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Abstract

Background: Local recurrence (LR) of sacral chordoma is a difficult problem and the mortality
risk associated with LR remains poorly described. The purpose of this study was to evaluate the
risk of mortality in patients with LR and determine if patient age is associated with mortality.

Methods: 218 patients (144 male, 69 female; mean age 59+ 15 years) with sacrococcygeal
chordomas were reviewed. Cumulative incidence functions and competing risks for death due to
disease and non-disease mortality were employed to analyze mortality trends following LR.

Results: The 10-year overall-survival (OS) was 55%. Patients with LR had 44% 10-year OS,
similar to patients without (59%, p=0.38). The 10-year OS between those <55 compared to = 55
years were similar (69% vs. 48%, p=0.52). The 10-year death due to disease was worse in patients
with LR compared to those without (44% vs. 84%, p<0.001). In patients without LR, patients = 55
years were 1.6-fold more likely to experience death due to other causes.

Conclusions: Patients with a LR are more likely to die due to disease. Advanced patient age
was associated with higher all-cause mortality following resection of sacral chordoma. LR of
chordoma was associated with increased disease-specific mortality, regardless of age.
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Introduction:

Chordomas are the most common primary bone tumor of the sacrum and often are
classified as low to intermediate grade malignant lesions which are often very large and
locally advanced at the time of diagnosis 1. Since chordomas are relatively resistant to
chemotherapy and low-dose radiotherapy 59, the mainstay of treatment has been en-bloc
excision with wide margins 2712, however this approach is often associated with significant
morbidity for the patient 34.9.13-15 Even with surgical treatment and the addition of
radiotherapy, local tumor recurrence remains a common problem. 2712 For example, in

our recent multicenter study, 19% (36/193) of patients developed local recurrence following
resection of sacral chordoma.® Previous studies examining prognostic factors for survival
have focused on epidemiological data from large registries of patients with chordoma.16-18
These previous series have all identified older patient age as a negative predictor of overall
survival, however the use of these databases is limited since they often include chordomas
from multiple anatomical sites, do not account for competing disease and non-disease causes
of death, and do not contain data on local tumor recurrence. 16-18

How best to manage local recurrence of sacral chordoma continues to be debated as

repeat surgery or radiotherapy can each impart substantial patient morbidity. 19 Since
previous series examining mortality of patients with chordoma lacked data on local
recurrences, there is currently a paucity of information pertaining to the risk of mortality
following a local tumor recurrence, which could potentially help guide appropriate treatment
recommendations. The purpose of this study was to combine the prospectively collected
data from four tertiary-care sarcoma centers to evaluate the association of patient age on
mortality following local recurrence of a sacral chordoma.

Materials and Methods:

Two hundred eighteen patients who underwent resection of primary sacrococcygeal
chordomas from 1990 to 2015 were analyzed from four tertiary sarcoma centers. There
were 144 males and 74 females with a mean age of 59+15 years.

All patients were treated with an en-bloc resection. There were no planned intralesional
debulking procedures. One hundred eight patients (50%) underwent high sacral (osteotomy
at or above the S2 level) resection and 37 patients (17%) had microscopically positive
margins at the time of resection. Eighty-eight patients (46%) received adjunctive
radiotherapy: 30 (16%) received preoperative treatment only, 42 (22%) received pre- and
postoperative therapy, and 16 (8%) received only postoperative radiation.

Patients were prospectively followed for recurrence with a combination of clinical
examination and MRI of the pelvis in addition to a plain radiograph or CT scan of the
chest every 3 to 4 months for the first 2 years, every 6 months for years 2 to 5, and then
annually for years 5 to 10. A local recurrence was defined as the presence of chordoma
within or contiguous to the previously excised tumor bed appearing 3 or more months
following resection.
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Statistical Methods

Results:

Survival:

Survival estimates were calculated using the cumulative incidence method, accounting for
additive causes such as death due to disease and death due to other causes when analyzing
overall survival and patient subsets. We employed competing risks as the method of analysis
in our multivariable model, where death from other causes was considered as a competing
risk to death due to disease (i.e. chordoma). Cox Proportional hazards analyses for specific
causes of death (i.e. due to disease, due to other causes), employing a reference age of 55
years (HR: 1.00) for comparisons of hazards ratios for death and survival was performed.
All tests were two-sided. P-values < 0.05 were considered statistically significant. Analyses
were performed using R 3.4.3 (R Core Team, Vienna, Austria).

