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Objective: To investigate the patient quality of life and cost-utility compared between radio-
therapy alone and combined surgery and radiotherapy for spinal metastasis (SM) in Thai-
land.

Methods: Patients with SM with an indication for surgery during 2018-2020 were prospec-
tively recruited. Patients were assigned to either the combination surgery and radiotherapy
group or the radiotherapy alone group. Quality of life was assessed by EuroQol-5D-5L (EQ-
5D-5L) questionnaire, and relevant healthcare costs were collected pretreatment, and at
3-month and 6-month posttreatment. Total lifetime cost and quality-adjusted life-years
(QALYs) were estimated for each group.

Results: Twenty-four SM patients (18 females, 6 males) were included. Of those, 12 patients
underwent combination treatment, and 12 underwent radiotherapy alone. At 6-month post-
treatment, 10 patients in the surgery group, and 11 patients in the nonsurgery group remained
alive for a survival rate of 83.3% and 91.7%, retrospectively. At 6-month posttreatment, the
mean utility in the combination treatment group was significantly better than in the radio-
therapy alone group (0.804 + 0.264 vs. 0.518 + 0.282, respectively; p =0.011). Total lifetime
costs were 59,863.14 United States dollar (USD) in the combination treatment group and
24,526.97 USD in the radiation-only group. The incremental cost-effectiveness ratio using
6-month follow-up data was 57,074.01 USD per QALY gained.

Conclusion: Surgical treatment combined with radiotherapy to treat SM significantly im-
proved patient quality of life compared to radiotherapy alone during the 6-month posttreat-
ment period. However, combination treatment was found not to be cost-effective com-
pared to radiotherapy alone for SM at the Thailand willingness-to-pay threshold of 5,113
USD/QALY.

Keywords: Patient quality of life, Cost-utility, Radiotherapy alone, Combined surgery and
radiotherapy, Spinal metastasis
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INTRODUCTION

Spinal metastasis results from cancer cells that spread from
the primary tumor, which is located somewhere else in the
body. Spinal metastasis can cause severe pain, impaired ambu-
lation, and neurological deficit-all of which significantly ad-
versely affect patient quality of life. Several studies reported fa-
vorable results of palliative surgery combined with radiotherapy
for improving pain, ambulation, and quality of life compared to
radiotherapy alone."® As such, palliative surgery plays an im-
portant role in the multidisciplinary management of spinal me-
tastasis.

However, the additional cost of surgery combined with ra-
diotherapy makes combination therapy for spinal metastasis
much more expensive than radiotherapy alone. From a study
conducted in Denmark, Tipsmark et al.® reported the cost of
radiotherapy alone to be 36,616 euro (EUR), whereas the cost
of surgery with decompression, instrumentation, and recon-
struction was 87,814 EUR.

Cost-utility analysis (CUA), which evaluates both clinical
and economic outcomes, provides important evidence-based
information that helps clinicians and policymakers in decision-
making relative treatment strategy. CUA studies that compared
surgical treatment and radiotherapy alone for the treatment of
spinal metastasis have been reported in Japan, the United King-
dom, Belgium, Canada, and the United States. The results of
those studies showed combination surgery and radiotherapy to
be cost-effective compared to radiotherapy alone for treating
spinal metastasis in developed countries.>” "

Studies in the cost-effectiveness of surgery for spinal metas-
tasis patients in developing countries, such as Thailand, are
limited. Accordingly, the aim of this study was to investigate the
patient quality of life and cost-utility compared between radio-
therapy alone and combined surgery and radiotherapy for spi-
nal metastasis in Thailand.

MATERIALS AND METHODS

This prospective cohort study was conducted at the Faculty
of Medicine Siriraj Hospital, Mahidol University-Thailand’s
largest medical school and national tertiary referral center. The
protocol for this study received approval from the Siriraj Insti-
tutional Review Board (protocol number: 395/2561[EC3]), and
written informed consent was obtained from each enrolled
study patient.

https://doi.org/10.14245/ns.2142948.474

1. Subjects

Patients aged 18 years or older with spinal metastasis with an
indication for surgery during 2018-2020 were prospectively re-
cruited. Diagnosis of spinal metastasis was made by radiologi-
cal or pathological methods. Indications for surgery included
intractable pain, spinal instability, and neurological symptom.
Patients having one or more of the following were excluded: (1)
curative surgery, (2) posterior instrumentation more than 10
levels, (3) previous history of radiotherapy at the affected spine
level, and/or (4) impaired consciousness that prevented com-
pletion of the study questionnaire.

