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ABSTRACT
Background: Because of the high initial cost of intrathecal drug delivery (ITDD) therapy, this study 
investigated the cost-effectiveness and cost–utility of ITDD therapy in refractory cancer pain 
management in Thailand over the past 10 years.
Methods: The retrospective study was conducted in patients with cancer pain who underwent 
ITDD therapy from January 2011 to 2021 at three university hospitals. Clinical outcomes included 
the numerical rating scale (NRS), Palliative Performance Scale, and the EQ-5D. The direct medical 
and nonmedical as well as indirect costs were also recorded. Cost-effectiveness and cost–utility 
analyses were performed comparing ITDD therapy with conventional therapy (extrapolated from 
costs of the same patient before ITDD therapy) from a societally oriented economic evaluation.
Results: Twenty patients (F:M: 10:10) aged 60 ± 15 years who underwent implantation of an 
intrathecal percutaneous port (IT port; n = 15) or programmable intrathecal pump (IT pump; 
n = 5) were included. The median survival time was 78 (interquartile range = 121–54) days after 
ITDD therapy. At 2-month follow-up, the incremental cost-effectiveness ratio (ICER)/pain reduction 
of an IT port (US$2065.36 (CA$2829.54)/2-point NRS reduction/lifetime) was lower than for patients 
with an IT pump (US$5479.26 (CA$7506.58)/2-point NRS reduction/lifetime) compared with con
tinued conventional therapy. The ICER/quality-adjusted life years (QALYs) gained for an IT port 
compared with conventional treatment was US$93,999.31(CA$128,799.06)/QALY gained, which is 
above the cost-effectiveness threshold for Thailand.
Conclusion: The cost-effectiveness and cost–utility of IT port therapy for cancer pain was high 
relative to the cost of living in Thailand, above the cost-effectiveness threshold. Prospective cost 
analysis studies enrolling more patients with diverse cancers that investigate the benefit of early 
ITDD therapy with devices over a range of prices are warranted.

RÉSUMÉ
Contexte: En raison du coût initial élevé du traitement par administration intrathécale de 
médicaments (AIM), cette étude a étudié le rapport coût-efficacité et le rapport coût-utilité du 
traitement par AIM dans la prise en charge de la douleur cancéreuse réfractaire en Thaïlande au 
cours des 10 dernières années.
Méthodes: L’étude rétrospective a été menée auprès de patients souffrant de douleur cancéreuse 
ayant subi un traitement par AIM de janvier 2011 et 2021 dans trois hôpitaux universitaires. Les 
résultats cliniques comprenaient l’échelle d’évaluation numérique (EEN), l’échelle de performance 
palliative et l’EQ-5D. Les coûts médicaux et non médicaux directs et indirects ont également été 
consignés. Les analyses coûts-efficacité et coût-utilité ont été effectuées en comparant le traitement 
par AIM au traitement conventionnel (extrapolé à partir des coûts pour le même patient avant le 
traitement par AIM) à partir d’une évaluation économique sociétale.
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Résultats: Vingt patients (F : M : 10 : 10) âgés de 60 ± 15 ans ayant subi l’implantation d’un port 
percutané intrathécal (port IT; n = 15) ou d’une pompe intrathécale programmable (pompe IT; n = 
5) ont été inclus. Le temps de survie médian était de 78 jours (intervalle interquartile = 121–54) 
après le traitement par AIM. À deux mois de suivi, le ratio coût-efficacité incrémental (RCEI/ 
réduction de la douleur d’un port IT (2 065,36 $ US (2 829,54 $ CA) /réduction de 2 points sur 
l’EEN/durée de vie) était inférieur à celui des patients avec une pompe IT (5479,26 $ US (7506,58 $ 
CA) /réduction de 2 points sur l’EEN/durée de vie) comparativement au traitement conventionnel 
en continu. Le RCEI/année de vie pondérée par la qualité (AVPQ) gagnée pour un port IT compa
rativement au traitement conventionnel était de 93 999,31 $ US (128 799,06 $ CA) /AVPQ gagné, ce 
qui est au-dessus du seuil de rentabilité pour la Thaïlande.
Conclusion: Le rapport coût-efficacité et le rapport coût-utilité du traitement par port IT pour la 
douleur cancéreuse étaient élevés par rapport au coût de la vie en Thaïlande, soit au-dessus du seuil 
de rentabilité. Les études d’analyse de coût prospectives portant sur un plus grand nombre de 
patients atteints de divers cancers qui étudient les avantages des traitements par AIM précoces à 
l’aide d’appareils de prix différents sont justifiées.

Introduction

More than half of patients with advanced stage or term
inal cancer experience moderate to severe pain.1 Up to 
15% of patients with advanced-stage cancer experiencing 
refractory pain require advanced pain management 
techniques.2,3 Intrathecal drug delivery (ITDD) therapy 
is an alternative route of analgesic administration that 
provides significant pain relief by using small doses of 
medications administered directly into the intrathecal 
space. In patients who experience sufficient pain relief 
with opioids but have intolerable side effects (e.g., seda
tion, gastrointestinal effects), ITDD may improve the side 
effect profile, leading to better outcomes.4 Ninety percent 
of patients who receive ITDD therapy provides significant 
pain reduction and well-controlled pain within 1 week5–8 

