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Introduction

	 Bone sarcomas are rare, representing 14% of all sarco-
mas and 0.2% of all cancer cases. They develop from within the 
bone and, more rarely, from the external bone tissue[1]. The three 
most frequent families of primary malignant bone tumours are 
osterosarcomas (35%), chondrosarcomas (30%), and Ewing’s 
sarcomas (15%)[2].
	 Osteosarcoma is encountered in teenage patients and 
in patients over 65 years of age, while chondrosarcoma is diag-
nosed in patients over 20. Ewing’s sarcoma appears mostly in 
young adolescents, and rarely after the age of 25. Bone sarcomas 
occur mostly in the lower limbs and in the pelvic bones, but can 
affect any bone tissue[3].
	 According to a European study published in 2013, the 
five-year survival rates are 54% for osteosarcoma, 43% for Ew-
ing’s sarcoma, and 77% for chondrosarcoma[4]. Only 5% to 10% 
of chondrosarcomas are high grade, but these present high met-
astatic potential (> 60%)[5]. Due to their low sensitivity to radio-
therapy and chemotherapy, free-margin surgery is essential.
	 The most important prognostic factors for bone sarco-
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mas at the time of diagnosis are the presence of metastases, the 
location and size of the tumour, the age of the patient, and blood 
LDH level. Response to chemotherapy also impacts outcome[6-8]. 
	 Approximately 20% of Ewing’s sarcomas and osteo-
sarcomas present macro-metastases at the time of diagnosis. 
However, most cases are thought to present micro-metastases, 
since in the absence of chemotherapy relapses are seen in 80% 
to 90% of patients. Relapses mainly occur during the first five 
years, and early relapsing cases have the worst prognosis[1-3]. 

Abstract:
		  We performed a retrospective review of 70 cases of high-grade bone sarcomas treated at the Institute Jules 
Bordet (IJB) between 2000 and 2008. Eighty nine percent of patients underwent surgery, 74% chemotherapy, and 26% 
radiotherapy with curative intent. The five-year overall survival rate was 60% (osteosarcoma and Ewing’s sarcoma: 
55%; chondrosarcoma: 85%). The disease-free survival rates at five years were 64% (osteosarcoma: 50%; Ewing’s 
sarcoma and chondrosarcoma: 78%). One toxic death and one post-operative death occurred. We could identify the 
following 5-year side effect rates (without the unknowns): Infertility 92%, cardiovascular disorders 18%, hypercholes-
terolemia 41%, hypertriglyceridemia 10%, renal failure 11%, functional disorders 50%, osteoporosis 16%, and chronic 
pain 26%.
		  The clinical outcome of our patients compares favourably with the literature. Because the majority of 
patients are very young, quality of life issues is important for survivors. However, evaluating survivorship issues will 
remains inaccurate unless follow-up is standardized, with specials fields designated in the medical chart. This study 
emphasizes the need for rigorous systematization of the follow-up parameters used in medical charts in order to better 
identify survivors’ needs.
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	 The initial treatment of every bone sarcoma case in-
cludes surgery, except for unresectable tumours[9]. Surgical 
progress has enabled amputations to decrease while keeping 
survival rate approximately constant[10,11].  Very few cases of 
osteosarcomas and chondrosarcomas are radiosensitive, unlike 
Ewing’s sarcoma, for which radiotherapy is an effective treat-
ment modality[9].
	 Advances in chemotherapy in the 1970s significantly 
improved the survival rate of bone sarcomas. Without chemo-
therapy, the overall five-year survival rate for osteosarcomas 
and Ewing’s sarcomas ranged between 16% and 30%, while it 
increased to 55% to 70% with the addition of chemotherapy[12]. 
Response to chemotherapy depends on the histology. The ini-
tial pathological diagnosis is therefore essential in the choice of 
treatment. The most frequently used chemotherapy agents are 
doxorubicin, cisplatin, methotrexate, etoposide and ifosfamide, 
cyclophosphamide, vincristine and actinomycin[1,13]. Since chon-
drosarcomas are chemo-resistant, chemotherapy is not part of 
their management[9]. 
	 Chemotherapy for bone tumors can produce serious 
adverse events, which include leukaemia’s, metabolic disorders 
(e.g., osteoporosis[14] and metabolic syndrome[15]), cardiac prob-
lems[16,17], and renal-, gastrointestinal, pulmonary and gonadal 
toxicities[18]; after radiotherapy, pulmonary fibrosis, gastrointes-
tinal and urinary toxicities, secondary cancers, and interrupted 
bone growth are seen[16]; and, finally, surgery induces function-
al deficits and pain[19]. A minimum of ten years of follow-up is 
therefore recommended to detect relapses and any of these long-
term side effects. Follow-up visits are frequent during the first 
years and more intermittent later on[1,9,20]. In this retrospective 
review of the medical records of patients with bone sarcomas 
treated at the Institute Jules Bordet (IJB), we analysed the treat-
ment patterns, relapses and survival rates. We also analysed the 
long-term side effects, which are integral to survivorship. Bone 
sarcomas being “rare” cancers, we hope that this work will con-
tribute to lessening the gaps in the medical literature, and to giv-
ing direction for the future.

