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Abstract

Background Because chondrosarcomas vary widely in their
behavior, and because anticipating their behavior based on
histology alone can be challenging, genetic markers represent
an appealing area of inquiry that may help us refine our
prognostic approaches. Isocitrate dehydrogenase (IDH) muta-
tions are involved in the pathogenesis of a variety of
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neoplasms, and recently, IDH1/2 mutations have been found in
the tissue of benign cartilage tumors as well as in conventional
chondrosarcomas and highly aggressive dedifferentiated
chondrosarcomas. However, their association with patient
survival is still controversial.

Questions/purposes (1) What proportion of patients with
chondrosarcomas carry IDH mutations, and which IDH
mutations can be found? (2) Are any specific IDH muta-
tions associated with poorer overall survival, metastasis-
free survival, or local recurrence-free survival?

Methods Between April 2017 and December 2022, we
treated 74 patients for atypical cartilaginous tumors or
chondrosarcomas in a musculoskeletal tumor referral
center. Patients were considered potentially eligible for the
present study if the histologic diagnosis was confirmed by
two expert soft tissue and bone pathologists following the
current WHO classification, complete preoperative imag-
ing and follow-up data were available, surgical excision
was performed by sarcoma orthopaedic surgeons directed
by a team leader, and the minimum follow-up was 2 years
after surgical treatment unless the patient died. Data in-
cluding sex, age, diagnosis, grade, type of operation, local
recurrence, metastasis, and oncologic follow-up were
recorded. Forty-one patients (55%) were eligible for the
study. For each patient, DNA was extracted and quantified
from paraffin-embedded sections of tumor tissue, and the
mutational status of IDH1 (codons 105 and 132) and IDH2
(codons 140 and 172) genes was assessed. Of those, 56%
(23 of 41) of patients had adequate DNA for analysis of
IDH mutations: 10 male and 13 female patients, with
amedian age of 59 years (range 15 to 98 years). There were
22 conventional chondrosarcomas (8 atypical cartilaginous
tumors, 11 Grade 2, and 3 Grade 3) and 1 dedifferentiated
chondrosarcoma. Stage was IA in 3 patients, IB in 5, IIA in
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1,1IB in 13, and Il in 1, according to the Musculoskeletal
Tumor Society classification. At a median follow-up of
3.5 years (range 4 months to 5.6 years), 14 patients were
disease-free, 2 were alive with disease, and 7 died (3 within
2 years from surgery). Eight patients had metastases, and 7
developed local recurrence. We determined the proportion
of patients who carried IDH mutations, and compared
patients with and without those mutations in terms of
overall survival, metastasis-free survival, and local
recurrence-free survival using Kaplan-Meier curves.
Results Six patients showed wild-type IDH genes, and
17 had IDH mutations (12 had IDH1 R132, 3 had IDH1
G105, and 2 had IDH2 R172). Overall survival at 2 years
using the Kaplan-Meier estimator was lower in patients
with an IDH mutation than in those with the wild-type
gene (75% [95% confidence interval 50% to 99%] versus
100% [95% CI 100% to 100%]; p = 0.002). Two-year
metastasis-free survival was also lower in patients with
an IDH mutation than in those with the wild-type gene
(33% [95% CI 7% to 60%] versus 100% [95% CI 100%
to 100%]; p=0.001), as was 2-year local recurrence-free
survival (70% [95% CI 42% to 98%] versus 100% [95%
CI 100% to 100%]; p = 0.02).

Conclusion We found that IDH1 R132 mutations were
negatively associated with the prognosis of patients with bone
chondrosarcomas. Nevertheless, more extensive studies (such
as multicenter international studies) are needed and advisable
to confirm our observations in this preliminary small series.
Moreover, evaluating mutational status in fresh samples in-
stead of in paraffin-embedded sections could help to increase
the number of patients with adequate DNA for analysis. If our
findings will be confirmed, the evaluation of IDH mutational
status in biopsy samples or resection specimens could be
considered when stratifying patients, highlighting those who
may benefit from more aggressive treatment (such as adjuvant
chemotherapy) or closer follow-up.

