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Survival after surgery for spinal metastases:  
a population-based study

Background: There are limited published data on population estimates of survival 
after spinal surgery for metastatic disease. We performed a population-based study to 
evaluate survival and complications among patients with cancer who underwent sur-
gery for spinal metastases in Ontario, Canada, between 2006 and 2016.

Methods: We used health administrative databases to identify all patients who 
underwent surgery for spinal metastases in Ontario between Jan. 1, 2006, and 
Dec. 31, 2016. We assessed overall survival, mortality rates according to primary can-
cer lesion and complications after surgery. We contrast the results to those for a com-
parable cohort from 1991 to 1998.

Results: A total of 2646 patients (1194 women [45.1%]; mean age 62.5 yr [standard 
deviation 12.2 yr]) were identified. The median survival time was 236 (interquartile 
range 84–740) days. Mortality was highest for patients with melanoma, upper gastro-
intestinal cancer and lung cancer, with 50% dying within 90  days of surgery. The 
longest median survival times were observed for primary cancers of the thyroid 
(906 d) and breast (644 d), and myeloma (830 d). Overall 90-day and 1-year mortality 
rates were 29% and 59%, respectively.

Conclusion: We identified differential survivorship based on primary tumour type 
and a shift in the distribution of operations performed for specific primary cancers 
over the past 2 decades in Ontario. Overall reductions in mortality associated with 
this shift in treatment may reflect the use of adjuvant therapies and more personalized 
treatment approaches.

Contexte  : Il existe peu de données publiées sur les taux de survie estimés dans la 
population après une intervention chirurgicale pour des métastases rachidiennes. 
Nous avons donc réa lisé une étude basée sur la population pour évaluer le taux de sur-
vie et les complications chez les patients atteints d’un cancer en Ontario qui ont subi 
une telle intervention entre 2006 et 2016.

Méthodes : En utilisant les bases de données administratives de la santé de l’Ontario, 
nous avons recensé tous les patients qui ont subi une intervention chirurgicale pour 
des métastases rachidiennes entre le 1er janvier 2006 et le 31 décembre 2016. Nous 
avons ensuite évalué le taux de survie globale, le taux de mortalité selon la lésion can-
céreuse primitive et les complications survenues après l’intervention chirurgicale, 
pour ensuite les comparer à ceux d’une cohorte similaire (1991–1998).

Résultats  : Au total, 2646 patients ont été retenus pour l’étude (1194 femmes 
[45,1 %]; âge moyen de 62,5 ans [écart-type 12,2 ans]). La durée de survie médiane 
était de 236 jours (écart interquartile 84–740). Le taux de mortalité le plus élevé a été 
observé chez les patients initialement atteints d’un mélanome, d’un cancer du tractus 
gastro-intestinal supérieur et d’un cancer du poumon : il était de 50 % dans les 
90 jours suivant l’intervention chirurgicale. Les temps de survie médians les plus longs 
ont été observés pour les cancers primitifs de la thyroïde (906 jours) et du sein 
(644 jours), ainsi que pour les myélomes (830 jours). Les taux de mortalité globaux 
après 90 jours et 1 an étaient respectivement de 29 % et de 59 %.

Conclusion  : Nous avons observé des taux de survie différents selon le type de 
tumeur primitive, ainsi qu’une transition dans la distribution des interventions chirur-
gicales réalisées au cours des deux dernières décennies en Ontario pour certains can-
cers primitifs. La réduction globale du taux de mortalité associée à la transition dans 
les traitements pourrait refléter l’utilisation de traitements adjuvants et d’un plus 
grand nombre de traitements personnalisés.
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S pread of metastatic disease to the spine causes sub-
stantial clinical burden, affecting nearly one-third 
of all patients with cancer.1,2 Advances in medical 

treatment for systemic disease has improved survival rates 
among patients with cancer, which has contributed to an 
increased incidence of spinal metastases.3,4 Erosion of the 
bony spine architecture can lead to mechanical instability, 
with pathological fracture, and epidural disease can lead to 
spinal cord compression, with associated neurologic 
injury.5 Quality of life is affected considerably owing to 
pain, spinal cord injury and loss of functional abilities.6,7