with a low incidence of major complications.9

However, the initial cost of ITDD therapy is high, espe
cially the upfront costs of equipment, as well as facility and 
implantation fees. Although several cost-effectiveness stu
dies have been performed in industrialized Western 
countries,10 economic evaluations of continuous intrathe
cal opioid infusions for refractory cancer pain in developing 
countries are extremely limited. Moreover, the high fixed 
costs for devices in developing countries pose a barrier and 
limit the number of patients that can be studied. In the 
United States, one retrospective study performed in 36 
patients with cancer found the threshold for cost- 
effectiveness of ITDD to be approximately 7 months in 
patients with high costs of care, with cost equivalence pre
dicted at 344 months in the entire cohort.7 In Korea, ITDD 
systems were shown to be cost beneficial at 28 months with 
50% government financial coverage in patients with cancer 
who experienced intolerable side effects or uncontrolled 
pain despite high-dose and nonopioid therapy.11 In 
China, ITDD therapy delivered via an intrathecal percuta
neous port (IT port) for refractory cancer pain achieved 
cost equivalence at 2.89 months in patients on extremely 

high doses of opioids (morphine equivalent daily dose 
[MEDD] > 599 mg/day),12 9.71 months in those on high- 
dose opioid therapy (MEDD = 300–599 mg/day), and 
28.83 months in patients receiving more typical opioid 
doses (MEDD < 300 mg/day).6 Because the cost of IT 
port implantation is significantly less than the cost of an 
IT pump, this approach might prove to be a cost-effective 
treatment option in patients with cancer with a very limited 
life expectancy (e.g., less than 6 months). Yet, there have 
been no cost-effectiveness studies performed in Southeast 
Asia evaluating the cost-effectiveness or utility of any form 
of ITDD therapy. The objectives of this study are to inves
tigate the cost-effectiveness and cost–utility of ITDD ther
apy in cancer pain management in Thailand and to report 
pain and quality of life outcomes of patients with cancer 
treated with ITDD.

Materials and Methods

Participants

After obtaining institutional review board approval from 
three university hospitals (Ramathibodi, Siriraj, and King 
Chulalongkorn Memorial hospital; ID No. COA. 
MURA2021/382, May 12, 2021), the study was registered 
with the Thai Clinical Trials Registry (TCTR20210607005) 
on May 28, 2021 (https://www.thaiclinicaltrials.org/#). All 
patients with cancer pain for more than 3 months who had 
an ITDD system implanted between January 2011 and 
January 2021 were enrolled in this study. Indications for 
intrathecal therapy were intolerable side effects from con
ventional therapy or poorly pain controlled pain with 
multimodal pain management including radiation and 
palliative chemotherapy with opioid therapy for at least 
3 months. The systems evaluated were either an IT port 
or an IT pump. All patients received conventional pain 
therapy such as oral, intravenous, or transdermal opioids 
and nonsteroidal anti-inflammatory drugs or adjuvants as 
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indicated at least 1 month before ITDD therapy. The 
participants or their relatives provided verbal informed 
consent via the telephone. The exclusion criteria were 
lack of data records and loss of contact with participants 
or their relatives.

Data Extraction

The medical records were retrospectively reviewed. Data 
were extracted and entered into case report forms in 
deidentified format. Demographic and clinical data 
including age, sex, type of cancer, categorization of pain, 
and opioid and nonopioid analgesic consumption. 
Indication for and type of ITDD therapy, pain scores, 
and quality of life measurements were recorded. 
Preimplant data for hospital visits and medication usage 
were recorded for 30 days, with adjunctive care such as 
integrative analgesic therapies and pain-alleviating (e.g., 
neurolytic) injections recorded for up to 3 months before 
implant. Therapies related to cancer treatment (e.g., 
radiation and chemotherapy) and general well-being 
(e.g., yoga) were not included in cost analysis but were 
recorded pre- and postimplant. Postimplant, data were 
recorded until death or 12 months to include survival 
time after ITDD therapy, total opioid consumption, non
analgesic usage, hospital visits, injections, integrative care, 
and complications related to implantation. Phone inter
views with patients and health care proxies were con
ducted to record direct nonmedical and indirect costs.

Interventions

An intrathecal or continuous epidural morphine trial was 
performed in every case (mean duration 5 ± 2 days). The 
implantation cutoff threshold was ≥50% pain reduction. 
Implantation of both IT ports (Celsite Spinal, B Braun) and 
IT pumps (SynchroMed II, Medtronic) was performed 
using standardized techniques in sterile fashion. 
Medications used in all IT port cases consisted of morphine 
mixed with bupivacaine, whereas morphine alone was used 
in IT pumps. Other interventions were continued as indi
cated such as physiotherapy, radiation, or chemotherapy.

Clinical Outcomes

The clinical outcomes were recorded at 1 month and 
1 day pre-implantation (pre-ITDD) and every month 
after ITDD therapy (post-ITDD) for 12 months or 
until the patient died. The primary outcome measures 
were the cost-effectiveness ratios for ITDD for pain 
score reduction and the incremental cost-effectiveness 
ratio (ICER) for ITDD compared to conventional ther
apy. Secondary clinical outcomes included the following:

Average pain score using a 0–10 numerical rating scale 
(NRS) in the past 24 h. 