Level of Evidence Level 11, prognostic study.

Introduction

Chondrosarcoma is a primary malignant bone tumor
characterized by abundant cartilage matrix production; its
clinical behavior depends mainly on the histologic grade,
with higher-grade tumors associated with poorer survival
[4, 6, 39, 41]. Chondrosarcoma is generally thought to be
resistant to chemotherapy and radiotherapy because of its
slow growth rate with a relatively low fraction of dividing
cells; consequently, surgery is believed to be the only
available curative option [5, 12, 17, 33]. However, despite
appropriate surgical treatment, there is a high risk of local
recurrence and metastases in Grades 2 and 3 chon-
drosarcomas, and these events decrease overall survival [3,
4, 6, 39, 41]. Thus, predicting the clinical outcomes and
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which patients are at increased risk of relapse based only on
histologic grade can be challenging [3, 4, 19, 24].
Therefore, current research has focused on identifying new
therapeutic targets and potential predictive markers, in-
cluding genetic ones, that may help orthopaedic surgeons
refine prognostic approaches [7, 10, 15, 29, 34, 36-38].

Specific driver mutations in isocitrate dehydrogenase
(IDH) have been identified in a variety of neoplasms, in-
cluding cholangiocarcinoma; acute myeloid leukemia; glio-
mas; thyroid, breast, and prostate carcinomas; and melanoma
[14,18,25,27,31,37,42,43,46,47,49]. Their potential role
as prognostic and predictive markers has been investigated:
IDH1/2 mutations do not implicate alternative treatment or
additional prognostically impactful information in most of
the above diseases, whereas IDH1/2 mutations may lead to
treatment with biologic actives in IDH1/2-mutated intra-
hepatic cholangiocarcinoma or differential diagnosis in neu-
ropathology [14, 18,25,27,31,37,42,43,46,47,49]. IDH is
a [-decarboxylating dehydrogenase enzyme in the tri-
carboxylic acid cycle and is implicated in the synthesis of
nucleotides, lipids, and amino acids [21]. Three isoforms
have been identified: IDH1 in the cytoplasm and peroxisomes
and IDH2 and IDH3 in mitochondria [35]. Mutated IDH
enzymes produce D-2-hydroxyglutarate oncometabolite
[11], which accumulates in cells, leading to histone and DNA
hypermethylation and impairing normal cell differentiation
and promoting tumorigenesis [8, 26]. IDH mutations also
influence other cellular processes, including metabolism, cell
growth signaling pathways, and DNA damage repair [30, 41,
45]. These genetic mutations are missense substitutions that
most commonly occur in codons R132 or G105 of IDH1 and
codons R172 or R140 of the IDH2 gene [11, 20, 48].

Recently, IDH1/2 mutations were found in the tumor
tissue of benign cartilage tumors and in conventional
chondrosarcoma and highly aggressive dedifferentiated
chondrosarcomas [1, 2, 7, 9, 22, 23, 28, 34, 39, 40, 50];
however, their association with prognosis remains con-
troversial [1, 9, 28, 32, 51], such as their use in patient
treatment [10].

We therefore asked: (1) What proportion of patients
with chondrosarcomas carry IDH mutations, and which
IDH mutations can be found? (2) Are any specific IDH
mutations associated with poorer overall survival,
metastasis-free survival, or local recurrence-free survival?

Patients and Methods

Study Design and Setting

This was a prospective study in which IDH mutational
status was analyzed in patients who underwent surgery for

atypical cartilaginous tumors (ACTs) or chondrosarcoma
in an urban musculoskeletal tumor referral center.
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The inclusion criteria were confirmed histologic diagnosis
of chondrosarcoma by two expert soft tissue and bone path-
ologists (APDT and MS) in accordance with the current WHO
classification [44], complete preoperative imaging and follow-
up data, surgical excision of the chondrosarcoma by sarcoma
orthopaedic surgeons (AA, EP, and GT) directed by a team
leader (PR), and minimum follow-up of 2 years after surgical
treatment unless the patient died. Data regarding sex, age,
histologic diagnosis, site, pathologic fracture, type of surgery,
margins, local recurrence, and metastasis were examined.

