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Purpose: Botulinum toxin (BTX) is a new treatment approach primarily aimed at relieving
flushing and erythema for rosacea, but it is expensive and lacks economic benefit evaluation
studies.This study aimed to investigate willingness-to-pay (WTP) of BTX treatment and
conduct benefit—cost analysis (BCA) to assess if BTX treatment for rosacea is recommend-
able from a viewpoint of economics in China.

Methods: WTP of BTX treatment in rosacea and information of sociodemographic and
clinical characteristics were inquired via an online questionnaire among the Chinese rosacea
patients. The WTP was inquired by photos of three cases with different severities of rosacea
before and after BTX treatment. The benefit—cost ratio (BCR) was calculated by dividing
WTP by cost. Factors associated with WTP were identified using logistic regression models.
Results: The average costs of BTX treatment were USD410.09. The mean WTP for Case 1,
Case 2, and Case 3 was USD295.53, 307.91, and 311.78, respectively (p<0.05 for Case 1 vs
Case 3). 44.31% to 47.52% of Chinese rosacea patients were willing to pay for the BTX
treatment. The BCRs were 0.72, 0.75, and 0.76 for Case 1, Case 2, and Case 3, respectively.
A positive correlation between WTP and visiting frequency in the past year
(OR=1.181-1.200, p=0.015-0.032, for Cases 1 and 2) or Dermatology Life Quality Index
(DLQI) score (OR=2.022-2.266, all p<0.01) was observed, but duration (OR=0.521-0.564,
p<0.05, for Cases 1 and 2) of rosacea was negatively correlated with WTP.

Conclusion: For rosacea patients with poor quality of life, and those with high visiting
frequency, BTX should be regarded as a recommendable new treatment in China.
Keywords: rosacea, botulinum toxin, willingness-to-pay, benefit—cost analysis, quality of
life

Introduction
Rosacea is a chronic inflammatory skin disease that occurs in the middle of the
face. Manifestations include recurrent flushing, persistent facial erythema, papules,
pustules, and telangiectasia. Phymatous changes (hypertrophy of the sebaceous
glands and fibrosis) and ocular discomfort can also occur.' In addition, rosacea
patients can be accompanied by dryness, burning, stinging and other discomfort on
the face.” Globally, about 5.46% of the adult general population is affected by
rosacea.” The prevalence of rosacea across populations has been reported 3.48% in
China.*

The pathogenesis of rosacea is not fully understood but involves the complex
interplay of genetic factors, immune dysregulation, neurovascular dysregulation,
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presence of microorganisms, and environmental factors.’
Treatment of rosacea depends on the severity and pheno-
type presentation and may include topical therapies, oral
therapies, laser- and light-based therapies, injection thera-
pies, skin care, and lifestyle management.*’” Currently,
treatment approved by the Food and Drug Administration
(FDA) mainly targets papules and pustules, but the diffi-
culties in the clinical treatment are the persistent facial
erythema and recurrent flushing. Some adrenergic agonists
(brimonidine, oxymetazoline, etc.) showed effectiveness
but can only maintain a short time of relief.* The annoy-
ing symptoms of rosacea have been paid more and more
attention by the patients because of its disfiguring features,
and many dermatologists are committed to seeking opti-
mized treatments.

Botulinum toxin (BTX) is a neurotoxin derived from the
Clostridium botulinum bacterium that inhibits the release of

1.19 Besides

acetylcholine at the neuromuscular junction leve
its effects on muscles, the blockade of acetylcholine release
from peripheral autonomic nerves of the cutaneous vasodila-
tory system could inhibit the release of inflammatory media-
tors such as substance P and calcitonin gene-related peptide
(CGRP), which have a relevant effect on vasodilation'' and
also reduce skin inflammation by directly inhibiting mast cell
degranulation.'> Based on the effects on blood vessels and
inflammation, BTX injection has been progressively applied
on rosacea patients with refractory erythema and flushing."* '
However, the cost of this treatment is far more than traditional
drug therapy; thus, it is very necessary to evaluate the benefit-
of-cost from a viewpoint of economics.

The willingness-to-pay (WTP) method utilizes survey
questions to ask patients how much they would be willing
to pay to cure or relieve a particular disease. To understand
whether a patient’s WTP for a particular treatment exceeds
its cost, a benefit—cost analysis (BCA) is needed.'® There are
few studies on the benefit and cost of topical and oral drug
therapy for rosacea.'”"'® But studies on the benefits and costs
of'anovel treatment for rosacea have been lacking, especially
in China. We conducted this study to assess whether BTX
therapy, a novel and expensive treatment, is acceptable
among rosacea patients in the Chinese population.