During postoperative follow-up, 41 patients died due to disease, 45 died from other causes,
and 132 were alive at the time of final follow-up (mean 745 years for surviving patients).
The overall 2-, 5-, and 10-year survival was 88%, 73%, and 55% respectively.

During the course of follow-up, 41 patients (19%) experienced a local recurrence. The
mean time to local recurrence was 3 years (range, 6 months-12 years). Patients with local
recurrence had 90% 2-year, 73% 5-year, and 44% 10-year overall survival, which was
statistically similar to that of patients who did not experience local recurrence (88%, 74%,
and 59% respectively, p = 0.38). When examining disease specific mortality (Figure 1), all
patients with a local recurrence who died, died due to metastatic disease. This imparted a
worse disease specific mortality in patients with local recurrence where the 10-year disease
specific survival was 44% compared to 84% (p<0.001) in those without a local recurrence.

Patient Age and Mortality:

All patients who developed local recurrence and died, died due to their disease. For patients
with local recurrence, age less than 55 years conferred similar (p = 0.52, Figure 2A and

3A) overall mortality rates (2 Years: 7%, 5 Years: 29%, 10 Years: 69%) compared to
patients = 55 years (2 Years: 11%, 5 Years: 27%, 10 Years: 48%). Amongst patients without
local recurrence, those under 55 years of age also had similar risk of death due to disease
compared to patients = 55 years (12% versus 11% at 10 years, p = 0.82; Figure 2B). In
contrast, most deaths in patients without LR were due to other causes, and a greater than
linear increase in death due to other causes was seen with increasing patient age (Figure 2B,
3B). Patients =55 were observed to be 1.6-fold more likely to experience death due to other
causes (34% at 10 years) than patients under 55 (21% at 10 years, p = 0.01).

Discussion:

Even with the addition of adjuvant therapies, local recurrence remains a major clinical
problem following surgical resection of sacral chordoma. The results of the current series
indicate that local recurrence is associated with a worse disease specific survival, however
when examining the age of patient there was no difference in disease specific survival.

J Surg Oncol. Author manuscript; available in PMC 2021 May 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Houdek et al.

Page 4

However, older patients with chordoma are more likely to die from other factors rather than
their disease.

Previous series examining the Unites States Surveillance, Epidemiology and End Results
(SEER) database have shown older patient age to be independently associated with overall
mortality in patients with sacral chordoma.16-18 |t was theorized that advanced patient

age was associated with a more aggressive form of chordoma, in addition to the lower
physiological reserve of older patients, which accounted for their increased mortality.16-18
Although these series provide information from large patient databases, they lack a critical
data point in oncological outcome, namely local recurrence. When examining patients with
or without a local tumor recurrence, advanced patient age was not associated with an
increased risk of disease-related death in the current series. However, older patient age was
associated with an increased risk of all-cause mortality, and this was largely accounted for
by non-oncologic deaths.

Other studies found that local tumor recurrence was associated with poor survival in patients
with sacral chordoma.2 In the current series, all deaths in patients with local recurrence
were disease related, and their disease-related mortality was higher than in patients without
local relapse. However, when using a competing risk analysis, there was no difference in the
risk of death due to chordoma in patients who had or did not have a local recurrence based
on age. This data is potentially useful in recommending treatment options for patients with a
local recurrence, since the results of this study indicated that patients over the age of 55 are
more likely to die of causes other than their locally recurrent chordoma. For these patients
there should be consideration for less invasive treatments such as proton therapy, which has
5-year local control rates of 78% in patients with recurrent disease,2% carbon ion radiation or
newer molecular targeted therapies 21.

