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Background: Adjustment for comorbidity when investigating potential prognostic factors,
especially in elderly cancer patients, is imperative. Patients diagnosed with chondrosarcoma
are elderly and more comorbidity is expected for these patients. Demographic changes are
awaited in the future resulting in more and more elderly patients with comorbidity. The aims
of this study were to characterize patients with chondrosarcoma treated at a single institute
and to evaluate various prognostic factors for survival adjusted for comorbidity.

Material and methods: Between 1979 and 2008, 199 patients were treated at the Sarcoma
Centre of Aarhus University Hospital, for chondrosarcoma. The incidence was calculated as a
WHO age-standardized incidence rate (IR) per million per year. The endpoints were overall
mortality and disease-specific mortality. Possible prognostic factors were analyzed for patients
with intermediate/high-grade localized tumors by the uni- and multivariate Cox-proportional
hazard method.

Results: The WHO age-standardized IR in western Denmark in the period 1979-2008 was
2.4/million inhabitants/year (95% CI: 2.2;2.6). The 5-year overall and disease-specific
mortality for the 199 patients were 29% (95% CI: 23;36) and 22% (95% CI: 16;27),
respectively. The 5-year disease-specific mortality for patients with metastatic disease was
significantly higher than for patients with localized disease. The median time to relapse was
2.0 years. Patients who relapse within 1 year after the primary diagnosis have a significantly
higher 5-year overall mortality compared to patients who relapse after 1 year. The presence
of comorbidity and high-grade tumors were independent prognostic factors for both the
overall mortality and the disease-specific mortality of chondrosarcoma patients.
Conclusion: Patients with comorbidity had a significantly increased overall mortality and
disease-specific mortality. We found that adjusting for comorbidity is important when
investigating a cohort of elderly patients.

Keywords: chondrosarcoma, comorbidity, prognostic factors

Introduction

Chondrosarcoma is a rare cancer with an age-standardized incidence rate (IR) of
about 2/million inhabitants/year."” Even though the prognosis for chondrosar-
coma patients is good, nearly 6% of the patients will present with distant metas-
tasis at the time of diagnosis® > and about 25% will experience local relapse.*®’
At some point, either after local recurrence or as primary progression, 10-30% of
the patients will develop distant metastasis.®’ Therefore, it is important to

categorize patients into risk groups according to different patients, tumor, and
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treatment-related factors to optimize treatment modalities
for those patients with the worst prognosis.

Surgery is the primary treatment modality for chondro-
sarcoma and neither chemotherapy nor radiation therapy
has any documented effect on recurrence rate. Age has
been shown to be an important prognostic factor in some
studies,®” whereas in other studies the age is not important
regarding the prognosis.'®"!

We have previously shown the importance of comor-
bidity for survival in bone sarcoma patients.'> Because
chondrosarcoma affects elderly patients, more comorbidity
is expected, and when looking at potential prognostic
factors it is imperative that adjustments are made for
comorbidity. Demographic changes are awaited in the
future resulting in more and more elderly patients with
comorbidity."?

In this study, we have investigated all patients treated
at a single institution, servicing the population of western
Denmark from 1979 to 2008 with the aims of characteriz-
ing patients with chondrosarcoma and evaluating various
prognostic factors for disease-specific survival adjusted for
potential confounders such as comorbidity.

Materials and methods

Patient selection

Patients diagnosed with either conventional or dedifferen-
tiated chondrosarcoma of the bone, treated at the Aarhus
Sarcoma Centre, between January 1979 and December
2008, were included in this study. Exclusion of 15 patients
with borderline or uncertain malignancy grade resulted in a
study cohort of 199 patients. For the incidence calculation,
additional 19 patients were included. For these 19 patients,
the hospital records could not be retrieved. Patients with
low-grade chondrosarcoma, as well as patients whom we
could not retrieve the hospital records, were not included in
the survival analyses. The study cohort for the survival
analysis comprised 108 patients. Only patients with inter-
mediate/high-grade localized tumors who underwent cura-
tive intended surgery were included in the multivariate
analysis. This study cohort included 92 patients. The
patients included in this study have previously been part
of a publication on comorbidity in bone sarcoma patients.'*

