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Abstract

An M1/M2 macrophage-regulating treatment, ON101 cream, has shown its superior healing efficacy for diabetic foot
ulcers (DFUs) versus standard absorbent dressing, according to a phase III trial. Given its high cost, corroborating the
economic value of ON101 treatment can facilitate clinical and policy decision-makings. This study sought to evaluate the
cost-effectiveness of ON101 versus an absorbent dressing for patients with DFUs from Taiwan's healthcare sector
perspective. This economic evaluation utilized effectiveness and cost data (in 2022 USD) from a randomized controlled
trial of ON101, published literature, and Taiwan's National Health Insurance program. Incremental cost-effectiveness
ratio (ICER) against willingness-to-pay (WTP) threshold was estimated to determine the cost-effectiveness of treatment.
Over a mean follow-up of 12.69 weeks in the full analysis set of patients (n ¼ 236), 6 patients would need to be treated
with ON101 versus the absorbent dressing to obtain a case of complete healing, which costed US$21,128 per complete-
healing case gained. This ICER value was below WTP threshold of US$32,788. Cost-effective findings were consistent
across sensitivity analyses, and more remarkable for patients with Wagner grade 2 ulcers, HbA1c >7%, and plantar
ulcers. All these results were similar in modified intention-to-treat set. The high upfront drug cost of ON101 could be
offset by its superior healing efficacy. Considering key prognostic factors for DFUs while optimizing the allocation of
limited healthcare budgets, ON101 should be prioritized for severe cases with poor ulcer prognosis.
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1. Introduction

D iabetic foot ulcers (DFUs) are the leading
cause of infection, lower-extremity amputa-

tion, and hospitalization among patients with dia-
betes [1]. The treatment of DFUs aims to accelerate
wound healing and closure [2]. Unfortunately,
under current practice, which generally comprises
pressure relief, debridement, infection manage-
ment, and revascularization, only 35% of DFUs heal

within 12 months, with a mean healing time of 4.4
months [3] and a recurrence rate of approximately
40% and 60% within 1 and 3 years, respectively [4].
Although adjunctive treatments (e.g., biological
agents, silver-containing dressings) are available,
they are supportive care rather than pharmaco-
therapy and often in limited use among a subset of
patients who failed optimal standard care [5].
A novel treatment for DFUs, ON101 cream, was

recently introduced to accelerate wound healing
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through the regulation of the balance between M1
and M2 macrophages and the attenuation of chronic
inflammation of diabetic wounds [6]. A multicenter
phase III clinical trial of DFU patients who had the
ulcer size between 1 and 25 cm2, lasted for at least 4
weeks, and at Wagner grade 1 or 2 demonstrated
that a 16-week treatment using ON101 generated
superior complete healing rates in the overall study
population across patients with different risk factors
for DFUs, with a shorter time to reach healing
compared to that for an absorbent dressing, and
reported no serious treatment-related adverse
events [7].
A cost-effective treatment for DFUs is urgently

needed not only for individual patients to optimize
health outcomes and enhance quality of life, but
also for healthcare systems to restrain the health
and economic burdens of DFUs [8,9]. The economic
burden associated with DFU treatments for public
and private payers was estimated to be in the range
of $9 and $13 billion annually. The annual per-pa-
tient incremental cost attributable to DFUs was
$11,710 and $16,883, respectively, for public and
private insurance [10].
In this study, we perform an economic evaluation

as a secondary analysis of the ON101 phase III trial
to provide clinicians, payers, and policy-makers
with an empiric, quantitative assessment of the
value of ON101 treatment versus an absorbent
dressing (i.e., dressing containing sodium carboxy-
methylcellulose, Aquacel; ConvaTec Ltd) for DFUs.

2. Materials and methods

2.1. Data source and description of study subjects

This study was approved by the Institutional Re-
view Board of National Cheng Kung University (B-
ER-110-080). To ensure the transparency and repro-
ducibility of the cost-effectiveness analysis (CEA),
all analyses are reported in compliance with the
Consolidated Health Economic Evaluation Reporting
Standards (CHEERS) (eTable 1 in the Supplement
(https://doi.org/10.38212/2224-6614.3537)) [11]. Sub-
jects from the full analysis set (FAS) and modified
intention-to-treat (mITT) set of the ON101 phase III
trial were analyzed [7], where the FAS comprised all
trial participants and the mITT set included only
those who met the criteria of eligible target ulcers
(eMethods in the Supplement) (https://doi.org/10.
38212/2224-6614.3537). Patient characteristics and
effectiveness data in this CEA were obtained from
the ON101 phase III trial [7] and costs were obtained
from the trial [7], literature, and Taiwan's National
Health Insurance program. The impact inventory for

this CEA from a healthcare sector perspective is
given in eTable 2 in the Supplement (https://doi.org/
10.38212/2224-6614.3537). Briefly, cost paid by a
third-party payer and by patients (i.e., out-of-pocket)
were considered in this study.