Material and Methods

Objectives
	 Our first objective was to review the treatments, relapse 
rates, and survival rates of patients with high-grade bone sarco-
mas treated at the IJB. Our second objective was to review the 
acute and long term adverse effects and the psychosocial state of 
survivors. 

Data collection 
	 The period chosen for this review (2000 to 2008) al-
lowed for a minimum follow-up of five years. All high-grade 
chondrosarcomas (grades 2 to 3) as well as all osteosarcomas 
and Ewing’s sarcomas were included, regardless of age and sex. 
We also included a few rare bone cancers, such as one high-
grade undifferentiated pleomorphic sarcoma and one leiomyo-
sarcoma.  These and the external bone-tissue Ewing’s sarcomas 
and osteosarcomas were also included because they had been 
treated similarly. All cases included in this study benefited from 
at least one of the main treatment modalities (chemotherapy, sur-
gery, radiotherapy or palliative care) at IJB. 

	 All data have been gathered from IJB files, and from 
those of HUDERF (Hôpital Universitaire des Enfants Reine 
Fabiola) when patients who were minors were partially treated 
there. The data were collected into a case report form (CRF) 
prepared according to the review of the literature and to the ob-
jectives above. The database was built using Microsoft Access 
2007 software. 

Data analysis
	 As there was no formal hypothesis, the statistical anal-
yses were mainly descriptive. Continuous variables were pre-
sented as mean ± standard deviation and median (min - max). 
Categorical variables were presented as number and percentage. 
To compare differences in categorical variables between differ-
ent types of sarcomas, the Fisher Exact test was used. To com-
pare differences in continuous variables between different types 
of sarcomas, the t-test was used. Overall survival (OS) was de-
fined as the time from the date of diagnosis to the date of death. 
Patients who were still alive were censored at the date of the 
last follow-up. Disease-free survival (DFS) was assessed in pa-
tients with stage I, II and III patient’sdiseases, and was defined 
as the time from the date of diagnosis to the date of relapse or 
death, whichever occurred first. Survival was analysed with Ka-
plan-Meier curves and log rank test. All statistical analyses were 
performed with SAS 9.4, SAS Institute Inc., Cary, NC, USA.

Results (Percentages are computed excluding unknowns)

General characteristics and demographics
	 From 2000 till 2008, 70 patients started treatment (com-
plete or partial) at IJB for a high-grade bone sarcoma. Table1 
summarizes the demographic data of the patients. The difference 
in median age between the chondrosarcoma group (59) and the 
other bone sarcomas is significant (p < 0.001), while there is no 
significant difference between the two sexes (p = 0.85). S

Table 1: The demographic data of the 70 patients. Others = leiomyosar-
coma and synoviosarcoma of the bone. HGUPS = high grade undiffer-
entiated pleomorphic sarcoma.