Management of patients with spinal metastases is 
aimed at alleviating pain, delaying functional decline and 
maintaining an acceptable quality of life.2,8,9 The multi-
disciplinary strategies used to achieve these goals and 
provide palliative care include chemotherapy, radiation 
and, when appropriate, surgery.10 The goal of surgical 
intervention in these patients is to maintain or restore 
stability, provide analgesia and reverse neurologic defi-
cit.2,11 Surgical intervention has now also become an adju-
vant for stereotactic body radiation therapy (SBRT) to 
create separation between the spinal cord and the 
tumour.12,13 Considerations regarding surgical candidacy 
include overall medical status, number of spinal levels 
involved, age, cancer type, radiation status and life expec-
tancy.8,11,14 The importance and challenges of estimating 
survival and the potential complications of surgery cannot 
be overemphasized, as the decision to operate must be 
made with the intent of maximizing the quality of 
remaining life.15–19

There are limited published data on population esti-
mates of survival after spinal surgery for metastatic dis-
ease.2,20,21 Over the past decade, improvements in the man-
agement of spinal metastases have included advances in 
classification systems, surgical innovations with more min-
imally invasive techniques, image guidance and use of 
intensity-modulated radiation therapy, improved chemo-
therapeutic regimens and targeted personalized therapies 
based on genetic typing of tumour type.22–27 With these 
advances, it is likely that the demographic characteristics of 
patients undergoing surgery, as well as survival and compli-
cations of surgery, have changed substantially.2,9,10 Thus, we 
sought to evaluate the survival of patients who underwent 
surgery for spinal metastasis in Ontario, Canada, between 
2006 and 2016. Our secondary objective was to determine 
postoperative complications and identify risk factors that 
may lead to poor outcomes. We contrast the current results 
to those of a comparable cohort from 1991 to 1998.2

Methods

Study design and setting

We performed a population-based, retrospective cohort 
study of patients who underwent their first surgical treat-

ment for spinal metastases in Ontario between Apr. 1, 
2006, and Dec. 31, 2016. Ontario residents have access to 
universal health care through the Ontario Health Insur-
ance Plan (OHIP), which covers medically necessary hos-
pital and physician services.

Data sources

We used multiple health administrative databases to iden-
tify and describe study patients and ascertain outcomes. 
We obtained patient demographic information and vital 
status from the OHIP Registered Persons Database. The 
OHIP Claims History Database provided information on 
physician services, including diagnoses and procedures. 
The Canadian Institute for Health Information Discharge 
Abstract Database provided inpatient and outpatient hospi-
tal diagnoses using the enhanced Canadian version of the 
International Statistical Classification of Diseases and Related 
Health Problems, 10th Revision (ICD-10-CA), and surgical 
procedures were defined with the Canadian Classification 
of Health Interventions codes. We identified emergency 
department visits using the Canadian Institute for Health 
Information National Ambulatory Care Reporting System. 
We used the Ontario Cancer Registry28 to verify cancer 
diagnoses using International Classification of Diseases for 
Oncology, Third Revision (ICD-O-3) codes. These data sets 
were linked by means of unique encoded identifiers and 
analyzed at ICES.

The use of data in this project was authorized under 
section 45 of Ontario’s Personal Health Information Protec-
tion Act, which does not require review by a research 
 ethics board.

Cohort selection

We identified all people aged 20  years or older who 
underwent surgery for spinal metastases between Apr. 1, 
2006, and Dec. 31, 2016 (see Appendix 1, Table S1, avail-
able at www.canjsurg.ca/lookup/doi/10.1503/cjs. 000921/
tab-related -content, for vertebral surgical procedures for 
metastatic disease). The cohort included a primary cancer 
diagnosis of metastatic bone tumour within 6 months before 
or after the index date of surgery (i.e., International Classifica-
tion of Diseases, 9th Revision code 198.5 or ICD-10-CA code 
C795 appearing at any diagnosis level). People who were not 
residents of Ontario, and those with missing age or sex, or 
an invalid health insurance number were excluded. We also 
excluded anyone aged younger than 20 years and those who 
died on the index surgery date.