2.2. Effectiveness measure in CEA

Given its clinical relevance and increasing use in
economic evaluations related to diabetes [12,13], the
number needed to treat (NNT) was adopted in this
CEA as the measurement of treatment effectiveness
for clinical outcomes. In the light of the ON101 trial,
clinical outcomes included 1) a complete healing
event measured as a primary outcome over a 16-
week treatment course, 2) a 50% reduction in wound
surface area and infected target ulcer measured as
secondary outcomes over a 16-week treatment
course, and 3) ulcer recurrence which were ascertain
as an exploratory outcome during 12 weeks of
follow-up period. NNT was estimated based on the
cumulative incidence (CI) of clinical events in each
group (i.e., ON101 and absorbent dressing) and the
corresponding absolute risk reduction (ARR)
(eMethods in the Supplement) (https://doi.org/10.
38212/2224-6614.3537).
Moreover, the Cox proportional hazard model

with adjustment for clinically important patients’
characteristics (i.e., sex, diabetes duration, ankle-
brachial index, amputation history, ulcer size,
plantar ulcers, and exposure to metformin), which
may affect treatment outcome (e.g., healing), was
performed. The estimated hazard ratios (HRs) were
obtained and then transformed to estimate NNTs
(Equation (3), eMethods in the Supplement (https://
doi.org/10.38212/2224-6614.3537)) [14]. To support
clinical interpretations and policy decisions based
on meaningful CEA results, NNT measures were
only estimated for clinical outcomes with a statisti-
cally significant difference ( p < 0.05) between the
study groups.

2.3. Cost measure in CEA

Total healthcare costs per person with DFUs from
treatment initiation (i.e., ON101 or absorbent dres-
sing) to the end of follow-up (i.e., 28 weeks) were
assessed in each treatment group. The estimation of
costs was based on the healthcare utilization records
measured in the ON101 trial [7], including the
diagnostic fee, ON101 or absorbent dressing treat-
ment, medical services related to DFU care (i.e.,
inpatient, outpatient, and emergency service and
debridement), and co-medications (i.e., antibiotics
and glucose-lowering agents). Except for treatment
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costs which were calculated from the beginning of
trial until a healing event occurred or the end of
treatment course (i.e., 16 weeks), all medical ex-
penses were estimated over 28 weeks of the trial
period. The total treatment cost for ON101 cream
was calculated by multiplying the amounts utilized
by individual subjects with the unit cost of the
ON101 cream, provided by the pharmaceutical
company. The consumption of ON101 was based on
each subject's wound surface. The unit price of
medical service and treatment was informed by the
reimbursement scheme of Taiwan's National Health
Insurance [15].
To account for the between-group difference in

patient baseline healthcare costs, a two-step cost
adjustment approach was used [12,13]. Details can be
found in eMethods in the Supplement (Equations
(4) and (5) (https://doi.org/10.38212/2224-6614.3537)).
Costs were standardized into 2022 values using the
medical care component of Taiwan's consumer price
index [16] and then expressed inUnited States dollars
(US$) using an average exchange rate of
US$1:NT$30.98. Of note, discounting was not applied
in this CEA because only 28 weeks of the ON101 trial
period were considered as the time horizon.

2.4. Base-case and sensitivity analyses

The cost-effectiveness of ON101 relative to
absorbent dressing for DFUs was assessed using
the incremental cost-effectiveness ratio (ICER).
Briefly, an ICER was estimated as the incremental
cost of using ON101 versus absorbent dressing
multiplied by the NNT estimate for a given clinical
outcome of interest within a study period. In the
base-case CEA, the components of ICER were the
crude incremental cost during 28 weeks between
ON101 and absorbent dressing with adjustment for
baseline healthcare spending (Equations (4) and
(5), eMethods in the Supplement (https://doi.org/10.
38212/2224-6614.3537)), and NNT, which was derived
from the incidence rates (IRs) (Equations (1) and (2),
eMethods in the Supplement (https://doi.org/10.
38212/2224-6614.3537)).
Several sensitivity and subgroup analyses were

conducted. First, the ICER was re-estimated based
on the NNT estimates derived from the HRs
(Equation (3), eMethods in the Supplement (https://
doi.org/10.38212/2224-6614.3537)) and the between-
group cost difference, which was measured from
the trial recruitment until the end of observation (28
weeks of the trial period). Second, the estimation of
ICER was based on the NNT derived from IR
(Equation (2), eMethods in the Supplement (https://
doi.org/10.38212/2224-6614.3537)) with the cost

measured only from 16 weeks of the treatment
course. Third, the ICER was assessed using the NNT
calculated from HRs (Equation (3), eMethods in the
Supplement (https://doi.org/10.38212/2224-6614.
3537)) with the cost measured only from 16 weeks
of the treatment course. In addition, one-way
sensitivity analysis was performed to determine the
impact of effectiveness and the cost parameter
variation/uncertainty, which was quantified using
the 95% confidence interval of a parameter, on the
ICER results. Moreover, Wagner grade 2 ulcers, a
high HbA1c value, plantar ulcers, a large wound
area, and smoking are associated with poor wound
healing outcome [17,18]. Therefore, the CEA for the
complete healing outcome was further stratified by
these clinical characteristics, in which the effective-
ness and cost parameter data specific to each sub-
group were applied (eTable 3 in the Supplement
(https://doi.org/10.38212/2224-6614.3537)). All of the
above subgroup analyses were conducted under
both FAS and mITT settings.
As recommended for a country without a pre-

defined willingness-to-pay (WTP) threshold for
CEAs [19,20], one and three times the per capita
gross domestic product of Taiwan in 2022, namely
US$32,788 and US$98,364 respectively, were adop-
ted in this CEA as the WTP thresholds to determine
whether the use of ON101 versus absorbent dres-
sing was highly cost-effective (i.e., US$0 < ICER �
US$32,788) or cost-effective (i.e., US$32,788 <
ICER � US$98,364).