Participants

Between April 2017 and December 2022, we treated 74
patients. Thirty-three patients were excluded from the anal-
ysis because they did not receive surgical treatment (3
patients) or because they were treated after 2020 (30 patients),
with a minimum follow-up shorter than 2 years (Fig. 1).

All patients had staging and fluoroscopy-guided trocar bi-
opsy (8-gauge) before surgery. The surgical treatment was as

Patients with chondrosarcoma
treated between 2017 and 2022
n=74

—

\4

Patients eligible for the study
n=41

—

Patients with
IDH mutations analysis
n=23

follows: extensive curettage and filling of the bone defect with
polymethyl methacrylate for appendicular ACT, considering
the expected low risk of metastasis and local recurrence; wide
resection for ACT with aggressive radiologic findings (such as
cortex expansion with cortical disruption) or massive meta-
physeal involvement, as well as Grade 2 or 3 chondrosarcoma
and dedifferentiated chondrosarcoma; and amputation for high-
grade chondrosarcoma when neurovascular structures were
involved, precluding functional limb salvage. After surgery,
specimens were evaluated by the same pathologists (APDT
and MS) who analyzed the biopsy samples. All analyses in this
study were based on the final pathology report.

Description of Experiment, Treatment, or Surgery

Forty-one patients (55%) were eligible for the analysis of IDH
mutational status. For each patient, five 10-wm paraffin-
embedded sections of resected tumor were used to extract
DNA using the QIAmp FFPE tissue Kit (Qiagen) according to
the manufacturer’s instructions. Extracted DNA was quantified

Patients not surgically treated
n=3

Patients treated
after December 2020
n=30

Patients with
inadequate DNA for analysis
n=18

Fig. 1 This flow diagram describes our inclusion and exclusion criteria for patients

enrolled in the study.
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using the Qubit® 3.0 fluorometer and the Qubit® DNA BR
Assay kit (Thermo Fisher Scientific). The mutational status of
IDH1 (codons 105 and 132) and IDH2 (codons 140 and 172)
was assessed using the kit EasyPGX ready IDH1-2, according
to the manufacturer’s instructions (Diatech Pharmacogenetics).
This real-time polymerase chain reaction—based assay allows
the coamplification of mutated alleles (FAM-labeled probes)
and an endogenous control gene (HEX-labeled probes).
Amplifying the control gene allows for an evaluation of DNA
quality. For each reaction, 15 to 30 ng of DNA were used.
Results were analyzed using the EasyPGX analysis software.

Descriptive Data

A total of 56% of patients (23 of 41) had adequate tissue and
DNA for the analysis of IDH mutations (Table 1), including
10 male and 13 female patients with a median age of
59 years (range 15 to 98 years). There were 22 conventional

chondrosarcoma (8 ACT, 11 Grade 2, 3 Grade 3), and 1
dedifferentiated chondrosarcoma. The most frequent site
was the lower limb (11 patients), followed by the upper limb
(eight) and the periacetabular area (four). No patient had
a pathologic fracture, and one presented with lung metas-
tases at the time of diagnosis. The stage was A in 3 patients,
IB in five, IIA in one, IIB in 13, and III in one, according to
the Muscoluskeletal Tumor Society classification. Surgery
at our department was the first treatment for all patients
except for four patients, who were treated for local re-
currence of a previously managed chondrosarcoma with
inadequate margins at another center. Surgical margins were
adequate in all patients: wide for all resections (16) and
amputations (4) and intralesional by choice in patients with
ACTs treated with curettage (3). None of the patients re-
ceived adjuvant treatments, except one with multiple lung
metastases who started palliative chemotherapy with cis-
platin, doxorubicin, and ifosfamide according to the
EUROpean Bone Over 40 Sarcoma Study protocol [16].

