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Purpose: To evaluate the cost-effectiveness of pregabalin versus other analgesics among
patients with chronic cervical pain with neuropathic components during routine clinical
practice in Japan.

Patients and methods: The analysis considered patients with chronic cervical pain with a
neuropathic pain component (radiating pain to the upper limb) and who were treated with
pregabalin with or without other analgesics (pregabalin-containing treatments) or other
analgesics alone (usual care) for 8 weeks. Other analgesics included non-steroidal anti-
inflammatory drugs (NSAIDs), weak opioids, antidepressants, and antiepileptic drugs. A
Markov cohort simulation model was constructed to estimate costs and effectiveness (in
terms of quality-adjusted life-years, QALYs) of each treatment over a 12-month time
horizon. In the model, patients transitioned among three states of pain severity (no/mild,
moderate, and severe). Data were derived from a previous observational study (pregabalin-
containing treatments, n = 138; usual care, n = 211). Cost inputs included medical costs and
productivity losses. QALYs were calculated using the EuroQol five-dimensional, five-level
questionnaire. The cost-effectiveness was evaluated using incremental cost-effectiveness
ratios (ICERs). Sensitivity analyses were conducted to assess the robustness of results.
Results: From the payer’s perspective, pregabalin-containing treatments were more costly
(JPY 61,779 versus JPY 26,428) but also more effective (0.763 QALYs versus 0.727
QALYs) than the usual care, with an ICER of JPY 970,314 per QALY gained. From the
societal perspective, which also included productivity losses, the ICER reduced to JPY
458,307 per QALY gained. One-way sensitivity analyses demonstrated the robustness of
the results. Given a hypothetical threshold value of one additional QALY of JPY 5,000,000,
the probability of pregabalin-containing treatments being cost-eftective was 100%.
Conclusion: Compared with using other analgesics alone, the use of pregabalin, alone or in
addition to other analgesics, was cost-effective for the treatment of chronic cervical pain with
a neuropathic pain component in Japan.

Keywords: neuropathic pain, quality-adjusted life-year, incremental cost-effectiveness ratio,
health economics

Introduction

Chronic neck pain is a common global health problem, with an estimated preva-
lence of 358 million people in 2015." According to the Global Burden of Disease
Study 2015, low back and neck pain was the leading global cause of disability.'
Neck pain is also common among Japanese people, with the prevalence of neck and
shoulder pain being 48.3%.% Among people with chronic musculoskeletal pain in
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Japan, the neck was the second most common site of pain
(55%) after the lower back (65%), and about 20% of
people with chronic pain reported the neck as the site of
most persistent pain.’

Different pathophysiological mechanisms can categor-
ize neck pain as nociceptive, neuropathic, or secondary to
another cause.* Among them, neuropathic pain (NeP)
causes great burden; for example, patients with chronic
NeP have more severe pain than those with other chronic
pain,” experience poor quality of life (QOL), and have high
healthcare costs.® Common neck pain conditions that
involve NeP include cervical radiculopathy, cervical mye-
lopathy, and cervical disc herniation. Although no data are
available on the prevalence of chronic neck pain with NeP
components, one study previously reported that approxi-
mately half of neck pain patients unresponsive to previous
treatment had at least some NeP components.” To lessen the
burden on these patients, appropriate treatment should be
provided to patients with neck pain with a NeP component.

Pregabalin, a ligand for the 0,-6 subunit of voltage-
gated calcium ion channels, is recommended as a first-line
medication in the pharmacotherapy for NeP.*"'® In the US,
pregabalin is indicated only for specific pain conditions
(that is, NeP associated with diabetic peripheral neuropa-
thy or spinal cord injury, postherpetic neuralgia, and
fibromyalgia).!' However, in Japan where the indication
of pregabalin was expanded to NeP in 2013,'? it can be
used for patients with NeP associated with cervical radi-
culopathy or myelopathy. Pregabalin is also widely used
for NeP treatment in the EU, where it has broad indica-
tions for peripheral and central NeP in adults."?