Total Osteo-
sarco-
mas

Ewing’s 
Sarco-
mas

Chon-
drosar-
comas

HGUPS Oth-
ers

Age at diagnosis

N (%) 70 29 (41) 23 (33) 14 (20) 2 (3) 2 (3)

Mean ± SD 34 ± 22 34 ± 24 22 ± 12 56 ± 14

Median 
(min-max)

25
(4 – 82)

21
(5 – 82)

18
(4 – 60)

59
(32 – 77)

(39 - 44) (19 - 
44)

Gender

Women 28 (40%) 13 (45%) 9 (39%) 5 (36%) - 1

Men 42 (60%) 16 (55%) 14 (61%) 9 (64%) 2 1

	 The primary location of bone sarcomas is preferen-
tially the femur (25/70; 36%), especially for the osteosarcomas 
(15/29; 52%); they were also found in the distal lower limbs 
(13/70; 19%) and the pelvis (11/70; 16%). In addition, in (8/70) 
11% of cases the primary location of the bone sarcoma was in 
external bone tissue (Table 2). In long bones, the shaft is reached 
in 75% of all cases.
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Table 2: Primary location by type of sarcoma. Others = jaw and rachis`
Fre-
quencies 
n (%)

Fe-
mur

Tibia/
fibula/
foot

Pelvis Up-
per 
limb

Others Extra 
osse-
ous

To-
tal

Osteosar-
comas 15(52) 4 (14) 1(3) 1 (3) 3 (10) 5(17) 29

Ewing’s 
sarcomas 5 (22) 6 (26) 6(26) 0 3 (13) 3(13) 23

Chondro-
sarcomas 4(29) 2(14) 4(29) 2(14) 2(14) 0 14

HGUPS 1(50) 0 0 0 1(50) 0 2
Others 0 1(50) 0 0 1(50) 0 2
Total 25(36) 13(19) 11(16) 3(4) 10 (14) 8(11) 70

	 The medical charts were found to lack previous life-
style information. Cryoconservation data were gathered for 
48 patients. Thirteen of them underwent cryoconservation for 
fertility purposes before the beginning of chemotherapy. Their 
average age was 20. The 35 patients who did not undergo cryo-
conservation were on average 51 years old. This age difference 
is statistically significant (p < 0.001). None of the patients had 
children during their follow-up, and cryoconservation has not 
been used so far.

Diagnosis  
	 The most frequent symptoms at the time of diagnosis 
were pain (57/70, 81%) and swelling (41/70, 59%), while sys-
temic symptoms like weight loss, anaemia, fever, fatigue were 
less present (< 10%). Performance status (PS using the WHO 
scale) evaluation was generally very good at the time of diagno-
sis: 70% (49/70) of patients had a PS of 0; 20% (14/70) a PS of 
1; and less than 10% (< 7/70) a PS of 4.
	 Diagnostic open biopsies were performed in 95% 
(66/70) of cases. The diagnosis and the local assessment were 
most often performed using standard radiology (74%, 52/70) 
and MRI (91%, 64/70). On the other hand, the general work-up 
most often consisted in a chest scan (89%, 62/70), abdominal 
imaging/evaluation (72%, 50/70), and a bone scan (80%, 56/70). 
PET scans were used in 31% (22/70) of cases as part of the ini-
tial assessment.

Treatment
Surgery: Sixty-three of the 70 patients (89%) underwent sur-
gical removal of their primary tumour. Seventeen patients also 
underwent surgery for a local relapse or for distant metastases. 
The surgical margins obtained during the first surgery of the pri-
mary tumour were free in 80% of the cases involving the lower 
limbs, in 55% of cases involving the pelvis, and in more than 
65% of cases involving external bone tissues. By contrast, only 
21% of the surgical procedures in other locations resulted in free 
margins (Figures 1 and 2).