3. Results

There were 236 and 230 patients in the FAS and
mITT set, respectively. Themean (SD) age of patients
in the FAS andmITT set was 57.0 (10.9) and 57.2 (10.8)
years, respectively. The majority were male, 175
(74.2%) in the FAS and 172 (74.8%) in the mITT set.
The proportions of patients with Wagner grade 2
ulcers, plantar ulcers, and current smoking, andusing
insulin in the FAS and mITT set were similar (77.9%,
49.6%, 23.0%, and 57.0%, respectively).
Table 1 presents the crude IRs of DFU-related

events for the FAS and mITT subjects. Compared to
absorbent dressing, the IRs in the ON101 group were
higher for beneficial events (i.e., complete healing, a
50% reduction in wound surface area) and lower for
harmful events (i.e., ulcer infection and recurrence).
Only complete healing showed a statistically signif-
icant difference between the two groups; that is,
patients with ON101 compared to those using
absorbent dressing had better complete healing
rates, with ARRs for FAS and mITT subjects of �0.19
and �0.21, respectively, and adjusted HRs for FAS
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Table 1. Disaggregated results for diabetic-foot-ulcer-related clinical outcomes associated with 16-week treatment course of ON101 versus absorbent dressing in 28-week study period.

Incidence rate per
1,000 person-weeks

Estimated cumulative
incidence

Mean
follow-up
time (weeks)

ARR Adjusted HR
(95% CIs)a

NNTb,c NNTb,d

ON101 Absorbent
dressing

ON101 Absorbent
dressing

Full analysis set (n ¼ 236)

Complete healing 50.25 26.29 0.47 0.28 12.69 �0.19f 2.01 (1.36, 2.97)g �5.33 (�15.02, �3.24) �4.07 (�8.83, �2.90)
50% reduction in WSA 51.74 53.73 0.56 0.58 16.00 0.01 1.08 (0.35, 3.34) N/A N/A
Infection of target ulcer 3.16 3.94 0.05 0.06 15.58 0.01 0.94 (0.70, 1.24) N/A N/A
Ulcer recurrence e 13.80 12.02 0.18 0.16 14.64 �0.02 1.52 (0.58, 3.98) N/A N/A

Modified intention to treat (n ¼ 230)

Complete healing 51.38 25.24 0.48 0.27 12.72 �0.21f 2.14 (1.44, 3.18)g �4.87 (�12.06, �3.05) �3.78 (�7.75, �2.79)
50% reduction in WSA 52.44 53.57 0.57 0.58 16.00 0.01 0.70 (0.20, 2.47) N/A N/A
Infection of target ulcer 2.17 4.01 0.03 0.06 15.59 0.03 0.97 (0.73, 1.29) N/A N/A
Ulcer recurrence e 14.01 10.75 0.19 0.15 14.68 �0.04 1.77 (0.64, 4.91) N/A N/A

Abbreviations: HR, hazard ratio; CI, confidence interval; ARR, absolute risk reduction; NNT, number needed to treat; WSA, wound (ulcer) surface area; N/A, not applicable.
a Adjusted for patient baseline characteristics (i.e., sex, diabetes duration, ankle-brachial index, amputation history, ulcer size, plantar ulcers, and exposure to metformin).
b NNT estimate was only estimated for study outcomes with a statistically significant difference between the two treatment groups (i.e., p-value of incidence rate <0.05 or p-value of

hazard ratio <0.05). A negative value of NNT indicates the number of patients needed to be treated with ON101 versus absorbent dressing to gain a case with beneficial results (i.e.,
complete healing) in time t.
c NNT was estimated based on the incidence rate.
d NNT was measured based on the survival probabilities derived from Cox proportional model analysis with adjustment for clinically significant factors.
e Ulcer recurrence was only estimated from patients having complete healing. The number of patients with ulcer recurrence were 114 and 111 in the full analysis set and modified

intention to treat set, respectively.
f p < 0.05.
g p < 0.001.
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and mITT subjects of 2.01 and 2.14, respectively. The
NNT estimates derived from IRs were similar to
those calculated based on adjusted HRs.
Table 2 shows that the crude medical cost per

patient in the ON101 group was higher than that for
patients using absorbent dressing (in FAS setting:
US$4,458.95 versus US$668.64; in mITT setting:
US$4,551.55 versus US$671.53). The higher cost in
the ON101 group was mainly attributed to the
higher acquisition cost of ON101 treatment. The
expenses for using a dressing (i.e., absorbent dres-
sing in a 12-week follow-up period) and wound
drainage (i.e., during 28 weeks of the study period)
in the ON101 group were lower than those for the
absorbent dressing group (i.e., in the FAS setting,
the costs of using absorbent dressing were US$88.32
versus US$116.19 and the costs of wound drainage
were US$7.60 versus US$10.39 for the ON101 and
absorbent dressing groups, respectively). Never-
theless, the adjusted costs per user in the ON101
group were US$3,967.42 and US$4,054.79 higher
than those in the absorbent dressing group under
the FAS and mITT settings, respectively.
The results of ICER in the base-case and sensitivity

analyses are summarized in Table 3. Against a WTP
threshold of US$32,788 (i.e., Taiwan's per capita gross
domestic product), the base-case analysis indicated
that using ON101 versus absorbent dressing was

highly cost-effective for a complete healing outcome;
that is, 6 and 5 patients would need to be treated with
ON101 for a mean follow-up of 12.69 and 12.72 weeks
to obtain one case of complete healing, resulting in
US$21,128 and US$19,757 per case of complete
healing gained under the FAS and mITT settings,
respectively. The sensitivity analysis results for both
the FAS and mITT settings (with ICER estimates
ranging from US$15,344 to US$21,262 per case of
complete healing gained) are consistent with the
base-case analysis findings.
The complete healing rate in the ON101 group

was generally higher than that in the absorbent
dressing group across all subgroups (eTable 3 in
the Supplement (https://doi.org/10.38212/2224-6614.
3537)), suggesting that approximately 4e7 patients
would need to be treated with ON101 relative to
absorbent dressing to gain one case of complete
healing under the FAS and mITT settings, with the
most favorable result obtained for patients with
plantar ulcers in the mITT setting (NNT: �3.70).
eTable 4 in the Supplement (https://doi.org/10.38212/
2224-6614.3537) shows that the between-group dif-
ference in adjusted medical costs is in the ranges of
US$3,348 to US$5,482 and US$3,463 to US$5,463
across the subgroups under the FAS and mITT set-
tings, respectively. The obtained incremental costs of
ON101 compared to absorbent dressing in both the

Table 2. Disaggregated results of adjusted medical costs per patient over 28 weeks of study period for cost-effectiveness analysis.