Table 1. Demographic and oncologic data of patients with chondrosarcoma in whom the IDH mutational status was

analyzed (n = 23)

Age
in Type of IDH Follow-up
Patient Gender years Grade Site Stage surgery mutations Metastases LR Outcome in months
1 W 98 Grade 2 Foot IIB Amputation IDH1 R132 No No NED 40
2 M 15 Grade 27 Pelvis 1B Resection  Wild-type No Yes  NEDrl 68
3 M 64 Grade 2 Scapula 113] Resection IDH1 R132 No No NED 66
4 W 59 ACT Humerus IB Resection IDH1 G105 No No NED 65
5 W 61 ACT® Calcaneus 1B Resection  Wild-type No No NED 65
6 M 76 Grade 3 Femur 1B Resection IDH2 R172 No No NED 62
7 M 45 Grade 22 Femur 1B Resection  Wild-type No Yes  NEDrl 62
8 M 69 Grade 2 Pelvis 1B Amputation IDH1 R132 Yes Yes DWD 17
9 W 56 Grade 2 Femur Il Amputation IDH1 R132 Yes No DWD 31
10 W 69 Grade 22 Tibia 1B Resection IDH1 R132 Yes No DWD 4
11 M 38 Grade 2 Pelvis 1B Resection IDH1 R132 Yes Yes DWD 39
12 W 67 ACT Femur IB Resection  Wild-type No No NED 53
13 W 36 Grade 2 Femur 1B Resection IDH1 R132 Yes Yes AWD 48
14 W 55 Grade 3 Fibula 1B Resection IDH1 R132 Yes Yes AWD 47
15 M 21 ACT Femur IB Resection  Wild-type No No NED 46
16 W 89 Dedifferentiated Humerus 1B Amputation IDH1 R132 Yes No DWD 4
17 W 82 Grade 3 Scapula 1B Amputation IDH1 R132 Yes No DWD 43
18 W 61 ACT Humerus IB Resection IDH1 G105 No No NED 39
19 M 58 ACT Acromion IA Curettage  Wild-type No No NED 39
20 W 44 ACT Humerus 1A Curettage IDH1 R132 No No NED 38
21 M 43 Grade 2 Femur A Resection IDH1 G105 No No NED 37
22 W 20 ACT Humerus 1A Curettage IDH2 R172 No No NED 34
23 M 65 Grade 2 Pelvis 1B Resection IDH1 R132 No Yes DWD 29

#Patients who had previous inadequate surgical treatment elsewhere. IDH = isocitrate dehydrogenase; LR = local recurrence; M =
man; W = woman; ACT = atypical cartilaginous tumors; NED = no evidence of disease; AWD = alive with disease; DWD = dead with

disease; NEDrl = no evidence of disease after treatment of local recurrence.
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Table 2. IDH mutations found in 23 patients with chondrosarcoma and their correlation with oncologic outcomes

Wild-type

IDH1 G105

IDH2 R172 IDH1 R132

Diagnosis
Grade 1 chondrosarcoma 4
Grade 2 chondrosarcoma 2
Grade 3 chondrosarcoma

Dedifferentiated
chondrosarcoma

Stage

1}

Oncologic outcomes
No evidence of disease 6
Alive with disease
Dead with disease

Relapse of disease
Local recurrence 2
Metastases

—_
- N 00 =

5
8 (1 at the time of diagnosis)

IDH = isocitrate dehydrogenase.

Description of Follow-up Routine

The follow-up protocol included physical examinations,
radiographs, and MRI with contrast of the treated site
every 3 months during the first 3 years, every 4 months in
the fourth year, every 6 months in the fifth year, and then
annually for the other 5 years. Lung CT was performed at
every examination of patients with high-grade chon-
drosarcomas and every 6 months in those with ACT. No
patient was lost to follow-up. At a median follow-up of
3.5 years (range 4 months to 5.6 years), seven patients had
local recurrence and eight had lung metastases. Local
recurrence occurred at a median of 23 months (range 12 to
30) after surgery and was treated with wide excision (three
patients) or amputation (two), while two patients were
considered inoperable. Seven patients developed new
lung metastases at a median of 12 months after surgery
(range 2 to 22); three of them received palliative chemo-
therapy according to the EUROpean Bone Over 40
Sarcoma Study protocol. The others received no therapy
owing to their poor general condition; these patients died
after a few months. Four patients had local recurrences
and metastases. At the last follow-up examination, 14
patients were disease-free, two were alive with disease,
and seven died (three within 2 years from surgery).

