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Abstract
Background: To investigate the clinical feature in prognostic prediction of repeatedly recurrent spinal chondrosarcoma
(RRSC). The purpose of this study was to illustrate the clinical parameters of RRSC and to discuss the prognostic factors
by statistical analysis.

Methods: Univariate and multivariate analyses were performed to investigate independent prognostic factors for recurrence
and death of patients with RRSC. Recurrence-free survival (RFS) and overall survival (OS) were estimated by Kaplan-Meier
curve, and differences were analyzed by log-rank test. Factors with P < 0.1 extracted by univariate analysis were subjected
to multivariate analysis by Cox regression analysis. P < 0.05 were considered statistically signi�cant.

Results: Included in this study were 49 patients with RRSC who were followed up by a mean of 31.7 months (median, 25
months; range, 5-93 months). Local recurrence was detected in 33 patients, with death in 28 patients. The �nal statistical
analysis indicated that wide surgical margin (> 4 mm) was the most favorable prognostic factor for both recurrence-free
survival (RFS) and overall survival (OS). Meanwhile, fewer number of recurrences (NOR) was in favor of RFS, and lower
pathological grade was a signi�cant favorable prognostic factor for OS.

Conclusion: Wide surgical margin should be considered in predicting the prognosis of RRSC, including RFS as well as OS.
NOR was signi�cant prognostic indicator for RFS, and pathological grading was signi�cantly associated with OS.

Introduction
Chondrosarcoma is one of most common primary malignant bone tumor with local invasiveness, potential of recurrence,
and high mortality, which usually occurs in patients between 30 and 70 years of age [1-3]. Chondrosarcoma consists of a
family of malignant tumors in which the cells tend to differentiate into cartilage, classi�ed as conventional, mesenchymal,
dedifferentiated, clear cell and so on [4,5]. Owing to the anatomic constraints of the spine making it hard to achieve radical
resection, the recurrence rate of spinal chondrosarcoma is maintained at a high level accounting approximately for
32%-58% [6-8]. However, some patients experienced more than once recurrence resulting from high recurrent potential of
spinal chondrosarcoma and inadequate surgical excision. Recurrent spinal chondrosarcoma (RSC), especially repeatedly
recurrent spinal chondrosarcoma (RRSC), poses a huge challenge for surgeons and causes in�nite pain and �nancial
burden on patients. Patients with RRSC tend to experience the worse neurological defects and the greater surgical
obstacles, resulting in malignant transformation, distant metastasis, or even death.

Although there was some published information about chondrosarcoma in the spine, they only focused on the prognosis of
primary or recurrent spinal chondrosarcoma, rather than RRSC [9-11]. Treatment strategies of RRSC are scarce in published
information and there is only clinical treatment about RSC on basis of some sporadic case reports, thus clinical treatment
of RRSC is still controversial. Kawahara N et al have reported that total excision (total en bloc spondylectomy and total
piecemeal spondylectomy) including wide tumor margin was bene�cial for local control and overall survival of patients
with RSC [12]. Moreover, Nisson PL et al have revealed that surgical technique that entering the tumor capsule showed a
signi�cantly great risk for recurrence [2]. However, all these reports contained a relatively small sample size, lacking of
statistical signi�cance. Some published information has con�rmed a high level of e�cacy for fractionated photon
radiotherapy after surgery [13,14].

The purpose of this retrospective study was to evaluate the signi�cant prognostic factors for recurrence-free survival (RFS)
and overall survival (OS) of patients with RRSC and to develop appropriate treatment options for these patients.

Methods And Materials
Patients
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This retrospective study reviewed a total of 223 patients with spinal chondrosarcoma who treated surgically in our center
between December 2001 and April 2017, from whom patients with twice or more time of recurrence were retrospectively
included and their clinical data was obtained from the database of our hospital. The recurrence was detected by clinical
manifestation and radiological outcome, and �nal prognosis was con�rmed by pathological results of postoperative
specimen. RRSC was de�ned as spinal chondrosarcoma that recurred twice or more time. Recruited in this retrospective
study were 49 consecutive patients with RRSC underwent surgical treatment in this time period. Permission was obtained
from the hospital ethic committee before commencing this research, and informed consent was obtained from all patients
or their legal guardians. A typical case’s material was shown in Fig. 1.

