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Abstract

Objective: To evaluate the conditional survival of patients with chordoma to potentially help physician planning of
optimal cancer surveillance and guide better clinical decisions.

Methods: In total, 1942 patients with chordoma were identified and extracted from Surveillance,
Epidemiology, and End Results (SEER) databases (1973–2015). The cumulative survival estimates were used to
calculate the conditional survival rate, and the Greenwood formula was used to estimate the 95% CI. In
addition, multivariable Cox regression analyses were used to calculate hazard ratios, according to the duration
of survival.

Results: The conditional 5-year disease-specific survival in patients with regional or localized chordoma was
relatively stable over time, whereas in patients with distant chordoma, there was a gradual improvement. The
conditional 5-year disease-specific survival (DSS) of patients older than 60 years old and patients with a tumor
size between 5 and 10 cm improved. Interestingly, for patients with a tumor larger than 10 cm, the
conditional 5-year DSS decreased over time. After surviving 5 years, the hazard ratio (HR) of patients older
than 60 years old decreased from 1.33 to 1.24, that of patients with a tumor size between 5 and 10 cm
decreased from 1.61 to 1.52 and that of patients with distant metastasis decreased from 3.30 to 1.09.
However, after surviving 5 years, the HR of patients with a tumor size larger than 10 cm increased from 2.33
to 3.77, that of patients who underwent surgical resection increased from 0.37 to 0.58 and that of patients
who received radiation therapy increased from 0.81 to 1.04.

Conclusion: Age at diagnosis, tumor size and disease stage can influence conditional survival for patients
with chordoma. The HR of different factors will change over the survival time. Therefore, understanding the
changing risk profile and conditional 5-year DSS of chordoma is critical for accurate clinical treatment
guidance.
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Introduction
Chordoma is a kind of bone tumor, which is rare, rela-
tively slow-growing, and a low-grade malignancy, but it is
locally invasive and aggressive [1, 2]. Chordomas arise
from the remnants of the notochord and usually occur
within the axial skeleton [3]. In approximately 50 to 60%
of cases, the primary site is the sacrum. In 30% of cases,

the tumor location is in the skull base region, and in 15%
of cases, the tumor is located in the vertebrae [2, 4, 5].
The prevalence of chordoma is less than 1 per 1,000,

000 people [6]. The incidence of chordoma peaks at 50–
60 years of age and is very unlikely in patients younger
than 40 years old [1, 7–9]. In addition, it is more com-
mon in men [10]. The recurrence rate is very high, espe-
cially for tumors located above the sacral 3 level [11].
Most chordomas are located proximal to neurovascular
structures, and the recurrence rate is very high, which
may lead to poor prognoses [12].
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The margin of resection is closely related to local recur-
rence [13]. Data from several studies suggest that a wide
margin resection can reduce the recurrence rate and pro-
long survival time [14, 15]. Therefore, the primary treat-
ment for this tumor is total or near-total resection with or
without radiation therapy [16–18]. However, total or near-
total resection is difficult, since these tumors impinge on
vascular and neural structures [19]. Recently, Hua used ra-
diofrequency ablation, which can ensure tumor-free ex-
posed margins, combined with gross total excision in the
resection of a C4 cervical chordoma, which can improve
the local relapse-free survival [20]. It might be a promising
method. The survival rate is usually used to estimate can-
cer mortality. Though the survival rate is effective for
assessing a patient’s prognosis, it provides little informa-
tion about the changing risk profile as time passes [21].
Patients diagnosed with distant metastases, who usually
die quickly, severely affect the survival curve [22]. Condi-
tional survival can play an important role in addressing
this issue [23]. Conditional survival, which may be more
accurate to assess future patients’ outcomes and progno-
ses, means the survival in patients who have already sur-
vived a period of time [24–27].
Previous surveys have shown that conditional survival

can help physicians plan optimal cancer surveillance and
guide better clinical decisions [22, 28]. Therefore, the
conditional survival has substantial value for patients
and medical professionals [29]. However, previous stud-
ies have only provided the survival rate of patients with
chordoma [6, 30]. To our knowledge, no previous study
has attempted to define the conditional survival of chor-
doma. Therefore, the aim of this study was to evaluate

the conditional survival of patients with chordoma to
potentially help physician planning of optimal cancer
surveillance and to guide better clinical decisions.