Opioid consumption was converted to an MEDD by 
using the opioid conversion table in the 2022 revised 
U.S. Centers for Disease Control and Prevention opioid 
guidelines13 and a 1:300 ratio for intrathecal to oral 
morphine conversion.14 

Functional status using the Palliative Performance Scale 
(PPS). This measures the progressive decline of a palliative 
patient from 0% to 100% on five dimensions including (1) 
ambulation, (2) activity level and evidence of disease, (3) 
self-care, (4) oral intake, and (5) level of consciousness. 
A score of 0% to 30% on the PPS indicates a patient with 
terminal cancer, 31% to 70% indicates a patient requiring 
close monitoring and care (i.e., who may require hospice 
care), and >70% indicates a stable patient.15 

Quality of life using utility scores calculated from the 
EQ-5D, which consists of five dimensions with five 
levels of severity including (1) mobility, (2) self-care, 
(3) usual activities, (4) pain and discomfort, and (5) 
anxiety and depression. The utility score ranges from 0 
to 1, with 0 = death and 1 = completely healthy.16

Cost Estimates and Comparisons

We employed a pre–post design comparing pain-related 
costs before and after implantation. The fixed time period 
was time from ITDD implantation to death, with the total 
costs sustained over that period divided by the time in days 
to come up with a cost per day in U.S. and Canadian dollars 
(e.g., US$20,000/CA$25,000 total costs for a person who 
died in 100 days would be US$200/CA$250/per day). For 
pre-implant costs, we searched back 3 months to estimate 
costs for ancillary procedures including injections and 
integrative pain treatments. Pre-implant medication costs 
were based on the 30-day period (or less if 30 days were not 
available) before implant and divided by 30 (or the number 
of days available if less than 30) to come up with a cost 
per day. Extrapolating medication costs from the 30-day 
period pre-implant until death is based on the assumption 
that though costs of pharmacotherapy are difficult to pre
dict, including data from 30 days before implant would best 
reflect (and possibly underestimate) them because worsen
ing pain and analgesic escalation are usually the basis for 
ITDD. Assuming that patients will remain on their pre- 
implant medications until death without escalation or 
reduction has previous precedent in the cost-effectiveness 
intrathecal drug delivery literature.6,7

Cost Analyses

The total cost included direct medical and nonmedical 
and indirect costs based on publicly available economic 

CANADIAN JOURNAL OF PAIN 3



data from Thailand. All costs were adjusted according to 
the Thailand Consumer Price Index price in 2021 and 
are presented in U.S. and Canadian dollars using a 0.80 
(US$)/1 (CA$) to 25.56 (Thai Baht) conversion rate, the 
average exchange rates during 2021.

Costs for ITDD Period

● Direct medical costs were based on an average whole
sale price from the three participating hospitals.

● The fixed costs included ITDD implantation costs 
(ITDD equipment, infusion set for IT percutaneous 
port, operating room facility, and professional 
fees). The ITDD implantation cost was divided by 
the patient’s survival days to obtain the cost/day 
(US$ and CA$/day).

● Variable costs included
○ ITDD maintenance costs (cost of the ITDD refill 

kit and procedural fees)
○ Medication costs (cost of intrathecal and nonin

trathecal analgesics such as nonopioids, intrave
nous opioids)

○ Non-ITDD-related analgesic procedure costs 
(e.g., chemotherapy, radiation therapy, injec
tions). The cost for each refill period was divided 
by the number of days between refills to calculate 
the cost per day for that period (US$ and CA 
$/day), after which refill period costs were added 
to determine a total cost.

○ The costs of hospital readmissions were included 
only if the admission was deemed due to ITDD- 
related complications.

● Direct nonmedical costs (US$ and CA$/OPD (out
patient department) visit) included the costs of 
meals, transportation, and caregiving.

● Indirect costs included patient and caregiver pro
ductivity losses including time-adjusted lost 
income for patients and caregivers.

Costs for Pre-ITDD Period

The data extraction included direct medical and non
medical cost and indirect costs, similar to the post-ITDD 
period.

Statistical Analysis

Continuous data including NRS pain scores, PPS scores, 
and opioid requirement are presented as medians and 
interquartile ranges (IQRs); 75th to 25th percentile (Q3– 
Q1). For comparisons of nonnormally distributed data, 
the Friedman test was used. The Wilcoxon signed rank 
test was used for comparisons between pretreatment and 

each follow-up time point. A P value < .05 was consid
ered statistically significant.

Cost analyses were conducted monthly up to 
3 months and at 6 and 12 months in those who 
survived through these time periods. As noted above, 
the costs for patients when they received conventional 
therapy were calculated from medical records and 
phone interviews over the 1-month period pre- 
implant and divided by 30 to come up with a cost 
per day. The cost of conventional therapy was calcu
lated based on the costs of hospital visits and analgesic 
usage, categorized as follows: (1) no change in opioid 
or any analgesic medication dose or (2) increase in 
opioid or nonopioid analgesic dose or starting new 
therapy, with costs calculated accordingly. For post
implant costs, total costs were divided by the survival 
time to come up with a cost per day. Due to the short 
evaluation period, no discount rate was used for cost 
estimation. The study adopted Thai-relevant economic 
references for cost evaluations to inform decision 
making among national policymakers and payers. All 
estimated costs were based on actual individual patient 
data, not model-based systems.