Figure 1: Surgical margins by type of sarcoma. 

	 Surgery achieved tumour-free margins more frequently 
with tumours of the limbs than of the pelvis, but no significant 
difference was found (p = 0.2).

Figure 2: Surgical margins by primary location.

	 Among the 84 surgeries, there were 8 amputations 
(10% of patients) and 47 (56%) cases of resection followed by a 
reconstruction. 

Chemotherapy: Among the 70 patients, 52 (74%) underwent 
chemotherapy. Three of them were treated in the neoadjuvant 
setting, 13 received adjuvant therapy, 28 received both, and 8 
had palliative chemotherapy. All Ewing’s sarcomas, 82% of os-
teosarcomas, and only 14% of the chondrosarcomas were treated 
with chemotherapy. Thirty-five (50%) patients were treated with 
curative chemotherapy, 15 patients received initial chemothera-
py with curative intent and palliative chemotherapy later, and 2 
patients (3%) received only palliative chemotherapy. Thirty-nine 
percent of osteosarcomas and 61.5% of Ewing’s sarcomas re-
sponded well to neoadjuvant chemotherapy (> 90% of necrosis). 

Radiotherapy: Among the 70 patients, 32 underwent radiother-
apy: 19 on the primary tumour site, 5 on the lungs, and 1 on a 
bone metastasis. Eighteen patients received radiotherapy as part 
of their primary treatment: 1 was intraoperative, 11 postopera-
tive, and 6 were exclusively treated with radiotherapy. Sixteen 
(69%) of the 23 patients with Ewing’s sarcoma had radiotherapy 
and, among them, 7 patients (30%) had only curative radiother-
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apy. The others received exclusively palliative radiotherapy or 
palliative after curative radiotherapy.  Ten patients (34%) with 
osteosarcomas and 4 (28%) with chondrosarcomas had radio-
therapy, but few of them (5 and 1 patients respectively) received 
only curative radiotherapy. 

Relapses: Among the 50 patients experiencing complete remis-
sion, 23 (46%) relapsed as follows: 10 (43.5%) recurred locore-
gionally, 10 (43.5%) in the lungs, and 3 (13%) in bone tissues 
or lymph nodes.  On average, relapses occurred one year and 8 
months after diagnosis, with a median of 1.5 years. The latest 
relapse occurred 4.5 years after diagnosis. There is no survival 
difference following early (<1.5 years) or late (>1.5 years) re-
lapses in our series (p = 0.7).
	 Relapses were documented by MRI (75%), CT scan 
(57%) and PET-CT (35%). Clinical signs were present in 68% 
of cases. There was no statistically significant difference in sur-
vival rates between asymptomatic (relapses identified only by 
imaging) and symptomatic ones (p = 0.98). (Figure 3). Figure 
4 demonstrates a trend for better DFS in patients who benefited 
from free-margin surgery (p = 0.16).

Figure 3: Survival rates between relapses identified by symptoms (1) 
and by imaging (2).

Figure 4: DFS by margin surgery.

	 Relapses mostly occurred during the second year, and 
no relapse was observed beyond five years. Patients with pro-
gression died rather rapidly. The majority of deaths occurred in 
the first three years after diagnosis. 

Survival: The 5-year DFS rate (Figure 5 to 7) is 64% and the 
5-year OS rate is 60% (Figure 8 to 10). There is no significant 
difference in OS (p = 0.15) for chondrosarcomas compared to 
the other histologies (Figure 9), nor in DFS (P = 0.06) for osteo-
sarcomas compared to Ewing’s sarcomas and chondrosarcomas 
(Figure 6). As expected, there is a significant difference in OS 
and DFS rates depending on disease stage (p < 0.002 and p = 
0.04) (Figure 7 and 10).

Figure 5: Disease free survival (DFS) (Stage IV excluded) 5 years DFS 
rate was 64% (95% CI, 49% to 76%).

