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Abstract
Study Design: Retrospective cohort study.

Objectives: Symptoms caused by spinal metastases are often difficult to distinguish from symptoms caused by non-malignant
spinal disease, complicating timely diagnosis, referral and treatment. The ensuing delays may promote the risk of neurological
deficits or severe mechanical instability and consequent emergency surgery, leading to poorer prognosis. Presumably, treatment
delay may subsequently lead to more health-care consumption and therefore increased average costs of treatment.

Methods: All patients surgically treated for spinal metastases were included in the current study. Based on the presence of
alarming symptoms and urgency of the required intervention, patients were categorized as having received timely or delayed
treatment. Pre-surgical, in-hospital, aftercare and total costs were analyzed and compared between the 2 groups.

Results: In total, 299 patients were included, of which 205 underwent timely and 94 delayed treatment. There was no significant
difference in pre-surigcal costs (€3.229,13 in the timely treated group vs. €2.528,70 in the delayed treatment group, p = 0.849).
The in-hospital costs (€16.738,49 vs. €13.108,81, p < 0.001) and the aftercare costs (€13.950,37 vs. 3.981,93, p < 0.001) were
significantly higher for delayed treatment vs. timely treatment, respectively. The total costs were €33.741,71 for delayed treat-
ment and €20.318,52 for timely treatment (p < 0.001).

Conclusions: The total costs for timely treated patients with spinal metastases are significantly lower compared with patients
receiving delayed treatment. Investing in the optimization of referral patterns may therefore reduce the overall pretreatment
delay and subsequently increase patient outcome, leading to better clinical outcomes at lower costs.
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The optimization of referral patterns for patients with spinal
metastases may reduce overall delay, preventing the negative
effects associated with delayed treatment. A subsequent

Introduction

Spinal metastases occur in approximately 20% of all oncologi-
cal patients."” Due to an increase in overall cancer survival
rates, this number is expected to rise considerably over the next
few decades.>* Because symptoms caused by spinal metastases
are commonly non-specific, patients with spinal metastases are
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at-risk for delayed diagnosis, referral and treatment.>”’ Proble-
matically, untreated spinal metastases can eventually cause
mechanical instability of the spine and/or neurological deficits
due to compression of neural structures, requiring emergency
surgery.>®'2 It is well studied that emergency surgery leads to
considerably worse patient outcome compared with timely
interventions.'*'*
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potential cost increase of more extensive diagnostics and refer-
rals may, however, discourage health-care providers and insur-
ance companies in pursuing this practice. Nonetheless, a
potential decrease in clinical and aftercare costs is rarely con-
sidered and may outweigh the increase in upfront costs. Until
now, no study has investigated the difference in costs between
patients undergoing timely and delayed treatment for sympto-
matic spinal metastases.

The purpose of this study was to assess the difference in
costs between timely and delayed surgical treatment for symp-
tomatic spinal metastases. It was hypothesized that delayed
treatment is associated with higher costs than timely treatment.

Methods

Study Design

The ethics review board (METC Utrecht, protocol no. 18-841-C)
approved a waiver of informed consent for this observational,
retrospective cohort study. Patient and treatment data has been
prospectively collected for all patients referred to a single ter-
tiary spine center for surgical treatment of radiographic or his-
tologically proven symptomatic spinal metastases between
March 2009 and January 2019. Age, sex, primary tumor type,
EQ-5D-5L scores, Karnofsky Performance Scores (KPS),
Visual Analog Scale (VAS) scores for pain, neurological status
and date of death were extracted from medical records.

Patients were categorized into “timely” or “delayed” treatment.
Delayed treatment was defined as requiring surgical treatment
within 3 days, either due to (progressive) neurological deficts
and/or gross mechanical instability. It indicates limited time during
work-up, potential surgery during after-hours and preclusion of
elective intervention. Timely treatment was defined as the ability
to undergo elective surgery more than 3 days after initial presenta-
tion. It suggests sufficient time left for work-up until planned treat-
ment. The 3-day cutoff was chosen in accordance with the protocol
used by the Global Spine Tumor Study Group.'”

All treating spine surgeons adhered to generally accepted
principles for surgical treatment of patients with spinal metas-
tases, combining common scoring systems (currently NOMS:
ASIA/Frankel classification for neurological status combined
with Bilsky score for degree of epidural compression; Bollen
classification for prognosis; SINS for spinal stability and KPS
for general patient condition).'®'® Furthermore, a uniform
treatment strategy was achieved by a weekly plenary multi-
disciplinary “spine meeting.”