Data sources

Clinical data were obtained from the validated population-
based Aarhus Sarcoma Registry,"* which contains compre-
hensive clinical information on each sarcoma patient from

1979 to 2008 in a well-defined geographic areca of
Denmark. The low-grade chondrosarcomas and enchon-
dromas are problematic. However, all pathology reports
were done by a pathologist specialized in sarcoma. The
primary differentiation between low-grade chondrosar-
coma and enchondromas was made by the growth pattern
of the tumor cells in combination with the appearance on
the radiological examinations. Enchondromas were
defined as well-defined radiologic and without permeate/
infiltrative growth pattern. Low-grade chondrosarcomas
were defined as radiologic destructive and histological
permeate/infiltrative growth pattern. The National Patient
Registry'> was used to obtain data on comorbidity. All
discharge diagnoses from January 1, 1977, until the date
of sarcoma diagnosis were used. Diagnoses within 30 days
and all cancer diagnoses within 90 days prior to the pri-
mary diagnosis of sarcoma were excluded. The vital status
and cause of death were registered through linkage to the
Central Population Registry'® and Cause of Death
Registry.'” Linkage between the different registries was
done on an individual level by the 10-digit civil personal
registration number which since 1968 has been assigned to

all Danish citizens.

Data analysis and statistics

The incidence was calculated as an overall age-standar-
dized IR'® using the WHO standard population and data
from StatBank Denmark.'® The endpoints were overall
mortality and disease-specific mortality, timed from date
of diagnosis until death with sarcoma, as death from other
causes was regarded as a competing event when analyzing
disease-specific mortality. The study ended on October 9,
2013, and patients who were alive at this date were cen-
sored. The cumulative incidence function was reported for
disease-specific mortality. Crude and adjusted analyses
were performed using the Cox-proportional hazard mode.
Based on the result of literature review and number of
events, the following variables were included in the
adjusted analysis: age, comorbidity, size of the primary
tumor, histological type, grade, margin, and soft tissue
extension. Directed acyclic graphs (DAGs) by DAGitty
software®® were used to determine the relations between
potential explanatory variables (Figure S1). Based on the
DAG, comorbidity was adjusted for age, margin, soft
tissue extension, and size. Soft tissue extension was
adjusted for age, comorbidity, margin, and size.
Histological types were adjusted for age, size, and grade.
Size was adjusted for age, comorbidity, histological type,
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soft tissue extension, grade, and margin. Grade was
adjusted for size and histological type. Margin was
adjusted for age, comorbidity, soft tissue extension, and
size. All variables were analyzed as categorical variables
based on the literature except age. The categorization of
age did not meet the assumption of proportional hazard,
and therefore age was regarded as a time-dependent vari-
able.
Comorbidity Index and categorized into no comorbidity

Comorbidity was assessed using the Charlson

or comorbidity (Table S1). Size was categorized into <8/
>8 cm. Margin was categorized into wide, marginal, and
intralesional; the margin was defined as wide if the tumor
was resected in toto surrounded by 1-2 mm of healthy
tissue. Histological types were categorized into classic and
dedifferentiated chondrosarcoma; in the classic group, one
patient with myxoid and two patients with mesenchymal
chondrosarcomas were included. Soft tissue extension was
categorized into yes/no. For all analyses, a 5% level of
significance was used in this study. The software program
STATA 13 was used.

Ethics

The study has been approved by the Ethics Committee of
Denmark and the Danish Agency of Data Protection.

Results
Incidence of chondrosarcoma in western

Denmark

The 199 patients included in this study corresponded to
91% of all chondrosarcoma patients in western Denmark
from 1979 to 2008. Only 30 additional patients were found
in the Danish Cancer Registry. Of these patients, 11 had
uncertain diagnoses and the diagnosis could not be verified
in the Pathology Registry. The hospital records of the
remaining 19 patients could not be retrieved, and all
these patients were treated outside the center or had their
diagnosis postmortem. The WHO age-standardized IR in
western Denmark in the period 1979-2008 was 2.4/million
inhabitants/year (95% CI: 2.2;2.6) including these extra 19
patients.

Patients and tumor characteristics

The median age at diagnosis was 54 years (range 2—-86
years), with 57% being males. The most frequent site of
the tumor was the lower extremities (n=96) and axial/
pelvis region (n=73). Only 10% of the patients had the
histological type dedifferentiated chondrosarcoma (n=19).

