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Abstract
Background  The traditional treatment for chondrosarcoma is wide local excision (WLE), as these tumors are resistant to 
chemotherapy and radiation treatment. While achieving negative margins has traditionally been the goal of chondrosarcoma 
resection, multiple studies have demonstrated good short-term results after intralesional procedures for low-grade chondrosar-
comas (LGCS) with curettage and adjuvant treatments (phenol application, cauterization or cryotherapy) followed by either 
cementation or bone grafting. Due to the rarity of this diagnosis and the recent application of this surgical treatment modality 
to chondrosarcoma, most of the information regarding treatment outcomes is retrospective, with short or intermediate-term 
follow-up. The aim of this study was to assess the long-term results of patients with LGCS of bone treated with intralesional 
curettage (IC) treatment versus WLE. This retrospective analysis aims to characterize the oncologic outcomes (local recur-
rence, metastases) and functional outcomes in these two treatment groups at a single institution.
Methods  Using an institutional musculoskeletal oncologic database, we retrospectively reviewed medical records of all 
patients with LGCS of the appendicular skeleton that underwent surgical treatment between 1985 and 2007. Thirty-two 
patients (33 tumors) were identified with LGCS; 17 treated with IC and 15 with WLE.
Results  Seventeen patients (18 tumors) with a minimum clinical and radiologic follow-up of 10 years were included. Nine 
patients were treated with IC (four with no adjuvant, three with additional phenol, one with liquid nitrogen and one with 
H2O2) with either bone graft or cement augmentation, and nine others were treated with WLE and reconstruction with 
intercalary/osteoarticular allograft or megaprosthesis. The mean age at surgery was 41 years (range 14–66 years) with no 
difference (p = 0.51) between treatment cohorts. There was a mean follow-up of 13.5 years in the intralesional cohort (range 
10–19 years) and 15.9 years in the WLE cohort (range 10–28 years, p = 0.36). Tumor size varied significantly between 
groups and was larger in patients treated with WLE (8.2 ± 3.1 cm versus 5.4 ± 1.2 cm, at the greatest dimension, p = 0.021). 
There were two local recurrences (LR), one in the intralesional group and one in the wide local excision group, occurring at 
3.5 months and 2.9 years, respectively, and both required revision. No further LR could be detected with long-term follow-up. 
The MSTS score at final follow-up was significantly higher for patients managed with intralesional procedures (28.7 ± 1.7 
versus 25.7 ± 3.4, p = 0.033). There were less complications requiring reoperation in the intralesional group compared with 
the wide local excision group, although this difference was not found to be statistically significant (one versus four patients, 
respectively; p = 0.3).
Conclusion  This series of low-grade chondrosarcoma, surgically treated with an intralesional procedures, with 10-year 
follow-up, demonstrates excellent local control (88.9%). Complications were infrequent and minor and MSTS functional 
scores were excellent. Wide resection of LGCS was associated with lower MSTS score and more complications. In our 
series, the LR in both groups were detected within the first 3.5 years following the index procedure, and none were detected 
in the late surveillance period.
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Introduction

Chondrosarcoma is the second most common primary 
bone sarcoma, accounting for one-fourth of these tumors 
[1, 2], and occurs most commonly in the fourth and fifth 
decades of life [3]. Chondrosarcomas are further classified 
according to histological grades based on the presence of 
cellular atypia, mitotic figures and cellularity [4–7].