Patients’ preoperative neurological status was evaluated according to Frankel score [15]. The resected chondrosarcoma was
classi�ed as conventional, mesenchymal, dedifferentiated, clear cell subtype on basis of histological appearance [16]. The
pathological grading was divided into three tiers: grade I (low), grade II (intermediate), grade III (high) [17]. The individualized
surgical strategy was decided for each patient according to Tomita classi�cation, Ennecking stage, and Weinstein-Boriani-
Biagini surgical staging system [18-20]. This study focused on the recurrence and death status, with recurrence-free survival
(RFS) and overall survival (OS). Event times were de�ned as the interval from the date of last surgery to local recurrence,
death, or until April 2017 for living patients. All patients were followed up on an outpatient basis at 3-month intervals for the
�rst 6 months, then at 6-mo intervals for the next 2 years, and annually.

Statistical method

Quantitative data are described by mean, median (range), and qualitative data are described as counts and percentages.
The univariate and multivariate analysis of various clinical factors were performed to identify independent variables that
could predict the prognosis of RRSC.

The RFS rate and OS rate were evaluated by the Kaplan-Meier method, and log-rank test was used for univariate analysis to
identify independent variables that could predict prognosis. Clinical experience and statistical analysis were used to decide
whether continuous variables should be categorized. Factors with P value < 0.10 were subjected to multivariate analysis by
Cox proportional hazards analysis. P value < 0.05 were considered statistically signi�cant. All statistical calculations were
performed using SPSS Statistics, version 21.0 (IBM, Armonk, New York).

Result
Patient baseline characteristics

The clinical data of 49 patients with RRSC was described in Table 1. The population comprised 31 males and 18 females
with a mean age of 44.2 years (median 37 y; range, 19-67 y). Of these patients, 27 patients with NOR of two times, and the
remaining 22 patients experienced more than two times. Moreover, 16 patients were performed �rst operation in our
hospital, and 33 patients underwent �rst surgical treatment in other hospitals. Of them, 10 RRSCs located in cervical spine,
with 30 cases, 5 cases, and 4 cases in thoracic spine, lumber spine, and sacrum, respectively. 15 RRSCs was classi�ed as
Tomita I-III, and the other was classi�ed as Tomita IV-VI, according to Tomita classi�cation. Simultaneously, 24 patients
were diagnosed as with conventional RRSC, 8 with mesenchymal variants, 14 with dedifferentiated subtype, and 3 with
clear cell RRSC. All 49 patients underwent surgical treatment; total en bloc spondylectomy, total piecemeal spondylectomy,
and subtotal resection were performed in 9, 23, and 17 cases, respectively. The surgical margin of 24 patients was narrow,
while the remaining 25 cases were detected as wide margin.

Recurrence was detected in 33 patients after last surgical treatment, while 28 patients died during the follow-up period. The
mean follow-up time was 31.7 months (median, 25 months; range, 5-93 months). The mean time from last surgery to
recurrence was 13.4 months (median, 11 months; range, 3-68 months). while follow-up for the dead patients was 19.3
months (median, 16.5 months; range, 5–67 months).
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Univariate analysis of prognostic factors affecting RFS and OS of patients with RRSC

Postoperative recurrence was common in patients with RRSC, the overall RFS rate after last surgical treatment was 32.7%,
with mean RFS of 24.3 months (median, 17 months; range, 3-68 months). The detailed univariate analysis of prognostic
factors for RFS was described in Table 1. In our series, the RFS of patients with tumor diagnosed as conventional subtype
was longer than patients with other three subtypes, such as mesenchymal, dedifferentiated, and clear cell subtypes (p <
0.001). The recurrence rate was signi�cantly different among patients with pathological grading I, II, and III (p < 0.001). In
addition, intraoperative chemotherapy could obviously prolong the RFS of patients with RRSC (p = 0.080). Patients who
experienced number of recurrence more than 2 times had shorter RFS than those underwent recurrence of 2 times (p <
0.001). Statistical results revealed that �rst surgical institution was our hospital could signi�cantly increase the RFS of
patients with RRSC (p = 0.032). Moreover, patients with wide surgical margin had high RFS rate than those with narrow
surgical margin (p < 0.001).