ON101 cream
(per person, US$)

Absorbent dressing
(per person, US$)

DCost
(/person, US$)

Full analysis set (n ¼ 236)

Baseline healthcare costs 797.67 735.87 61.80
Crude total medical costs during 28 weeks of study period 4,458.95 668.64 3,790.31

Cost of using ON101/absorbent dressing in a 16-week treatment period 4,193.80 391.00 3,802.80
Costs of using antibiotics in a 16-week treatment period 23.04 8.72 14.32
Costs of using absorbent dressing in a 12-week follow-up period 88.32 116.19 �27.87
Costs of outpatient visits during 28 weeks of study period 146.18 142.34 3.84
Costs of wound (ulcer) drainage during 28 weeks of study period 7.60 10.39 �2.79

Adjusted total medical costs during 28 weeks of study perioda 4,669.35 701.93 3,967.42

Modified intention to treat (n ¼ 230)

Baseline healthcare costs 805.08 737.10 67.99
Crude total medical costs during 28 weeks of study period 4,551.55 671.53 3,880.02

Cost of using ON101/absorbent dressing in a 16-week treatment period 4,289.36 396.30 3,893.06
Costs of using antibiotics in a 16-week treatment period 19.70 3.94 15.75
Costs of using absorbent dressing in a 12-week follow-up period 87.66 118.27 �30.60
Costs of outpatient visits during 28 weeks of study period 146.98 142.50 4.47
Costs of wound (ulcer) drainage during 28 weeks of study period 7.86 10.52 �2.65

Adjusted total medical costs during 28 weeks of study perioda 4,759.83 705.04 4,054.79

Abbreviations: DCost, difference in costs per subject between ON101 and absorbent dressing groups over 28 weeks of study period.
Note: Except for drug acquisition cost derived from Huang et al.,7 all costs were informed from the reimbursement scheme of Taiwan's
National Health Insurance.
a Costs were measured from the recruitment of trial to withdrawal from trial, or the end of study (in a total of 28 weeks, which

comprised 16 weeks of treatment and 12 weeks of follow-up), whichever came first. The total medical costs were adjusted for patients'
baseline medical costs and clinical characteristics (i.e., age, gender, diabetes duration, complications [including myocardial infarction,
ischemic heart disease, heart failure, arrhythmia, nephropathy, retinopathy, neuropathy, hypoglycemia, peripheral vascular disease],
and treatments [including insulin and oral antidiabetic drug exposure]) using multivariable regression model analyses.
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FAS and mITT settings among the subgroup analyses
were generally higher than those (US$3,967.42 for
FAS and US$4,054.79 for mITT) in the base-case
analysis of overall study population, except for the
subgroups of patients with HbA1c >7%, non-plantar
ulcers, wound area�5 cm2, and non-current smokers.
The subgroup CEA results (i.e., ICERs) are given in
eFig. 1 in the Supplement (https://doi.org/10.38212/
2224-6614.3537).
Fig. 1 summarizes the results of a one-way

sensitivity analysis of the uncertainty (quantified
using the 95% confidence interval) of effectiveness
and cost parameters for a complete healing
outcome. Generally, the ICER estimates were more
sensitive to changes in cost parameters compared to
the effectiveness data. As a result, using ON101
versus absorbent dressing remained highly cost-
effective (i.e., ICER � US$32,788) or cost-effective
(i.e., ICER � US$98,364) for complete healing across
the sensitivity analyses using different effectiveness
parameters. Moreover, the break-even analysis
(Fig. 2) shows that if the per tube cost of ON101
doubles, using ON101 remains cost-effective
compared to absorbent dressing.

4. Discussion

This economic analysis using empirical data from
a randomized clinical trial supports the cost-

effectiveness of using ON101 versus absorbent
dressing. Such promising economic results are
consistent across sensitivity analyses using different
settings and estimations of effectiveness and cost
parameters and subgroup analyses stratified by
clinically significant characteristics for DFU pro-
gression (i.e., Wagner grade, HbA1c value, plantar
ulcers, wound area, and smoking status). These re-
sults thus strengthen the validity of the cost-effec-
tiveness of using ON101 for the treatment of DFUs
through enhanced wound healing. In fact, the cost-
effectiveness of promoting wound healing through
other DFU intervention strategies (e.g., TLC-NOSF
dressing [21], becaplermin [22]) has been reported
previously.
The results of one-way sensitivity analyses (Fig. 1)

suggest that the economic analyses were robust
across different estimations of effectiveness param-
eters and sensitive to changes in the cost parame-
ters. That is, the range and magnitude of the
variation in ICERs caused by changes in the cost
parameters were considerably larger than those
derived from different estimations of NNTs (Fig. 1).
Moreover, the difference in healthcare costs be-
tween the 16 weeks of the treatment course and the
28 weeks of the trial period is minimal (e.g., crude
costs in 16 weeks and 28 weeks under the FAS
setting in the ON101 group are US$4,626.38 versus
US$4,737.37 per case). A large proportion of the

Table 3. Results of cost-effectiveness analysis of ON101 versus absorbent dressing for complete healing outcome over mean follow-up period of 12.69
and 12.72 weeks under FAS and mITT settings, respectively.