2. Study Procedures

Eligible patients that accepted our invitation to join the study
were educated about the study objective and protocol. The spi-
nal instability neoplastic score was used to assess the severity of
spinal instability. All patients underwent intensive adjuvant
treatments, radiotherapy, rehabilitation, and palliative care. All
patients were offered the opportunity to undergo surgical treat-
ment, and the patient made the final decision. The patients
who decided to undergo surgery were allocated to the combi-
nation surgery and radiotherapy group, and those not willing
to undergo surgery were allocated to the radiotherapy alone
group. In both groups, chemotherapy was performed if indicat-
ed. The modified Tokuhashi and Tomita scores were used to
evaluate the prognosis of spinal metastasis. Each patient’s gen-
eral condition was assessed using Frankel classification grading.

3. Surgical Procedures

The patients who undergo surgery were a posterior ap-
proach. Debulking tumor from the posterolateral aspect after
laminectomy was performed, and the posterior stabilization
was achieved using a pedicle screw-rod system. The range of
stabilization was decided based on bone quality, the number of
affected vertebrae, and deformity. After surgery, postoperative
rehabilitation was adjusted case by case depending on patients’
status with immobilization support devices.

4. Sample Size Calculation

The sample size was based on a mean of health state values
between the radiotherapy alone and the combined surgery and
radiotherapy at 12 months (0.019+0.027, 0.448 + 0.451, respec-
tively) from the study of Miyazaki et al.* Two-sided, 2-indepen-
dent means sample size calculation was used at the 0.05 signifi-
cance level for the difference. The power of the test was 0.2.
Thus, the number of each group was 12 patients.
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5. Statistical Analysis

Demographic and clinical characteristics of study partici-
pants were analyzed descriptively. Categorical data were report-
ed as frequency and percentage, and normally distributed con-
tinuous data were reported as mean + standard deviation. Fish-
er exact test and Student t-test were used to comparing categor-
ical data and normally distributed continuous data, respectively.
The Kaplan-Meier method was used to estimate the survival
function from lifetime data. All statistical analyses were per-
formed using IBM SPSS ver. 18.0 (IBM Co., Armonk, NY,
USA), and a 2-tailed p-value that less than 0.05 was considered
statistically significant.

6. Economic Evaluation

A CUA was performed to compare the cost and health status
between the combined use of surgery and radiotherapy and ra-
diotherapy alone in patients with spinal metastasis. The inter-
vention of interest was palliative surgery that provides better
quality of life, but the cost of treatment is higher. We performed
the analysis using a societal perspective and lifetime time hori-
zon as recommended by the Thailand health technology assess-
ment (HTA) guideline."" Our findings are presented as an in-
cremental cost-effectiveness ratio (ICER) in United States dol-
lar (USD) per quality-adjusted life years (QALYs) gained. The
interpretation of the cost-effectiveness of the surgery was based
on an official willingness-to-pay (WTP) threshold of 160,000
Thai Baht (THB)/QALY (5,113 USD/QALY), as reported by
the Thai Health Economic Working Group.”? An annual dis-
count rate of 3% was used for both costs and health outcomes.

7. Economic Model

According to expert opinion and our review of the literature,
the health status outcome should include both ambulatory sta-
tus and pain improvement after the treatment. A decision tree
was constructed to divide patients into 2 groups-those who re-
ceived surgical treatment and those who did not. After treat-
ment, the patients in each group were classified into 1 of the 4
following outcomes of treatment: ambulatory with less pain,
nonambulatory with less pain, ambulatory without pain im-
provement, and nonambulatory without pain improvement
(Fig. 1A). After that, a Markov model with 3-month cycle dura-
tions was adopted to capture the lifetime costs and health out-
comes of the treatment. In the Markov model, patients could
remain either in the same state or in transition to a poorer state
due to the progression of the disease. In this model, we as-
sumed that patients underwent surgery only one time and that
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no patients would transition to an improved health state, as
shown in Fig. 1B.

8. Input Parameters

The transition probabilities and utility of each group were
obtained from the result of the cohort included in this study.
The disease-specific mortality rate was based on the overall lo-
cal control rate of the disease from studies conducted by Bishop
et al.” and Pessina et al."* The probability of ambulatory and
nonambulatory status before treatment was obtained from the
studied cohort. Regarding the adoption of societal perspective,
in this study, we included both direct medical costs (e.g., nurs-
ing service, medication, diagnostic imaging) and direct non-
medical costs (e.g., food, transportation). Indirect costs of pa-
tients were not included due to our assumption that lost or im-
paired ability to work or engage in leisure activities due to mor-
bidity would be captured in the disutility of QALY." Direct
costs of treatment, hospital visit rates (both outpatient and in-
patient), and utility data were obtained from the studied cohort.
Direct nonmedical costs were obtained from a standard cost list
in the Thailand HTA guideline.'® All costs were converted to
2020 USD using an exchange rate of 1 USD =31.3 THB and the
consumer price index."” Detail and sources of the model input

parameters used in this study are shown in Table 1.

9. Cost-Utility Analysis

The primary outcome of the base case analysis was the ICER
obtained from a comparison between the combined surgery
and radiotherapy treatment strategy versus radiotherapy alone.