Twenty-eight patients (57.1%) suffered death, thus the OS for RRSC was 42.9%, with mean OS of 31.7 months (median, 25
months; range, 5-93 months). Univariate analysis of prognostic factors affecting OS was shown in Table 1. According to
statistical results using log-rank test, a signi�cant difference was found in patients’ age (p = 0.079), histological subtype (p
< 0.001), pathological grading (p < 0.001), postoperative radiotherapy (p = 0.077), NOS (p < 0.001), FSI (p = 0.078), and
surgical margin (p < 0.001), respectively.

Multivariate analysis of prognostic factors affecting RFS and OS of patients with RRSC

Potential prognostic factors extracted by univariate analysis were submitted to Cox proportional hazards analysis.
Multivariate analysis of potential independent prognostic factors of RFS was shown in detail in Table 2. NOR was
signi�cantly associated with RFS of patients with RRSC (The hazard ratio [HR] was 0.240, p = 0.012). Patients with wide
surgical margin had longer RFS rate than those with narrow surgical margin (HR, 3.194; p = 0.002). The Kaplan-Meier
curves of RFS for NOR and surgical margin were shown in Fig. 2. Moreover, the results of multivariate analysis of
prognostic value for OS revealed that pathological grading and surgical margin were signi�cant prognostic factors for OS
of patients with RRSC in Table 3 (pathological grading: HR, 3.283; p = 0.012 and surgical margin: HR, 0.216; p = 0.008). And
the Kaplan-Meier curves of OS for pathological grading and surgical margin were described in Fig.3.

Baseline characteristics of patients underwent �ve surgical treatment

Of all patients, 27 patients underwent two-times recurrence, 15 patients with three times, 7 patients with four times. The
detailed baseline characteristics of seven patients underwent four-time recurrences were described in Table 4. Of them, only
one patient (case# 3) had �rst surgical treatment in our hospital after initial diagnosis. Thoracic spine was the most
common location of lesion of RRSC with four recurrences. Only one tumor was classi�ed as Tomita III according to
radiological result (case# 1). Two patients (case# 2,4) experienced postoperative radiotherapy were dead during follow up.
All patients with tumor evaluated as dedifferentiated spinal chondrosarcoma and pathological grading III were dead, while
only one patient (case# 3) was alive with disease and one patient (case# 7) lived with no evidence of disease.

Discussion
Chondrosarcoma is one of most common bone tumor constituting a family of malignant tumors in which the cells tend to
differentiate into cartilage [21,22]. With special anatomical structure and high recurrent potential, how to reduce
postoperative recurrent rate and improve postoperative survival time poses a great challenge for treatment of RRSC.
Therefore, prolong the RFS and improve the OS are still important issues that should be addressed for surgeons. In our
series, univariate and multivariate analysis were performed to identify the independent prognostic factors for RFS and OS
of patients with RRSC. The �nal statistical results revealed that wide surgical margin could signi�cantly improve RFS and
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OS. Low NOR was a signi�cantly independent prognostic factor for RFS of patients with RRSC. Moreover, pathological
grading was regarded as signi�cant prognostic factor for OS.

In our research, mean age of 44.2 years and peak incidence between 30–70 years of age were similar with the �nding of
former reports [9,23,24]. The male to female rate was 1.1:1, which was different from previous published results. Yin H et al
reported that the male to female rate of spinal chondrosarcoma was 2.1:1 [9]. Armin Arshi et al found that the male to
female rate of this disease was 1.8:1, according to the SEER registry from 1973 to 2012 [11]. However, age and gender were
not signi�cant independent prognostic factor for RFS and OS. Nevertheless, Yin H et al has reported that total en bloc
spondylectomy could signi�cantly decrease the risk of recurrence and meanwhile improve overall survival of spinal
chondrosarcoma [9]. Armin Arshi et al thought that radiotherapy worsens outcomes in patients with con�ned and locally
invasive disease [11].