The referral chain for each individual patient was analyzed
using medical records and all relevant correspondence with other
health-care providers. In the Netherlands, all health-care provi-
ders send a summary of consultation to the patient’s general
practitioner. Therefore, the medical record possessed by the
general practitioner can be used for, near complete, reconstruc-
tion of the timeline of referral, diagnosis and treatment.

Health-care costs were calculated in Euros. Costs were ana-
lyzed separately for 3 different stages: Pre-surgical costs (from
the first medical consultation for spinal metastases related

symptoms until admission to our spine unit), in-hospital costs
(from admission to our spine unit until discharge) and initial
aftercare costs (from discharge until 3 months postoperatively).

Pre-Surgical Costs

The pre-surgical costs consisted of outpatient care, general prac-
titioner visits, diagnostics and previous admission days (related
to metastatic spinal disease) at a different ward or hospital.
Because only the involvement of a health-care provider (out-
patient clinic or general practitioner) was available, and not the
number of visits, 1 visit per health-care provider involved was
assumed. The national average prices for outpatient visits, diag-
nostics and admission days were used.'” For SPECT-scans and
conventional spinal radiographs, no nationwide average refer-
ence costs were available. Therefore internal prices of our insti-
tution were used (Table 1). Costs for one admission day were
multiplied by the LOS (in days) for each individual patient.

In-Hospital Costs

The in-hospital costs consisted of surgical and hospital admis-
sion costs. To calculate the surgical costs, the following data
were extracted from the patients’ medical records; the implants
used, time in operating room (OR) and surgeon operating time.
Nationwide average prices were available for the surgeon’s
salary. For the costs associated with the surgical implants and
the OR utilization (including associated costs such as OR staff
salary, logistics, cleaning ect.), internal prices were used. To
calculate the hospital admission costs, the number of admission
days and use of blood products were extracted from medical
records and nationwide average prices were used (Table 1)."°

Aftercare Costs

After discharge, patients went to either a (geriatric) rehabilita-
tion clinic; a nursing home; a different hospital; a different
ward in the same hospital; or their own home with or without
homecare assistance. Nationwide average prices for stay in a
nursing home (per day), homecare (per hour) and a hospital
admission day were used (Table 1). In the Netherlands, a stay in
a nursing home generally means limited perspective on return-
ing home. Therefore, the daily price was multiplied by the days
left until the 3 months follow-up.

For a rehabilitation clinic, the average daily price was cal-
culated by using the average reimbursement price for a stay of
6 weeks with 99-223 treatment hours, divided by 42. For ger-
iatric rehabilitation, the average daily price was calculated
using the reimbursement price of a standard stay of 29 to 56
days with more than 59 treatment hours, divided by 42. In case
the duration of (geriatric) rehabilitation could not be extracted
from the medical record, the standard rehabilitation period for
patients with metastatic spinal disease of 6 weeks was assumed.

After (geriatric) rehabilitation, data about homecare assis-
tance was extracted from medical records up to 3 months post-
operatively. Data on re-admissions, including reoperations,
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Table 1. Prices Used for Cost-Analysis.
General In-hospital costs
Admission day Instrumentation
Peripheral € 443.00 Open Thoracolumbar Screw €401.11
Academic € 642.00 Open Thoracolumbar Rod € 123.24
ICU € 1,186.00 Open Thoracolumbar Nut € 66.45
Pre-surgical costs Cervical Screw €416.38
Diagnostics Cervical Rod €123.24
MRI € 444.00 Cervical Locking Screw € 48.03
CT € 285.00 Percutaneous Screw € 534.86
SPECT* €512.00 Percutaneous Rod €311.94
X-Ray* € 16.00 Percutaneous Set Screw € 93.40
Outpatient visit Vertebral Augmentation Stent € 934.39
Peripheral € 80.00 Vertebral Augmentation Cement € 486.34
Academic € 163.00 Vertebral Augmentation Cement Syringe €294.83
General practitioner € 33.00 Vertebral Augmentation Inflator €117.43
In-hospital costs Vertebral Augmentation Acces Kit €261.14
Operating Room* Follow-up costs
Per session € 295.35 Clinical rehabilitation per day** €821.43
Per hour € 266.45 Geriatric rehabilitation per day*** € 348.22
Hourly wage surgeon Nursing home per day € 18.00
Academic € 113.00 Home care (per hour) €73.00
Blood Products
Packed cells €216.00
Platelets €522
Plasma € 186

*Internal prices (2012-2018).
**Price in local rehabilitation center.
***Price in local geriatric rehailitation center.

were extracted from patients’ medical records up to 3 months
postoperatively.