One-way sensitivity analyses were performed to study the ef-
fects of altering uncertainty parameters within the 95% confi-
dence interval (CI) ranges, including all clinical effects, transi-
tional probabilities, costs, and utilities, on the ICER from the
model. In cases where the 95% CI range was unavailable, a
range of mean + 15% was applied. The results of 1-way sensitiv-
ity analysis are presented using a tornado diagram. A probabi-
listic sensitivity analysis (PSA) was performed using Microsoft
Excel 2019 (Microsoft Corp., Redmond, WA, USA) to simulta-
neously examine the effects of all parameter uncertainties.'
The distributions of each probability were assigned the follow-
ing:" transitional probability, and utility parameters were speci-
fied to beta-distribution. Costs were assigned a gamma distri-
bution. Relative risk of mortality parameters was given a log-
normal distribution. A Monte Carlo simulation was run to ob-
tain 1,000 different simulations reflecting a range of values for
the total cost, outcomes, and ICER. The results of the PSA are
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Fig. 1. Decision tree (A) and Markov model (B). A decision tree was constructed to divide patients into the 4 following groups
according to the health status outcome of each treatment: ambulatory with less pain, nonambulatory with less pain, ambulatory
with pain, and nonambulatory with pain. In the Markov model, patients could remain in the same health state or transition to
worse health states. Sx+RT, combined surgery, and radiotherapy; RT, radiotherapy alone.

presented as a cost-effectiveness plane and a cost-effectiveness

acceptability curve.

RESULTS

1. Clinical Results

Twenty-four patients were prospectively enrolled and fol-
lowed for 6 months after treatment. There were 6 men and 18
women. Twelve patients underwent surgical treatment and ra-
diotherapy. The others underwent only radiotherapy. Patient

https://doi.org/10.14245/ns.2142948.474

demographic and clinical characteristics are shown in Table 2.
No statistically significant difference was observed for any of
the parameters shown in Table 2 between the surgery group
and the nonsurgery group. Patients with various types of cancer
were included (Table 2). All patients in both groups underwent
radiotherapy. The average back pain score at the 3-month fol-
low-up in the surgery group was significantly lower than the
average score in the radiotherapy alone group (31.67 +30.92 vs.
55.45+20.67, respectively; p=0.024), but there was no signifi-
cant difference between groups for pain at the 6-month follow-
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Table 1. Input parameters used in the health economic model

Parameter Distribution Base case Range References

Probability of ambulatory/nonambulatory status before treatment
Ambulatory Beta 0.723 SD 0.204 Primary data
Nonambulatory Beta 0.160 SD 0.149 Primary data
Transition probabilities

Ambulate (less pain)

To ambulate (pain) - Sx+RT Beta 0.0055 0.005-0.006  Primary data
To nonambulatory (less pain) - Sx+RT Beta 0.0055 0.005-0.006  Primary data
To nonambulatory (pain) - Sx+RT Beta 0.0055 0.005-0.006  Primary data
To ambulate (pain) - RT Beta 0.0067 0.006-0.007  Primary data
To nonambulatory (less pain) - RT Beta 0.0067 0.006-0.007  Primary data
To nonambulatory (pain) - RT Beta 0.0067 0.006-0.007  Primary data
Nonambulatory (less pain)
To nonambulatory (pain) - Sx+RT Beta 0.0055 0.005-0.006  Primary data
To nonambulatory (pain) - RT Beta 0.0067 0.006-0.007  Primary data
Ambulate (pain)
To nonambulatory (pain) - Sx+RT Beta 0.0055 0.005-0.006  Primary data
To nonambulatory (pain) - RT Beta 0.0067 0.006-0.007  Primary data
Disease-specific mortality rate - Sx+RT Log-normal 0.41 SE 0.06 (13, 14)
Relative risk of survival in RT vs. Sx+RT Log-normal 0.60 SE0.16 -1
Utilities
Sx+RT
Ambulatory (less pain) Beta 0.743 SD 0.130 Primary data
Nonambulatory (less pain) Beta 0.340 SD 0.051 Primary data
Ambulatory (pain) Beta 0.732 SD 0.110 Primary data
Nonambulatory (pain) Beta 0.160 SD 0.024 Primary data
RT
Ambulatory (less pain) Beta 0.743 SD 0.320 Primary data
Nonambulatory (less pain) Beta 0.340 SD 0.051 Primary data
Ambulatory (pain) Beta 0.732 SD 0.300 Primary data
Nonambulatory (pain) Beta 0.160 SD 0.024 Primary data
Costs of treatment (USD/3 months)
Total cost of ambulatory (less pain) - Sx+RT Gamma 5,346 4,811-5,881  Primary data
Total cost of nonambulatory (less pain) - Sx+RT Gamma 2,834 2,551-3,118 Primary data
Total cost of ambulatory (pain) - Sx+RT Gamma 6,822 6,140-7,504 Primary data
Total cost of nonambulatory (pain) - Sx+RT Gamma 6,221 5,599-6,843 Primary data
Total cost of ambulatory (less pain) - RT Gamma 3,778 3,400-4,156  Primary data
Total cost of nonambulatory (less pain) - RT Gamma 2,834 2,551-3,118 Primary data
Total cost of ambulatory (pain) - RT Gamma 3,699 3,329-4,069 Primary data
Total cost of nonambulatory (pain) - RT Gamma 8,695 7,825-9,564 Primary data
Chemotherapy (USD) Gamma 2,030 1,144-2,915  Primary data
Radiotherapy (USD) Gamma 1,097 963-1,232 Primary data
Surgical procedure (USD) Gamma 2,155 1,995-2,314 Primary data
Implant (USD) Gamma 1,780 1,651-1,909 Primary data