An ICER was calculated by dividing the difference in 
cost by the difference in clinical outcomes (NRS and 
PPS) between the ITDD and conventional therapy 
groups. Quality-adjusted life days (QALDs) and quality- 
adjust life years (QALYs) were calculated from the 
results of EQ-5D questionnaires. The ICER for QALD 
and QALY were calculated using the following formulas: 

QALD ¼ Utility score� Length of life daysð Þ

ICER for QALD gained ¼
Cost of ITTD therapy � Cost of conventional therapy

QALD of ITTD therapy � QALD of conventional therapy 

QALY ¼ Utility score� Length of life yearsð Þ

ICER for QALY gained ¼
Cost of ITTD therapy � Cost of conventional therapy

QALY of ITTD therapy � QALY of conventional therapy 

The cost-effectiveness threshold for a QALY was con
sidered to be 1.5 times the 2021 Thailand gross domestic 
product per capita (about 377,600 baht), or US$10,783 
(CA$14,773).17 The threshold of willingness to pay for 
universal health coverage in Thailand has been esti
mated at US$4,848.48 (CA$6,400)/QALY gained 
(160,00 baht/QALY gained) since 2013.18 The decision 
model depicted in Figure 1 was used for our analytical 
model using a Thai societal perspective for health eco
nomic evaluations.

4 A. THEPSUWAN ET AL.



Post Hoc Power Analysis

A prestudy power analysis was not performed because 
our study encompassed all patients with cancer with an 
implant at participating institutions over a 10-year per
iod, and similar to other cost-effectiveness studies lack
ing power analyses,5–7,11 no reliable assumptions could 
be made regarding ancillary care requirements and life 
expectancy. However, a post hoc sample size calculation 
showed that our study would have a 72% chance of 
detecting a difference between IT therapy and conven
tional therapy for the secondary outcome of pain score 
based on the unweighted mean of two Asian studies 
conducted in Korea and China that evaluated IT port 
therapy and one international study (costs evaluated on 
only the U.S. subset) that evaluated cost-effectiveness 
and cost–utility.5,6,11

Results

Twenty-eight patients with cancer pain who received an 
ITDD system between January 2011 and January 2021 at 
three university hospitals were eligible for the study. Eight 
patients were excluded owing to incomplete data (n = 5) 
and loss of contact with the patient or family (n = 3). 
Twenty patients were enrolled in this study, including 1 
at Ramathibodi Hospital, 4 at Siriraj Hospital, and 15 at 
Chulalongkorn Memorial Hospital (Figure 2).

Patients’ demographic data are shown in Table 1. The 
most common type of pain was mixed nociceptive–neu
ropathic pain (n = 12; 60%). Six patients received che
motherapy in the 3 months before implant (30%) and 5 
underwent radiation therapy (25%; not included in cost 
analyses). Postimplant, 1 patient received chemotherapy 
(6.6%) and 4 received radiation treatment (26.7%). None 
received integrative analgesic therapies or pain manage
ment procedures. Fifteen patients had an IT port 
implanted (75%) and 5 had an IT pump implanted 
(25%). Median opioid consumption before ITDD ther
apy was 140.00 mg MEDD (IQR = 183.40–115.00) in the 

IT port group and 160.00 mg MEDD (IQR = 168.00– 
128.00) in the IT pump group. The IT pump group 
received intrathecal morphine alone, whereas all 
patients with an IT port received morphine and bupiva
caine; no patients received other adjuvants such as clo
nidine or baclofen. The median survival time after ITDD 
implantation was 78 days (IQR = 121–54). Only 2 
patients survived longer than 12 months after receiving 
ITDD, with both surviving over 2 years. No patient was 
readmitted because of an ITDD implant-related 
complication.

Clinical Outcomes

● Pain: The average pain intensity was reduced by 50% 
from 8/10 (IQR = 8.25–7.75) to 4/10 (IQR = 5.00– 
3.50) at 2-month follow-up. At 2 months (n = 15), 
3 months (n = 8), 6 months (n = 4), and 12 months 
(n = 2), 93.3%, 87.5%, 75.0%, and 50.0% of patients 
experienced a clinically meaningful reduction in pain, 
defined as ≥2 points on the NRS19 (Table 2). For 
repeated measures analyses, significant pain reduc
tions were observed up to 4 months of follow-up 
(P = .02), with significant changes from pretreatment 
found at 1-month (P < .01), 2-month (P < .01), 
3-month (P = .01), and 4-month (P = .02) time points.

● Opioid consumption: The opioids used in conven
tional therapy included morphine, fentanyl, metha
done, oxycodone, and oxycodone/naloxone. In 
contrast, the opioid for ITDD therapy was exclu
sively morphine (Table 2). After ITDD therapy, the 
total opioid consumption increased over time, 
approximately 1.88% per month, despite decreases 
in non-IT opioid consumption (Figure 3).

● There was no difference in repeated measurement 
comparisons for total opioid consumption (P = .15) 
or PPS (P = .16).

● Nonopioid analgesic consumption: 5/20 of patients 
were taking acetaminophen or nonsteroidal anti- 
inflammatory drugs pre-implant (25%), and 17/20 

Figure 1. Decision tree.  
Improvement = pain reduction (reduce NRS), increasing functional scale (increase PPS), and quality of life (increase EQ-5D score).
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were receiving adjuvants (85%; membrane stabili
zers, antidepressants). Postimplant, 13% (2/15), 
12.5% (1/8), 25% (1/4), and 50% (1/2) were taking 
nonsteroidal anti-inflammatory drugs or acetami
nophen at 2, 3, 6, and 12 months, respectively, with 
statistical significance for analgesic reduction 
occurring only at 3 months (P = .047). For adju
vants, the proportion or patients receiving therapy 
at these time points were 73% (11/15), 75% (6/8), 
50% (2/4), and 50% (1/2), respectively. Overall, at 2 
months, the total number of adjuvant prescriptions 
decreased from 85% pre-implant to 73%.

● PPS: The median PPS slightly increased after ITDD 
therapy, as shown in Table 2.