Statistical Analysis

For continuous data, means and standard deviations (SD) were
used in case of normally distributed data. Medians and inter-
quartile range (IQR) were calculated in case of non-normally
distributed data. For categorical data frequencies were used. In
case of normally distributed data, unpaired T-tests were used to
compare continuous parameters and Chi-squared tests to com-
pare categorical parameters. Normality was assessed visually
using Q-Q plots and in the case of non-normal distribution, the
data was log-transformed for statistical analysis. All analyses
were performed using IBM SPSS Statistics for Macintosh, Ver-
sion 24.0 (Armonk, NY: IBM Corp).

Results

In total, 299 patients were included of which 205 underwent
timely treatment and 94 delayed treatment. No significant dif-
ferences were found in terms of patient age, sex, tumor histol-
ogy, VAS-pain scores and median survival in months. As
expected, timely patients had higher baseline EQ-5D-5L and
KPS scores and a lower percentage of neurological deficits,
compared with delayed patients (Table 2).

The results of the cost-analyses are listed in Table 3. The
exact duration of could not be found in 19% of patients

requiring clinical rehabilitation and 43% of patients requiring
geratric rehabilitation. The mean total costs for timely treated
patients was significantly lower compared with patients
undergoing delayed treatment (€20.318,52 vs. €33.741,71,
p < 0.001). Pre-surgical costs were higher in the timely treated
group (€3.229,13 vs. €2.528,70, p = 0.849). The mean out-
patient costs for conventional radiograph, SPECT-scans and
costs associated with pre-surgical admission days in a different
hospital were significantly higher in timely treatment. The in-
hospital costs were significantly lower in the timely treated
group (€13.108,81 vs. €16.738,49, p < 0.001). The in-
hospital cost differences were mainly caused by differences
in the costs of admission days. Timely treated patients averaged
€6.514,88 for 10 days LOS vs. €10.420,15 for 16 days LOS in
patients undergoing delayed treatment (p < 0.001). In contrast,
the implants used in timely treated patients were significantly
more expensive compared with the implants used in delayed
treated patients (€4.842,26 vs. €4.161,35, p = 0.010). The after-
care costs were significantly lower in timely treated patients
(€3.981,93 vs. €13.950,37, p < 0.001). The largest difference
was found in the clinical rehabilitation, which averaged
€1.121,37 in timely treated patients and €9.240,62 in delayed
treated patients (p < 0.001).

Discussion

This cost-analysis study is the first to compare costs for delayed
versus timely surgical treatment of patients with symptomatic
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Table 2. Patient Characteristics for Patients in Both Surgery Groups.

Timely Delayed
Treatment Treatment
n =205 n=94 P-value
Mean age, years (SD) 61.8 (118) 62.8 (11.0) 0.482
Gender, male (%) 106 (51.7%) 99 (48.3%) 0.452
Tumor Histology, n (%) 0.130
Bladder 3 (1.5%) I (1.1%)
Breast 42 (21.5%) 15 (16.0%)
Cervicouterine 4 (2.0%) I (1.1%)
Gastrointestinal 10 (5.0%) I (11.7%)
Lung 25 (12.5%) 16 (17.0%)
Hematological tumors 41 (20.5%) 26 (27.7%)
Melanoma 4 (2.0%) 0 (0.0%)
Prostate 17 (8.3%) 13 (13.9%)
Renal 27 (13.2%) 6 (6.4%)
Other 14 (6.8%) I (1.1%)
Unknown 14 (6.8%) 2 (2.1%)
EQ5D, mean (SD) 0.43 (0.32) 0.25 (0.25) <0.001
KPS, median* (IQR) 70 (60-80) 50 (50-70)  <0.001
VAS pain, mean (SD) 5.0 (24) 4.6 (2.6) 0.261
Frankel on entry, n (%) <0.001
A 0 (0.0%) 2 (2.1%)
B 0 (0.0%) 7 (7.4%)
C 3 (1.5%) 24 (25.5%)
D 33 (16.1%) 43 (45.7%)
E 169 (82.4%) 18 (19.1%)
Median survival, 237 (6.8-70.9) 14.2 (3.0-65.6) 0.145

months (IQR)