(continued)
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Table 1. Input parameters used in the health economic model (continued)

Parameter Distribution Base case Range References
Direct nonmedication cost
Food (USD/visit) Gamma 62 55-68 (16)
Transportation (USD/visit) Gamma 167 154-181 (16)
Indirect cost-care giver (USD/visit) Gamma 112 70-154 (16)

Sx+RT, combined surgery and radiotherapy; RT, radiotherapy alone; USD, United States dollar.

up. Ambulatory status and the survival rate were also not sig-
nificantly different between the 2 treatment groups (Table 3).
The mean preoperative utility value was 0.592+0.314 in the
surgery group, and 0.479 £0.345 in the radiotherapy alone
group (p=0.402). At both the 3- and 6-month follow-up, the
mean utility value in the surgery group was significantly higher
than that in the radiotherapy alone group (3 months: 0.701 +
0.328 vs. 0.433+0.297, respectively; p=0.018; and, 6 months:
0.804 £0.264 vs. 0.506 £ 0.270, respectively; p=0.011) (Table 3).

2. Cost-Utility Analysis
1) Base case analysis

The estimated total lifetime cost per patient for surgery and
radiotherapy versus radiotherapy alone was 59,863.14 USD
versus 24,526.97 USD, respectively. The number of QALYs was
1.54 and 0.92 for the combination treatment group and the ra-
diotherapy alone group, respectively. The ICER for the combi-
nation surgery and radiotherapy treatment was 57,074.01 USD
per QALY gained compared to radiotherapy alone (Table 4).
This finding demonstrates the combination treatment option
to be non-cost-effective when judged according to the official
WTP threshold in Thailand.

2) One-way sensitivity analysis

Fig. 2 shows the most influential variables in our model to be
the utility of ambulatory status with less pain after combination
surgery and radiotherapy, the utility of ambulatory status with
less pain after radiotherapy alone, and relative risk of survival
in radiotherapy alone versus combination surgery and radio-
therapy. However, within the range of each parameter, none
yielded a cost-effective result.

3) Probabilistic sensitivity analysis

Results of the PSA based on 1,000 Monte Carlo simulations
are presented in a cost-effectiveness plane (Fig. 3A). Despite the
variation in base case parameter inputs, most of the plots were
in the upper-right quadrant, which suggests the combination

https://doi.org/10.14245/ns.2142948.474

surgery and radiotherapy treatment strategy to be more effec-
tive, but more expensive than radiotherapy alone. All simula-
tions were plotted above the WTP threshold line, which means
that none of the scenarios could be considered cost-effective in
Thailand’s healthcare setting. The results of the PSA are also
presented as a cost-effectiveness acceptability curve, as shown
in Fig. 3B. At the Thailand WTP threshold, the probability of
the combination therapy strategy being cost-effective is zero. If
the Thailand WTP was increased to 56,000 USD per QALY
gained, the probability of surgery combined with radiotherapy
being cost-effective was 50% compared to radiotherapy alone.

DISCUSSION

Many studies have investigated the cost-utility of the surgical
treatment among spinal metastasis patients. Furlan et al.® re-
ported an ICER of 250,307 USD per QALY when surgery plus
radiotherapy was compared to radiotherapy alone. They adopt-
ed a Markov model approach and analyzed the results based on
the data from the study of Patchell et al.’ combined with Ontar-
io-based physician fee and hospital cost data in Canada. They
found and reported surgery plus radiotherapy to be cost-effec-
tive at a WTP threshold of 50,000 USD per QALY.® In Japan,
Miyazaki et al.* also found surgical treatment to be cost-effec-
tive with an ICER of 42,003 USD per QALY gained at a WTP
of 50,000 USD per QALY gained. Finally-in Belgium, Depreit-
ere et al.” Reported an ICER for surgical management of spinal
metastasis of 13,635 EUR per QALY compared to radiotherapy
alone. Taken together, these reported findings indicate that pal-
liative surgery is cost-effective for spinal metastasis patients in
developed countries.