We previously examined the effectiveness of pregabalin
for patients with chronic cervical pain with a NeP compo-
nent in a Japanese clinical setting.'* In that observational
study, patients who recently initiated pregabalin treatment,
with or without other analgesics, reported a significant
improvement in pain and sleep compared with those who
continued to be treated only with conventional analgesics
(such as non-steroidal anti-inflammatory drugs [NSAIDs]
and weak opioids). The results showed the clinical benefits
of pregabalin for the management of this NeP condition.
However, the study seemed to reveal that many patients
with this condition are treated with only conventional
analgesics like NSAIDs in real-world clinical settings in
Japan, which is against guideline recommendations.'®

In Japan, pregabalin treatment was shown to be a cost-
effective treatment for peripheral NeP'> and chronic low back
pain with a NeP component.'® However, to our knowledge,

the cost-effectiveness of pregabalin for chronic neck pain with
a NeP component has not yet been evaluated in Japan or any
other nation. As its effectiveness has already been shown,'* if
evidence reveals that using pregabalin is also a cost-effective
treatment for this NeP condition, it may help facilitate the use
of pregabalin for the management of these patients. Therefore,
in this analysis, we evaluated whether using pregabalin, alone
or in addition to other analgesics, is cost-effective for the
treatment of patients with chronic cervical pain with a NeP
component, using data from the above-mentioned observa-
tional study.'*

Methods

Our cost-effectiveness analysis used a Markov cohort
simulation model to estimate costs and effectiveness (in
terms of quality-adjusted life-years, QALYSs) of pregabalin
with or without other analgesics (pregabalin-containing
treatments) versus other analgesics only (usual care) for
the treatment of chronic cervical pain with a NeP compo-
nent, over a 12-month time horizon. Other analgesics used
in usual care included NSAIDs, weak opioids, antidepres-
sants, and antiepileptic drugs. The cost-effectiveness of
pregabalin was evaluated using the incremental cost-effec-
tiveness ratio (ICER) from the healthcare payer’s perspec-
tive and also from the societal perspective, with the latter
including productivity losses. This analysis was based on
data taken from a previously conducted study (details
provided below), which received ethical approval from
the Byoin-Godo Ethical Review Board. Ethical approval
was not obtained for the present cost-effectiveness analysis
because it was an analysis that used only existing data
without involving any new data collection.

Model Structure

A Markov model was constructed to simulate the course of
a cohort for a 12-month time horizon, with a 1-month
cycle. The model had three health states describing the
level of pain severity, which was determined based on the
numerical rating scale (NRS) scores: no/mild pain (score
0-3), moderate pain (4—6), and severe pain (7—10). At the
start of the model, patients began with a state of either
moderate or severe pain. Patients then remained in the
severity category or transitioned to another category at
monthly intervals for the initial two months, according to
transition probabilities. From month 3 onwards, patients
remained in the same severity category as that at the end
of month 2 (Figure 1). In the model, treatment disconti-
nuation was assumed to occur in month 1. Once treatment
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Figure | Framework of the Markov model used for analysis. Pain severity categories were determined based on a numerical rating scale (NRS) score for pain severity
(range: 0 to 10). Three severity categories were defined as follows: no/mild pain (NRS score 0-3), moderate pain (4-6), and severe pain (7-10).

was discontinued, the pain NRS score was modeled to
revert to the score at baseline. Then, the score was main-
tained on the conservative assumption that the treatment
was no longer effective. Using the constructed model,
costs and QALYs were estimated for each treatment
group. Due to the short time horizon (12-month), this
analysis did not consider a discount for estimation of
costs and QALYs.

In the model, the pain severity category at the end of
month 2 was maintained for the extended period (months 3—
12), based on Japanese long-term studies showing that
improved pain scores achieved within 8 weeks of treatment
with pregabalin were sustained for the study period over 52
weeks.!”'® The 12-month time horizon was chosen as the
target disease is a chronic condition and patients can be
treated with pregabalin for over a year. This time horizon
was also used in previous cost-effectiveness analyses of
pregabalin for NeP in Japan.'>'® In the present analysis,
the model did not assume the potential for patients under-
going surgery because of its low probability. Surgery may
be considered when patients have progressive symptoms
such as gait disorders or impaired hand dexterity, or when
conservative management strategies are not successful.
However, there is no established consensus on the indica-
tions for surgery in patients with cervical spondylotic mye-

1921 and a conservative

lopathy and cervical radiculopathy,
therapy is usually chosen, especially for patients with mild
symptoms or older patients. Furthermore, this analysis

included patients exhibiting stable conditions who sought

medical care in a primary care setting. Thus, we expected
that the possibility of surgery would be fairly low among
patients included in this analysis.

Data

Data were obtained from our previous non-interventional
observational study in a Japanese primary care setting.14
Patients were those aged >20 years with chronic (>12
weeks) cervical pain with pain radiating to the upper
limb, and pain refractory to conventional analgesics for
>12 weeks, as well as with pain severity, self-rated as >5
on a NRS. Patients who had been treated with pregabalin
within the previous 12 weeks and patients regularly treated
with nerve blocks were excluded. Patients were treated in
routine clinical practice for 8 weeks, and received either
pregabalin-containing treatments (pain treatment with
pregabalin with or without other analgesics) or usual care
(pain treatment with conventional analgesics such as
NSAIDs, weak opioids, antidepressants, and antiepileptic
drugs only). As a non-interventional study, all treatment
decisions were made at the discretion of physicians, and
the choices of pain medications were made independently
of their decisions to enroll the patients in the study.