Methods
Study Design and Participants

The web-based, cross-sectional study was conducted using
standardized questionnaires sent by “WeChat” (January 2020
to April 2020), the most popular mobile chatting application

in China, to eligible respondents. Eligible participants were
Chinese at least 18 years of age and from the Rosacea
Database of Xiangya Hospital, Central South University,
who had registered ahead of the survey. All the patients
registered in the Database have been diagnosed by two
dermatologists separately and met the diagnostic criteria of
rosacea based on the National Rosacea Society Expert
Committee. Each participant was allowed to submit
a questionnaire once by the IP address in order to avoid
repeated submissions. Participants were required to be able
to read and understand Chinese.

Benefits: WTP

WTP approximated benefits in our study via the con-
tingent valuation method.'” The participants received
education about the process and adverse effects of
BTX treatment. Three typical cases demonstrating aver-
age effects of one- or three- or five-time use of BTX
treatment in Chinese rosacea patients with different
severity grading were presented to the participants
(Figure 1).
We use the same binary questions to obtain WTP:

Would you be willing to pay 3000 RMB (USD429.89) per
time for this new treatment with minimal side effects to
achieve the effects as shown in contrast figure? (This new
treatment requires one or three or five-time visits in the

three cases, respectively.)

The answer to this question is “yes or no”. If you
choose “yes”, then stop this question. If you choose
“no”, then answer the next question: “How much would
you be willing to pay per time at most for this treatment?”
The options of WTP consisted of four discrete amounts of
monetary value as follows: Chinese yuan (CNY) 2700,

2500, 2000, and 1000.

Aggregated Costs

We estimated costs from the patient perspective.'® Direct
medical costs (physician visit fees, BTX treatment fees,
and post-treatment complementary costs), direct nonmedi-
cal costs (travel costs), and indirect costs (time off from
work to visit physician) were considered (Table 1). Since
there was no standard pricing for BTX treatment in China,
the price per BTX treatment was estimated using the mean
cost in three Chinese tertiary hospitals (Xiangya Hospital;
and The Third Xiangya
Hospital, Central South University). Physicians’ profes-

Xiangya Second Hospital;

sional fees and indirect costs in terms of time loss were
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Figure | Contrast figures of three cases treated with BTX.

estimated according to the data from the 2019 Yearbook of
Health Statistics of China and the 2019 Yearbook of labor
Statistics of China.?>?' All costs in this study are
expressed in USD with an exchange rate of USD
1=CNY6.9785 (2019).

BCA

The BCA model was based on the benefit—cost
ratio (BCR), calculated as the average WTP divided
by the total cost for BTX treatment as previously
described.'® If the benefits outweighed the costs (ie,
BCR>1), the BTX treatment was considered worth
providing.

Other Variables

Dermatology Life Quality Index (DLQI),** a widely used
tool to evaluate skin disease patients’ quality of life (QoL),
was used to examine the correlation between QoL and
WTP.
income, education level, marital status, knowledge of rosa-

Information regarding age, gender, residence,
cea, rosacea-related symptoms, duration and treatment
history of disease, and disturbed degree of flushing were
also collected.

Statistical Analyses

Descriptive statistics were reported for sociodemographic
and clinical characteristics, average WTP for each case
and other survey metrics for each participant. The Mann—
Whitney U-tests (binary variables) or Kruskal-Wallis
tests (multi-categorical variables) were used to compare
the WTP of patients with different variables.

The Friedman test was used to compare the mean WTP
among the three cases. Logistic regression models were
used to estimate the associations of WTP with the char-
acteristics of the participants. SPSS 22.0 was used for
statistical analysis. P<0.05 was considered statistically
significant.

Ethics Statement

Electronic informed consent was obtained from all parti-
cipants before the investigation. Before the pictures of the
three cases were used in the questionnaires and articles,
written informed consent has been obtained from the
patients. This study was conducted according to the guide-
lines laid down in the Declaration of Helsinki. All proce-
dures involving patients were approved by the Institutional
Research Ethics Board of Xiangya Hospital, Central South
University (Changsha, China).