Histological grading of low-grade chondral tumors 
is a very challenging task, and even among experienced 
pathologist, high interobserver variability has been wit-
nessed [8, 9]. The clinical course cannot always be pre-
dicted on the basis of the histological grade alone [4, 10, 
11] and the distinction between a benign enchondroma and 
a low-grade chondrosarcoma (LGCS) can be extremely 
difficult on radiographs [9, 11]. As such, the diagnosis is 
best determined utilizing pathologic, radiologic, and clini-
cal findings. Studies over the last 10 years have reported 
on the treatment of LGCS with extended intralesional 
curettage (EIC) [3, 8, 10, 12–15]. These studies demon-
strate good functional results and short-term oncologic 
outcomes. In a recent systemic review and meta-analysis, 
Chen et al. [14] analyzed 10 studies involving 394 LGCS 
patients with a minimum 2-year follow-up. Two hundred 
and fourteen treated with EIC, and 180 with wide local 
excision (WLE), and found IC to be associated with less 
complications, and better MSTS scores, without increas-
ing the risk for local recurrence (LR) or metastases. Oth-
ers, have also found intralesional treatment consisting 
of curettage and local adjuvant treatment such as phenol 
application [1, 10, 12, 16, 17], cauterization [8], or cryo-
therapy [2, 13, 18, 19], followed by either bone grafting or 
polymethyl methacrylate (PMMA) applied to the cavity, 
to have  similar or lower LR risk and metastasis compared 
with WLE. However, complications rates as well as func-
tional outcomes seems to be worse with the latter [14, 20].

Although several studies have investigated the results 
of both treatment options for the treatment of LGCS, it is 
unclear if these findings are sustained in the long term, 
as most studies present an average follow-up of less than 
7 years [1, 2, 8, 10, 12, 15–18, 21–24]. Two recent sys-
temic reviews and meta-analysis describing studies with an 
average follow-up of 4.7 and 8.5 years, have reported LR 
rates of 8.6–9.8% for EIC and 4.4–5% for WLE, without a 
significant difference between groups. Five-year relapse-
free survival was reported to be 88.9% and 93.5% for both 
groups, respectively, without a significant difference. 
Metastases rates were low, 0.7%, within 2.3 years from 
the index surgery [14, 20]. In the current study, we present 
a minimum 10-years follow-up on this cohort, and report 
on the long-term oncological and functional outcomes.

Materials and methods

Following institutional review board approval, we retro-
spectively reviewed medical, surgical and radiographic 
records of patients treated for LGCS between 1985 and 
2007. The study included a consecutive series of patients 
surgically treated at our institution (a multidisciplinary sar-
coma center) and evaluated prospectively, and whose data 
were reviewed retrospectively. The diagnosis of LGCS was 
made on the basis of the clinical history, physical exami-
nation, and radiographic findings which was confirmed 
by post-operative final pathology assessment. Thirty-one 
patients (32 tumors) were identified with a diagnosis of 
LGCS in the original report [25]. Nine patients were 
lost to follow-up at a mean follow-up period of 4.1 years 
(ranging from 2–7 years). Five were treated with IC and 
4 with WLE. Only one of whom, who presented with an 
LGCS of the distal femur and was treated with WLE and 
a cemented megaprosthesis, had a post-operative compli-
cation (a patellar fracture). None of these patients had an 
LR or evidence of metastases. At their last follow-up their 
MSTS score was 27.9 ± 3.2.

Seven additional patients died of unrelated causes 
(last follow-up at 4.8 ± 1.9 years), leaving 15 patients (16 
tumors) available for clinical and radiographic follow-up. 
Two additional patients, who were not included in the 
original study, were added to the present study. Both were 
diagnosed with LGCS and treated surgically, with clinical 
and radiologic follow-up longer than 10 years. Therefore, 
the final cohort included 17 patients (18 tumors), with a 
minimum follow-up of 10 years, and a mean follow-up of 
14.8 years.

Following diagnosis, the patients were operated with 
either IC or WLE, based upon the surgeon’s preference. 
For intralesional excision, allograft powder, cancellous 
allograft or cement were used for grafting, and for WLE, 
intercalary allograft, or megaprosthesis with cement were 
used for reconstruction. For intralesional resections, 
adjuvant therapy was used, either phenol, H2O2 or liquid 
nitrogen. Following surgery all patients participated in 
physiotherapy sessions to encourage full range of motion. 
Patient continued follow-up at the musculoskeletal oncol-
ogy outpatient clinic.