Covariates

We captured several sociodemographic characteristics 
of our cohort, including age, sex, urban versus rural 
place of residence (defined by postal code) and 
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 neighbourhood income quintile (derived from census 
data). We used the Deyo–Charlson Comorbidity Index 
(computed from hospital encounters over the 3  years 
before the index surgical procedure) to characterize 
comorbidity.29 We also recorded the calendar year of 
the index procedure and the anatomic site of the pri-
mary cancer (see Appendix 1, Table S2 for definitions of 
primary cancers of interest).

Outcomes

The primary outcome was time from the index surgery to 
death from any cause, with a minimum of 365  days of 
follow-up. Secondary outcomes included 30-day all-cause 
hospital readmission, surgical complications in the 30 days 
after the index procedure, deep vein thrombosis, pul-
monary embolism, a major vascular event and vertebral 
fracture. The secondary outcome definitions are provided 
in Appendix 1, Table S3.

Statistical analysis

We described patients’ characteristics at the time of the 
index surgery using descriptive statistics. We assessed sur-
vival and crude mortality rates after surgery overall and by 
primary cancer site. We used the Kaplan–Meier method to 
estimate overall survival, measured from the time of the 
index hospital discharge to death, with censorship at loss of 
OHIP coverage or the end of the follow-up period 
(Dec. 31, 2017). Secondary outcomes (complications) were 
also described.

Results

A total of 2646  patients with cancer (1194  women 
[45.1%]; mean age 62.5 yr [standard deviation 12.2 yr]) 
underwent surgery for spinal metastases during the 
study period (Table 1). The 6  most common primary 
cancer sites/types were breast (462  patients [17.5%]), 
prostate (337 [12.7%]), urinary system (286 [10.8%]), 
myeloma (173 [6.5%]) and lower gastrointestinal tract 
(165 [6.2%]).

During 4005 person-years of follow-up, 2230 patients 
(84.3%) died, for a mortality rate of 55.7 (95% confidence 
interval 53.4–58.0) per 100 person years. The median sur-
vival time after surgery was 236 (interquartile range 84– 
740)  days (Table 2 and Figure 1). Overall, 214  patients 
(8.1%) died within 30 days after surgery, 706 (26.7%) died 
within 90  days, and 1561 (59.0%) died by 1  year. The 
shortest median survival times were among patients with 
melanoma (90 d), upper gastrointestinal cancer (90 d) and 
lung cancer (95 d), with half of these patients dying within 
90  days of surgery. The longest median survival times 
were observed for primary cancers of the thyroid (906 d) 
and breast (644 d), and myeloma (830 d).

During the 30-day postsurgery period, 553  patients 
(20.9%) were readmitted to hospital, and 323 (12.2%) had 
at least 1  surgical complication or any major outcome 
event. The most common complication type was a compli-
cation of the surgery itself (240 patients [9.1%]). During 
the entire follow-up period, the most common complica-
tions were pulmonary embolism (92 patients [2.6%]), deep 
vein thrombosis (38 [1.4%]), vertebral fracture (35 [1.3%]) 
and a major vascular event (31 [1.2%]) (Table 3). There 
was no important difference in the annual proportion of 
patients who were readmitted or experienced a complica-
tion within 30  days over the study period (Appendix 1, 
Table S4).

Table 1. Characteristics of patients at the time of initial 
surgery for spinal metastases in Ontario, Apr. 1, 2006, to 
Dec. 31, 2016

Characteristic
No. (%) of patients* 

n = 2646

Age, mean ± SD, yr 62.5 ± 12.2

Age, median (IQR), yr 63 (55–71)

Female sex 1194 (45.1)

Living in rural area 321 (12.1)

Neighbourhood income quintile

    1 (lowest) 550 (20.8)

    2 526 (19.9)

    3 491 (18.6)

    4 575 (21.7)

    5 (highest) 498 (18.8)

    Missing 6 (0.2)

Charlson Comorbidity Index, mean ± SD† 6.4 ± 1.7

Year of surgery

    2006 139 (5.2)

    2007 204 (7.7)

    2008 227 (8.6)

    2009 247 (9.3)

    2010 229 (8.6)

    2011 254 (9.6)

    2012 232 (8.8)

    2013 285 (10.8)

    2014 257 (9.7)

    2015 287 (10.8)

    2016 285 (10.8)

Site/type of primary cancer

    Breast 462 (17.5)

    Lower gastrointestinal tract 165 (6.2)

    Lung 71 (2.7)

    Lymphoma 52 (2.0)