Patients and methods
The Surveillance, Epidemiology, and End Results (SEER)
Program, covering approximately 28% of the US popula-
tion across 18 different regions, is supported by the Na-
tional Cancer Institute of the USA and has provided
statistical information on tumor cases since 1973. The
SEER registry is a validated database that is frequently ap-
plied in cancer survival studies. In this study, we used the
SEER registry to extract data for patients who were diag-
nosed with chordoma from 1973 to 2015 to calculate the
conditional 5-year disease-specific survival (DSS).
Patients in the SEER registry diagnosed with chordoma

from 1973 to 2015 were identified using the Histologic
International Classification of Disease for Oncology, 3rd
edition (IDO-O-3) codes 9370 to 9372, which included
chordoma not otherwise specified (NOS), chondroid
chordoma, and dedifferentiated chordoma. Information,
including sex, age, race, year of diagnosis, primary tumor
site, tumor size, disease stage, treatment method, marital
status, and follow-up information, was recoded. Tumor
stage was categorized according to SEER summary stage
as localized, regional, or distant. We assigned patients to
two groups: less than 60 years old and over 60 years old.
The primary endpoint was DSS, defined as the time
from diagnosis to death from chordoma, as determined
from SEER data. The raw data in this study was down-
loaded from the SEER web site (https://seer.cancer.gov/
data/) via SEER*Stat in client-server mode after we

Fig. 1 Kaplan–Meier survival curves illustrating the chordoma conditional 5-year disease-specific survival
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submitted a request for access and signed the SEER re-
search data agreement.
Conditional survival was defined as the probability of

DSS at 5 years from the day of diagnosis, given that the
patient had already survived for a period of time (×
years) [24].

disease−specific survival yjxð Þ ¼ DSS xþ yð Þ
DSS xð Þ

For instance, to calculate the 5-year DSS rate for a pa-
tient who has already survived 1 year (x = 1, y = 5), the
5-year conditional DSS rate, DSS (1 + 5), is divided by
the 1-year DSS rate, DSS (1).

Statistical analysis
We extracted data for patients with chordoma from the
SEER database. The year of diagnosis was converted into
a categorical variable of 1980s, 1990s, 2000s, and 2010s.
Then, we calculated the 5-year survival rates for all pa-
tients at risk at the time of diagnosis and contingent on
1, 2, 3, 4, and 5 years of survival. The Kaplan–Meier
method was used to calculate the conditional survival
rate, and the Greenwood formula was used to estimate
the 95% confidence interval (CI) and then to draw the
survival curves (Fig. 1). The changing effect of the risk
was examined with multivariable Cox regression ana-
lyses for the entire population, in patients who survived
1, 2, 3, 4, and 5 years, and the 95% CI.
All statistical analyses were performed with the SPSS

software (version 18; IBM Corp., USA) and STATA soft-
ware (version 14.2; Stata Corp, College Station, TX).

Results
Data for a total of 1942 patients from 1973 to 2015
with chordoma were collected and analyzed. Table 1
shows the distribution of the patients’ characteristics
in the study. The median age (range) of diagnosis was
57 (0–98) years, and the mean age at diagnosis was
55.0 ± 19.9 years, with a higher incidence in male pa-
tients (58.7%). The majority (86.3%) of tumors were
found in white patients, while 3.6% of tumors were
found in black patients. Regarding tumor size, 28.7%
of patients had a tumor less than 5 cm; 19.2%, more
than 5 cm and less than 10 cm; 9.0%, greater than 10
cm; and 43.1%, unknown. The majority of patients
did not have distant metastasis (68.2%), while 7.3% of
patients had distant metastasis and 24.5% of patients
had an unknown status of distant metastasis. For
treatment, 78.4% underwent surgery, and 44.1% re-
ceived radiation therapy. Using Kaplan–Meier ana-
lysis, disease-specific survival (DSS) was 86.8% at 3
years, 79.3% at 5 years, and 64.8% at 10 years.