The histopathologic, and radiologic diagnosis of LGCS 
was made on the basis of the criteria proposed by Mirra 
et al. [5] and Murphey et al. [26], respectively. Specific 
characteristics such as: moderate cellularity with bilacu-
nal nuclei, entrapment of normal lamellar bone, rare or 
absent mitoses, minimal pleomorphism, absent necrosis, 
and scant myxoid stroma were identified in all specimens 
on pathologic analysis. Similarly, all tumors had radio-
graphic evidence of Grade 2–3 endosteal scalloping, no 
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overt cortical breakthrough or soft tissue mass on MRI, 
and bone scintigraphy radiotracer uptake greater than the 
anterior–superior iliac spine with or without focal hetero-
geneity in the lesion. The final pathologic diagnosis was 
rendered by a musculoskeletal pathologist following for-
mal multidisciplinary review of the surgical pathology to 
ensure clinic–radio–pathologic correlation.

The retrieved data included age and gender, tumor loca-
tion and size (in centimeters as measured by maximal radi-
ographic linear dimension), surgical treatment (wide local 
excision versus intralesional treatment) including the local 
adjuvant used and reconstructive techniques, post-operative 
complications (hardware failure, fracture and allograft frac-
ture, non-union, deep infections and reoperations), func-
tional outcome evaluated by Musculoskeletal Tumor Society 
(MSTS) scores [27], and oncological outcomes including: 
incidence of LR, metastasis, and death. Follow-up was done 
in intervals of 3–6 months during the first 5 years, and yearly 
after this.

No patient in either group had metastatic disease develop 
or died of their chondrosarcoma. All deaths (patients who 
were excluded due to insufficient follow-up duration, four 
patients following intralesional resections and three patients 
WLEs) were unrelated to chondrosarcoma or the surgery, 
and none had LR or metastases at the final follow-up 
encounter.

Statistical analysis

Statistical analysis was conducted using SPSS (Version 15.0; 
SPSS Inc, Chicago, IL, USA), with a 2-tailed alpha of 0.05. 
Continuous variables were analyzed using paired Student’s 
t test after testing for normality and equal variance. Cate-
gorical analysis was conducted with Chi-square and Fisher’s 
exact test where appropriate.

Results

The final cohort included 17 patients (18 tumors), 11 
females and 6 males, treated surgically with LGCS of the 
extremities. The mean age at diagnosis was similar between 
cohorts, 41 ± 12  years. Tumor size varied significantly 
between groups and was larger in patients treated with WLE 
(8.2 ± 3.1 cm versus 5.4 ± 1.2 cm, at the greatest dimension, 
p = 0.021). All lesions involved the appendicular skeleton.

Of the 18 tumors, nine were treated with intralesional 
procedures (four with no adjuvant, three with additional 
phenol, one with liquid nitrogen and one with H202) with 
either bone graft or cement augmentation, while nine oth-
ers were treated with WLE and reconstruction with interca-
lary/osteoarticular allograft or megaprosthesis. There was 
a mean follow-up of 13.5 years in the intralesional cohort 

(range 10–19 years) and 15.9 years in the wide local excision 
cohort (range 10–28 years), p = 0.36, with a mean follow-
up of 14.8 ± 5.3 years, ranging from 10 to 28 years for the 
whole cohort.

There were two LRs, one in the intralesional group and 
one in the wide local excision group (p = 1), occurring at 
3.5 months and 2.9 years, respectively, and both required 
revision. No further LRs could be detected with long-term 
follow-up.

There were no cases of metastatic disease. The MSTS 
score at final follow-up was significantly higher for patients 
managed with intralesional procedures (28.7 ± 1.7 versus 
25.7 ± 3.4, p = 0.033).