Results
Sociodemographic and Clinical

Characteristics

The response rate was 98.54%, and a total of 410 anon-
ymous participants were recruited of which 404 were
analyzed. The other six participants were excluded
because they were younger than 18 years old. Among
404 participants, 34 were males and 370 were females.
The average age of the population is 28.55+8.38.
Sociodemographic and clinical characteristics of the parti-
cipants and the mean WTP are shown in Table 2. Except
for the income, different sociodemographic characteristics
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Table | Aggregated Costs of BTX Treatment

Costs Hospitall (USD) Hospital2 (USD) Hospital3 (USD) Average (USD)
Direct costs

Physician visit 4,16 5.25 4.00 4.47

BTX treatment 358.24 429.89 372.57 386.89

Post-treatment 2.00 4.00 3.00 3.00
Direct nonmedical costs

In-city transportation 2.00 2.00 2.00 2.00
Indirect costs

Time off from work 13.73 13.73 13.73 13.73
Total 380.13 454.84 395.30 410.09

including gender, age, residence, etc., were not statistically
different in WTP. For the clinical characteristics of the
participants, there was no significant difference in WTP
among the different affected locations or symptoms.
However, patients with better knowledge of rosacea,
shorter duration of rosacea, more frequent visits, and
higher DLQI score had higher WTP.

WTP

The mean WTP for Case 1, Case 2, and Case 3 was
USD295.53, 307.91, and 311.78, respectively (Figure
2A). There were statistically significant differences in
WTP among Case 1 vs Case 3. In Case 1, 179 (44.31%)
patients were willing to pay USD429.89 covering the cost.
In Cases 2 and 3, there were 184 (45.54%) and 192
(47.52%) patients, respectively.

Factors for WTP were analyzed using logistic regres-
sion models. As shown in Table 3, the family income was
positively  correlated with WTP in all cases
(OR=1.347-1.409, p<0.001). In case 3, patients who do
not know about rosacea were less willing to pay the costs
than those who know it a lot (OR=0.568, p=0.019). The
duration of rosacea was negatively correlated with WTP in
Case 1 and Case 2 (OR=0.521-0.564, p<0.05).
A statistically significant and positive correlation between
WTP and visiting frequency in the past year was observed
for Case 1 and Case 2 after adjustments for demographic
characteristics (OR=1.181-1.200, p=0.015-0.032).

DLQI

The mean DLQI score in rosacea patients was 11.14+7.92
(range from 0 to 30), indicating a large influence of rosa-
cea on QoL. 45.30% of all participants had a total DLQI
score greater than or equal to 11 (Table 2), indicating

severe impaired QoL,” and the median WTP of them is
greater than the cost (Figure 2B). DLQI score was posi-
tively correlated with WTP in all cases with the highest
OR value among the identified independent factors
(OR=2.022-2.266, all p<0.01) (Table 3).

BCR

As shown in Table 4, all of three cases had BCR<I,
indicating that the expected benefits are below the aggre-
gated costs for the BTX treatments. Because the denomi-
nators of the BCRs were the same across the participants,

the influence factors for the BCRs were equivalent to those
for WTP (Table 3).

Discussion

BTX is a new treatment with great potential for the per-
sistent erythema and recurrent flushing of rosacea, but it is
so expensive that it is hard to be widely accepted econom-
ically. We conducted a web-based investigation about the
WTP of treatment with BTX for rosacea and found more
than 40% of patients were willing to pay the correspond-
ing amount of cost. The BCA based on the WTP survey in
this study is of important reference significance for the
promotion of this treatment.

In the present study, the elicited WTP values are valid
because WTP were positively related to income, in accordance
with the economic common sense. The WTP increased with the
disease severity, which was supported by a significantly higher
WTP of Case 3 than that of Case 1, as a much larger visualized
effect of BTX in severe Case 3. Since patients’ self-assessment
of severity is subjective to a certain extent, we did not collect
data on participants’ severity in this web-based study. Instead,
we asked the times of hospital visits in the past year to know
about the flare-ups of rosacea. We found that patients with more
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Table 2 Sociodemographic and Clinical Characteristics of the Participants