Figure 6: DFS by type of sarcoma. Osteosarcomas versus Ewing’s & 
chondrosarcomas: p 0.06. 5-years DFS rate in osteosarcomas: 50% 
(95% CI, 28% to 68%). 5-years DFS rate in Ewing & chondrosarcomas: 
78% (95% CI, 55% to 90%).

Figure 7: DFS by stage at diagnosis.
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Figure 8: Overall survival (OS) rate.

Figure 9: OS by type of sarcoma.
 

Figure 10: OS by stage at diagnosis.

Adverse effects
Long term adverse effects: At 5 years of follow-up, 12 patients 
were known to be infertile and one was fertile but he did not 
have children. For the remaining 21 patients who were alive, 
the information is lacking, and 36 patients died or were lost to 
follow-up. Information about sexual dysfunction could not be 
found in the medical charts. 
	 Six patients suffered from a cardiovascular disorder, but 
the latter existed before the disease. Nine patients showed hyper-
cholesterolemia, of which 3 had this abnormal laboratory value 
before starting treatment. Two patients had hypertriglyceridemia 
and 5 patients a renal failure during the year-long observation 
period. Functional disorders (compared to before the diagnosis) 
were present in 16 patients; osteoporosis or fracture was found 
in 5 patients; and chronic pain was reported by 8 patients.

	 Among the 51 patients with primary tumours that could 
affect the ability to walk, at 5 years of follow-up, 17 patients 
had a normal walking, 7 patients had a lameness, 2 walked with 
crutches or a cane, and nobody was wheelchair-bound. 
	 Table 3 displays long term adverse effects recorded 
during a period of 5 to 13 years after diagnosis. More details on 
these adverse effects are provided in Figures 11 to 19.
	 Table 3a and 3b: Chronic adverse effects according to 
each year of follow-up. 1st year: 60 patients alive and not lost to 
follow-up. 2nd year:  53 patients alive and not lost to follow-up. 
3rd year: 41 patients alive and not lost to follow-up. 4th year: 37 
patients alive and not lost to follow-up. 5th year: 34 alive and not 
lost to follow-up. 6th to 13th year: 29 patients alive and not lost to 
follow-up.

Figure 11: Long term adverse effects: Infertility. Identified by semen 
analysis for men and by hormone levels for women

Figure 12: Long term adverse effects: Sexual dysfunctions (anamnesis)

Figure 13: Long term adverse effects: Cardiovascular disorders (CV) 
(HTA, cardiomyopathies, strokes). Yes: All patients already had a CV 
before the disease exceptpatient in the fourth year of follow-up.

https://www.ommegaonline.org
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Figure 14: Long term adverse effects: Renal failure. Creatinine dosage 
> 1 (F) and > 1,2 (M) mg/dl. Mean: 1,35 mg/dl (minimum 1,1 mg/dl; 
maximum 1,7 mg/dl).

Figure 15: Long term adverse effects: Hypercholesterolemia. Total 
cholesterol > 190 mg/dl.

Figure 16: Long term adverse effects: Hypertriglyceridemia. Triglycer-
ide>150 mg/dl.

Figure 17: Long term adverse effects: Functional disorders compared 
to initial physical status before de disease.

Figure 18: Long term adverse effects: Osteoporosis and fracture.