Of the 369 patients enrolled, 145 received pregabalin-
containing treatments, and 224 continued the usual care. The
pregabalin group contained more male and younger patients
than the usual care group (proportion of male, 53.1% versus
30.4%; mean age, 58.3 years versus 66.4 years). At baseline,
patients in the pregabalin group had a shorter pain duration
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(mean + standard deviation (SD) duration, 28.8 + 38.6
months versus 37.1 £ 50.9 months) and slightly higher pain
NRS scores (mean £ SD scores, 6.1 £ 1.2 versus 5.8 + 1.1).
Pain medications used among the usual care group at base-
line were mainly NSAIDs (89.3% of patients used), which
were also commonly used among patients in the pregabalin
group (93.1% of patients used at baseline).

Of these 369 patients, 20 patients who dropped out or
discontinued treatment for reasons other than adverse
events were excluded from data extraction for this cost-
effectiveness analysis. Patients who discontinued treatment
for adverse events were included in data extraction, which
was to evaluate the cost-effectiveness considering the unfa-
vorable impacts of treatment. Consequently, this analysis
included 138 patients in the pregabalin group and 211
patients in the usual care group (Figure 2). Among these,
seven in the pregabalin group and one in the usual care
group discontinued treatment because of adverse events.

Model Inputs

Pain Severity And Transition Probabilities

The initial distribution of severity categories was calculated
based on pain NRS scores at baseline among all patients

irrespective of treatment group as follows: moderate pain
(77.1%) and severe pain (22.9%). Transition probability for
the initial two months was derived from the actual transition
between pain severity categories from week 0 to week 4 (for
month 1) and from week 4 to week 8 (for month 2) for each
treatment group in the observational study. The disconti-
nuation rates were also derived from the actual rates of
discontinuation due to adverse events, and set as 5.1% for
the pregabalin group and 0.5% for the usual care group.
Table 1 shows all the model inputs used in the model,
including probability inputs.

Costs (Medical Costs And Productivity Losses)

In this cost-effectiveness analysis, the evaluation from the
healthcare payer’s perspective considered only medical
costs and the evaluation from the societal perspective
considered both medical costs and productivity losses.
Costs were expressed in Japanese Yen (JPY) (JPY 100 =
USD 0.89, as of September 20, 2018).

Medical costs considered included costs of pregabalin,
other pain medications, and physical therapy (Table 1),
and these costs were calculated based on data obtained in
the observational study. For pain medications other than

Patients enrolled in

(n = 369)

the observational study

\ 4

Received pregabalin-
containing treatment?

(n=145)
Excluded (n =7)
» Consent withdrawal n=3
« Ineligible n=2
* Lost to follow-up n=1
+ Other n=1
v

Pregabalin group
for the cost-effectiveness analysis

(n=138)

Received usual careP
(n =224)

A 4

Excluded (n = 13)

» Consent withdrawal
* Ineligible

* Lost to follow-up

* Recovery

* Insufficient effect

» Other

A 4

Usual care group
for the cost-effectiveness analysis

(n=211)

Figure 2 Flow diagram for patient disposition.*Pain treatment with pregabalin, with or without other analgesics. ®Pain treatment only with conventional analgesics such as
non-steroidal anti-inflammatory drugs (NSAIDs), weak opioids, antidepressants, and antiepileptic drugs.
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Table 1 Summary Of Model Input Data