Table 1 Patient cohort characteristics

Characteristic Value

Age, years

Mean ± SD 55.0 ± 19.9

Median (range) 57(0–98)

Interquartile range 28

Age, n (%)

0–59 1067(54.9%)

60+ 875(45.1%)

Year of diagnosis, n (%)

1970s 93(4.8%)

1980s 188(9.7%)

1990s 308(15.9%)

2000s 752(38.7%)

2010s 604(31.1%)

Gender, n (%)

Male 1139(58.7%)

Female 803(41.3%)

Race, n (%)

White 1675(86.3%)

Black 69(3.6%)

Other 180(9.3%)

Unknown 18(0.9%)

Histological type, n (%)

Chordoma, NOS 1840(94.7%)

Chondroid chordoma 90(4.6%)

Dedifferentiated chordoma 12(0.6%)

Disease stage, n (%)

Localized 625(32.2%)

Regional 700(36.0%)

Distant 142(7.3%)

Unknown 475(24.5%)

Tumor size, n (%)

< 5 557(28.7%)

5~10 373(19.2%)

≥ 10 175(9.0%)

Unknown 837(43.1%)

Surgery, n (%)

Yes 1523(78.4%)

No 419(21.6%)

Radiation, n (%)

Yes 856(44.1%)

No 1035(53.3%)

Unknown 51(2.6%)

NOS not otherwise specified
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Figure 2 a provides the conditional 5-year disease-
specific survival based on the age of patients. Figure
2 b shows the conditional 5-year disease-specific sur-
vival of patients with localized, regional, or distant
metastases. The conditional 5-year disease-specific
survival of patients whose tumor size was less than 5
cm, between 5 and 10 cm, and larger than 10 cm is il-
lustrated in Fig. 2c, and the conditional 5-year
disease-specific survival of patients who underwent or
did not undergo surgery is shown in Fig. 2d. The HR
decreased in patients who were older than 60 years
old (HR, from 1.33 to 1.24, Fig. 3), had a tumor
between 5 cm and 10 cm (HR, from 1.61 to 1.52, Fig. 4),
and had distant metastasis (HR, from 3.30 to 1.09, Fig. 5).
However, the HR increased in patients with a tumor
larger than 10 cm (HR, from 2.23 to 3.77, Fig. 4) and
patients who underwent surgical resection (HR, from
0.37 to 0.58, Fig. 6) or radiation therapy (HR, from
0.81 to 1.04, Fig. 7).

Discussion
This study aimed to provide conditional survival data
for patients with chordoma who had already survived
a specific period of time. Previous studies only pro-
vided the survival rate of patients with chordoma [6,
30]. Previous studies have demonstrated that the con-
ditional survival rate can provide critical quantitative
information and more reliable clinical guidance for
patients and clinicians [29, 31, 32]. Therefore, this
study has a very important role in predicting the sur-
vival rate of patients who have already survived for
several years. In this study, for patients with regional
or localized chordoma, the conditional 5-year DSS
was surprisingly relatively stable over time, whereas
for distant chordoma, there was a gradual improve-
ment in the conditional 5-year DSS (+ 11.6%). There-
fore, when patients with metastatic chordoma have
survived five years, their 5-year DSS improved signifi-
cantly, which could have a positive effect in these