Scenario settingb Number
needed to
treat (NNT)a

DC per person
between
groups (US$)

Costs per case of
complete healing gained
over 16 weeks (US$)

Full analysis set (n ¼ 236)

Base-case analysis �5.33 3,967.42 21,127.73
First sensitivity analysis �4.07 3,967.42 16,143.61
Second sensitivity analysis �5.33 3,992.61 21,261.89
Third sensitivity analysis �4.07 3,992.61 16,246.12

Modified intention to treat (n ¼ 230)

Base-case analysis �4.87 4,054.79 19,756.75
First sensitivity analysis �3.78 4,054.79 15,343.95
Second sensitivity analysis �4.87 4,083.24 19,895.38
Third sensitivity analysis �3.78 4,083.24 15,451.62

Abbreviation: HR, hazard ratio.
1. Base-case analysis: NNT was derived from incidence rate with the between group difference in medical costs (DC) measured from the
trial recruitment until the end of trial.
2. First sensitivity analysis: NNT was derived from adjusted hazard ratio estimates with the between group difference in medical costs
(DC) measured from the trial recruitment until the end of trial.
3. Second sensitivity analysis: NNT was derived from incidence rate with the between group difference in medical costs (DC) measured
from 16 weeks of treatment course.
4. Third sensitivity analysis: NNT was derived from adjusted hazard ratios with the between group difference in medical costs (DC)
measured from 16 weeks of treatment course.
a Negative NNT value refers to fewer patients required to be treated by ON1010 versus absorbent dressing to obtain a case with

complete healing.
b Each analysis varied by the estimation of effectiveness (i.e., NNT) and cost parameters, which are as follows.
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healthcare costs in the 16 weeks of the treatment
course was contributed by the treatment (i.e.,
ON101). Therefore, one can expect that the drug
acquisition cost of ON101 was the key factor in the
economic analyses. However, the break-even cost

analysis suggests that the use of ON101 would
remain cost-effective even if its cost is doubled.
Consistent with the results for all study patients, a

superior complete healing effect of ON101 versus
absorbent dressing (supported by statistically

Fig. 1.One-way sensitivity analysis for impact of cost and effectiveness parameter variations (quantified by 95% CIs) on ICER for complete
healing outcome. Abbreviations: FAS, full analyses set; mITT, modified intention to treat; HR, hazard ratio; ICER, incremental cost-effectiveness
ratio; WTP, willingness-to-pay; CI, confidence interval. Notes: 1. One-way sensitivity analysis was only conducted for clinical outcome with sta-
tistically significant difference between treatment (i.e., healing outcome). 2. For complete healing outcome, there were mean follow-ups of 12.69 and
12.72 weeks under FAS and mITT settings, respectively. 3. The lower and upper bounds of 95% confidence interval from the effectiveness estimates
(i.e., incidence rate and HR) were utilized to calculate the minimum and maximum values of NNT. The Wald method was applied to determine the
minimum and maximum values for the cost parameters (including costs in the 16-week treatment course and costs in overall 28-week trial period).
Black solid dot indicates the point estimate of ICER. The range for the black solid dot (i.e., ICER estimate) were calculated using the minimum and
maximum values of NNT and of the cost parameters under different settings (i.e., FAS or mITT). 4. The baseline medical cost was not examined in
one-way sensitivity analysis because it was estimated based on patient baseline characteristics using a regression model analysis (Chen et al. 2020),
where between-group difference in baseline characteristics (i.e., ON101 and Absorbent dressing) was relatively small.

Fig. 2. Break-even analysis for ON101 treatment cost. Abbreviations: FAS, full analyses set; mITT, modified intention to treat; ICER, incremental
cost-effectiveness ratio; WTP, willingness-to-pay. Note: ICER estimates were calculated based on the effectiveness estimated from the number needed
to treat for complete healing event and the costs derived from 28 weeks of trial period.
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significant ARR estimates) was found across the
subgroups of patients, with greater healing efficacy
(i.e., larger magnitudes of ARR and lower NNTs)
among those with severe ulcers, foot plantar ulcers,
and poor glycemic control compared to their coun-
terparts and even the overall study population (e.g.,
ARRs/NNTs in the FAS setting for patients with
wound area >5 cm2, wound area �5 cm2, and all
study patients are �0.25/�3.99, �0.16/�6.44, and
�0.19/�5.33, respectively; eTable 3 in the Supple-
ment (https://doi.org/10.38212/2224-6614.3537)).
Furthermore, the results of subgroup economic an-
alyses not only corroborate the base-case analysis
findings but also suggest the subgroup of patients
who can most benefit from ON101 intervention. That
is, the ICERs of the subgroup analyses were gener-
ally comparable to or lower than those of the base-
case analysis (eFig. 1 in the Supplement (https://doi.
org/10.38212/2224-6614.3537)), showing the high cost-
effectiveness of using ON101 versus absorbent dres-
sing for accelerating wound healing. In addition,
compared to other subgroups, the smaller variations
(in terms of 95% confidence intervals) in ICER esti-
mates among patients with Wagner grade 2 ulcers,
HbA1c >7%, and plantar ulcers, which are associated
with poor ulcer progression or delayed wound heal-
ing time [17,18,23], imply that the economic benefit of
ON101 therapy among these patients is most robust
and prominent. Hence, given limited healthcare re-
sources and restrained budgets, these findings are
important for supporting health policy-makers for
the prioritization of ON101 treatment for patients at
high risk for poor progression of ulcer wounds.
According to clinical treatment recommendations