*Karnofsky Performance Score.

spinal metastases. The current study shows that costs associated
with timely treatment are significantly lower compared with costs
of delayed treatment, confirming our hypothesis of the multiple
benefits of timely treatment in patients with symptomatic spinal
metastases. The results from this study can serve as encourage-
ment for investing in referral patterns, thereby increasing patient
outcome without necessarily increasing the associated costs.
Costs for emergency treatment compared with elective treat-
ment has been previously studied outside the field of spinal
surgery.>2! In a study by Haider et al., the mean costs for
emergency surgery in several different procedures (i.e. abdom-
inal aortic aneurysm repair and coronary artery bypass graft)
were on average € 6.756,71 higher than costs for the same
elective procedures (using US Dollars to Euro exchange rate
of € 0.91 508 in June 2015).%° Similarly, Jestin et al. showed a
relative cost increase of 50% for patients undergoing emer-
gency surgery compared with elective surgery for colonic can-
cer.”! In line with our findings, the biggest contributor to the
cost difference observed by Jestin et al. was increased LOS.
Several previous studies investigating costs specifically in
metastatic spinal disease show that overall the in-hospital costs
are the biggest contributor to total costs.”**> Likewise, in the
current study the in-hospital costs account for approximately
half the total costs (54% in timely treatment, 45% in delayed
treatment). A previous study by Turner et al., investigating costs
associated with surgical treatment for spinal metastases, has

shown that the mean in-hospital costs for treatment in patients
with confirmed symptomatic spinal metastases was €23.669,39
(using UK pounds to Euro exchange rate of € 1.3866 in June
2015).% In our study, the mean in-hospital costs for all patients
were considerably lower at €14.249,91. The biggest difference
between the current study and the study by Turner et al. can be
found in OR-costs (€1.203,58 vs. €5.804,85). Furthermore,
Turner et al. investigated several factors not included in the
current study, such as imaging during admission, pathology and
pharmacy costs. However, the authors of this study assumed that
such factors would not be unequally distributed between timely
and delayed treatment and therefore would not have changed the
conclusions of the current study.

The present study is the first to compare total costs of delayed
versus timely treatment in patients requiring surgical treatment
for spinal metastases. The results clearly show that treatment
delay of patients with spinal metastases leads to considerably
higher costs. In accordance with previous studies reporting on
unfavorable surgical outcomes and lower Quality of Life (QOL),
functional status and survival, the need to prevent delayed sur-
gical treatment is further emphasized.'>'***** By investing in a
catchment area’s referral chain, for instance by introducing a
“hotline” or a multidisciplinary treatment system, the proportion
of patients undergoing delayed treatment may decrease, thereby
reducing the in-hospital and aftercare costs.’®*’ In the current
study, the pre-clinical costs were higher (albeit non-significant)
for timely treated patients, strengthening the idea that a relatively
limited investment at the beginning of the referral chain will lead
to considerably lower in-hospital and aftercare costs. Similarly,
using more advanced surgical techniques such as percutaneous
pedicle screw fixation may lead to higher initial costs, as can bee
seen in Table 3. Nonetheless, the subsequent favorable out-
comes, such as decreased risk of complications, reduced LOS
and a better overall patient convalescence, will reduce costs later
on substantially.”® Finally, delayed treatment is also associated
with lower pre-operative EQ-5D and KPS scores, which persist
after surgery.'* If costs were to be viewed in light of the asso-
ciated increase in QOL (i.e. costs per Quality Adjusted Life Year
(QALY)), the combination of better QOL and lower costs would
reasonably yield much lower costs per QALY than delayed
treatment. In other words, relatively limited (financial) invest-
ments, used to optimize the referral patterns within a spine cen-
ter’s catchment area, may considerably reduce the overall
pretreatment delay and increase patient outcome, leading to bet-
ter clinical outcomes at lower costs.

The current study has several limitations. Firstly, due to the
retrospective nature, not all aspects of treatment could be con-
sidered for the current study. For example, extra costs for the
treatment of complications were not included. As increased
LOS is associated with a higher complication rate, the associ-
ated costs would likely have predominantly emerged from the
delayed treated group.*” Extra costs for paramedic treatments,
such as physical therapy, ergotherapy or dieticians, were not
considered but expected to be equally present in both treatment
groups as they are included in the treatment protocol. Radio-
therapeutic treatment, which is commonly provided for most
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Table 3. Mean Total, Pre-Surgical, In-Hospital and Aftercare Costs for Timely and Delayed Treatment Patients.