Fig. 2 Conditional 5-year disease-specific survival of patients a who were less than 60 years old and over 60 years old with chordoma; b who had
localized, regional, and distant chordoma; c who had different tumor sizes; and d who underwent or did not undergo surgical therapy
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patients because it could help clinicians make more
accurate decisions for further treatment. The 5-year
DSS of patients older than 60 years old improved (+
4%) after survival for 5 years. For patients who under-
went surgery, the 5-year DSS was stable. However, for
patients who did not undergo surgery, the 5-year DSS
improved gradually. For patients with different tumor
sizes, the results differ widely. For patients with a
tumor less than 5 cm, the conditional 5-year DSS was
steady, whereas for patients with a tumor between 5
and 10 cm, the conditional 5-year DSS improved as

survival time gradually increased (+ 6.7%). One un-
anticipated finding was that for patients with a tumor
larger than 10 cm, the conditional 5-year DSS de-
creased as time passed (− 11.2%), which has signifi-
cant clinical value and provides guidance for
clinicians. This result has not previously been de-
scribed. A possible explanation for this result might
be that the tumor is too large to perform complete
surgical resection, which directly impacts the survival.
Therefore, the conditional 5-year DSS can generate

a positive influence on patients having an overall

Fig. 3 Hazard ratios from multivariable Cox regression analyses for prediction of disease-specific mortality with the number of years of survival
stratified according to age (< 60 years old is the reference.)

Fig. 4 Hazard ratios from multivariable Cox regression analyses for prediction of disease-specific mortality with the number of years survived
stratified according to tumor size (tumor size < 5 cm is the reference)
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poorer prognosis. The induction of the conditional 5-
year DSS will encourage patients more and provide
more accuracy for clinicians to estimate prognoses
and explain the situations patients will face.
Because the HR at different times varies, our study

assessed the risk profile of multiple variables at different
timepoints to determine the change in the hazard ratio
of multiple variables over time, which might provide
more substantial guidance than traditional hazard ratio
analysis. In our study, we found that the HR for age
greater than 60 years old decreased slightly over time.

Interestingly, the HR of tumor size between 5 and 10 cm
increased 4 years after diagnosis, and after surviving 5
years, it decreased instead. However, the HR of tumor
size larger than 10 cm increased gradually over time
(from 2.23 to 3.77), which means the risk for tumor size
gradually increases after diagnosis. In addition, the HR
of patients with regional tumors first decreased and then
increased. Surprisingly, the HR of distant metastasis de-
creased substantially (from 3.30 to 1.09) over time after
diagnosis. For patients with metastatic tumors, the
threat to the survival rate of this risk factor reduced after

Fig. 5 Hazard ratios from multivariable Cox regression analyses for prediction of disease-specific mortality with the number of years survived
stratified according to disease stage (localized tumor is the reference)

Fig. 6 Hazard ratios from multivariable Cox regression analyses for prediction of disease-specific mortality with the number of years survived
stratified according to surgical therapy (surgery not performed is the reference)
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survival for several years. However, the timing of per-
forming surgery or radiation therapy will affect the sur-
vival of patients. The HR increasing over time after
surgery or radiation therapy provides important clinical
guidance. The earlier surgery or radiation therapy is per-
formed, the lower the risk for mortality. Therefore, for
patients with chordoma, it is imperative to perform sur-
gery or radiation therapy as early as possible.
Our study also has some limitations. First, our findings

are derived from retrospective data, which is similar to
all observational studies. This element may associate the
results with unavoidable selection and attribution biases.
Second, the SEER database does not provide surgical re-
section type, which should be included in future studies.
Third, the effectiveness of novel radiation techniques
could not be assessed.

Conclusion
Age at diagnosis, tumor size, and disease stage can influ-
ence the conditional survival for patients with chor-
doma. The trend of conditional survival differs in
patients with different states. The HRs of different fac-
tors change over the survival time. Therefore, under-
standing the changing risk profile and conditional 5-year
disease-specific survival of chordoma is critical for ac-
curate clinical treatment guidance.
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