Surgical treatment is the standard treatment strategy for RRSC, with the aim of preserving or even improving functionality,
relieving pain, controlling local recurrence, and promising prolonged survival. As for patients in this series, all patients
experienced local recurrence (LR) at least two times, even with seven patients with four-time LR. There were 27 patients
with number of recurrence of 2 times, 15 patients with 3 times, and 7 patients with 4 times. Scar hyperplasia in the lesion of
patients with tumor recurrence leads to unclear boundary structure in surgical area, which is easy to damage the nerve
function during the reoperation, aggravate the neurological dysfunction, increase the possibility that the tumor can’t be
completely removed, and trigger the recurrence of the tumor [25]. Thus, achieving gross total resection of spinal
chondrosarcoma with wide margin in �rst operation was extremely important for prognosis of patients. Therefore, the �rst
operation opportunity is precious for both doctors and patients [26,27]. Eva Roos et al had reported that the 5-year outcome
after recurrent chondrosarcoma was lower than primary chondrosarcoma [28]. Meanwhile, our study revealed that less NOR
can signi�cantly reduce the risk of recurrence of patients with RRSC.

According to the introduction of the current WHO classi�cation of tumors of soft tissue and bone, chondrosarcoma was
grouped into three pathological grades, such as I, II, and III [29]. Chondrosarcoma grade I o�cially termed atypical
cartilaginous tumor is recommended curettage with local adjuvant therapy. However, Chondrosarcoma grade II and III with
histologically fat binuclear cells and multinucleated giant cells are advised to undergo total en bloc spondylectomy. As for
recurrent cases, total en bloc spondylectomy was di�cult to be achieved. Multivariate analysis indicated that patients with
tumor classi�ed as pathological grade III had poorer OS than those with tumor classi�ed as pathological grade I and II,
which was consistent with previous reports [1,30,31]. Among tumor’s histology, four subtypes of chondrosarcoma were
included in our series, such as conventional, mesenchymal, dedifferentiated, and clear cell subtypes. Nevertheless, no
signi�cant association between histological subtype and prognosis was con�rmed in this research. Armin Arshi et al found
that mesenchymal and dedifferentiated chondrosarcomas portended a comparatively dismal prognosis in the spine [11].
Wu AM et al reported that pediatric patients with myxoid variants had a poorer prognosis than patients with
chondrosarcoma not otherwise speci�ed [32]. Van Maldegem A et al thought that prospective studies need to be conducted
based on preclinical work to develop a uniform regimen to treat advanced chondrosarcoma patients according to the
diagnosed histological subtype to improve their survival [33].

Surgical margins were measured on the histological slides in centimeters from the resection surface to the nearest viable
tumor, which were grouped into narrow surgical margin and wide surgical margin. Meanwhile, narrow margin included
marginal and intralesional surgical margins. However, the de�nition of an adequate resection margin is still a matter of
debate and various classi�cation have been proposed [34,35]. For example, the assessment of a circumferential resection
margin in mm has been suggested by Wittekind et al and Jonathan D et al [36,37]. Simultaneously, an anatomical barrier at
the closest margin is signi�cantly vital to the RFS and OS in chondrosarcoma of the bone [38,39]. Uniform criteria with
histopathological assessment of the distance in mm and the presence of biological barriers are necessary for the
reproducibility of future research. Jonathan D et al suggested that surgeons should aim to achieve a 4-mm margin in all
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grades to reduce the risk of local recurrence and its effect on OS [37]. Surgical margin was regarded as a signi�cant role in
RFS and OS statistically in grade-II and grade-III chondrosarcoma, the most common grades of chondrosarcoma.