Timely Treatment (€)

Delayed Treatment (€)

n = 205 SD n =94 SD P-value
Total costs €2031852 € 12773.54 €33741.71 €20874.34 <0.001
Pre-surgical costs € 3,229.13 €4,019.63 € 2,528.70 € 2,246.30 0.849
Outpatient visits € 189.29 €97.90 € 194.37 € 103.49 0.564
Diagnostics € 884.97 € 361.48 € 841.69 € 369.75 0.341
X-rays € 16.47 €11.95 € 12.77 € 12.54 0.015
CT’s € 304.46 €172.86 €312.29 € 167.54 0714
MRI’s € 426.67 € 214.67 € 467.62 €219.52 0.129
SPECT € 137.37 € 23844 € 49.02 € 151.46 0.001
Preclinical admission days € 2,154.87 € 4,006.02 € 1,492.64 €2,275.90 <0.001
In-hospital costs € 131088l €7,441.31 € 1673849 € 9,699.15 <0.001
Admission days €6,514.88 € 6,656.79 € 10420.15 € 8,223.88 <0.001
ICU stay € 104.14 € 623.71 € 37.85 € 209.59 0.678
OR costs €1,167.98 € 334.67 € 1,281.22 € 363.35 0.002
Surgeon € 296.17 € 124.99 € 363.08 € 283.22 0.003
Implants € 4,842.26 €2,110.03 €4,161.35 €2,131.34 0.010
Blood products € 68.05 € 487.26 €31.85 € 30881 0.509
Reoperations € 30.98 € 184.69 € 136.43 € 539.46 0.013
Admission days other ward € 56.37 € 547.60 € 109.27 €774.29 0.499
Aftecare csts € 3,981.93 € 6,896.11 € 13950.37 €17803.82 <0.001
Admission days other hospital €179.36 € 981.50 € 92841 €2,057.51 <0.001
Readmissions € 563.52 € 1,953.40 € 983.49 € 3,558.60 0314
Reoperations readmission € 57.97 € 245.20 €73.52 € 303.84 0.638
Blood products readmission €- €- €13.78 €99.20 0.036
Clinical rehabilitation € 1,121.37 € 5,764.67 € 9,240.62 €18139.65 <0.001
Geriatric rehabilitation € 441.65 € 2,604.04 € 1,411.40 € 4,224.68 0.003
Nursing home € 576.94 €2,517.59 € 489.70 € 2,20091 0.773
Home care € 1,041.13 € 1,858.86 € 809.44 € 1,873.96 0.319

patients within our spine center, was not included in the current
analyses. Because delayed treated patients generally have an
inferior functional status and lower life expetancy, it may be
hypothesized that the type of radiotherapeutic treatment after
delayed treatment is generally less complex and therefore less
expensive. In some cases, assumptions were required to esti-
mate actual costs. For instance, only the number of involved
caregivers was known and a single contact-moment per care-
giver was assumed. Moreover, the duration of (geratric) reha-
bilitation was not always available and in some cases the
standard duration of 6 weeks had to be assumed. Finally, after-
care was only assessed up to 3 months postoperatively. Timely
treatment, with higher chances of good outcome, may subse-
quently lead to a longer life-expectancy.*® Costs and contribu-
tions of these patients for society in the long-term were not
considered in the current study. Presumably, the societal costs
incurred after this 3-month period are higher for delayed treat-
ment, but the duration of survival and its impact on societal
costs may be higher in timely treatment.

A strength of the current stud is that the costs were
calculated manually by separately assessing all aspects of care
rather than using invoiced prices. Therefore, the data in the
current study is presumably more accurate than when using
reimbursement tariffs. Moreover, this means the data can be
applied in different countries when costs are adjusted for local
tariffs.

In conclusion, costs are significantly lower in timely
treatment compared to delayed treatment for patients with
spinal metastases. These findings emphasize the importance
of efficient referral patterns and rapid diagnosis and treat-
ment for patients with spinal metastases. Investing in the
pre-surgical trajectory, ensuring timely referral, diagnosis
and treatment, may result in better outcome at lower overall
costs for treatment of spinal metastases. Further research is
necessary to determine how referral patterns can be
improved, (e.g. investing in early imaging in patients with
back pain and a history of malignancy, setting up a multi-
disciplinary outpatient clinic etc.). In this way, outcome for
patients with metastatic spinal disease can be improved
while decreasing the associated costs.
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