At the time of diagnosis, 11 (6%) of the patients had
metastatic disease. Most patients underwent resection
(n=138) or amputation (n=44) of the primary tumor. The
percentages of limp-sparing procedures and amputations
were not significantly different between the different year
groups. The only difference in surgery procedures during
this period was an increased use of rotations skin graft in
the last 10 years. Yet, 17 patients were not treated with
surgery at any time. Of these patients, six patients had
metastatic disease; two patients received radiation therapy,
and the rest were aged 77-83 and had either low-grade
tumors or comorbidity.

Radiation therapy was given to 15 patients. For most
patients as a palliative treatment, four patients were treated
with curative intent without prior surgery, and these
patients were treated with a total dose from 45 to 64 Gy.
The remaining patients were treated with adjuvant radia-
tion therapy after surgery, and the total dose given was 50
or 60 Gy.

Chemotherapy was used for four patients as palliative
treatment and for three patients as adjuvant treatment to
surgery. Of these patients, one had a mesenchymal chon-
drosarcoma and two had other traditional chondrosarcomas.

At the end of the primary treatment 169 patients (85%)
were without evidence of disease and 29 (15%) patients
were not primarily cured. A total of 56 (33%) patients did
experience relapse. The patient, tumor, and treatment char-
acteristics are shown in Table 1.

Overall mortality
The 5-year overall mortality for the whole cohort of 199
patients was 29% (95% CI: 23;36); for patients with meta-
static disease, the 5-year overall mortality was 91% (95%
CI: 67;99) which was significantly higher than for patients
with localized disease, 26% (95% CI: 20;33). Patients with
intermediate/high-grade localized tumors who underwent
curative intended surgery were included in the rest of the
analysis (n=92) of overall survival. Fifty-one patients died
during follow-up. The overall 5-year mortality was 35%
(95% CI: 26;46). The cumulative incidence function of
overall mortality for the 92 patients is shown in Figure 1.
The presence of comorbidity and high grade of the
tumor were independent adverse prognostic factors for
overall mortality. The crude and adjusted analyses of
potential prognostic factors for overall mortality are
shown in Table 2. There were no significant difference
regarding the site of the tumor.
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Table | Patient, tumor, and treatment characteristics of patients treated for chondrosarcoma (N=199) according to year of diagnosis.

The values are number (%)

Total Total 1979-1988 1989-1998 1999-2008 P-value*
46 (23) 53 (26) 100 (50)

Age at diagnosis (years)

Median (range) 54 (2-86) 55 (15-83) 57 (11-8l) 53 (2-86)
Sex

Female 86 (43) 16 (35) 26 (49) 44 (44)

Male 113 (57) 30 (65) 27 (51) 56 (56) 0.351
Comorbidity

No 154 (77) 4 (89) 40 (75) 73 (73)

Yes 45 (23) 511 13 (25) 27 (27) 0.089
Tumor size (cm)*

Median (range) 8 (1-30) 9 (3-28) 7 (1-30) 7 (2-30)
Site

Axial 73 (37) 16 (35) 17 (32) 40 (40)

Upper extremity 30 (15) 4 09) 10 (19) 16 (16)

Lower extremity 96 (48) 26 (57) 26 (49) 44 (44) 0.479
Soft tissue involvement

No 51 (26) 7 (15) 15 (28) 29 (29)

Yes 148 (74) 39 (85) 38 (72) 71 (71) 0.182
Malignancy grade

Low 91 (46) 20 (43) 31 (58) 40 (40)

Intermediate 58 (29) 8 (17) 14 (26) 36 (36)

High 50 (25) 18 (39) 8 (I5) 24 (24) 0.015
Histology

Classic 180 (90) 41 (89) 50 (94) 89 (89)

Dedifferentiated 19 (10) 5(11) 3 (6) [AN{R)) 0.531
Stage

Localized 188 (94) 44 (96) 50 (94) 94 (94)

Metastatic 11 (6) 2 (4 3 (6) 6 (6) 0.92
Surgery

Resection 138 (69) 34 (74) 34 (64) 70 (70)