Costs

● The implantation cost of an IT port was lower 
than the cost of an IT pump, US$2587 (CA 
$3544.44) vs. US$15,015 (CA$20,570.88), which 
was similar to the pattern for maintenance costs 
(IT port, US$86 [CA$118]/day vs. IT pump, US 
$500 [CA$686]/day; Table 3). The median fre
quency of IT medication refills was 1.5 times/ 
month for patients with an IT port and once per 
month for patients with an IT pump. The IT pump 
group had lower daily medical costs after receiving 
ITDD therapy (reduction from US$6.50 [CA 
$8.91] to US$1.97 [CA$2.70]/day), whereas the 

Cancer pain patients who had ITDD 
therapy within the past 10 years in 

Thailand
(n = 28) 

Received ITDD therapy (n = 20);  
IT-port group (n=15) 
IT-pump group (n=5)

Excluded (n=8) 
-Incomplete data (n=5) 

-loss contact (n=3) 

Death within 1-month (n=3)  
- IT port (n=2)  

- IT pump (n=1) 

Follow up 

IT-port group (n=13) 

1 month; n = 13 

2 months; n = 12 

3 months; n = 6 

4 months; n = 5 

5 months;  n = 2 

6 months;  n = 2 

7 months;  n = 1 

8 months; n= 1 

All patients with IT port died

Follow up  

IT-pump group (n=4) 

1 month; n = 4 

2 months; n = 3 

3 months; n = 2 

4 months; n = 2 

5 months; n = 2 

 6 months; n = 2 

7 months; n = 2 

8 months; n = 2 

9 months; n = 2 

10 months; n = 2 

11 months; n = 2 

12 months; n = 2 

Figure 2. Patient flowchart.
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cost slightly increased in the IT port group to US 
$7.43 (CA$10.18)/day.

● There were no significant differences in direct non
medical costs before and after treatment, US$0.60 
(CA$0.82)/day in the conventional therapy period 
vs. US$0.84 (CA$1.15)/day in the IT port group and 
US$0.31 (CA$0.42)/day in patients in the an IT 
pump group. The median frequency of OPD visits 
after ITDD therapy was 1.5 visits/month in the IT 
port group and 1 visit/month in the IT pump group.

● There were no patient- or caregiver-reported pro
ductivity losses during therapy.

Cost Equivalence

There was no approximated point of cost equivalence 
between ITDD therapy and conventional therapy within 
12 months of follow-up (Figure 4).

Cost-Effectiveness Analysis

Because 60% of patients died after 2-month follow-up 
(n = 12), cost-effectiveness and cost–utility analyses 
were conducted using 2 months’ data for 15 patients 
(75% of the population). The utility score of conventional 

Table 1. Demographic data (n = 20).
Age (mean ± SD) 60.10 ± 15 years
Male: female; n (%) 10 (50):10 (50)
Body mass index (kg/m2; mean ± SD) 21.07 (±4.38)
Type of cancer; n (%)

Gastrointestinal tract 4 (20)
Gynecological 4 (20)
Hepatobiliary 3 (15)
Lung 2 (10)
Urological 2 (10)
Other (e.g., nasal cavity, liposarcoma, chordoma, osteosarcoma) 5 (25)

Type of pain; n (%)
Nociceptive pain 7 (35)
Neuropathic pain 1 (5)
Mixed pain 12 (60)

Reasons for ITDD therapy implantation; n (%)
Inadequate pain control with conventional pain therapy 16 (80)
Intolerance of the conventional pain therapy secondary to side effects 1 (5)
Inadequate pain control and intolerable side effects 3 (15)

Type of ITDD therapy; n (%)
IT percutaneous port 15 (75)
IT programmable pump 5 (25)

Opioid consumption 1 day pre-ITDD therapy (mg MEDD), median (IQR)
IT percutaneous port 140.00 (183–115)
IT programmable pump 160 (168–128)

Survival time after ITDD implantation (days), median (IQR)
IT percutaneous port 85 (111–55)
IT programmable pump 71 (555–53)
Average 78 (121–54)

Table 2. Clinical outcomes.
Total opioid consumption (mg MEDD), median (IQR)

Time NRS (0–10), median (IQR) PPS (0–100%), median (IQR) IT port IT pump

Pre-ITDD therapy
1 month (n = 20) 8 (8.25–7.75) 40 (50.00–30.00) 120.00 (164.00–97.5) 160.00 (168.00–130.00)
1 day (n = 20) 8 (8.50–7.00) 30 (40.00–20.00) 140.00 (183.40–115.00) 160.00 (168.00–128.00)

Post-ITDD therapy
1 month (n = 17) 5 (5.00–4.00)** 30 (40.00–30.00) 180.00 (265.20–108.00) 266.15 (331.65–213.45)
2 month (n = 15) 4 (5.00–3.50)** 30 (40.00–25.00) 213.00 (332.81–135.00) 312.30 (376.15–231.15)
3 month (n = 8) 4 (5.25–2.75)* 30 (42.50–20.00) 289.50 (358.50–233.25) 396.09 (437.99–354.20)
4 month (n = 7) 5 (6.50–3.00)* 20 (40.00–20.00) 324.00 (480.00–216.00) 396.09 (437.99–354.20)
5 month (n = 4) 3.5 (5.25–1.75) 40 (52.50–27.50) 759.00 (895.50–622.50) 396.09 (437.99–354.20)
6 month (n = 4) 4 (5.25–2.50) 35 (52.50–20.00) 765.00 (895.50–634.50) 396.15 (438.08–354.23)
7 month (n = 3) 3 (4.00–2.00) 50 (55.00–35.00) 1,092.00 (one patient) 396.15 (438.08–354.23)
8 month (n = 3) 1 (3.00–0.50) 50 (55.00–30.00) 1,182.00 (one patient) 345.00 (412.50–277.50)
9 month (n = 2) 2.5 (1.25–3.75) 55 (57.50–52.50) (All patients receiving IT port therapy died) 345.00 (412.50–277.50)
10 month (n = 2) 2.5 (1.25–3.75) 55 (57.50–52.50) 345.00 (412.50–277.50)
11 month (n = 2) 2.5 (1.25–3.75) 55 (57.50–52.50) 345.00 (412.50–277.50)
12 month (n = 2) 4 (6.00–2.00) 50 (50.00–50.00) 380.00 (465.00–295.00)