It is well established in the literature that chondrosarcomas are as an entity resistant to radiation and chemotherapy [40,41].
Recent research revealed that radiotherapy improves survival in patients with metastatic disease and worsens outcomes in
patients with con�ned and locally invasive disease [11]. The study of Chen D et al suggested that low-grade
chondrosarcoma of the osseous spine is resistant to radiotherapy, while high-grade chondrosarcoma patients had a better
trend with radiotherapy [42]. Vasudevan HN et al have reported that fractionated stereotactic radiotherapy was an effective
adjuvant or salvage treatment for chondrosarcoma. Drilon AD et al highlighted the poor response rate to chemotherapy and
emphasizes aggressive control of localized disease as the primary approach to management [43]. Thus, multidisciplinary
treatment of chondrosarcoma is controversial.

To our knowledge, our study is the largest series of RRSC to date. However, there are some limitations. First, it is a
retrospective study with all the limitations thereof. Second, as a surgical series, it only focused on patients who were
underwent surgical treatment. Third, the duration of follow-up was not long enough.

Conclusion
Surgical margin confers RFS and OS bene�ts in patients with repeatedly recurrent chondrosarcoma in the spine, so
surgeons should aim to achieve a wide margin in all grades RRSC for better prognosis. Less NOS is favorable factor for
RFS, and high pathological grade of RRSC was signi�cant risk factor for OS.

List Of Abbreviations
RRSC: repeatedly recurrent spinal chondrosarcoma; RSC: recurrent spinal chondrosarcoma RSC; LR: local recurrence; RFS:
recurrence-free; OS: overall survival; NOR: number of recurrence; FSI: �rst surgical institution; TC: Tomita classi�cation; HS:
histological subtype; PG: pathological grading; AT: adjuvant therapy; FT: follow-up time; M: male; F: female; T: thoracic; L:
lumber; P: posterior way; SS: subtotal spondylectomy; IC: intraoperative chemotherapy; PR: postoperative radiotherapy; PC:
postoperative chemo-therapy; DOD: dead of disease; AWD: alive with disease; NED: no evidence of disease.
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Table 1.

Patients’ characteristics and univariate analysis of prognostic factors affecting recurrence and survival of RRSC
Factors Number Recurrence-free survival Overall survival

  median time
(months)

p value median time
(months)

p value

Gender          

Male/female 31/18 21/11 0.271 33/19 0.079*

Age          

< 50 y/ >= 50 y 30/19 13/21 0.250 21/33 0.975

DOS          

< 12 mon/ >= 12 mon 39/10 17/11 0.146 25/21.5 0.362

PFS          

A-C/D-E 25/24 12/21 0.177 21/33 0.109

Tumor location          

Cervical/thoracic/lumber/sacral 10/30/5/4 12.5/19/15/21 0.690 18.5/30/20/44.5 0.594

Involved segment          

Monosegment/multisegment 19/30 21/13 0.150 32/20.5 0.097*

Ennecking grading          

I-II/III 25/24 15/19 0.487 24/26.5 0.506

Tomita classi�cation          

I-III/IV-VI 15/34 21/14.5 0.235 33/21 0.104

Histological subtype          

Conventional/mesenchymal/          

Dedifferentiated/clear cell 24/8/14/3 28.5/18/4/8 <0.001* 41/27.5/12.5/8 <0.001*

Pathological grading          

I/II/III 17/23/9 33/17/5 <0.001* 52/24/8 <0.001*

Surgical pathway          

Anterior/posterior/combined 4/32/13 52.5/16/14 0.594 52.5/26/21 0.200

Surgical method          

Subtotal/total piecemeal/ total en-
bloc

17/23/9 17/10/19 0.793 21/17/28 0.515

Intraoperative chemotherapy          

Yes/no 24/25 21/14 0.080* 28/21 0.178

Postoperative radiotherapy          

Yes/no 10/39 33.5/14 0.114 41/21 0.077*

Postoperative chemotherapy          
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Yes/no 14/35 15.5/32 0.874 24/39 0.566

NOR          

2 times/>2 times 27/22 32/11 <0.001* 33/16 <0.001*

FSI          

Our hospital/others 23/16 29/12 0.032* 34.5/28 0.078*

Surgical margin          

Narrow margin/wide margin 24/25 11.5/33 <0.001* 17.5/39 <0.001*

* Indicates statistical signi�cance (p < 0.10)

DOS: duration of symptom; NOR: number of recurrence; FSI: �rst operative institution

 

Table 2.