The results of the current series should be taken in light of certain limitations. Due to the
retrospective nature of the study there were limits to the data we were able to collect and
this placed constraints on the analysis. In addition this series only included patients treated
surgically, and as such we are unable to comment on the outcomes of patients who were
deemed not to be surgical candidates or chose non-operative treatment. Although this study
included a large number of patients with primary chordoma of the sacrum, the sample

size remains small and as such there is the potential that with a larger patient population
the results of the series may differ. Patients in the current study were treated at multiple
institutions, and as such there was no standardized treatment. This may also limit the
generalizability of the results.

This study shows that advanced patient age was associated with higher all-cause mortality

in patients with sacral chordoma. In addition when using a cumulative incidence model,
although local tumor recurrence was associated with increased disease-specific mortality this
did not vary according to patient age. Patient treatment decisions should be individualized,
however for older patients consideration for less morbid therapies should be considered, in
light of their increased non-disease related mortality.

J Surg Oncol. Author manuscript; available in PMC 2021 May 22.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Houdek et al. Page 5

Acknowledgments

Source of funding: No disclosures of funding were received for this work from Wellcome Trust or HHMI. All
research at Memorial Sloan Kettering is supported in part by a grant from the National Institutes of Health/National
Cancer Institute (#P30 CA008748)

References

1. Mavrogenis AF, Patapis P, Kostopanagiotou G, Papagelopoulos PJ. Tumors of the sacrum.
Orthopedics. 2009;32(5):342. [PubMed: 19472958]

2. Fuchs B, Dickey ID, Yaszemski MJ, Inwards CY, Sim FH. Operative management of sacral
chordoma. J Bone Joint Surg Am. 2005;87(10):2211-2216. [PubMed: 16203885]

3. Schwab JH, Healey JH, Rose P, Casas-Ganem J, Boland PJ. The surgical management of sacral
chordomas. Spine (Phila Pa 1976). 2009;34(24):2700-2704. [PubMed: 19910774]

4. Hulen CA, Temple HT, Fox WP, Sama AA, Green BA, Eismont FJ. Oncologic and functional
outcome following sacrectomy for sacral chordoma. J Bone Joint Surg Am. 2006;88(7):1532-1539.
[PubMed: 16818979]

5. Sundaresan N Chordomas. Clin Orthop Relat Res. 1986(204):135-142.

6. Sciubba DM, Chi JH, Rhines LD, Gokaslan ZL. Chordoma of the spinal column. Neurosurg Clin N
Am. 2008;19(1):5-15. [PubMed: 18156043]

7. Cheng EY, Ozerdemoglu RA, Transfeldt EE, Thompson RC Jr. Lumbosacral chordoma. Prognostic
factors and treatment. Spine (Phila Pa 1976). 1999;24(16):1639-1645. [PubMed: 10472097]

8. Soo MY. Chordoma: review of clinicoradiological features and factors affecting survival. Australas
Radiol. 2001;45(4):427-434. [PubMed: 11903173]

9. Houdek MT, Rose PS, Hevesi M, et al. Low dose radiotherapy is associated with local complications
but not disease control in sacral chordoma. J Surg Oncol. 2019.

10. Hsieh PC, Xu R, Sciubba DM, et al. Long-term clinical outcomes following en bloc resections for
sacral chordomas and chondrosarcomas: a series of twenty consecutive patients. Spine (Phila Pa
1976). 2009;34(20):2233-2239. [PubMed: 19752710]

11. Angelini A, Pala E, Calabro T, Maraldi M, Ruggieri P. Prognostic factors in surgical resection of
sacral chordoma. J Surg Oncol. 2015;112(4):344-351. [PubMed: 26238085]

12. Ruggieri P, Angelini A, Ussia G, Montalti M, Mercuri M. Surgical Margins and Local Control
in Resection of Sacral Chordomas. Clin Orthop Relat Res. 2010;468(11):2939-2947. [PubMed:
20635173]

13. Phukan R, Herzog T, Boland PJ, et al. How Does the Level of Sacral Resection for Primary
Malignant Bone Tumors Affect Physical and Mental Health, Pain, Mobility, Incontinence, and
Sexual Function? Clin Orthop Relat Res. 2015.

