan-Meier survival estimates
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FIGURE 3 Kaplan-Meier local recurrence-free survival estimated
for the overall cohort of patients, GCRO versus OOS. GCRO, giant
cell rich osteosarcoma; OOS, osteoblastic osteosarcoma.

months), and 2 (4%) were alive with disease at 5 and 45 months.
Following a merged analysis of the 11 cases of GCRO reported in this
investigation and 47 literature cases with a follow-up, the 2-year
disease-free survival was 66% (95% Cl: 53%-78%). As only one
further patient died due to osteosarcoma, more than 2 years after
diagnosis, at 12 years, the final disease-free survival was 57% (95%
Cl: 39%-76%).

4 | DISCUSSION

GCRO is a rare osteosarcoma subtype with undetermined short-term
survival in the existing literature. As such, we analyzed 11 cases of
GCRO at a mean follow-up of 14 years. Not only do we present the
largest GCRO series to date but, to the best of our knowledge, this is
also the first study to compare GCRO and OOS in the course of a
match pair analysis. While patients affected by GCRO were
significantly older, survival did not differ compared to OOS.

Estimations on the prevalence of GCRO vary between 1% and
3%.5152 We identified a total of 11 patients over 30 years at a total
of three university-based tertiary hospitals, representing an esti-
mated 1% of all osteosarcoma treated during this period. Importantly,
patients affected by GCRO were significantly older than those
treated for OOS. Of note, these results were also confirmed by the
literature analysis in which the mean age was nearly 10 years higher
than previously reported for the general osteosarcoma population.>®
Moreover, half of all GCRO cases reported to date affected females,
contrasting findings on conventional osteosarcomas with
male-female ratios of 1.2-1 or higher.2~3?

Surgical approaches in this study reflected well-established
strategies for osteosarcoma treatment, including an increased trend
toward limb salvage.>*°° In fact, our primary limb salvage rate (90%)
reflects outcomes published in recent trials.”® Likewise, patients
received chemotherapy for a mean of 12 weeks, falling in line with
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current guidelines of the American Cancer Society recommending a
10-week course of neoadjuvant chemotherapy in most osteo-
sarcomas.”” Importantly, the chemotherapeutic response rate, a
well-established predictor of survival in osteosarcoma,’® was similar
between GCRO and OOS.

The 2-year disease-free survival among GCRO was 80% (our
cohort) and 66% (merged cohort of 47 GCRO). These rates were
similar to both the OOS comparison group in this investigation, as
well as in line with previous results on the overall osteosarcoma
population.”>?° Likewise, the 2-year local recurrence rate (14%) in
GCRO was similar to both the OOS comparison group and current
studies on conventional osteosarcoma.’? Although only one
patient in our cohort developed distant disease at 12 vyears,
metastasis was common in GCRO literature with nearly one in three
patients developing metastasis after surgery.

Our study had limitations. Foremost, this retrospective investi-
gation analyzed a heterogenous cohort treated over a period of two
decades at three different hospitals. Moreover, we acknowledge
small patient numbers as a limit to generalization. We also recognize
a short follow-up time as the study was conducted at a single
institution and due to the rarity of the disease. Regarding
the pathological aspect, the histone immunohistochemistry (IHC)
for the internal cases was not able to be assessed, given the historic
nature of most of the cases (older than 20 years). Another important
point that should be considered is the missing tumor grades of the
review patients. The vast majority of the case reports did not mention
the tumor grades of the patients. Due to this shortage of information,
the pooled survival data lacks validity. Finally, no IHC results were
available in existing retrospective records. This might be of
importance for future studies, as the latest investigations suggested
a further differentiation between GCRO and malignant giant cell
tumors of the bone based on H3F3A (Histone 3.3) G34W
expression.®® Despite that, the current study design remained the
only way to analyze this unique population, as current nationwide
registries do not filter for GCRO histopathology.3

In conclusion, this investigation reported the largest GCRO series
to date, and was the first to include both a matched comparison
group as well as a comprehensive literature review. Our results
indicate that patients affected by GCRO were older than in
conventional osteosarcoma, whereas chemotherapeutic response
rate and survival remained comparable between groups. These
findings might help physicians in identifying populations at risk and
in providing a prognosis in GCRO.
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