Parameter Value Range
Cost inputs
Pregabalin costs (JPY)
Moderate pain, month | 3,635 3,222-4,073
Severe pain, month | 4,866 3,911-5,924
No/mild pain, month 2* 2,924 1,852-4,237
Moderate pain, month 2° 3,538 2,476-4,787
Severe pain, month 2% 6,587 4,201-9,502
Other pain medication costs (JPY)
Pregabalin group, month | 923 751-1,113
Pregabalin group, month 2° 1,083 881-1,306
Usual care group, month | 1,109 903-1,337
Usual care group, month 2% 1,183 963-1,426
Physical therapy costs (JPY)
Pregabalin group, month | 780 634-940
Pregabalin group, month 2% 764 622-921
Usual care group, month | 1,049 854-1,264
Usual care group, month 2° 1,045 850-1,260
Productivity losses (absenteeism + presenteeism) (JPY)
No/mild pain 52,807 -
Moderate pain 55,036 -
Severe pain 68,284 -
Probability inputs
Initial distribution probability
Moderate pain 0.771 0.725-0.813
Severe pain 0.229 0.187-0.275
Discontinuation rate
Pregabalin group 0.051 0.021-0.093
Usual care group 0.005 0.000-0.017
Transition probability in pregabalin group
From week 0 to week 4, moderate pain to no/mild pain 0.293 0.208-0.386
From week 0 to week 4, moderate pain to severe pain 0.061 0.023-0.115
From week 0 to week 4, severe pain to no/mild pain 0.139 0.048-0.267
From week 0 to week 4, severe pain to moderate pain 0611 0.449-0.76
From week 4 to week 8, no/mild pain to moderate pain 0.094 0.020-0.214
From week 4 to week 8, moderate pain to no/mild pain 0.267 0.180-0.365
From week 4 to week 8, moderate pain to severe pain 0.035 0.007-0.082
From week 4 to week 8, severe pain to no/mild pain 0.333 0.128-0.581
From week 4 to week 8, severe pain to moderate pain 0.267 0.084-0.508
Transition probability in usual care group
From week 0 to week 4, moderate pain to no/mild pain 0.089 0.051-0.137
From week 0 to week 4, moderate pain to severe pain 0.054 0.025-0.092
From week 0 to week 4, severe pain to no/mild pain 0.095 0.027-0.199
From week 0 to week 4, severe pain to moderate pain 0.238 0.124-0.376
From week 4 to week 8, no/mild pain to moderate pain 0.263 0.097-0.476
From week 4 to week 8, no/mild pain to severe pain 0.053 0.001-0.185
From week 4 to week 8, moderate pain to no/mild pain 0.110 0.066-0.164
From week 4 to week 8, moderate pain to severe pain 0.052 0.023-0.092
(Continued)
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Table | (Continued).

Parameter Value Range
From week 4 to week 8, severe pain to no/mild pain 0.027 0.001-0.097
From week 4 to week 8, severe pain to moderate pain 0.378 0.231-0.538

Utility inputs
Utility of no/mild pain 0.854 0.651-0.975
Disutility between no/mild pain and moderate pain 0.116 0.092-0.143
Disutility between moderate pain and severe pain 0.116 0.092-0.143

Others
Discount rate 0.02 0.00-0.04

Notes: JPY 100 = USD 0.89. *Costs at month 3 to month |12 were assumed to be the same as those at month 2.

pregabalin, the following four classes were considered,
and costs were calculated using the prices of drugs
shown in parentheses, each of which was chosen as the
representative drug of the respective classes in Japan:
NSAIDs (loxoprofen sodium hydrate), antidepressants
(duloxetine hydrochloride), antiepileptic drugs (gabapen-
tin), and weak opioids (tramadol hydrochloride and trama-
dol hydrochloride/acetaminophen) (each drug cost per day
is provided in Table S1). Costs of physical therapy were
calculated according to the medical fee points (1 point =
JPY 10). A list of physical therapy procedures and respec-
tive medical fee points is provided in Table S2.

The health-related work productivity losses were assessed
with the Work Productivity and Activity Impairment
Questionnaire: General Health V2.2 (WPAI: GH) in the obser-
vational study. The WPAI: GH is a 6-item questionnaire that
quantitatively assesses both absenteeism (workdays missed)
and presenteeism (reduced productivity while at work) due to
health problems.** This instrument is considered suitable for
direct translation of productivity losses into a monetary
figure.”> Absenteeism and overall productivity losses (both
absenteeism and presenteeism) were estimated using the for-
mula provided by Lofland et al.* The amount of wages used
for calculation were based on mean monthly income in
Japan.** The absolute levels of absenteeism were low in all
severity categories (rate of work time lost due to absenteeism
were: 1.0%, 0.2%, and 0.03% in no/mild, moderate, and
severe pain, respectively), and patients with severe pain had
the lowest absenteeism (mean + SD costs, JPY 149 + 942). In
contrast, the levels of overall productivity losses were higher
in patients with more severe pain (18.9%, 20.1%, and 24.5%
in no/mild, moderate, and severe pain, respectively), with
patients with severe pain having the highest overall produc-
tivity losses (JPY 68,284 + 110,810). As absenteeism was not
likely to be a main driver for productivity losses, the present

analysis considered the costs of overall productivity losses for
the evaluation from the societal perspective. The cost values
used in the model are shown in Table 1.