Figure 19: Long term adverse effects: Pain after treatment.
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Table IIIa and Table IIIb: Chronic adverse effects according to each year of follow-up. 
1st year: 60 patients alive and not lost to follow-up. 2nd year:  53 patients alive and not lost to follow-up. 3rd year: 41 patients alive and not lost to 
follow-up. 4th year: 37 patients alive and not lost to follow-up. 5th year: 34 alive and not lost to follow-up. 6th to 13th year: 29 patients alive and not 
lost to follow-up.
IIIa 1st year 2nd year 3rd year
n (%) Yes No Unknown Yes No Unknown Yes No Unknown
Infertility 11 (91) 1 48 11 (91) 1 41 11 (91) 1 29
Sexual dysfunction 0 0 60 0 0 53 0 0 41
Early menopause 9 (16) 46 5 8 (16) 41 4 7 (18) 32 2
Hormone replacement treatment 6 (8) 53 1 4 (8) 48 1 4 (10) 37 0
Renal failure 3 (5) 51 6 3 (6) 43 7 3 (9) 31 7
Hyper triglyceridemia 4 (11) 32 24 2 (6) 30 20 2 (9) 20 19
Hypercholesterolemia 17 (42) 23 20 16 (42) 22 15 12 (46) 14 15
Cardiovascular disorders 9 (15) 50 1 8 (15) 45 0 7 (18) 32 2
Intestinal toxicity 4 (7) 55 1 4 (7) 49 0 2 (5) 38 1
Lung fibrosis 0 58 2 0 52 1 0 40 1
Voiding dysfunction 5 (8) 54 1 4 (7) 49 0 1 (2) 39 1
Edema of the affected limb 2 (4) 55 3 3 (6) 49 1 2 (5) 39 0
Limb distortion 3 (5) 55 2 4 (7) 49 0 5 (12) 36 0
Functional disorders 37 (64) 21 2 30 (59) 21 2 24 (60) 16 1
Osteoporosis/fracture 5 (9) 50 5 5 (10) 50 1 5 (12) 35 1
Pain 15 (29) 36 9 16 (33) 32 5 12 (31) 27 2
Sensory neuropathy 4 (7) 52 4 1 (2) 49 3 3 (8) 37 1
Necrosis of femoral head 0 59 1 0 53 0 0 41 0
Fatigue 16 (43) 21 23 12 (38) 20 21 5 (19) 21 15
Distress 15 (45) 18 27 11 (37) 19 23 8 (29) 20 13
Second cancer 0 59 1 0 53 0 0 41 0

Table IIIb: Chronic adverse effects according to each year of follow-up.
IIIb 4th year 5th year 6th to 13th years
n (%) Yes No            Unknown Yes No            Unknown Yes No Unknown
Infertility 12 (92) 1 24 12 (92) 1 21 10 (91) 1 18
Sexual dysfunction 0 (0) 1 36 0 (0) 1 33 0 (0) 1 28
Early menopause 8 (22) 29 0 7 (21) 26 1 7 (24) 22 0
Hormone replacement treatment 5 (13) 32 0 6 (27) 16 1 5 (17) 24 0
Renal failure 3 (10) 28 6 3 (11) 25 5 3 (12) 22 4
Hyper triglyceridemia 1 (5) 17 19 2 (10) 17 14 1 (5) 18 10
Hypercholesterolemia 10 (45) 12 15 9 (41) 13 11 7 (33) 14 8
Cardiovascular disorders 7 (19) 29 1 6 (18) 27 1 4 (14) 25 0
Intestinal toxicity 2 (5) 34 1 2 (6) 31 1 3 (10) 26 0
Lung fibrosis 0 (0) 36 1 0 (0) 33 1 0 (0) 29 0
Voiding dysfunction 1 (3) 35 1 1 (3) 32 1 1 (3) 28 0
Edema of the affected limb 1 (3) 36 0 0 (0) 33 1 1 (7) 26 2
Limb distortion 6 (16) 31 0 4 (12) 28 2 5 (18) 23 1
Functional disorders 18 (51) 10 2 16 (50) 16 2 13 (46) 15 1
Osteoporosis/fracture 19 (65) 10 0 5 (16) 25 2 6 (21) 23 0
Pain 6 (21) 23 3 8 (26) 23 3 5 (18) 23 1
Sensory neuropathy 4 (14) 25 0 3 (9) 29 2 2 (7) 27 0
Necrosis of femoral head 0 (0) 0 0 0 (0) 33 1 0 (0) 39 0
Fatigue 5 (14) 32 13 2 (10) 18 14 1 (5) 19 9
Distress 6 (18) 28 12 3 (15) 17 14 2 (10) 18 9
Second cancer 0 37 0 0 (0) 33 1 1 (3) 28 0

https://www.ommegaonline.org
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Discussion