Primary and Secondary Study Outcomes

Our primary study goal was to determine the proportion of
patients who carried IDH mutations. Our secondary study
goal was to compare the oncologic outcomes of patients with
and without those mutations, analyzing local recurrence,
metastasis, or death.

Statistical Analysis

We analyzed overall survival as the time from surgery to
the last follow-up or death, local recurrence-free survival
as the time from surgery to local recurrence, and
metastases-free survival as the time from surgery to me-
tastasis. Considering that positive surgical margins are
a possible prognostic factor that influences the recurrence
rate, we decided to exclude the subgroup of patients
previously treated elsewhere with inadequate margins
from the analysis. Survival curves were analyzed using
a Kaplan-Meier analysis, and the curves were compared
using a log-rank test; p values less than 0.05 were con-
sidered significant. Because of the limited number of
patients in our series, we did not perform a multivariate
analysis.

{E}QWolters Kluwer
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Results

Proportion of Patients With IDH Mutations and
Mutation Types

Of the 23 patients, six had wild-type IDH1/2 genes and 17
had IDH1/2 mutations: 12 were IDH1 R132, three were
IDH1 G105, and two were IDH2 R172. IDH1 R132 muta-
tions occurred in all grades (Table 2). Four patients with
Grade 1 chondrosarcomas had IDH1/2 mutations, whereas
nine patients with Grade 2 chondrosarcomas had IDH1
mutations. All patients with Grade 3 chondrosarcomas and
dedifferentiated chondrosarcomas had IDH1/2 mutations.

Are IDH Mutations Associated With Poorer Survival?

Although the numbers of patients with each mutation
were small and generally precluded a statistical

100 T T T T

90—_
80;
70;
60—-

50 —

Overall survival (%)

40

30—

analysis, patients with IDH R132 did especially poorly
(Table 2).

Overall survival at 2 years using the Kaplan-Meier
estimator was lower in patients with an IDH mutation
than in those with the wild-type gene (75% [95% con-
fidence interval 50% to 99%)] versus 100% [95% CI
100% to 100%]; p = 0.002) (Fig. 2A). Two-year
metastasis-free survival was also lower (33% [95% CI
7% to 60%] versus 100% [95% CI 100% to 100%]; p =
0.001) (Fig. 2B), as was 2-year local recurrence-free
survival (70% [95% CI 42% to 98%] versus 100% [95%
CI 100% to 100%]; p = 0.02) (Fig. 2C). Patients with
Grade 2 chondrosarcoma had lower 2-year overall sur-
vival if they also presented with the IDH1 R132 muta-
tion than those with the wild-type gene or other
mutations (75% [95% CI 45% to 100%] versus 100%
[95% CI 100% to 100%]; p = 0.04) (Fig. 3). With the
numbers we had, we could not show differences among
patients with other chondrosarcoma grades.

100 T T T |

90—_
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70 |
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Metastases-free survival (%)
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10 o — Wild-type or other IDH mutations 10 o —— Wild-type or other IDH mutations
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s
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g
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3
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= 4

20—

10 o — Wild-type or other IDH mutations

—— IDHI R132 mutation
0 —T—T— ——T— T
0 12 24 36 48 60 72

C Follow-up (months)

Fig. 2 Kaplan-Meier survival curves show that (A) overall survival was lower in patients with the IDH1 R132 mutation (p = 0.002).
Similarly, (B) metastases-free survival (p = 0.001) and (C) local recurrence-free survival (p = 0.02) were also lower.
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Discussion