Characteristics N (%) WTP (USD)
Case | Case 2 Case 3
Gender
Male 34 (842) 299.24 292.92 286.59
Female 370 (91.58) 295.19 309.29 314.09
Age, years
18-20 54 (13.37) 311.80 310.48 309.15
21-30 215 (53.22) 290.73 306.66 308.99
3140 92 (22.77) 305.28 316.97 326.62
>40 43 (10.64) 278.26 291.59 297.26
Residence
Urban 361 (89.36) 292.95 305.61 310.25
Village 43 (10.64) 317.25 327.25 324.59

Education level

Low (primary school, secondary school) 69 (17.08) 280.36 286.59 292.62
Medium (college/university) 299 (74.01) 297.47 31037 313.72
High (postgraduate) 36 (8.91) 308.49 328.39 33237

Marital status

Single 172 (42.58) 288.01 297.09 302.09
In a stable relationship 72 (17.82) 286.59 307.49 305.50
Married 160 (39.60) 307.64 319.73 325.02

Monthly family income, USD*

No stable income 40 (9.90) 261.52 279.43 285.52

<603 82 (20.30) 286.07 302.15 300.05

6031189 92 (22.77) 261.67 279.12 285.66

11902378 114 (28.22) 307.34 311.73 311.73

>2378 76 (18.81) 346.93 358.24 369.93
Knowledge of rosacea*

You have it, and you know it 266 (65.84) 306.90 320.21 329.48

You have it, but you do not know about it 138 (34.16) 273.61 284.21 277.66
Duration of rosacea #

Within a year 85 (21.04) 32537 324.02 322.84

More than one year 319 (78.96) 287.58 303.62 308.83

Location of lesion
Cheek as main part 351 (86.88) 298.52 311.95 316.40
Non-cheek as main part 53 (13.12) 275.78 281.19 281.19

The most concerned problem

Facial flushing 156 (38.61) 304.69 315.44 316.45
Erythema/teleangiectasia 79 (19.56) 302.92 33230 326.50
Papules/pustules 116 (28.71) 287.83 289.68 296.48
Phymatous 12 (2.97) 262.71 262.71 286.59
Others 41 (10.15) 277.86 297.08 316.30
Disturbed degree of flushing

0-3 71 (11.57) 291.04 311.62 31021
4-6 123 (30.45) 294.75 313.97 317.58
7-10 210 (51.98) 297.51 303.11 308.91

(Continued)
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Table 2 (Continued).

Characteristics N (%) WTP (USD)
Case | Case 2 Case 3
Visiting frequency in the past year*
0 55 (13.62) 276.17 289.72 291.02
| 76 (18.81) 264.91 284.14 297.34
2 80 (19.80) 282.47 294.12 298.60
3 65 (16.09) 288.80 284.39 284.17
24 128 (31.68) 333.61 350.41 351.53
DLQI score (quality of life effect)*
0-10 (moderate or below effect) 221 (54.70) 269.87 286.85 289.84
11-30 (severe or above effect) 183 (45.30) 326.53 333.34 33828

Notes: *The difference of WTP was statistically significant in all three cases. *The difference of WTP was statistically significant in Case 1.

visiting frequency in the past year were more likely to pay for
BTX therapy. The times of hospital visits also indirectly reflect
the severity of the disease, further supporting its association
with the WTP.

Skin disease can have an impact on QoL that goes beyond
what is measured by a disease severity score, and as such,
patients’ subjective complaint of their skin disease is crucial
for evaluating QoL. DLQI is recognized as a common scale for
evaluating the quality of life of dermatosis patients.”>>* In the
current study, the mean DLQI total score of the participants was
11.14, similar to that in the previous literature,”*** indicating
a large influence on QoL. The WTP method has also been used
as a valuation measure for healthcare and health-related quality
of life (HRQoL) by inquiring the substantial amount of money
patients are willing to pay to reduce their symptoms. A higher
WTP often indicates a worse HRQoL.*® In our study, the WTP
was specific for BTX treatment, rather than the total WTP for

p=0.024
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a complete cure of the disease, but it can represent the patient’s
treatment desire and urgency as well and reflect the impairment
of QoL. Based on our results, DLQI score is positively related
to WTP with the highest OR value, which is consistent with
previous studies on the relationship between WTP and QoL in
rosacea.”’® In addition, patients with a long course of disease
were less willing to pay the costs, consistent with the viewpoint
that the longer the disease course of rosacea, the lesser the
impairment of QoL.?” In order to better manage patients and
increase satisfaction, dermatologists should pay more attention
to the complaint of the patients and notice the low QoL of the
disease.