During the 6-month follow-up after treatment, our findings
showed significant improvement in the quality of life of patients
in the combined surgery and radiotherapy group compared to
the quality of life of patients in the radiotherapy alone group. In
this study, there was no significant difference in ambulation be-
tween the 2 groups. However, the radiotherapy alone group had
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Table 2. Patient demographic and clinical characteristics compared between the combined surgery and radiotherapy (Sx+RT)

group and the radiotherapy alone (RT) group

Characteristic Sx+RT (n=12) RT alone (n=12) p-value
Female sex 8/12 (66.7) 10/12 (83.3) 0.538
Age (yr) 58.17+11.06 62.25+12.39 0.404
Frankel classification 0.640
Grades A, Band C 2(16.7) 4(33.3)
Grades D and E 10 (83.3) 8 (66.7)
Spinal level of compression 0.605
Cervical 1(8.3) 2(16.7)
CT 0(0) 1(8.3)
C,TLS 1(8.3) 1(8.3)
Lumbar 6 (50.0) 2(16.7)
Thoracic 2(16.7) 2(16.7)
TL 2(16.7) 3(25.0)
TLS 0(0) 1(8.3)
Position of spinal tumor 0.538
Anterior 2(16.7) 1(8.3)
Anterior, posterior 1(8.3) 0(0)
Anterior, lateral, posterior, anterior 5(41.7) 8 (66.7)
Lateral 4(33.3) 3 (25.0)
Revised Tokuhashi score 0.587
0-8 7 (58.3) 8(66.7)
9-11 4(33.3) 4(33.3)
12-15 1(8.3) 0(0)
Tomita score 0.411
4-5 2(16.7) 4(33.3)
6-7 6 (50.0) 3(25.0)
8-10 4(33.3) 5(41.7)
Spinal instability neoplastic score >0.999
0-6 0(0) 0(0)
7-12 9 (75.0) 10 (83.3)
13-18 3(25.0) 2(16.7)
Primary tumor 0.622
Breast 2(16.7) 4(33.3)
Colon 1(8.3) 0(0)
Lungs 4(33.3) 3(25.0)
Prostate 2(16.7) 1(8.3)
Rectum 0(0) 1(8.3)
Endometrium 1(8.3) 0(0)
Supraglottis cancer 0(0) 1(8.3)
Non-small cell lung cancer 1(8.3) 1(8.3)
Hepatocellular carcinoma 1(8.3) 0 (0)
Thyroid 0 (0) 1(16.7)
Total 12 (100) 12 (100)

Values are presented as number (%) or mean + standard deviation.
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Table 3. Utility, ambulator, survival, and back pain visual analogue scale (VAS) score at different time points compared between
the combined surgery and radiotherapy (Sx+RT) group and the radiotherapy alone (RT) group

Variable Sx+RT RT only p-value
Pretreatment
Utility 0.59+0.31 0.48+0.34 0.402
Ambulator 9 (75.0) 7 (58.3) 0.386
Survival 12 (100) 12 (100)
Back pain VAS 50.75+£28.22 64.17£36.30 0.243
Follow-up 3 months
Utility 0.73+0.28 0.48+0.29 0.018*
Ambulator 11 (91.7) 10 (90.9) 0.949
Survival 12 (100) 11 (91.7) 0.307
Back pain VAS 31.67+£30.92 55.45+20.67 0.024*
Follow-up 6 months
Utility 0.80+£0.26 0.52+0.28 0.011*
Ambulator 9 (90.0) 8(72.7) 0.314
Survival 10 (83.3) 11 (91.7) 0.537
Back pain VAS 30.00+£33.00 37.18+30.45 0.612

Values are presented as mean + standard deviation or number (%).
*p<0.05, statistically significant differences.

Table 4. Results of the base case analysis

Strate Cost Effectiveness Incremental cost Incremental ICER

Y (USD) (QALYs) (USD) effectiveness (QALYs)  (USD/QALYs)
Sx+RT 59,863.14 1.54 35,336.17 0.62 57,074.01
RT 24,526.97 0.92 - - -

Sx+RT, combined surgery and radiotherapy; RT, radiotherapy alone; USD, United States dollar; QALY, quality-adjusted life-year; ICER, incre-
mental cost-effectiveness ratio.