Multivariate analysis of the prognostic factors affecting recurrence-free
survival of RRSC

Factors B HR 95%CI p value

Histological subtype 0.331 1.393 0.878-2.209 0.159

Pathological grading 0.550 1.732 0.896-3.351 0.103

Intraoperative chemotherapy 0.505 1.658 0.719-3.823 0.236

NOR 1.189 3.283 1.296-8.318 0.012

FSI 0.488 1.629 0.681-3.897 0.273

Surgical margin -1.147 0.317 0.132-0.762 0.010

Indicates statistical signi�cance (p < 0.05)

NOR: number of recurrence; FSI: �rst operative institution; HR: hazard radio
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Table 3.

Multivariate analysis of prognostic factors affecting overall survival of RRSC
Factors B HR 95%CI p value

Age 0.164 1.178 0.470-2.954 0.726

Involved segment 0.240 1.272 0.498-3.246 0.615

Histological subtype 0.446 1.562 0.909-2.684 0.106

Pathological grading 1.189 3.283 1.304-8.265 0.012

Postoperative radiotherapy 0.980 2.666 0.658-10.798 0.169

NOR 0.648 1.912 0.643-5.679 0.244

FSI 0.152 1.164 0.433-3.134 0.763

Surgical margin -1.532 0.216 0.069-0.674 0.008

Indicates statistical signi�cance (p < 0.05)

NOR: number of recurrence; FSI: �rst operative institution; HR: hazard radio

 

Table 4.

Baseline characteristics of patients underwent more than three recurrences.
No Sex Age NOR FSI Location TC HS PG Surgery AT FT

(month)
Status

1 M 49 4 other T3-5 III conventional II P, SS,
IC

No 24 DOD

2 M 51 4 other L1-2 VI dedifferentiated III P, SS,
IC

PR 7 DOD

3 F 63 4 our
hospital

T4-6 IV conventional II P, SS No 13 AWD

4 M 43 4 other T4-5 V dedifferentiated III P, SS,
IC

PR 23 DOD

5 F 52 4 other T12-L1 VI dedifferentiated III P, SS PC 19 DOD

6 M 67 4 other T7 V conventional II P, SS,
IC

No 11 DOD

7 M 42 4 other T8-9 IV mesenchymal II P, SS No 5 NED

NOR: number of recurrence; FSI: �rst surgical institution; TC: Tomita classi�cation; HS: histological subtype; PG:
pathological grading; AT: adjuvant therapy; FT: follow-up time; M: male; F: female; T: thoracic; L: lumber; P: posterior
way; SS: subtotal spondylectomy; IC: intraoperative chemotherapy; PR: postoperative radiotherapy; PC: postoperative
chemo-therapy; DOD: dead of disease; AWD: alive with disease; NED: no evidence of disease

Figures
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Figure 1

A typical case underwent the removal of tumor by total en bloc spondylectomy in our center and was diagnosed as
recurrent spinal chondrosarcoma. (A) Preoperative X-rays of anteroposterior and lateral spine demonstrated straightening
of thoracic physiological curvature, metal �xed shadow, and osseous destruction from second thoracic spine to third
thoracic spine. (B) Preoperative magnetic resonance imaging (MRI) indicated that the tumor recurred in enhanced image.
(C) Preoperative CT showed osteolytic destruction from second thoracic vertebrae to third thoracic vertebrae and its
posterior elements, paravertebral soft tissue mass, and compression of spinal cord. CT=computed tomography. (D) The
postoperative X-rays showed the second and third thoracic spines were removed and replaced by arti�cial vertebral body,
with solid internal-�xation. (E) The specimen of the tumor by total en bloc resection.



Page 14/14

Figure 2

(A) Kaplan-Meier curves of recurrence-free survival for NOR. (B) Kaplan-Meier curves of recurrence-free survival for surgical
margin.

Figure 3

(A) Kaplan-Meier curves of overall survival for pathological grading. (B) Kaplan-Meier curves of overall survival for surgical
margin.