14. Gunterberg B, Kewenter J, Petersen |, Stener B. Anorectal function after major resections of
the sacrum with bilateral or unilateral sacrifice of sacral nerves. Br J Surg. 1976;63(7):546-554.
[PubMed: 953450]

15. Todd LT Jr., Yaszemski MJ, Currier BL, Fuchs B, Kim CW, Sim FH. Bowel and bladder function
after major sacral resection. Clin Orthop Relat Res. 2002(397):36-39.

16. Pan 'Y, Lu L, Chen J, Zhong Y, Dai Z. Analysis of prognostic factors for survival in patients
with primary spinal chordoma using the SEER Registry from 1973 to 2014. J Orthop Surg Res.
2018;13(1):76. [PubMed: 29625617]

17. Smoll NR, Gautschi OP, Radovanovic |, Schaller K, Weber DC. Incidence and relative survival of
chordomas: the standardized mortality ratio and the impact of chordomas on a population. Cancer.
2013;119(11):2029-2037. [PubMed: 23504991]

18. Lee 1J, Lee RJ, Fahim DK. Prognostic Factors and Survival Outcome in Patients with Chordoma in
the United States: A Population-Based Analysis. World Neurosurg. 2017;104:346-355. [PubMed:
28457925]

19. Stacchiotti S, Gronchi A, Fossati P, et al. Best practices for the management of local-regional
recurrent chordoma: a position paper by the Chordoma Global Consensus Group. Ann Oncol.
2017;28(6):1230-1242. [PubMed: 28184416]

J Surg Oncol. Author manuscript; available in PMC 2021 May 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Houdek et al.

Page 6

20. Rotondo RL, Folkert W, Liebsch NJ, et al. High-dose proton-based radiation therapy in
the management of spine chordomas: outcomes and clinicopathological prognostic factors. J
Neurosurg Spine. 2015;23(6):788-797. [PubMed: 26340383]

21. Sharifnia T, Wawer MJ, Chen T, et al. Small-molecule targeting of brachyury transcription factor
addiction in chordoma. Nat Med. 2019;25(2):292-300. [PubMed: 30664779]

J Surg Oncol. Author manuscript; available in PMC 2021 May 22.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnue Joyiny

1duosnue Joyiny

Houdek et al.

Page 7

Synopsis:

Following resection of a sacral chordoma, patients older than 55 years of age, without
a local tumor recurrence are more likely to die of something other than their disease.
However in patients with a tumor recurrence, local recurrence was associated with
increased disease specific mortality irrespective of patient age.
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Figure 1:
In patients undergoing en-bloc sacrectomy for chordoma patients with local recurrence

(solid) had worse 10-year disease specific survival compare to those without (dash) local
recurrence (44% vs. 84%, p<0.001).

J Surg Oncol. Author manuscript; available in PMC 2021 May 22.

15



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Houdek et al.

(a)

Cumulative Incidence of Death

1.0

08

06

04

0.2

0.0

Page 9
Patients with Local Recurrence (b) Patients without Local Recurrence
& e
- Death due to Disease, Age 2 55 —— Death due to Disease, Age 2 55
—— Death due to Disease, Age < 55 —— Death due to Disease, Age < 55
o ﬁ @ _| == Deathdueto Other Causes, Age z 55
2 @ — — Death due to Other Causes, Age < 55
S
- § @ |
=]
3
o
£ A
al s 3
$ R
E !
| E o | " -
3 © I .-
—"r il —
Ll [B— o | ===
T T T T T < T T T T T
0 2 4 6 8 0 2 4 6 8
Followup (Years) Followup (Years)
Figure 2:

Cumulative incidence of death due to disease and death due to other causes by
for A) Patients with local recurrence, and B) Patients without local recurrence.
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Smoothed splines for the relative hazard of specific causes of death, namely A) Death due to
Disease, B) Death due to Other Causes, and C) All-Cause Death, employing a reference age

of 55 years.
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