Repeated measures analyses performed only through 4 months due to more than two-thirds missing data thereafter. 
*P < .05 compared with pretreatment; **P < .01 compared with pretreatment.
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therapy assumed that the same patient without ITDD 
therapy would have the same NRS pain and PPS scores 
until death. The cost-effectiveness ratio (CER) of 
a 1-point pain score reduction in the IT port group was 
less than that in the IT pump group, US$1032.68 (CA 
$1414.77) vs. US$2739.63 (CA$3753.29) per 1-point NRS 
reduction; Table 4). For a 2-point reduction (minimal 
clinically important difference), the CERs were US 
$2065.36 (CA$2829.54) in the IT port group and US 
$5479.26 (CA$7506.58) in the IT pump group. IT pump 
therapy was associated with increased PPS scores (i.e., 
improvement), but worsening PPS scores were observed 
in those receiving IT port therapy. The ICER of IT port 
therapy compared with conventional therapy was less than 
that for IT pump therapy for pain reduction, US$862.73 
(CA$1181.94) vs. US$2635.68 (CA$3610.88)/1-point NRS 
reduction; US$1725.46 (CA$2363.88) vs. US$5271.36 (CA 
$7221.76)/ 2-point reduction. Because IT port therapy was 
associated with worsening PPS, an ICER could not be 
calculated for improvement; the ICER/1-point PPS reduc
tion was US$316.62 (CA$433.77). For IT pump therapy, the 
ICER/1-point PPS increase was US$592.95 (CA$812.34).

Cost-Utility Analysis

Ten patients (nine who received an IT port and one who 
received an IT pump) had complete EQ-5D data. In the 
IT port group, the utility score of pre-ITDD therapy was 
extremely low (0.09) but slightly increased after ITDD 
therapy (0.23). The ICER was analyzed only in the IT 
port group. The ICER for IT port therapy compared with 
conventional therapy was US$259.19 (CA$355.09)/ 

QALD gained and US$93,999.31 (CA$128,779.06)/ 
QALY gained, which was 8.7 times above the cost- 
effectiveness threshold in Thailand and just below the 
US$104,000 (CA$142,480) cost-effectiveness threshold 
in the United States based on 2019 dollars.20 For the single 
patient with quality of life data who received IT pump 
therapy, the utility score was higher after starting therapy 
(increase from 0.04 to 0.54). Compared with conventional 
therapy, the ICER of an IT pump was US$39.24 (CA 
$53.76)/QALD gained and US$14,269.95 (CA 
$19,544.83)/QALY gained, which was nearly three times 
higher than Thailand’s threshold of willingness to pay.

Complications from ITDD

ITDD implantation resulted in no major adverse events, 
reoperations, or readmissions among participants dur
ing the study.

Discussion

Our study investigated 10 years of experience with 
ITDD therapy in Thailand, which provided approxi
mately 50% pain reduction with only modest 
changes in function and quality of life. The lifetime 
cost of ITDD therapy per patient was much higher 
than that for conventional therapy, even without 
device-related complications, which occur at a rate 
exceeding 30% in some studies,21 13 times higher 
with IT port therapy and 70 times higher for IT 
pump therapy. Up to 90% of total costs were from 
equipment and implantation fees. However, the 
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Figure 3. Graph depicting median opioid consumption among patients receiving ITDD therapy.  
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ICER per QALD and QALY gained from IT port 
therapy was higher than both the cost-effectiveness 
threshold and willingness to pay threshold of the 
Thai government.

Clinical Outcomes

Similar to previous studies,5,6,8,22–25 our study showed 
that ITDD therapy significantly decreased pain scores in 
patients with cancer, with 82.35% of patients experien
cing clinically meaningful (≥2 points) improvement at 
50% or more of their follow-ups until death or up to 
12 months (14/17). However, our study also showed that 
patients receiving ITDD therapy experienced minimal 
change in PPS scores after initiation of therapy. Patients 
who received IT port therapy may have reported worse 
PPS scores because an external infusion system might 
pose an obstacle to movement, thereby limiting 
mobility.