Utility

The EuroQol five-dimensional, five-level (EQ-5D-5L) index
values,? derived by the conversion of a patient’s responses to
the 5-item descriptive system of the EQ-5D-5L to a single
index value,*® were used to determine the utility value of each
health state. The five items of the EQ-5D-5L assess mobility,
self-care, usual activities, pain/discomfort, and anxiety/
depression, each of which is rated on a 5-point scale.”
Using a regression equation including all combinations of
pain NRS score and sex, and average age of all patients
(64.0 years), utility values for each pain NRS score per sex
were computed. After calculating the weighted-average utility
values for each pain NRS score using a sex ratio of the
Japanese population at an average age, the average utility
values for each pain severity category were computed as
follows: 0.854 for no/mild pain, 0.738 for moderate pain,
and 0.622 for severe pain (Table 1). Based on the utility
values, a disutility value of transitioning to a more severe
pain category was determined as —0.116.

Cost-Effectiveness
Using the estimated costs and QALYs, the ICER was
calculated using the following formula:

Costs pregabalin group — Costs usual care group

ICER = -
QALYs pregabalin group — QALY usual care group

Scenario And Sensitivity Analyses

To assess the robustness of the results, scenario and sensi-
tivity analyses were conducted from the healthcare payer’s
perspective. In the scenario analyses, the model assumed
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different scenarios from the base case: 1) an alternative
initial distribution of severity categories (all patients
started with moderate pain, or all started with severe
pain), and 2) a different time horizon (3 or 24 months).

The uncertainties of the model parameters were also
assessed through a series of one-way sensitivity analyses,
by varying key variables using the 95% confidence intervals
(ClIs). The parameters considered included utility, disutility
for transitioning to a more severe pain category, initial
distribution probability of pain severity categories, discon-
tinuation rates, transition probability of pain severity cate-
gories, pregabalin costs, other pain medication costs, and
physical therapy costs. Furthermore, a probabilistic sensi-
tivity analysis was also performed, in which cost, utility,
and probability parameters were simultaneously varied by
randomly sampling these values, per model iteration, from
the distribution assigned for each parameter for 10,000
iterations. Cost parameters were assigned a gamma distri-
bution, and utility and probability parameters were assigned
a beta distribution. The ranges and distributions of disuti-
lities in these sensitivity analyses were calculated based on
the bootstrapping method, with consideration of co-var-
iance between intercept and coefficient of pain NRS scores
in the regression analysis using the Cholesky decomposi-
tion method. The obtained 10,000 pairs of incremental costs
and QALY based on probabilistic sensitivity analysis were
plotted on a cost-effectiveness plane.

Results

Pain Severity

Figure 3 shows the simulated results of the distribution of
patients with each pain severity category for the initial two
months. A greater increase in the proportion of patients
with no/mild pain was shown in patients receiving prega-
balin-containing treatments than in patients receiving usual
care alone, with 41.6% and 14.5% of patients in respective
groups resulting in having no/mild pain after 8 weeks.

Base Case Analyses

The estimations of the costs and QALYs for base case
scenarios are presented in Table 2. In the analysis from the
payer’s perspective, pregabalin-containing treatments
resulted in a higher QALY than usual care alone (by
0.036), with additional costs of JPY 35,350, primarily for
pregabalin acquisition. This resulted in the ICER of JPY
970,314 per QALY gained. The analyses from the societal
perspective also considered productivity losses (both absen-
teeism and presenteeism). The productivity losses were JPY
18,653 less in the pregabalin group than in the usual care
group, which largely offset the pregabalin costs, and

resulted in the ICER of JPY 458,307 per QALY gained.

Scenario And Sensitivity Analyses
The results of the scenario analyses are summarized in Table 3.
When assuming that all patients initially had moderate pain or

100%
L 22 99% 22.9% 19.4% '
80%
0,
70% 51.1%
60%
64.5%
50% 69.7%
71.6%
40% 177.1% 77.1%
30%
20% 41.6%
o 24.5%
10% 14.5%
9.0%
0%
Baseline Month 1 Month 2 Baseline Month 1 Month 2
(Week 0) (Week 4) (Week 8) (Week 0) (Week 4) (Week 8)

Pregabalin group

Usual care group

ONo/mild pain OModerate pain BSevere pain

Figure 3 Simulated distribution of patient pain severity at baseline, Month |, and Month 2.
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Table 2 Base Case Analyses From The Perspectives Of Both The Healthcare Payer And Society

Perspectives Costs (JPY) QALYs | ICER (JPY/
. . QALY)
Medical Costs Productivity Total
Pregabalin | Other Pain Physical Losses
Medications Therapy
Healthcare payer’s perspective
Pregabalin group 39,954 12,724 9,101 - 61,779 0.763 -
Usual care group 0 13,996 12,432 - 26,428 0.727 -
Difference 39,954 -1,272 -3,331 - 35,350 | 0.036 970,314
Societal perspective (absenteeism +
presenteeism)
Pregabalin group 39,954 12,724 9,101 658,736 720,515 | 0.763 -
Usual care group 0 13,996 12,432 677,390 703,818 | 0.727 -
Difference 39,954 -1,272 -3,331 18,653 16,697 | 0.036 458,307

Notes: JPY 100 = USD 0.89. Costs were rounded and displayed as integers.