Chondrosarcomas show wide morphologic and clinical het-
erogeneity; consequently, the prediction of their behavior
cannot be based only on histologic features [3, 4, 19, 24].
Therefore, identifying new prognostic markers is advisable,
and among these, genetic markers could be a useful tool that
may help surgeons refine their prognostic approaches [7, 10,
15, 29, 34, 36-38]. IDH mutations are involved in the path-
ogenesis and prognosis of a variety of neoplasms, and re-
cently, IDH1/2 mutations have been found in cartilage tumors
[1,2,7,9,22,23, 28, 34, 39, 40, 50]. These genomic alter-
ations can have a meaningful diagnostic impact and be a po-
tential therapeutic target. IDH mutations help discriminate
between dedifferentiated chondrosarcoma and other bone
sarcomas [7, 13], and trials with IDH inhibitors are ongoing
[10]. Because the association between IDH mutations and the
survival of patients with chondrosarcomas is still controver-
sial [1, 9,22, 28, 32,50, 51], we decided to explore the pattern
of IDH mutations in patients with chondrosarcoma and its
relationship with clinical outcomes. Our preliminary results
demonstrated a poor prognosis in patients carrying IDH1
R132 mutations. If the results are confirmed in large series, the
management of chondrosarcomas might be improved.

Limitations

The main limitation of our series is the small number of
patients evaluated. Indeed, the small sample size precludes

100

performing a statistical analysis of the different subgroups,
preventimg us from assessing possible differences in age
and gender or detecting relationships between other
mutations and overall survival, metastasis-free survival,
and recurrence-free survival. Moreover, we had in-
sufficient numbers for a multivariable analysis, which
could be helpful to remove confounding variables such as
tumor grade. However, in this preliminary study, we found
that all different mutations can occur in all grades, and
patients harboring IDH1 R132 mutations showed lower
overall survival, metastasis-free survival, and recurrence-
free survival than those with wild-type or alternative
mutations. The grade was a prognostic factor; thus, we also
analyzed the influence of IDH mutational status according
to grade. We found that patients with Grade 2 had worse
prognoses when carrying IDH1 R132 mutations.
Therefore, the IDH1 R132 mutation seems to be an addi-
tional prognostic factor beyond the grade.

Second, the follow-up period was relatively short, and
some patients may have recurrences or cancer-related
deaths. However, local recurrence and metastases most
frequently occur within 2 years after surgery in patients with
high-grade chondrosarcoma, and all our patients had a min-
imum follow-up of 2 years (except those who died before the
2-year interval owing to disease progression). Thus, al-
though the follow-up is short, we believe it to be adequate
for the purpose of the study. Nevertheless, additional follow-
up studies are essential to validate the results reported herein.

Third, we did not include patients with enchondromas,
in which IDH1 and IDH2 mutations can also be detected.

Overall survival (%)
1

10 -4 —— Grade 2 CS without IDH1 R132 mutation
—— Grade 2 CS with IDH1 R132 mutation

0 1 I T I T
0 12 24

| ' I ' | |
36 48 60 72

Follow-up (months)

Fig. 3 This Kaplan-Meier survival curve shows lower overall survival in patients affected
by Grade 2 chondrosarcoma if they also carried the IDH1 R132 mutation (p = 0.04).
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Table 3. Other studies about IDH mutations in chondrosarcoma

Study Setting Number of patients (range of time) IDH mutations Association with survival
Amary et al. [1] Multicentric 138 (not reported) 54% No association with survival
Retrospective
IDH1 R132
IDH2 R172
Cleven et al. [9] Retrospective 67 (not reported) 67% No association with survival
Lugowska et al. [28] Retrospective 80 (1996-2013) 34% Overall survival lower in IDH mutations
IDH1 R132
IDH2 R172
IDH2 R140
Zhu et al. [51] Retrospective 79 (1984-2017) 45% Time to metastasis longer in IDH
mutations, but no difference in MFS
IDH1 R132
IDH2 R172
Nakagawa et al. [32] Retrospective 38 (1995-2015) 52% IDH mutations were associated with
poor survival
IDH1 R132
IDH2 R172
Current study Prospective 23 (2017-2020) 74% IDH1 R132 mutations associated with
worse OS, MFS, and RFS
IDH1 R132
IDH1 G105
IDH2 R172

IDH = isocitrate dehydrogenase; MFS = metastases-free survival; OS = overall survival; RFS = local recurrence-free survival.