Amputation 44 (22) 10 (22) 12 (23) 22 (22)

No surgery 17 (9) 2 (4 7 (13) 8 (8) 0.610
Chemotherapy

No 192 (96) 44 (96) 53 (100) 95 (95)

Yes 74 2 (4) 0 5(5) 0.263
Radiation

No 184 (92) 38 (82) 49 (92) 97 (97)

Yes 15 (8) 8 (17) 4(8) 3(3) 0.009
Margin

Wide 114 (57) 23 (50) 36 (68) 55 (55)

Marginal/intralesional 68 (34) 21 (46) 10(19) 37 (37) 0.049
Relapse

Primary not cured 29 (15) 9 (20) 8 (15) 12 (12)

Yes 56 (28) 16(35) 17(32) 23 (23)

No 114 (57) 21 (46) 28 (53) 65 (65) 0.293

Note: *Based on the Chi-square test.
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Overall mortality

Disease-specific mortality

Years since diagnosis

Years since diagnosis

Figure | Cumulative incidence of localized chondrosarcoma treated with surgery by overall mortality and disease-specific mortality (solid lines) with 95% CI (dash lines), n=92.
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Figure 2 Adjusted cumulative incidence of disease-specific mortality according to comorbidity (A), soft tissue extension (B), histological type (C), size (D), grade (F), and
margin (G) using competing risk model. Comorbidity was adjusted for age, size, soft tissue extension, and margin. Soft tissue extension was adjusted for size, age,
comorbidity, and margin. Histological type was adjusted for age, size, and grade. Size was adjusted for age, comorbidity, histological type, soft tissue extension, grade, and
margin. Grade was adjusted for size and histological type. Margin was adjusted for age, comorbidity, soft tissue extension, and size.

Disease-specific mortality

The 5-year disease-specific mortality rate for the 199 patients
was 22% (95% CI: 16;27); for patients with metastatic disease,
the 5-year disease-specific mortality was 91% (74;108) which
was significantly higher than patients with localized disease,
18% (95% CI: 13;23). Patients with high-grade tumors had a
significantly higher 5-year disease-specific mortality of 36%
(95% CI: 21;51) compared to 8% (95% CI: 3;13) for patients

with low- or intermediate-grade tumors. In the rest of
the disease-specific mortality analysis, patients with intermedi-
ate/high-grade localized disease treated with curative intended
surgery were included resulting in 92 patients. Twenty-six
(28%) patients died with sarcoma during follow-up. This cor-
responded to a 5-year disease-specific mortality of 23% (95%
CI: 14;32). Figure 1 shows the cumulative incidence function
of disease-specific mortality.
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Table 2 Crude and adjusted analysis of potential prognostic factor for overall and disease-specific mortality for patients with localized

high-grade disease and treated with surgery. N=92

N Crude Overall mortality Crude Disease specific mortality
HR (95% CI) HR (95% CI)
Adjusted* Adjusted*

Comorbidity

No 73 | | | |

Yes 19 3.3 (1.7;6.3) 2.7 (1.3;5.7) 3.2 (1.4;,7.3) 4.1 (1.7;10.2)
Size (cm)

<8 47 1 1 1 |

>8 45 1.8 (1.0;3.1) 1.7 (0.9;3.3) 2.5 (1.1;5.7) 3.1 (1.2;,7.7)
Histology

Classic 78 | | | |

Dedifferentiated 14 3.4 (1.8;6.4) 1.6 (0.8;3.3) 2.6 (1.1;6.6) 1.1 (0.4:3.2)
Grade

Intermediate 53 | | | |

High 39 3.8 (2.1;7.0) 3.2 (1.7;6.2) 3.1 (1.4;6.9) 3.1 (1.3;7.5)
Soft tissue extension

No 17 | | | |

Yes 75 1.7 (0.7;4.1) 1.5 (0.6;3.8) 1.5 (0.5;4.4) 1.2 (0.4;3.7)
Margin

Wide 80 [ | | |

Nonwide 12 1.4 (0.6;3.3) 1.5 (0.8;3.0) 1.4 (0.5;4.0) 1.8 (0.7;4.7)

Notes: Number of events analyzing overall mortality was 51. Number of events analyzing disease-specific mortality was 26. *Adjustments were made according to the DAG
specified in “Material and methods.” Significant prognostic factors are indicated in bold format.