Cost Comparisons between Countries

Our study found an enormous difference in total 
costs between ITDD and conventional therapy, 

which was predominantly due to the high upfront 
costs of ITDD implantation, including the device 
and facility fees. The cost of IT pump implantation 
was similar to the cost in Korea (US$14,900.00, CA 
$20,413.00) but lower than that in the United States 
(US$35,601.00, CA$48,773.37).7,11 In Canada, the 
budget impact of ITDD therapy in patients with 
cancer was estimated to be approximately US 
$100,000 in the first year and US$500,000 by the 
fifth year, which is more costly than routine conven
tional pain therapy.10 There is limited data regarding 
IT port implantation costs in any country, with the 
only study from China reporting an implant cost of 
US$6,771 and a median postimplant daily analgesic 
cost of US$0.67 per day (CA$0.92/day).6 The cost of 
conventional therapy in Thailand (US$6.48, CA$8.91/ 
day) was lower compared with other countries, 
including the United States (US$21.26, CA$29.13/ 
day)7 and China (US$18.80, CA$25.76/day).6 

Although our study included patients receiving oxy
codone and oxycodone/naloxone (eight to ten times 
more expensive than morphine in Thailand) during 
conventional therapy, the daily medication cost was 
still relatively low.
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Figure 4. The accumulation of total costs.  
The orange and blue lines represent the accumulated total costs per patient of the IT programmable pump and IT percutaneous port 
therapy groups, respectively. The IT therapy depiction was stopped at 8 months because all patients died. The yellow line represents 
the projected accumulated total costs for a conventional therapy group assuming patients had remained on their pre-ITDD analgesic 
regimen with projected increases by 1.88% per month, which was the actual dose increase in the ITDD group.
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Cost Equivalents and Cost-Effectiveness Analysis

In a previous study, patients with high pre-ITDD opioid 
consumption (>1000 mg MEDD) reached a cost beneficial 
cutoff point faster than those with lower opioid 
consumption.7 Qin et al. showed that an IT port with an 
external infusion system cost substantially less than an IT 
pump and was suitable for patients with cancer with very 
short life expectancies in whom an implanted IT pump 
would not be cost-effective.6 Possible causes for the lack of 
cost equivalence demonstrated in this study included (1) 
a very high upfront IT device cost, (2) the low cost of 
conventional therapy, and (3) a short survival time. 
Contributors to the low cost of conventional therapy in 
Thailand, which may not be relevant in Canada, the United 
States and other industrialized countries, included (1) low 
medication costs (e.g., a generic 12 mcg/h fentanyl patch 
costs US$2.40, CA$3); (2) lower utilization of opioids due 
to limited availability and greater concerns about side 
effects for both providers and patients, and (3) less access 
to expensive medications due to limited government health 
care coverage. Opioid consumption pre-implantation was 
low (<200 mg MEDD) in this study, contributing to the 
low cost of conventional therapy. The survival time of 
patients in this study was shorter than that in previously 

published studies (median 78 days vs. 168 days).7 Our 
study demonstrated a high ICER and cost-effectiveness 
ratio for ITDD therapy due to the high initial costs of the 
devices. Ironically, the clinical threshold required for many 
patients with cancer to be considered for IT therapy is not 
reached until the end of their lives, which decreases the 
likelihood that an implanted device will be cost-effective. 
Moreover, uncontrollable pain during the last stages of 
terminal cancer may include high affective-motivational 
and cognitive-evaluative components, which may not be 
as responsive to opioids as the sensory-discriminative 
component.26 One potential strategy to optimize cost- 
effectiveness would be to calculate “the minimal market 
price” for a device for different contingencies, though pre
dicting analgesic response and life expectancy in end-stage 
cancer can be challenging. A retrospective study that com
pared 376 patients with cancer treated with ITDD therapy 
to 4839 patients who received only conventional medical 
management demonstrated that ITDD therapy provided 
cost savings and lower health care utilization at 2 and 
12 months, but not 6 months, postimplantation.27 

Herein, health care utilization increased after IT port 
implantation because patients needed to have IT port 
medications refilled every 1 to 2 weeks owing to the 
dynamic nature of terminal cancer pain.

Table 4. Cost-effectiveness and cost–utility analyses at 2 months after ITDD therapy.
Cost US$ (CA$)

ITDD therapy

Outcomes Conventional therapy IT port (n = 12) IT pump (n = 3) Average (IT port and pump)

Lifetime cost per patient; US$ 623.72 3789.93 16,437.78 9942.53
(CA$) (854.50) (5192.20) (22,519.76) (13,621.27)

Cost-effectiveness analysis (n = 15)
Outcomes

NRS reduction 0.00 3.67 6.00 4.13
PPS change 0.00 –10.00 26.67 –2.67

Cost-effectiveness ratio
Expressed per 1-point NRS reduction (US$) 1032.68 2739.63 2407.39

(CA$) (1414.77) (3753.29) (3298.12)
Expressed per 1-point PPS change (US$) −378.99 616.34 −3723.79

(CA$) (−519.22) (844.39) (−5101.59)
ICER (compared with conventional therapy)

Expressed per 1-point NRS reduction (US$) 862.73 2635.68 2256.37
(CA$) (1181.94) (3610.88) (3091.23)

Expressed per 1-point PPS change (US$) −316.62 592.95 −3490.19
(CA$) (−433.77) (812.34) (−4781.56)

Cost–utility analysis (n = 10; 9 in IT port group and 1 in IT pump group)
Utility score 0.09 0.23 0.54 (one patient)
QALD per patient 15.77 26.65 397.55
ICER (compared with conventional therapy),  

1 QALD gained (US$) 259.19 39.24
(CA$) (355.09) (53.76)

QALY per patient 0.04 0.07 1.09
ICER (compared with conventional therapy),  

1 QALY gained (US$) 
(CA$)

93,999.31a  

(128,779.06a)
14,269.95a  

(19,549.83a)

U.S. dollars in bold. ITDD = intrathecal drug delivery. 
aCost–utility thresholds for willingness to pay in Thailand = 160,000 Thai baht/QALY gained = US$4848 (CA$6400)/QALY gained. Negative values for cost- 

effectiveness ratios and ICER indicate poorer outcomes.
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Cost-Utility Analysis