for DFUs, the primary goal is to achieve wound
healing in a timely manner to prevent undesired
consequences and complications (e.g., infection,
amputation) [2]. This highlights the importance of
prompt intervention to achieve this goal in the early
stages of DFU development [24]. The present eco-
nomic analysis found that the total medical costs for
patients with minor ulcers (i.e., wound area �5 cm2,
Wagner grade of 1) were lower compared to those
for patients with major or severe ulcers (i.e., wound
area >5 cm2, Wagner grade of 2). The medical costs
in 12 weeks of follow-up for the ON101 group were
generally lower than those for the absorbent dres-
sing group, implying lower subsequent healthcare
consumption for ON101-treated patients owing to
the prompt wound control achieved by the treat-
ment. This economic analysis thus supports the
prompt use of ON101 for early DFU cases (e.g., pa-
tients with minor ulcers in term of size and severity)
to ease the economic burden on the healthcare sys-
tem through faster wound healing and reduce the

downstream medical costs associated with the com-
plications of DFUs (e.g., amputations).
The present study had some unique and

strengths. First, the trial-based CEA supplements
the previous model-based CEA findings [25] to
support rational use of ON101. Specifically, the
timeframe of this trial-based CEA was aligned with
the follow-up length of its original clinical trial (i.e.,
28 weeks) to deliver the economic benefit of the
treatment which reflects the ideal setting (i.e.,
optimal treatment in the trial) and captures imme-
diate and meaningful clinical outcomes (e.g., healed
events typically occurring in one to six months)
following the treatment. In particular, NNT, which
is an intrinsically understandable metric and widely
adopted across different disease types [13,26,27],
was used to quantify the effectiveness of treatment
in this trial-based economic analysis, which there-
fore enhances the understanding and interpretation
of economic results for clinicians and facilitates de-
cision-making in clinical practice. In contrast,
the model-based CEA often requires multiple
data sources and assumptions, and is typically
conducted to estimate long-term economic conse-
quences following the intervention of interest
(i.e., ON101) with adoption of a generic measure
of health burden, namely quality-adjusted life
years (QALYs), as the main effectiveness outcome to
quantify the overall treatment impact over a per-
son's disease journey. Therefore, although the re-
sults from these two types of CEAs which focused
on different aspects of economic outcomes of ON101
from the short-term or long-term time horizon and
adopted different input parameters (e.g., costs) and
outcome measures (e.g., healed event versus
QALYs) might not be compared directly, they are
complimentary and can be taken together to sup-
port the clinical decision for adoption of ON101.
Moreover, this trial-based CEA has several

methodology strengths against the model-based
CEA to enhance the validity of economic results.
Specifically, unlike model-based economic studies
[25] in which target populations, disease progres-
sion states, and treatment consequences are gener-
ally presumed based on data from multiple sources,
this economic study adopted empirical data from a
randomized clinical trial. Therefore, the concern
regarding heterogeneity and uncertainty of study
parameters in this CEA is negligible; the internal
validity of the economic findings is thus improved.
Several methodological enhancements were also
adopted, including 1) different approaches for the
estimation of NNTs (i.e., IR- or HR-based) were
performed and consistent findings supported the
study validity, 2) log-transformation was adopted to
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reduce the skewness of cost data, and 3) a regression
model-based adjustment for the between-group
difference in the baseline medical costs was per-
formed to eliminate the possibility of influence from
patient baseline characteristics.
However, several limitations should be acknowl-

edged. First, effectiveness measurements in this
cost-effectiveness analysis were aligned with the
clinical trial setting of ON101 which had a limited
study period (i.e., 28 weeks). Also, NNTs, common
effectiveness metrics in economic analyses, are
typically applied for clinical events or outcomes
with statistically significant difference between
treatment groups (e.g., healing event in this study).
So, inference from this within-trial economic anal-
ysis findings might not be extended to the DFU
outcome which was clinically meaningful but not
statistically significant between treatments under a
short follow-up period (e.g., ulcer recurrence).
Hence, future analyses which consider long-term
clinical outcomes (e.g., ulcer recurrence, amputa-
tion) of DFU treatments are warranted. Second,
regarding the nature of the trial design, our study
subjects were well-controlled or closely monitored
cases, which may result in limited generalizability to
real-world settings where patients’ adherence to
DFU treatments and care is suboptimal and thus
compromises DFU prognosis. Third, this economic
analysis was based on trial data with a relatively
small sample size and thus concern regarding the
precision of the results might not be fully elimi-
nated. Such a concern would be even amplified in
the subgroup analyses with very small patient
numbers. Hence, future economic analyses based
on the data derived from large-scale patient pop-
ulations comprising diverse clinical characteristics
in real-world settings are warranted to confirm our
findings. However, patients with Wagner grade 2
ulcers accounted for the majority of the trial popu-
lation with DFUs (78%); this proportion is close to
the distribution of Wagner grades among real-world
patients with DFUs [28]. Fourth, since the costs in
this study were derived from the trial data, the po-
tential protocol-driven costs [29] have been consid-
ered. However, only direct medical utilization/
medications and associated costs related to man-
agement of DFUs and T2D were included in the
analyses. The resource utilization and costs used to
identify or recruit the trial participants, as part of the
protocol-driven costs, were not included in the an-
alyses. The monitoring and testing performed for
the trial participants were not more regular than
those occurring in the usual clinical practice. Also,
the cost of ON101 treatment was measured ac-
cording to the actual consumption specific to the

ulcer size of the trial participants. Fifth, Due to the
unavailability of the well-established WTP
threshold for the complete healing cases, one to
three times the per capita gross domestic product as
commonly recommended in Taiwan and worldwide
[19,20] were thus adopted in this economic analysis.
Future research may be needed to estimate the WTP
threshold specific for clinically meaningful out-
comes in some disease populations of interest.
Lastly, this CEA from a healthcare sector perspec-
tive did not include costs from informal healthcare
and non-healthcare sectors.