By calculating whether the expected WTP value can be
sufficient to cover the expected costs, BCA can help to make
decisions and subdivide patients’ demands. For BCA in this
study, BCR was less than 1 in all three cases, but there are still
43.81% to 47.03% of Chinese rosacea patients were willing to
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25%tile
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T T T
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Figure 2 WTP for different cases of BTX treatment ((A) is for all participants; (B) is for participants with a total DLQI score greater than or equal to | I). Red line means

the costs (USD410.09).
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Table 3 Relativity Between Patients’ Characteristics and WTP: Logistic Regression Models
Characteristics Case | Case 2 Case 3
OR (95% CI) p-value OR (95% CI) p-value OR (95% CI) p-value
Monthly family income 1.352 (1.132-1.615) | 0.001 1.347 (1.130-1.607) | 0.00I 1.409 (1.182-1.679) | 0.000
Knowledge of rosacea

You have it, and you know it (ref)

You have it, but you do not know about it / / / 0.568 (0.354-0.910) 0.019
Duration of rosacea

Within a year (ref)

More than one year 0.521 (0.307-0.882) 0.015 0.564 (0.334-0.952) 0.032 / /
Visiting frequency in the past year 1.181 (1.001-1.395) 0.049 1.200 (1.018-1.415) 0.030 / /
DLQI score

0-10 (ref)

11-30 2.206 (1.404-3.466) 0.001 2.022 (1.291-3.167) 0.002 2.266 (1.470-3.491) 0.000

Table 4 Benefit—Cost Ratios suffered. We recommend BTX therapy for patients with higher-
Case WTP (USD) Costs (USD) BCR income families and unresponsive to routine treatments, espe-
cially for patients with poor quality of life, and urgent desire to
| 295.53 410.09 0.72 Ive th bl £ facial flushi h
2 30791 410.09 0.75 Solve the pro €m oI 1acial 1ius mg or er.yt ema..
311.78 41009 076 In addition, we had another interesting finding compared

pay for the BTX treatment. Although traditional treatments are
effective for most patients, oral and topical drugs may cause

side effects,?°

and the patient’s daily medication compliance
is not guaranteed. Most importantly, very few drugs can cur-
rently control facial flushing, but it is precisely the feeling of
flushing and the accompanying burning, stinging and other
symptoms that affected QoL most.>'** As a relatively new
treatment method, BTX injections show its advantages on
relieving the paroxysmal flushing and persistent erythema of
rosacea. In a retrospective study, 16 patients who suffered from
facial erythema and flushing refractory to conventional treat-
ments displayed significantly improved Clinicians Erythema
Assessment (CEA) and Patients self-assessment (PSA) scores
after twice treatments with topical application of 100 U of BTX.
DLQI scores were also significantly improved, and the effect
persisted during a 6-month follow-up.”* In a pilot study of
a randomized controlled trial with 24 patients, similar effects
were also observed.'* Based on our results, symptoms that
rosacea patients most concerned were facial flushing or
erythema/telangiectasia, accounting for 57.92% of participants,
and 51.98% of the participants reported a score of 7 or more (a
VAS scale of 10 score) for the disturbed degree of flushing.
Therefore, even the percent of patients willing to pay was only
just above 40%, BTX was still a selective choice for those felt

with patients who do not know about rosacea, who know much
about rosacea and who were more willing to pay for costs. It
may be explained that for patients who do not understand the
characteristics of recurrence and aggravation of rosacea disease,
spending so many money for BTX injection was not worthy.
Therefore, health education specific for rosacea is so important
and necessary that the educated patients may have more oppor-
tunities to accept better treatments.

As with any modeling-based analysis, the limitations of this
study are inherent. First, the selected sample cannot represent
the whole demographics of Chinese rosacea patients. This
sample was younger and more educated compared to the gen-
eral population. However, the data are still statistically signifi-
cantly different after adjustments to demographic
characteristics. In addition, as a web-based survey, the condition
of rosacea was self-reported by participants so is likely to focus
on their own perception of disease, rather than clinical severity.
However, we provided photographs of varying degrees of
severity to assess the association between WTP and the disease

severity.

Conclusion

The benefits of BTX treatment have not generally exceeded
their aggregated costs across the three cases, but more than
40% of patients were willing to pay the corresponding amount
of cost. For rosacea patients with poor quality of life, and those
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with relatively high income, BTX should be regarded as

a recommendable new treatment in China.
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