    Melanoma 91 (3.4)

    Myeloma 173 (6.5)

    Prostate 337 (12.7)

    Thyroid 51 (1.9)

    Upper gastrointestinal tract 42 (1.6)

    Urinary system 286 (10.8)

    Other 916 (34.6)

IQR = interquartile range; SD = standard deviation. 
*Except where noted otherwise. 
†Calculated based on medical history over the previous 3 years.
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A total of 609  patients (23.0%) received radiation of 
the spine before surgery. We included 1730  patients 
for  analysis of postoperative radiation; of the 1730, 772 
(44.6%) underwent conventional radiation treatment 
within 8 weeks after surgery, 195 (11.3%) received SBRT 
(with or without conventional treatment), and 763 
(44.1%) had no radiation. Patients who underwent SBRT 
after surgery were on average younger and more likely to 

be female than those who received conventional radiation 
and those who did not receive radiation.

discussion

In this large population-based cohort study, we identified 
a median survival duration of 236 days among all patients 
who underwent surgical interventions for metastatic 

Table 2. Survival by site/type of primary cancer

Site/type of primary cancer

Time of death; no. (%*) of patients
Survival time,  

median (IQR), d
Crude mortality rate† 

(95% CI‡)Within 90 d after surgery Within 1 yr after surgery

Breast 62 (13.4) 162 (35.1) 644 (208–1225) 32.0 (28.8–35.5)

Lower gastrointestinal tract 58 (35.2) 135 (81.8) 132 (72–265) 128.9 (110.2–150.3)

Lung 35 (49.3) 57 (80.3) 95 (34–306) 143.4 (113.0–181.9)

Lymphoma 7 (13.5) 27 (51.9) 338 (154–2042) 20.4 (14.5–28.7)

Melanoma 46 (50.6) 78 (85.7) 90 (54–232) 142.2 (115.2–175.4)

Myeloma 17 (9.8) 42 (24.3) 830 (380–1499) 21.5 (17.7–26.1)

Prostate 62 (18.4) 166 (49.3) 366 (135–795) 50.4 (44.7–56.7)

Thyroid 8 (15.7) 20 (39.2) 906 (178–2054) 23.0 (16.6–31.9)

Upper gastrointestinal tract 21 (50.0) (88.0–100.0)§ 90 (34–164) 235.3 (172.6–320.8)

Urinary system 82 (28.7) 187 (65.4) 196 (74–614) 78.8 (69.8–89.0)

Other 308 (33.6) 648 (70.7) 155 (67–431) 83.3 (77.8–89.2)

Overall 706 (26.7) 1561 (59.0) 236 (84–740) 55.7 (53.4–58.0)

CI = confidence interval; IQR = interquartile range. 
*Proportion of patients with given cancer type. 
†Deaths per 100 person-years.  
‡Calculated with the Poisson method. 
§Exact value repressed owing to small number.

Fig. 1. Kaplan–Meier survival curve for patients who underwent initial surgery for spinal metastases.
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disease to the spine. We observed survival to be poorest 
for patients with melanoma, upper gastrointestinal cancer 
and lung cancer, with half dying within 90  days of sur-
gery. Patients with primary cancers of the thyroid and 
breast, and those with myeloma had the longest survival 
times.

There have been several previous reports assessing 
outcomes after spinal surgery for metastatic lesions.30–33 
The number of patients assessed in those reports ranged 
from 62 to 282, and the overall 30-day mortality rate 
ranged from 3% to 13%. In our current study, 8% of 
patients died within 30 days of surgery. Moreover, simi-
lar to previous investigators, we observed wide variation 
in survival times by primary tumour type. Reported com-
plication rates ranged from 8% to 34%.19,33–36 In our 

cohort, 12% of patients experienced a complication after 
surgery, and 21% were readmitted within 30  days of 
operation. The wide variation may be a consequence of 
differences in definitions, and reporting of major and 
minor complications.