However, we think this is not a disqualifying aspect of our
analysis because we included patients with ACTs; in the
extremities, ACTs have biological behavior more similar to
that of enchondromas than to high-grade chondrosarcoma.
Finally, this study provides information about the muta-
tional status of a smaller subset of patients than the initially
selected cohort. Indeed, in 18 of 44 eligible patients, the
tissue quality for IDH1/2 mutational analysis was affected
by decalcification products before paraffin embedding and
variability in cellularity and components of the cartilaginous
matrix. Although 18 patients were excluded from the mo-
lecular evaluation, the results that support the association
between the IDH1 R132 mutation and poor prognosis are
important. Even the implementation of molecular IDH1/2
profiling in routine clinical practice will remain challenging.
Evaluating mutational status in fresh samples instead of
paraffin-embedded sections could help to increase the
number of patients with adequate DNA for analysis.

Proportion of Patients With IDH Mutations and
Mutation Types

In our series, IDH mutations were present in 17 of 23
patients regardless of grade, and the IDH1 R132 mutation

am—

(=), Wolters Kluwer

was the most frequently encountered. IDH1/2 mutations
accounted for 13 of 15 high-grade chondrosarcomas. Other
retrospective studies reported IDH mutations (mainly IDH1
R132 followed by IDH2 R172) in 34% to 67% of patients
with chondrosarcomas, more frequently in high-grade than
in low-grade chondrosarcomas [1, 9, 28, 32, 51] (Table 3).

Although we could define the IDH mutational status
in only approximately half of the patients (56% [23 of
41]), the proportion of patients with IDH mutations is
similar to those already reported. Therefore, we think the
results may be applied to the general population of
patients with chondrosarcomas.

Are IDH Mutations Associated With Poorer Survival?

We found poorer overall survival, metastasis-free survival, and
recurrence-free survival in patients with the IDH1 R132 mu-
tation. Other more extensive series documented discordant
results [1, 9, 28, 32, 51]. Some authors [28, 32] reported poor
prognoses in patients with IDH mutations, whereas others [1,
9] found no differences in survival in patients with IDH
mutations and those without. Lastly, one other study [51]
noted that the time to metastasis was longer in patients with
IDH mutations than in those without (50 versus 19 months in
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high-grade chondrosarcoma and 16 versus 5.5 months in
dedifferentiated chondrosarcoma), although metastasis-free
survival was no different. The conflicting results of others
could be related to the fact that patients’ data were retrospec-
tively analyzed and collected over a long period or from dif-
ferent institutions, and sometimes data about the type of
surgery performed and surgical margins obtained were lack-
ing. Moreover, other authors considered the presence of the
IDH1/2 mutation (considering all mutations) without analyz-
ing the association between the different types and prognosis.
Conversely, our study, although limited by the number of
patients, was more homogeneous and included prospectively
collected data from patients who were treated over a short
period by the same surgical team (with the same level of
expertise) who obtained oncologically adequate surgical
margins in all patients. In addition, we separately examined the
different IDH mutations.

Conclusion

IDH mutational status, specifically IDH1 R132 mutations, is
associated with poorer overall survival in patients with
chondrosarcoma. These preliminary results must be con-
firmed in a larger group of patients. Multicenter, international
studies could be helpful. Moreover, evaluating the mutational
status in fresh samples instead of in paraffin-embedded sec-
tions could help to increase the number of patients with ad-
equate DNA for analysis. If our findings are confirmed, the
evaluation of IDH mutational status in biopsy samples or
resection specimens could be considered when stratifying
patients, highlighting those who may benefit from more ag-
gressive treatment than simple curettage, even in patients with
low-grades chondrocarcomas. Novel agents may be discov-
ered or chemotherapy might be considered for patients with
high-grade chondrosarcomas and an IDH mutation, or a more
frequent follow-up schedule might be considered to detect
relapses early.

This is an open access article distributed under the Creative Commons
Attribution License 4.0 (CCBY), which permits unrestricted use,
distribution, and reproduction in any medium, provided the original
work is properly cited.
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