There were less complications requiring reoperation in 
the intralesional group compared with the WLE group, 
although this difference was not found to be statistically 
significant (one versus four patients, respectively; p = 0.3). 
In the intralesional group, there was a single case of frac-
ture within 1 month of the initial surgery, treated with open 
reduction and internal fixation (ORIF). The patient eventu-
ally underwent removal of hardware 2.7 years after the index 
procedure. In the WLE group, there were overall four com-
plications. Two patients with LGCS of the proximal humerus 
were diagnosed with allograft fractures within 2 years from 
the initial procedure. Another patient had shoulder instabil-
ity 1 month following surgery and was treated surgically. 
The fourth patient had hardware failure 16 months following 
resection and reconstruction with intercalary allograft in the 
mid-shaft femur, and was also complicated with hardware-
related infection, and thus required several reoperations. He 
subsequently underwent distal femoral replacement 4.9 years 
after his index procedure.

Discussion

LGCS is a slowly growing, locally aggressive tumor with an 
indolent course and recurrent growth potential. Differentiat-
ing between an enchondroma and an LGCS can be extremely 
difficult and has led to these tumors being categorized 
together in the WHO classification as atypical cartilaginous 
tumor/chondrosarcoma grade I [14]. LGCS are considered a 
tumor of low–intermediate malignant potential, most often 
behaving in a locally aggressive fashion [17, 24, 28].

LGCS are often considered less aggressive, and surgery 
is the treatment modality of choice since chemotherapy and 
radiation are not effective. This condition in the limbs, can 
be managed by curettage with or without adjuvant therapy 
(e.g., phenol, cement, cryotherapy) with a high chance of 
success [27]; even though, whether or not to use adjuvant 
therapy as well as the type of adjuvant is under debate. Care 
must be taken not to overtreat benign tumors or undertreat 
malignant ones [29]. The current literature consists mainly 
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of retrospective chart reviews reporting a variable sample 
size [17, 20] that do not include a long follow-up period for 
every individual reported, with a mean surveillance period 
of 2–13 years. There is also great variability in the diag-
nostic measures, the surveillance methods and treatment 
strategies [20].

A negative impact on survival as a result of LRs has 
been seen in previous studies. In their retrospective review 
on 164 patients surgically treated for LGCS, Schwab et al. 
[30] found an LR in 21 patients (13%), with an average 
time to recurrence of 3.2 years (range 4 months to 9 years) 
[30]. All six mortalities were in patients with LR, and in 
5 of whom distal metastases were also noted. As LR of 
LGCS in the long bones of the extremity was associated 
with a substantially worse overall survival when compared 
with patients without LR, they concluded that recurrence 

signifies a more aggressive tumor phenotype. A more 
recent study by Dierselhuis et al. retrospectively reviewed 
108 LGCS treated surgically with curettage and adjuvant 
phenolization, at a mean follow-up of 4 years, and found 
no LRs, yet five patients were diagnosed with a residual 
tumor [17]. The authors found the residual tumors to have 
no impact on the patient survival, since neither actual LR 
nor upgrading in the local residue occurred.

The large variability in the reported rates of LR, as well 
as the differences in the reported impact of LRs on patient 
survival, raises fundamental questions about the duration 
of follow-up and the desired surveillance methods. To our 
knowledge, there is no acceptable follow-up regimen for 
these tumors, with no consensus stopping point for follow-
up (Figs. 1, 2).

Fig. 1   A 41-year-old female who presented with worsening pain in 
her left thigh, associated with weight bearing. Anteroposterior radio-
graph (a) coronal T1-weighted MRI section (b) demonstrate a chon-
dral lesion involving the diaphyseal–metaphyseal junction of the left 
femur. She subsequently underwent intercalary resection and recon-
struction with intercalary allograft and long IMN (c). Bisected femur 
contained cartilaginous tumor with focal chalk-like gritty areas (d). 