Utility-ambulatory (less pain) (A)-Sx+RT
Utility-ambulatory (less pain) (A)-RT

RR of survival in RT vs. Sx+RT

Total cost of ambulatory (less pain) (A) (USD/3 months)-Sx+RT
Utility-ambulatory (pain) (C)-RT

C-DeTree-Sx+RT: Improve

Total cost of ambulatory (less pain) (A) (USD/3 months)-RT
Total cost of non-ambulatory (pain) (D) (USD)-Sx+RT
Utility-ambulatory (pain) (C)-Sx+RT

Total cost of ambulatory (pain) (C) (USD/3 months)-Sx+RT
Total cost of ambulatory (pain) (C) (USD/3 months)-RT
C-DeTree-RT: improve

mm Using the high parameter values

C-DeTree-RT: Non-improve M Using the low parameter values

Utility-C-- > A-Sx+RT
D-DeTree-Sx+RT: improve
Probability of non-ambulatory patients

40,000 45,000 50,000 55,000 60,000 65,000 70,000 75,000 80,000 85,000 90,000
Incremental cost-effectiveness ratio (USD per QALY)

Fig. 2. Tornado diagram. This model illustrates the result of 1-way sensitivity analysis that was performed to study the effects of
altering uncertainty parameters within the 95% confidence interval ranges, including all clinical effects, costs, utilities, and the
discount rate on the ICER calculated from the model. ICER, incremental cost-effectiveness ratio; Sx+RT, combined surgery and
radiotherapy; RT, radiotherapy alone; USD, United States dollar; QALY, quality-adjusted life-year.
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Fig. 3. Multivariate probabilistic sensitivity analysis. The result was based on 1,000 Monte Carlo simulations. The results are
shown as a cost-effectiveness plane (A), and a cost-effectiveness acceptability curve (B). Sx+RT, combined surgery and radio-
therapy; RT, radiotherapy alone; USD, United States dollar; QALY, quality-adjusted life-year.

less ambulatory status after 6 months. Therefore, the effective-
ness of radiotherapy alone in terms of maintaining or restoring
ambulatory status may be limited. A prior study also reported
that surgical intervention significantly improved ambulation,
pain relief, and quality of life in spinal metastasis patients.”

For the CUA, the ICER of the combined surgery and radio-
therapy group relative to the radiotherapy alone group was
57,074.01 USD per QALY gained, which indicated that the sur-
gery group is not cost-effective compared to the radiotherapy
alone group. Moreover, the results of our sensitivity analyses
showed no cost-effectiveness of the combination therapy re-
gardless of the parameter values used. We conducted a litera-
ture review for studies that also compared combination treat-
ment with radiotherapy alone in spinal metastasis (Table 5),
and some previously reported results conflict with the results of
our study. The observed differences between and among stud-
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ies may be due to differences in the WTP threshold and cost of
treatment of each country. However, the survival rate was not
only affected by the choice of treatment but also other factors
were included, so the highly selection of spinal metastatic pa-
tients who seemed to have better prognosis and outcome after
the treatment was required. One of the significant prognostic
factors in spinal metastasis patients was reported to be ambula-
tory status.” Schoenfeld et al.” reported a QALY of 0.800 among
patients who received nonoperative treatment, and a QALY of
0.823 in patients with independent ambulatory status at presen-
tation. In patients with nonambulatory status at presentation,
they reported a QALY of 0.089 in patients who received nonop-
erative treatment and a QALY of 0.813 in patients who received
operative treatment. The ICER for a surgical procedure was
899,700 USD per QALY and 48,600 USD per QALY in patients
with independent ambulatory and nonambulatory status at pre-
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sentation, respectively. Similar to the result reported by Schoen-
feld et al.’ our results showed significant improvement in utility
among surgical patients with nonambulatory status to be a fac-
tor that positively influences cost-effectiveness, so the observed
improvement in utility and survival in the surgery group
strongly influenced cost-effectiveness in this economic model.
There were many methods of surgery that may have affected

the outcomes. Lee et al.

compared the postoperative result be-
tween palliative, debulking and en bloc surgery in spinal metas-
tases. The result showed the debulking surgery group had the
highest postoperative complications than the others but no dif-
ference in the improvement of neurological deficit after surgery.
The proper surgical option on each patient may improve out-
comes.” Additionally, stereotactic body radiation therapy has
become a fundamental tool for the treatment of spine metasta-
sis that provided good local control, especially in radioresistant
tumor.”** The separation surgery followed by stereotactic radi-
ation therapy was effective in decompression and long-term lo-
cal control.” Compared with conventional radiotherapy, stereo-
tactic body radiotherapy at a dose of 24 Gy in 2 daily fractions
was superior to conventional external beam radiotherapy at a
dose of 20 Gy in 5 daily fractions in improving the complete re-
sponse rate for pain.”* However, the receipt of stereotactic body
radiotherapy is limited because of a lack of medical resources.
So, most patients with spine metastases were treated with con-
ventional radiotherapy usually with 10 fractions® same as in
Thailand.

To our knowledge, our study is the first prospective cohort
study to compare utility outcomes after treatment in spinal me-
tastasis patients in a developing country. This study has several
strengths. First, our study data were prospectively collected.
Second, we adjusted the mortality rates of these patients by in-
corporating the Thai age-standardized mortality rate to reflect
baseline health of Thai population. Third, all cost data were re-
trieved from reliable local sources. Fourth and last, we con-
ducted a comprehensive literature review to determine the
overall mortality rate and the progression of disease after treat-
ment in both groups for use as model input parameters.