There have been almost 2  decades of treatment 
advances since our previous report on population-based 
survival after spinal surgery for metastatic disease.2 In 
that study, with similar methodology, we had a cohort 
of 987  Ontario patients who underwent surgery for 
 spinal metastases between 1991 and 1998. We reported 
90-day and 1-year mortality rates of 29% and 59%, 
respectively, which is almost identical to survival in the 
present cohort. We identified improved survival out-
comes for specific cancers compared to our previous 
report, as well as a shift in the distribution of operations 
performed for specific primary cancers. We observed 
improved 1-year survival among patients with myeloma 
(76% v. 59%), breast cancer (65% v. 48%), prostate 
cancer (51% v. 40%), urinary system cancer (35% v. 
24%) and lung cancer (20% v. 16%) (Figure 2). How-
ever, survival appears to have decreased for thyroid and 
lower gastrointestinal cancer, other cancer sites, lymph-
oma and melanoma. This says nothing about survivabil-
ity from the time of diagnosis of the initial cancer, and it 
should be emphasized that we analyzed survival after 
surgery, not after diagnosis of disease. Hence, although 
overall survival may have improved for some cancer 
types, surgery may have been performed late in the 
patients’ disease process.

Fig. 2. Proportion of Ontario patients who survived 1 year after surgery for spinal metastases, 1991–19982 and 2006–2016 (present 
study). GI = gastrointestinal.
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Table 3. Outcomes

Outcome No. (%) of patients

Death at any time during follow-up 2230 (84.3)

Vertebral fracture during follow-up 35 (1.3)

Readmitted to hospital within 30 d after surgery 553 (20.9)

≥ 1 surgical complication or any major event* 
within 30 d after surgery

323 (12.2)

    Complication of the surgery itself 240 (9.1)

    Pulmonary embolism 69 (2.6)

    Deep vein thrombosis 38 (1.4)

    Vertebral fracture 35 (1.3)

    Major vascular event 31 (1.2)

*Infection, deep vein thrombosis, pulmonary embolism or major vascular event.
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There is little level  I or II evidence and conflicting 
reports on the comparative effectiveness and risks of SBRT 
versus conventional radiation for spinal metastases.37–40 
Among radiation modalities, conventional radiation was 
used most frequently in the present cohort, as SBRT was 
in its infancy during the period used for this study. After 
we adjusted for confounding factors using multivariable 
Cox regression, radiation after surgery was not associated 
with improved survival. However, selection biases and 
other, unmeasured confounding factors may have contrib-
uted to these results. Further study regarding the role of 
SBRT in survival is indicated.

The results of this study may provide further guidance 
to surgeons about surgical indications and help quantify 
risks and benefits based on patient factors. Evidence-based 
treatment has influenced how metastatic disease to the 
spine has changed over the past 2 decades.41 Compared to 
our previous cohort,2 a lower proportion of patients with 
primary lesions of the lung (3% v. 19%) and those with 
lymphoma (2% v. 10%) in the current study underwent 
surgery, and a higher proportion of those with breast can-
cer (18% v. 13%) had surgery. This suggests that lessons 
learned (high crude mortality rate in lung cancer), identifi-
cation of ideal patients for surgery and the use of newer 
evidence-based treatment algorithms have guided surgeons 
in patient selection.42

Limitations

A limitation to our study is the absence of important clin-
ical variables such as time between onset of epidural com-
pression or myelopathy and surgery. Prolonged duration 
of metastasis to the spine before surgery may negatively 
affect survivorship, as survival of patients with certain 
cancers appears to have decreased compared to our prior 
study from 2 decades ago.2 There are conflicting reports 
on the effect on survival of time to surgery after the onset 
of spinal metastases.43,44 Our study did not directly evalu-
ate the role of timeliness to surgery, chemotherapy and 
associated adjuvant strategies for the management of 
 spinal metastases. Furthermore, we were unable to differ-
entiate variability in survival and prognoses based on 
additional factors that may have had an impact, such as 
genetic variations in tumour types and patient demo-
graphic characteristics.

conclusion

In this population-based study reflecting real-world 
patients undergoing surgical management of spinal metas-
tases in Ontario, primary cancer type was the most impor-
tant factor in determining survivorship. The crude number 
of operations based on primary tumour type changed 
between 1991–1998 and 2006–2016, with fewer proced-
ures performed for lung cancer and an increased number 

performed among patients with breast cancer. Importantly, 
there were substantial improvements in survival among 
patients with myeloma and with breast, prostate and 
 urinary cancers in more recent years. These findings have 
implications for the clinical management of spinal metasta-
ses in patients with cancer.
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