The ICER/QALY gained from IT port therapy was 19 
times higher than Thailand’s willingness-to-pay thresh
old, US$93,999.31 (CA$128,779.06) vs. US$4848.48 (CA 
$6400)/QALY gained]. In the United States, the willing
ness-to-pay threshold is estimated at US$50,000 to US 
$100,000/QALY gained.28 To optimize the cost- 
effectiveness and cost–utility gained from ITDD therapy, 
early ITDD implantation could be considered before 
patients’ health status precipitously declines, though 
patients in earlier stages may not meet established criteria 
for ITDD (e.g., uncontrollable pain) and be nonterminal. 
This could leave them with a bulky, expensive implantable 
device that carries significant risks, including pump mal
function, pocket fills, and medication errors that can lead 
to overdose and withdrawal.21 In Korea, the government 
provides 50% financial support for IT pumps in patients 
with cancer with uncontrollable pain and a life expectancy 
exceeding 1 year.11 In contrast, in the United States, 
current guidelines recommend considering ITDD ther
apy in patients with refractory pain and a life expectancy 
greater than 6 months.14,29,30 Considering the differences 
in disposable income and insurance coverage between 
Thailand and industrialized Western and East Asian 
countries, the cost of IT devices must be commensurately 
reduced to improve cost-effectiveness.

Generalizability

With widespread and immediate dissemination of 
knowledge worldwide, the concept of regional standards 
of care is becoming obsolete in principle, yet, in practice, 
cost impediments continue to pose barriers to equal 
access to care in the developing world. There are extre
mely few cost-effectiveness and cost–utility studies eval
uating expensive devices and therapies (e.g., 
chemotherapy) in developing countries because the 
catch-22 of high costs and subsequent lack of availability 
prohibit performing these studies or enrolling high 
numbers of patients. Thailand is a regional hub for 
medical tourism (which exacerbates disparities in 
care), home to around 4 million foreigners, and its 
gross domestic product (ranked 26th worldwide) is 
similar to or better than most surrounding and even 
distant countries. This, along with the relatively fixed 
upfront costs for intrathecal drug delivery devices, 
makes the cost-effectiveness and cost–utility analyses 
in this study generalizable particularly to the Southeast 
Asia region. It should also spur industry to provide less 
expensive, more cost-efficient alternatives to intrathecal 
drug delivery because this will dramatically expand 
access to care worldwide.

Limitations

There are several limitations to this study that warrant 
attention. First, there were missing data that might have 
affected the results, including a lack of quality of life data 
in more than half of the patients and data used to 
calculate cost-effectiveness and cost–utility, especially 
in patients with an IT pump. To compare similar time 
frames for conventional therapy to the fixed time frames 
for ITDD, we also extrapolated existing data for the pre- 
implant phase (including costs, analgesic consumption, 
and pain and PPS scores), which may both overestimate 
(because time frames closer to implantation are likely to 
be associated be greater pain and disease burden than 
earlier in the disease course and after ITDD placement) 
and underestimate (because pain and disease burden 
tend to worsen with advancing cancer) costs and pain 
levels. Second, some direct nonmedical and indirect 
costs were estimated based on recall from patients’ rela
tives, which can be either underestimated or overesti
mated. Third, the sample size was small, and there is 
considerable variability in life expectancy in patients 
with cancer, both of which could influence cost- 
effectiveness and cost–utility analyses and render con
clusions regarding effectiveness statistically “fragile.” 
However, these patients represent the entire sample of 
individuals who received ITDD therapy for cancer pain 
over a 10-year period at Thailand’s largest research uni
versity, with the high overhead costs in a developing 
country serving as a vicious circle to limit utilization. 
Fourth, our study was not designed to tease out or 
measure the different types of cancer pain (e.g., neuro
pathic vs. nonneuropathic, constant vs. breakthrough 
pain). The prevalence of breakthrough cancer pain 
ranges between 40% and 86% and may be subcategor
ized as incident pain (related to specific events), idio
pathic (including affective-motivational pain from 
psychosocial stressors), and end-of-dose failure (which 
typically occurs with nonintrathecal delivery systems).31 

Whereas the intrathecal pumps implanted in this study 
have the capability of patient-controlled “flex dosing,” 
the onset of effect is unlikely to effectively treat break
through pain episodes, which typically resolve within 
30 min,32 and we did not query patients on their use of 
flex dosing. In several reviews, expensive transmucosal 
opioids such as fentanyl have been found to have the 
most supporting evidence for rapid onset and offset 
breakthrough pain.33–35 If transmucosal opioid formu
lations had been readily available in Thailand, this could 
have further adversely affected cost–utility in patients 
with an IT pump with high expectations and ample 
means to secure the medications. Last, our study did 
not investigate the satisfaction of patients and their 
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relatives regarding ITDD therapy, which is one of the 
essential goals in end-of-life palliative care.

Conclusions

In the past 10 years, ITDD therapy for cancer pain manage
ment in Thailand has expanded, albeit slowly. Although 
ITDD therapy can provide significant pain reduction 
(albeit with minimal changes in function and quality of 
life), the high upfront costs limit its cost-effectiveness and 
cost–utility, and consequently utilization, in developing 
countries. To optimize ITDD therapy, earlier implantation 
in well-selected patients based on evidence-based algo
rithms and actuarial tables and reducing device acquisition 
costs are solutions that warrant further investigation.
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