Low power field microscopy showed an infiltrative growth pattern of 
low-grade chondrosarcoma with engulfment of the adjacent cancel-
lous bone (e). Following surgery, the patient has fully recovered func-
tionally, and followed up for 11  years. AP (f) and lateral (g) radio-
graphs of the left femur at the latest follow-up show that the allograft 
was fully incorporated and there are no signs of LR
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Both the European sarcoma network working group 
(ESMO) and the British sarcoma group clinical guidelines 
state that for low-grade bone sarcomas, the frequency of 
follow-up visits can be reduced to 4–6 monthly for 2 years 
and then annually. Late metastases as well as LRs and fail-
ure of reconstructions may occur more than 10 years after 
diagnosis in all tumors and there is no universally accepted 
stopping point for follow-up [27, 29]. Hence the impor-
tance of reporting oncologic and clinical outcomes with 
long-term follow-up for this particular malignancy. The 
present study adds valuable data to the limited existing evi-
dence about time to detection of LRs. Looking at 18 tumors 
reported herein, we found two LRs. One was identified in a 
humerus following intralesional curettage (Table 1, patient 
3), and another found following WLE and reconstruction 
with intercalary allograft (Table 1, patient 13), occurring 
at 3.5 months and 2.9 years, respectively, and both required 
revision. No further LRs could be detected with long-term 
follow-up in any of the patients. These findings are in line 
with several other case series, reporting LRs as early as 
2 months from the initial surgery and as late as 9 years [1, 
2, 10, 12, 13, 15, 16, 21, 22, 31].

As for the functional results following surgery, we found 
a mean MSTS score of 27.3 ± 3.8 for our entire cohort at 
a mean follow-up of 14 years, suggesting an overall satis-
fying functional outcome with surgical treatment, at long 
term. We did find better functional results in the group of 
patients treated with intralesional curettage (28.7 ± 1.7 ver-
sus 25.7 ± 3.4, p = 0.033), as one would expect given lesser 
extent of these procedures compared to WLE and reconstruc-
tion. These functional results resemble the ones reported in 
the previous report from our group (29.5 for intralesional 
versus 25.1 for WLE), suggesting there was no significant 
decline in the functional outcomes in our cohort. Regarding 
complications, we did not find ones necessitating reopera-
tions later than 5 years following the index procedure.

We acknowledge the several limitations of the present 
study. We had relatively small numbers of patients in both 
treatment groups. Additionally, there was also a significant 
number of patients lost to follow-up from the initial cohort 
of patients presented in the previous study from our group; 
however, with such a considerable follow-up term set as 
an inclusion criterion, this could be something expected. 
Furthermore, half of the patients lost to follow-up died 

Fig. 2   A 55-year-old male who presented with persistent left shoulder 
pain. Anteroposterior (a) and axial (b) radiographs, as well as sagittal 
T2-weighted MRI section (c) demonstrate a chondral lesion involv-
ing the metaphyseal left proximal humerus. Bone scan (Tc-99m) 
(d) demonstrated high uptake corresponding with the radiographic 
finding. He subsequently underwent intralesional treatment which 
included extended curettage with phenol, followed by bone grafting. 

Low power field microscopy showed an infiltrative growth pattern of 
low-grade chondrosarcoma with engulfment of the adjacent cancel-
lous bone (e). Following surgery, the patient has fully recovered func-
tionally, and followed up for 10 years. AP (f) radiograph and coronal 
T1-weighted MRI section (g) at the latest follow-up show that the 
allograft was fully incorporated and there are no signs of LR
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from unrelated causes without an evidence of recurrence or 
metastatic disease. Finally, the heterogeneity of the surgical 
treatment of the initial lesion in our study precludes us from 
making treatment recommendations based on our data.

Conclusions

This series of low-grade chondrosarcoma, surgically treated 
with intralesional procedures, with 10-year follow-up, dem-
onstrates excellent local control (88.9%). Complications 
were infrequent and minor, and MSTS functional scores 
were excellent. Wide resection of LGCS was associated with 
lower MSTS score and more complications. There were no 
late LR or metastases in neither group. Further larger-scale 
multicentric studies are needed in order to establish a stop-
ping point for surveillance in this malignancy.
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