5. Conclusions

Compared to absorbent dressing, the greater
pharmaceutical costs associated with ON101 for
DFUs are substantially offset by its benefit of
enhancing wound healing. This benefit is more
remarkable for patients with Wagner grade 2 ulcers,
HbA1c >7%, and plantar ulcers, suggesting the pri-
oritization of ON101 to severe cases and the rational
use of ON101 with consideration of the key prog-
nostic factors for DFUs. Prompt intervention with
ON101 for early development of DFUs should be
considered as it would reduce unnecessary medical
consumption for wound care and alleviate down-
stream medical costs attributable to adverse
complications.

Author contributions

H.Y.S. designed the study, performed the literature
review, analyzed and interpreted the data, and wrote
the manuscript. C.Y.Y. designed the study, analyzed
and interpreted the data, and wrote the manuscript.
Y.H.C. analyzed and interpreted the data. H.T.O.
provided study materials, designed the study, inter-
preted the data, and wrote the manuscript. S.G.C.
reviewed and edited the manuscript. J.C.C. reviewed
and edited the manuscript. H.J.H. reviewed and
edited the manuscript. S.K. designed the study,
performed the literature review, interpreted the data,
and reviewed and edited the manuscript. All authors
approved the final manuscript.

Availability of data and material

All data and material relevant to this analysis are
presented in the outlined publication and supple-
mentary information.

Funding

The Ministry of Science and Technology in
Taiwan (grant MOST 109-2320-B-006-047-MY3)

JOURNAL OF FOOD AND DRUG ANALYSIS 2024;33:21e30 29

O
R
IG

IN
A
L
A
R
T
IC

L
E



(Huang-Tz Ou) and Oneness Biotech Co., Ltd.
(Huang-Tz Ou) funded this study. None of the
funders had a role in the design and conduct of the
study; collection, management, analysis, or inter-
pretation of the data; or preparation of the manu-
script. Oneness Biotech Co., Ltd. was involved in the
review and approval of the manuscript.

Conflict of interest

Huang-Tz Ou received a grant from Oneness
Biotech Co., Ltd. Shyi-Gen Chen, Jui-Ching Chen,
and Hui-Ju Ho are affiliated with Oneness Biotech
Co., Ltd. No other disclosures are reported.

References

[1] Jupiter DC, Thorud JC, Buckley CJ, Shibuya N. The impact of
foot ulceration and amputation on mortality in diabetic pa-
tients. I: from ulceration to death, a systematic review. Int
Wound J 2016;13:892e903.

[2] Ibrahim A. IDF clinical practice recommendation on the
diabetic foot: a guide for healthcare professionals. Diabetes
Res Clin Pract 2017;127:285e7.

[3] Guest JF, Fuller GW, Vowden P. Diabetic foot ulcer man-
agement in clinical practice in the UK: costs and outcomes.
Int Wound J 2018;15:43e52.

[4] Armstrong DG, Boulton AJM, Bus SA. Diabetic foot ulcers
and their recurrence. N Engl J Med 2017;376:2367e75.

[5] Rayman G, Vas P, Dhatariya K, Driver V, Hartemann A,
Londahl M, et al. Guidelines on use of interventions to
enhance healing of chronic foot ulcers in diabetes (IWGDF
2019 update). Diabetes Metab Res Rev 2020;36:e3283.

[6] Lin CW, Chen CC, Huang WY, Chen YY, Chen ST,
Chou HW, et al. Restoring prohealing/remodeling-associated
M2a/c macrophages using ON101 accelerates diabetic wound
healing. JID Innov 2022;2:100138. Published 2022 Jun 2.

[7] Huang YY, Lin CW, Cheng NC, Cazzell SM, Chen HH,
Huang KF, et al. Effect of a novel macrophage-regulating
drug on wound healing in patients with diabetic foot ulcers:
a randomized clinical trial. JAMA Netw Open 2021;4:
e2122607. Published 2021 Sep 1.

[8] Sorber R, Abularrage CJ. Diabetic foot ulcers: epidemiology
and the role of multidisciplinary care teams. Semin Vasc
Surg 2021;34:47e53.

[9] Crocker RM, Palmer KNB, Marrero DG, Tan TW. Patient
perspectives on the physical, psycho-social, and financial
impacts of diabetic foot ulceration and amputation. J Diabet
Complicat 2021;35:107960.

[10] Rice JB, Desai U, Cummings AK, Birnbaum HG,
Skornicki M, Parsons NB. Burden of diabetic foot ulcers for
medicare and private insurers [published correction appears
in Diabetes Care. 2014 Sep;37:2660]. Diabetes Care 2014;37:
651e8.

[11] Husereau D, Drummond M, Augustovski F, de Bekker-
Grob E, Briggs AH, Carswell C, et al. Consolidated Health
Economic Evaluation Reporting Standards 2022 (CHEERS
2022) statement: updated reporting guidance for health
economic evaluations. BJOG 2022;129:336e44.

[12] Yang CY, Chen YR, Ou HT, Kuo S. Cost-effectiveness of
GLP-1 receptor agonists versus insulin for the treatment of
type 2 diabetes: a real-world study and systematic review.
Cardiovasc Diabetol 2021;20:21. Published 2021 Jan 19.

[13] Lee TY, Kuo S, Yang CY, Ou HT. Cost-effectiveness of long-
acting insulin analogues vs intermediate/long-acting human

insulin for type 1 diabetes: a population-based cohort fol-
lowed over 10 years. Br J Clin Pharmacol 2020;86:852e60.