This study has some mentionable limitations. From the refer-
ence literature, a study reported by Miyazaki et al* showed a
more significant difference in the health state of the surgery
group versus radiotherapy alone, and the follow-up time was
longer than the 6-month follow-up in our study. Second, there
was a limited sample size. Third, our center is a university hos-
pital so the costs of care are higher than those charged by rural
general and provincial hospitals in Thailand. The further mul-
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ticenter study may be needed that includes all healthcare set-
tings in Thailand.

CONCLUSION

Surgical treatment for spinal metastasis significantly im-
proved the quality of life of spinal metastasis patients compared
with radiotherapy alone over the evaluated 6-month posttreat-
ment follow-up period. However, the surgical treatment strate-
gy was not found to be cost-effective compared to radiotherapy
alone at the current WTP threshold in Thailand. A highly se-
lective strategy for identifying spinal metastasis patients before
surgical treatment is suggested to optimize all modifiable mea-
surement parameters for all stakeholders.

NOTES

Conflict of Interest: The authors have nothing to disclose.

Funding/Support: This study received no specific grant from
any funding agency in the public, commercial, or not-for-profit
sectors.

Acknowledgments: The authors gratefully acknowledge the
patients that generously agreed to participate in this study, and
Mr. Pongsathorn Samphaotong of the Orthopaedic Research
Unit of the Department of Orthopaedic Surgery, Faculty of
Medicine Siriraj Hospital, Mahidol University for assistance
with statistical analysis.

Author Contribution: Conceptualization: PL; Data curation:
SW, PP, AT; Formal analysis: PP; Methodology: PT, CK, AT, PL;
Project administration: PT, SW; Visualization: CK; Writing - origi-
nal draft: PT; Writing - review & editing: PL.

ORCID
Pasawat Taechalertpaisarn: 0000-0003-1903-5441
Sirichai Wilartratsami: 0000-0001-7651-4196
Pochamana Phisalprapa: 0000-0003-1995-4405
Chayanis Kositamongkol: 0000-0001-7182-0733
Achiraya Teyateeti: 0000-0001-5421-4248
Panya Luksanapruksa: 0000-0002-9554-4259

REFERENCES

1. de Ruiter GC, Nogarede CO, Wolfs JE et al. Quality of life
after different surgical procedures for the treatment of spinal
metastases: results of a single-center prospective case series.
Neurosurg Focus 2017;42:E17.

www.e-neurospine.org 345



Taechalertpaisarn P, et al.

Cost-Utility Analysis in Spinal Metastasis Patient

2. Miyazaki S, Kakutani K, Sakai Y, et al. Quality of life and
cost-utility of surgical treatment for patients with spinal me-
tastases: prospective cohort study. Int Orthop 2017;41:1265-
71.

3. Patchell RA, Tibbs PA, Regine WE et al. Direct decompres-
sive surgical resection in the treatment of spinal cord com-
pression caused by metastatic cancer: a randomised trial.
Lancet 2005;366:643-8.

4. Schoenfeld AJ, Losina E, Ferrone ML, et al. Ambulatory sta-
tus after surgical and nonsurgical treatment for spinal me-
tastasis. Cancer 2019;125:2631-7.

5. Versteeg AL, Sahgal A, Rhines LD, et al. Health related qual-
ity of life outcomes following surgery and/or radiation for
patients with potentially unstable spinal metastases. Spine J
2021;21:492-9.

6. Tipsmark LS, Biinger CE, Wang M, et al. Healthcare costs
attributable to the treatment of patients with spinal metasta-
ses: a cohort study with up to 8 years follow-up. BMC Can-
cer 2015;15:354.

7. Depreitere B, Turner I, Vandoren C, et al. Cost-utility analysis
of surgery and radiotherapy for symptomatic spinal metasta-
ses in a belgian specialist center. World Neurosurg 2019;125:
e537-43.

8. Furlan JC, Chan KK, Sandoval GA, et al. The combined use
of surgery and radiotherapy to treat patients with epidural
cord compression due to metastatic disease: a cost-utility
analysis. Neuro Oncol 2012;14:631-40.

9. Schoenfeld AJ, Bensen GP, Blucher JA, et al. The cost-effec-
tiveness of surgical intervention for spinal metastases: a mod-
el-based evaluation. ] Bone Joint Surg Am 2021 Jul 21;10.2106/
JBJS.21.00023. https://doi.org/10.2106/JBJS.21.00023. [Epub].

10. Turner I, Kennedy ], Morris S, et al. Surgery and radiothera-
py for symptomatic spinal metastases is more cost effective
than radiotherapy alone: a cost utility analysis in a U.K. Spi-
nal Center. World Neurosurg 2018;109:e389-97.