Abbreviations: QALY, quality-adjusted life-year; ICER, the incremental cost-effectiveness ratio.

Table 3 Scenario Analyses With Assumptions Of Alternative Initial Pain Severity Distribution And Time Horizon (Healthcare Payer’s

Perspective)
Scenarios Total Medical Costs (JPY) QALYs ICER (JPY/QALY)
Initial pain severity: All moderate
Pregabalin group 60,750 0.771 -
Usual care group 26,428 0.739 -
Difference 34,322 0.032 1,073,627
Initial pain severity: All severe
Pregabalin group 65,242 0.738 -
Usual care group 26,428 0.687 -
Difference 38,814 0.051 754,236
Time horizon: 3 months
Pregabalin group 16,011 0.186 -
Usual care group 6,571 0.180 -
Difference 9,440 0.0057 1,657,158
Time horizon: 24 months
Pregabalin group 122,802 1,534 -
Usual care group 52,905 1,456 -
Difference 69,897 0.077 902,835

Note: JPY 100 = USD 0.89.

Abbreviations: QALY, quality-adjusted life year; ICER, incremental cost-effectiveness ratio.

all had severe pain, the analyses respectively resulted in the
ICERs of JPY 1,073,627 and JPY 754,236 per QALY gained,
both did not greatly deviate from the base case. The ICER
varied more when an alternative time horizon was assumed,
and resulted in the increased ICER of JPY 1,657,158 per
QALY gained when the time horizon was shortened to 3
months.

The one-way sensitivity analyses demonstrated quite
small variations in the ICERs for various costs, utility, and

probability parameters, with the ICERs varying within the
narrow range from JPY 800,000 to JPY 1,200,000 per QALY
gained, even for the top 5 influential parameters (Figure 4).
The highest ICER of JPY 1,151,479 per QALY gained was
observed when disutility between no/mild pain and moderate
pain was varied, and yet it was still similar to the result of the
base case (JPY 970,314 per QALY gained).

Figure 5 presents the scatter plot of 10,000 pairs of
incremental costs and QALYs based on probabilistic
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Pregabalin costs in month 2 in patients with moderate pain (JPY2476-4787
Disutility between no/mild pain and moderate pain (0.092-0.143

Pregabalin costs in month 2 in patients with no/mild pain (JPY1852-4237

970,314

816,561 1,151,235
827,394 1,151,479

841,964 1,127,667

)
)
Transition probability of moderate pain at wk 4 to no/mild pain at wk 8 in PGB group (18.0-36.5%) 830,744 [ ] 1,136,559
)
)

Transition probability of moderate pain at wk 0 to no/mild pain at wk 4 in PGB group (20.8-38.6%
Transition probability of severe pain at wk 4 to no/mild pain at wk 8 in PGB group (12.8-58.1%)
Transition probability of moderate pain at wk 4 to no/mild pain at wk 8 in UC group (6.6-16.4%)

Transition probability of severe pain at wk 0 to no/mild pain at wk 4 in PGB group (4.8-26.7%)
Transition probability of moderate pain at wk 4 to severe pain at wk 8 in PGB group (0.7-8.2%)
Transition probability of severe pain at wk 4 to moderate pain at wk 8 in UC group (23.1-53.8%)
Transition probability of severe pain at wk 0 to no/mild pain at wk 4 in UC group (2.7-19.9%)
Transition probability of severe pain at wk 4 to moderate pain at wk 8 in PGB group (8.4-50.8%)
Other pain medication costs in month 2 in UC group (JPY963-1426) 897,763 [_|__] 1,036,312
Transition probability of no/mild pain at wk 4 to moderate pain at wk 8 in PGB group (2.0-21.4%)
Other pain medication costs in month 2 in PGB group (JPY881-1306)
Transition probability of moderate pain at wk 4 to severe pain at wk 8 in UC group (2.3-9.2%)
Physical therapy costs in month 2 in UC group (JPY850-1260)
Transition probability of moderate pain at wk 0 to no/mild pain at wk 4 in UC group (5.1-13.7%)
Transition probability of severe pain at wk 0 to moderate pain at wk 4 in UC group (12.4-37.6%)
Disutility between moderate pain and severe pain (0.092-0.143)

843,472 [ 11,121,913
837,920 [ 1,109,029
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879,929 [ 1,044,497
916,198 [ 1,075,288
903,122 [ 1,056,138
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894,580 [ 1,034,657

923,738 []__] 1,056,878
910,020 (] 1,036,883
902,873 [ 1,026,341
906,239 [ ] 1,028,617
922,967 [__] 1,037,491
924,385 [[_] 1,032,441
917,646 [_|_] 1,023,869
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ICER (JPY/QALY)

Figure 4 Tornado diagram of the 20 most sensitive parameters in one-way sensitivity analyses.
Abbreviations: wk, week; PGB group, pregabalin group; UC group, usual care group; ICER, incremental cost-effectiveness ratio; QALY, quality-adjusted life year.