[14] Lee EW, Wei LJ, Amato DA, Leurgans S. Cox-Type regres-
sion analysis for large numbers of small groups of correlated
failure time observations. In: Klein JP, Goel PK, editors.
Survival analysis: state of the art. Nato science, vol. 211.
Dordrecht: Springer; 1992.

[15] National Health Insurance Administration, Ministry of
Health and Welfare. Updated November 28, 2022. Accessed
December 31, 2022. https://www.nhi.gov.tw/QueryN_New/
QueryN/Query4.

[16] Consumer Price Index. National statistics, R.O.C (Taiwan).
https://eng.stat.gov.tw/public/data/dgbas03/bs3/english/
cpiidx.xls. [Accessed 31 December 2022].

[17] Rossboth S, Lechleitner M, Oberaigner W. Risk factors for
diabetic foot complications in type 2 diabetes-A systematic
review. Endocrinol Diabetes Metab 2020;4:e00175. Published
2020 Aug 17.

[18] Jalilian M, Ahmadi Sarbarzeh P, Oubari S. Factors related to
severity of diabetic foot ulcer: a systematic review. Diabetes
Metab Syndr Obes 2020;13:1835e42. Published 2020 May 25.

[19] Marseille E, Larson B, Kazi DS, Kahn JG, Rosen S. Thresh-
olds for the cost-effectiveness of interventions: alternative
approaches. Bull World Health Organ 2015;93:118e24.

[20] Guidelines of methodological standards for pharmacoeco-
nomic evaluations [Internet]. Taiwan: center for drug eval-
uation. 2013 [cited 2024 May, 24]. Available from: https://
www.cde.org.tw/HTA/.

[21] Maunoury F, Oury A, Fortin S, Thomassin L, Bohbot S. Ex-
plorer Study. Cost-effectiveness of TLC-NOSF dressings
versus neutral dressings for the treatment of diabetic foot
ulcers in France. PLoS One 2021;16:e0245652. Published 2021
Jan 22.

[22] Waycaster CR, Gilligan AM, Motley TA. Cost-effectiveness
of becaplermin gel on diabetic foot ulcer Healing changes in
wound surface area. J Am Podiatr Med Assoc 2016;106:
273e82.

[23] Kee KK, Nair HKR, Yuen NP. Risk factor analysis on the
healing time and infection rate of diabetic foot ulcers in a
referral wound care clinic. J Wound Care 2019;28:S4e13.

[24] Frykberg RG. Diabetic foot ulcers: pathogenesis and man-
agement. Am Fam Physician 2002;66:1655e62.

[25] Su HY, Yang CY, Ou HT, Chen SG, Chen JC, Ho HJ, et al.
Cost-effectiveness of novel macrophage-regulating treat-
ment for wound healing in patients with diabetic foot ulcers
from the Taiwan health care sector perspective. JAMA Netw
Open 2023 Jan 3;6:e2250639.

[26] Massoudi M, Balk M, Yang H, Bui CN, Pandya BJ, Guo J,
et al. Number needed to treat and associated incremental
costs of treatment with enzalutamide versus abiraterone
acetate plus prednisone in chemotherapy-naïve patients with
metastatic castration-resistant prostate cancer. J Med Econ
2017;20:121e8.

[27] Anderson D, Lehmann J, Ecker T, Vosgerau S, Donatz V.
Kosteneffektivit€at von GnRH-Antagonisten bei Patienten mit
Prostatakarzinom und kardiovaskul€arem Risiko : Ver-
gleichende Analyse gegenüber Leuprorelin anhand der
Number Needed to Treat [Cost effectiveness of GnRH an-
tagonists in patients with prostate cancer and cardiovascular
risk : Comparative analysis against Leuprorelin by the
Number Needed to Treat] [published correction appears in
Urologe A. 2017 Jun 19;:]. Urologe A 2017;56:917e24.

[28] Sun JH, Tsai JS, Huang CH, Lin CH, Yang HM, Chan YS,
et al. Risk factors for lower extremity amputation in diabetic
foot disease categorized by Wagner classification. Diabetes
Res Clin Pract 2012;95:358e63.

[29] Coyle D, Lee KM. The problem of protocol driven costs in
pharmacoeconomic analysis. Pharmacoeconomics 1998 Oct;
14:357e63.

30 JOURNAL OF FOOD AND DRUG ANALYSIS 2024;33:21e30

O
R
IG

IN
A
L
A
R
T
IC

L
E

https://www.nhi.gov.tw/QueryN_New/QueryN/Query4
https://www.nhi.gov.tw/QueryN_New/QueryN/Query4
https://eng.stat.gov.tw/public/data/dgbas03/bs3/english/cpiidx.xls
https://eng.stat.gov.tw/public/data/dgbas03/bs3/english/cpiidx.xls
https://www.cde.org.tw/HTA/
https://www.cde.org.tw/HTA/

	Within-trial cost-effectiveness of novel macrophage-regulating treatment on wound healing in patients with diabetic foot ulcers
	Within-trial cost-effectiveness of novel macrophage-regulating treatment on wound healing in patients with diabetic foot ulcers
	Authors

	Within-trial cost-effectiveness of novel macrophage-regulating treatment on wound healing in patients with diabetic foot ulcers
	1. Introduction
	2. Materials and methods
	2.1. Data source and description of study subjects
	2.2. Effectiveness measure in CEA
	2.3. Cost measure in CEA
	2.4. Base-case and sensitivity analyses

	3. Results
	4. Discussion
	5. Conclusions
	Author contributions
	Availability of data and material
	Funding
	Conflict of interest
	Conflict of interest
	References