11. Teerawattananon Y, Chaikledkaew U. Thai health technolo-
gy assessment guideline development. ] Med Assoc Thai
2008;91 Suppl 2:511-5.

12. Teerawattananon Y, Tritasavit N, Suchonwanich N, et al.
The use of economic evaluation for guiding the pharmaceu-
tical reimbursement list in Thailand. Z Evid Fortbild Qual
Gesundhwes 2014;108:397-404.

13. Bishop AJ, Tao R, Rebueno NG, et al. Outcomes for spine ste-
reotactic body radiation therapy and an analysis of predictors
of local recurrence. Int J Radiat Oncol Biol Phys 2015;92:
1016-26.

346 Www.e-neurospine.org

14. Pessina E, Navarria P, Carta GA, et al. Long-term follow-up
of patients with metastatic epidural spinal cord compression
from solid tumors submitted for surgery followed by radia-
tion therapy. World Neurosurg 2018;115:e681-7.

15. Riewpaiboon A. Measurement of costs for health economic
evaluation. ] Med Assoc Thai 2014;97 Suppl 5:S17-26.

16.Riewpaiboon A. Standard cost lists for health economic
evaluation in Thailand. ] Med Assoc Thai 2014;97 Suppl 5:
S127-34.

17.Indices BoTaE. Report for consumer price index of Thai-
land year 2020 [Internet]. Bangkok (Thailand): 2020 [cited
2021 Aug 5]. Available from: http://www.indexpr.moc.go.th/
price_present/TableIndexG_region.asp?table_name=cpig_
index_country&province_code=5&type_code=g&check_
f=i&year_base=2562&nyear=2563.

18.Briggs A, Sculpher M, Claxton K. Decision modelling for
health economic evaluation. Oxford: Oxford University Press;
2006.

19. Limwattananon S. Handling uncertainty of the economic eval-
uation result: sensitivity analysis. ] Med Assoc Thai 2008;91
Suppl 2:S59-65.

20. Chen B, Xiao S, Tong X, et al. Comparison of the therapeu-
tic efficacy of surgery with or without adjuvant radiotherapy
versus radiotherapy alone for metastatic spinal cord com-
pression: a meta-analysis. World Neurosurg 2015;83:1066-
73.

21.Yang XG, Han Y, Wang E et al. Is ambulatory status a prog-
nostic factor of survival in patients with spinal metastases?
An exploratory meta-analysis. Orthop Surg 2018;10:173-80.

22.Lee BH, Park JO, Kim HS, et al. Perioperative complication
and surgical outcome in patients with spine metastases: ret-
rospective 200-case series in a single institute. Clin Neurol
Neurosurg 2014;122:80-6.

23.Pérez-Montero H, Godino O, Lozano A, et al. Long-term
outcomes of spinal SBRT. Is it important to select the treat-
ment time? Clin Transl Oncol 2022;24:276-87.

24. Zhang HR, Li JK, Yang XG, et al. Conventional radiotherapy and
stereotactic radiosurgery in the management of metastatic spine
disease. Technol Cancer Res Treat 2020;19:1533033820945798.

25.Tto K, Sugita S, Nakajima Y, et al. Phase 2 clinical trial of
separation surgery followed by stereotactic body radiation
therapy for metastatic epidural spinal cord compression. Int
J Radiat Oncol Biol Phys 2022;112:106-13.

26.Sahgal A, Myrehaug SD, Siva S, et al. Stereotactic body ra-
diotherapy versus conventional external beam radiotherapy

in patients with painful spinal metastases: an open-label,

https://doi.org/10.14245/ns.2142948.474


http://www.indexpr.moc.go.th/price_present/TableIndexG_region.asp?table_name=cpig_index_country&province_code=5&type_code=g&check_f=i&year_base=2562&nyear=2563
http://www.indexpr.moc.go.th/price_present/TableIndexG_region.asp?table_name=cpig_index_country&province_code=5&type_code=g&check_f=i&year_base=2562&nyear=2563
http://www.indexpr.moc.go.th/price_present/TableIndexG_region.asp?table_name=cpig_index_country&province_code=5&type_code=g&check_f=i&year_base=2562&nyear=2563
http://www.indexpr.moc.go.th/price_present/TableIndexG_region.asp?table_name=cpig_index_country&province_code=5&type_code=g&check_f=i&year_base=2562&nyear=2563

Taechalertpaisarn P, et al. Cost-Utility Analysis in Spinal Metastasis Patient

multicentre, randomised, controlled, phase 2/3 trial. Lancet terns of conventional versus stereotactic body radiotherapy in
Oncol 2021;22:1023-33. the treatment of spine metastasis in the United States. ] Palliat
27.Kim E, McClelland S 3rd, Jaboin JJ, et al. Disparities in pat- Care 2021;36:130-4.

https://doi.org/10.14245/ns.2142948.474 www.e-neurospine.org 347