ICER = JPY 5,000,000/QALY
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Figure 5 Scatter plot of pairs of incremental QALYs and costs.

Abbreviations: QALY, quality-adjusted life year; ICER, the incremental cost-effectiveness ratio.

sensitivity analysis. This cost-effectiveness plane showed
that all samples were in the upper right quadrant with
relatively small dispersion. The probability that pregaba-
lin-containing treatments are cost-effective was 100% at a
hypothetical threshold value of one additional QALY of
JPY 5,000,000.>

Discussion

In Japan, the indication of pregabalin has expanded since its
launch in 2010,' and it has become widely used among
people with various NeP conditions, including those asso-
ciated with cervical radiculopathy and cervical myelopathy.

To our knowledge, this was the first cost-effectiveness
analysis of pregabalin for the treatment of chronic cervical
pain with a NeP component, and the results showed that
using pregabalin, either alone or in addition to other analge-
sics, was cost-effective for the treatment of patients with
this NeP condition in Japan, compared with pain treatment
only with conventional analgesics.

From the payer’s perspective, the estimated ICER was
JPY 970,314 per QALY gained, which was lower than those
in previous studies reporting the cost-effectiveness of prega-
balin for refractory or peripheral NeP.'>**2° From the socie-
tal perspective, the ICER was substantially lowered to JPY
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458,307 per QALY gained because the reduced productivity
losses by pregabalin-containing treatments offset the prega-
balin costs by almost half. In patients with chronic pain,
presenteeism greatly contributes to their productivity losses
and causes a substantial economic burden on patients.>**! A
Japanese study previously reported that among 34 health
conditions, neck pain or stiff shoulders contributed the most
to costs of presenteeism in Japan.>? The use of pregabalin for
the management of patients with neck pain with a NeP
component may serve to reduce some of this large burden.

The scenario and sensitivity analyses demonstrated the
robustness of the result of the base case analysis. The ICER
was somewhat sensitive to the time horizon, which resulted
in the increased ICER of 1,657,158 per QALY gained
within the 3-month time horizon. However, the gap with
the base case was no more than JPY 700,000 per QALY
gained, and the value is well below the estimated willing-
ness to pay for one additional QALY in Japan (JPY
5,000,000-6,750,000).2”** Additionally, one-way sensitiv-
ity analyses showed that ICERs varied within only a narrow
range, which indicates the stability of ICERs for various
costs, utility, and probabilistic parameters. Furthermore, our
probabilistic sensitivity analysis demonstrated that if the
hypothetical threshold value of JPY 5,000,000, based on
the above-mentioned willingness to pay in Japan, is an
appropriate threshold value for one additional QALY, preg-
abalin-containing treatments would be cost-effective with a
probability of 100%. As the ICERs estimated in this analy-
sis are also well below the commonly-referenced thresholds
in other countries, such as EUR 20,000-30,000 in the UK
(EUR 1.0 =JPY 131.11)** and USD 50,000—-100,000 in the
US (USD 1.0 = JPY 112.32), pregabalin-containing treat-
ments can be considered as highly cost-effective for this
NeP condition in Japan.

In the base case, starting pregabalin resulted in 0.036
higher QALY gain than usual care alone, probably reflect-
ing the favorable effects of pregabalin for improvement of
pain, function, and sleep disturbance.'**° Although the
observed QALY gain seemed rather small, this may be in
part because of the non-fatal nature of the condition and
the short time horizon of the model. However, the poten-
tial clinical benefits of pregabalin are apparent from the
results of our simulation showing the greater increase in
the proportion of patients with no or mild pain after two
months (+41.6%) than in usual care alone (+14.5%) (see
Figure 3). The proportion of patients with severe pain
would be reduced more greatly with pregabalin-containing
treatments in two months than with usual care alone

(—15.6% versus —7.1%). These results suggest a substan-
tial clinical benefit of pregabalin-containing treatments for
this patient population. In this analysis, we did not go
further in examining which component of QOL (whether
improvement of physical function, alleviation of pain, or
change in mental state) contributed the most to the QALY
gain. These topics are worth investigating in future studies
to obtain a deeper understanding of the clinical benefits of
pregabalin.