	 The results of this retrospective review of 70 cases of 
high-grade bone cancers treated at IJB between 2000 and 2008 
are similar to what can be found in the literature. Our work was 
carried out with emphasis on rigorous data collection. Homoge-
neity in data collection was ensured by defining precise criteria 
from the start, with the aim to reduce subjectivity bias. These cri-
teria were incorporated into case report forms. Most published 
bone sarcoma studies focus on a specific aspect, such as survival 
rates or adverse side effects from therapies. Our results are dis-
cussed with respect to these studies and to the current treatment 
guidelines.
	 At IJB we followed European protocols and guide-
lines. The first point to note is the low amputation rate (10%), 
which denotes important progress and allows for considerable 
improvement of the quality of life of survivors. The second point 
to highlight is the apparent increase in DFS after free-margin 
surgery[21]. However, a patient or tumour selection bias could be 
at play here:  smaller tumours are more easily operable with free 
margins and show a better prognosis.
	 The five-year survival rates of our patients are similar 
to those found in the literature[4]. One exception is the survival 
rate of high-grade chondrosarcomas, which reached 70% in our 
series, while it rarely exceeds 60% in the literature. This could 
be due to the use of different definitions, however. In this review 
we included grades II and III, following the WHO definition of 
high-grade chondrosarcomas. In addition, different definitions 
of late relapse (> 1.5 years here versus > 5 years in the literature) 
might also contribute to the observed discrepancy. In this review, 
we found no statistically significant differences (p = 0.98) be-
tween OS rates of patients whose relapse had been discovered by 
imaging before symptoms occurred and patients whose relapse 
was discovered afterwards. Our small sample size does not al-
low us to draw any conclusions, but this question deserves fur-
ther study[1,9].
	 Survivorship issues have only begun to be appreciated 
in recent years. We did our best to evaluate them in our patient 
series but, frequently, we could obtain only imprecise or incom-
plete data. When we examined adverse effects at five years of 
follow-up, we mainly noted problems of fertility, functional dis-
orders (e.g., walking, pain, and osteoporosis) and hypercholes-
terolemia. It is also important to note that there were no second 
cancers diagnosed in the five-year follow-up period. 
	 Fertility is a major concern for young patients. It is 
addressed by cryoconservation procedures pre-chemothera-
py, which did not occur frequently in the cases reviewed here. 
Among the cases for which cryoconservation was undertaken, 
none has been used at the time of this review. However, 5 to 13 
years of follow-up might not be sufficient to interpret this result, 
since many of the patients are still young. Moreover, fear of re-
lapse and a more difficult reconstruction of social relationships 
might present psychological obstacles to reproduction.
	 Metabolic syndrome is another adverse effect of che-
motherapy that has been increasingly studied in recent years, but 
remains somewhat unexplained. This syndrome’s complexity, 
whether in terms of etiology or definition, makes it hard to in-
terpret our results in this regard. Moreover, there was a lack of 
systematic capture of relevant data in the patient files, such as 

weight, height, blood sugar, triglycerides, and cholesterol level. 
The long-term impact of metabolic syndrome on the survivors’ 
quality of life should not be underestimated. Guidelines should 
be designed to ensure better monitoring and management of this 
side effect.
	 At the beginning of this review project, we also wished 
to investigate the psychosocial status of patients in remission. 
However, the retrospective nature of our study did not allow us 
to pursue this objective. This aspect should also be developed 
in follow-up guidelines, which is not currently the case, despite 
pressure from survivors’ associations and their growing implica-
tion in research projects[22,23].
	 The main weakness of this study is its retrospective na-
ture. Missing data and patients lost to follow- up decrease the 
power of several of our analyses. Despite these shortcomings, 
our results are consistent with the ones found in the medical lit-
erature and point to the need for more comprehensive collection 
of survivorship data in the context of cancer treatment follow-up. 
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