High grade and comorbidity were independent prognostic
factors associated with a high disease-specific mortality see
Figure 2. The crude and adjusted analyses of potential prog-
nostic factors for disease-specific mortality are shown in
Table 2.

Patients with relapse

The median time to relapse was 2.1 years. Patients who
relapsed within 1 year after the primary diagnosis had a
significantly higher 5-year overall mortality compared to
patients who relapsed after 1 year, 96% (95% CI: 84;100)
and 70% (95% CI: 54;85), respectively. The 5-year overall
mortality for patients who experienced relapse within 2 years
after the primary diagnosis was 86% (95% CI: 73;94).

Discussion

This study is, to the best of the authors’ knowledge, the first
study to assess the problem of comorbidity in chondrosarcoma
patients when reporting prognostic factors for this rare cancer.
Many patients with chondrosarcoma have an excellent prog-
nosis after adequate surgery and for most patient’s relapse will

not occur after primary surgery. We found that 68% of primar-
ily cured patients did not experience local or distant relapse.

This retrospective study shows that the overall and
disease-specific mortality for patients with intermediate/
high-grade localized disease are different. This interesting
finding could be a consequence of an elderly patient’s
cohort dying from other causes than chondrosarcoma.
Only patients with high-grade localized chondrosarcoma
were included in the survival analysis, resulting in a total
cohort of 92 patients over a period of 30 years.

The overall mortality and the disease-specific mortal-
ity reported were comparable to the findings of other
studies.®> "2!*? Disease-specific mortality is dependent
on correct evaluation of the causes of death. This is
particularly important for chondrosarcoma patients who,
in general, are elderly patients, and death due to other
causes matters. It has been reported that 70% of the
chondrosarcoma patients are over the age of 40.° In the
present study, 78% of the patients diagnosed with chon-
drosarcoma were over the age of 40, which shows the

importance of reporting the disease-specific mortality
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rather than the overall mortality when analyzing possible
prognostic factors because many patients will die from
other causes than chondrosarcoma. The major strengths
of this investigation are the population-based cohort and
the possibility of individual linkage to national registries
resulting in detail about comorbidity and cause of death.
Furthermore, in this study, we have a complete follow-up
until the date of analysis for all patients who are
included.

The sex of the patients has been investigated in
previous studies, and no significance regarding the prog-

nosis has been shown;>!'%!!

therefore we did not inves-
tigate the prognostic value of sex. In another study, age
has been shown to be an independent prognostic factor
for overall survival. However, when analyzing the prog-
nostic value of age using disease-specific mortality as in
the present study, age did not meet the assumption about
proportional hazard and was included as a time-depen-
dent variable and used for adjustment. The prognostic
value of the surgical margin has been investigated
numerous times, and some papers have reported that
inadequate surgical margin is associated with a poorer
overall survival.*®®?* Our results also found surgical
margin to be a prognostic factor for overall survival as
well as disease-specific survival.

The most common site of the primary tumor in the pre-
sent study was the long bones of the lower limp followed by
the pelvic bones which also has been reported elsewhere.’
The prognostic role of site for overall survival has previously
been investigated,”* and no association has been found.
Therefore, tumor site was not included in this analysis.
Corresponding to our findings, size has not been shown to
have an impact on overall survival.”**> However, even though
the result was not significant, there was a tendency toward a
higher mortality when the tumor was >5 cm.

The importance of tumor grade in our study was previously
seen in a large study by Giuffrida et al’ including 2890 chon-
drosarcoma patients with both localized and metastatic disease
at the time of diagnosis, which reported that only stage and
grade of the tumor were independent prognostic factors for
disease-specific survival. Similarly, Fiorenza et al found that
extra compartmental spread of localized chondrosarcoma and
the grade of the tumor were independent prognostic factors for
chondrosarcoma patients.”

In conclusion, in patients treated surgically for loca-
lized intermediate/high-grade chondrosarcoma, the pre-
sence of comorbidity and high-grade tumors were
independent prognostic factors for overall mortality and

disease-specific mortality. We found that adjusting for
comorbidity is important when investigating a cohort of
elderly patients.
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