Comparing our results with a previous parallel cost-
effectiveness analysis of pregabalin for chronic low back
pain with a NeP component'® implied a difference in
potential treatments between the two pain conditions.
Despite similar QALY's of the pregabalin groups in two
analyses (cervical pain: 0.763 versus low back pain:
0.766), the incremental QALYs gained by pregabalin-con-
taining treatments were larger in the present analysis than
in the low back pain analysis (0.036 versus 0.014, respec-
tively), reflecting the slightly lower QALYs in the usual
care group in the present analysis (0.727 versus 0.752,
respectively). These results suggest that patients with
chronic cervical pain with a NeP component may be
more difficult to manage without pregabalin, compared
with those with low back pain with a NeP component.
One possible explanation is that relative to chronic low
back pain, which often involves both nociceptive and
neuropathic pain mechanisms (that is, mixed pain®’) for
which a combination of medications for both pain types is
suggested,”®*’ mixed pain may be less likely among
patients with chronic cervical pain, and thus there may
have been fewer patients who benefited from medications
for nociceptive pain such as NSAIDs. Considering these,
once the involvement of NeP is identified in patients with
chronic neck pain, physicians may first need to consider
prescribing pregabalin because otherwise, pain control
may be difficult to achieve.

One major strength of this cost-effectiveness analysis
lies in the use of patient-level outcome data from a real-
world clinical setting, which contributed to a better gen-
eralization of the results to routine clinical practice in
Japan. However, this analysis also has several limitations.
In the observational study, to avoid bias in patients
included in each treatment group, patients were enrolled
after they were prescribed pain medications, and all eligi-
ble patients who agreed to participate during the 1-year
enrollment period were enrolled. Despite these efforts,
because all treatment choices were made by physicians
based on their clinical judgment, the potential for bias
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still cannot be eliminated; for example, physicians may
have been more likely to prescribe pregabalin to patients
with greater pain, which was suggested by the slightly
higher pain NRS scores at baseline in the pregabalin
group. Given that pregabalin was more commonly used
among patients with severe pain, which may be more
difficult to control than mild pain, the cost-effectiveness
of pregabalin-containing treatments may be underesti-
mated in this analysis. As another example, the pregabalin
group contained more male and younger patients than the
usual care group, probably because physicians avoided
prescribing pregabalin to frail elderly patients in consid-
eration of the potential risks of falls and fractures asso-
ciated with pregabalin’s adverse effects such as dizziness.
In this analysis, however, to estimate the improvement of
pain by each treatment, we set the distributions of pain
severity and QOL at baseline to be the same in the two
groups. Also, the propensity for pain improvement does
not depend on age and sex. Therefore, we reasoned that
the age and sex differences would not affect the results of
this analysis. Another limitation is that medical costs
included only limited elements and not all healthcare
costs (such as surgery or hospitalization costs) were con-
sidered in this analysis, on the assumption that the cases
potentially requiring such additional healthcare utilization
were expected to be equally rare in both groups. The
observational study enrolled patients in stable conditions;
thus, surgery or hospital admission for their symptoms of
pain would not be anticipated in these patients, irrespec-
tive of group. Additionally, this analysis did not consider
treatment costs for adverse events of pregabalin because
additional treatments are not required for the management
of its common adverse events such as dizziness and som-
nolence; these adverse events are managed by discontinu-
ing pregabalin even when they are serious, although they
are mostly non-serious. Thus, we posit that including some
additional medical costs would not likely result in a tre-
mendous rise in the ICER and reach an opposite conclu-
sion; nevertheless, we should acknowledge that an analysis
which included these costs would result in a different
ICER. Third, we calculated work productivity losses
using the WPAI, but the calculation method cannot
account for the work productivity loss of individuals who
do not have a paid job, meaning that a loss of work
productivity of someone without a job because of severe
pain was not included in our calculations. As such, the
estimated costs of productivity losses depend on the

estimation method, which should be considered when
interpreting these results.

Conclusion

For the first time, this analysis provided evidence that
using pregabalin, either alone or along with other analge-
sics, was cost-effective for the treatment of patients with
chronic cervical pain with a NeP component in Japan, with
the ICERs well below the commonly-referenced thresh-
olds for cost-effectiveness. The cost-effectiveness of preg-
abalin was further strengthened when productivity losses
(both absenteeism and presenteeism) were included. The
results of this analysis underscore the benefits of pregaba-
lin for this NeP condition, which may help pregabalin
become a more common treatment option in the manage-
ment of these patients.
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