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Significance: Diabetic foot ulcers (DFU) significantly add to global economic,
social, and clinical burdens. Healing a DFU fast and well limits complications
that can lead to lower extremity amputation, morbidity, and mortality.
Recent Advances: Many promising topical DFU healing agents have been
studied in randomized clinical trials (RCT), but only one, becaplermin, has been
cleared for this use by the United States Food and Drug Administration (FDA).
Critical Issues: This critical review of DFU topical healing RCTs summarizes
issues identified in their design and conduct, highlighting ways to improve
study quality so researchers can increase the likelihood of RCT success in
propelling effective topical DFU healing agents toward clinical use. Key issues
include (1) inadequate sample size, (2) risk of bias, (3) irrelevant or unreported
inclusion criteria, (4) substandard outcome measures, (5) unmatched group
characteristics that predict nonhealing at baseline, (6) unequal or uncontrolled
concurrent interventions or standard of care, (7) heterogeneous subject or DFU
samples (8) unblinded allocation, treatment, or outcome measures, or (9) in-
adequate follow-up for clinical relevance. These can add bias or unexplained
variability to RCT outcomes, limiting clinical or statistical significance and
accuracy of results.
Future Directions: This critical review summarizes ways to overcome these
deficiencies to optimize DFU clinical trial design and conduct. It provides a
blueprint for future excellence in RCTs testing safety and efficacy of topical
DFU healing agents and smoothing the path to their clinical use.

SCOPE AND SIGNIFICANCE

Developing a topical diabetic

foot ulcer (DFU) healing agent re-
quires care. Once preclinical efficacy,
safety, purity, consistency, and deliv-
ery are established, the agent’s safety
and efficacy must be supported with
rigorous, relevant, credible random-
ized clinical trials (RCTs) meeting
recognized standards. One flaw can
invalidate RCT results, reducing the
sponsor’s credibility at great costs of
money and time that few can afford.
This review summarizes recognized
standards of RCT design and conduct
to answer the safety and efficacy
questions typically raised by health

care professionals and authorities re-
sponsible for regulatory clearance and
reimbursement of topical DFU heal-
ing agents.

TRANSLATIONAL RELEVANCE

Years of preclinical translational
research lay scientific foundations for
active topical DFU healing agents,
generating hypotheses, guiding de-
velopment, and supporting the agent’s
safety and efficacy in treating models
of diabetic wounds, but diabetic mice
don’t walk on neuropathic foot ulcers
as patients often do on their DFUs.
Only well designed, well-conducted,
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prospective double-blind RCTs can determine
without bias whether the agent works safely on
clinical DFUs and improves clinical outcomes more
than an identical placebo used with identical good
standard of care (SOC) procedures. This review
highlights DFU RCT quality methods to optimize
the transition from preclinical to clinical product
development.

CLINICAL RELEVANCE

A relevant, well designed, conducted, analyzed,
and reported RCT can determine safety and effi-
cacy of a topical DFU healing agent in improving
clinical, economic, or patient-oriented outcomes
beyond those afforded by best evidence-based
standardized care. Its outcomes can support regu-
latory clearance, reimbursement, and clinical ed-
ucation about its use on DFU patients similar to
those studied.

DFU RCTs widely vary in quality of design,
conduct, and outcomes reporting, raising difficul-
ties in discerning the comparative value an agent
adds to DFU management. This review summa-
rizes elements of topical DFU healing agent RCT
excellence encouraging improvement in study de-
sign, conduct, analysis, and reporting.

BACKGROUND
Problem

DFUs are a serious source of morbidity and
mortality associated with the global diabetes epi-
demic,1 challenging patients, clinicians, health
care systems, and nations.2 DFU healing restores a
patients’ quality of life3 and reduces likelihood of
complications that can lead to lower extremity
amputation and ensuing 5-year mortality rates ex-
ceeding those of some of the most deadly cancers.4,5

Many promising topical DFU healing agents in
clinical development aim to heal DFU before patients
enter this lethal progression. These greatly needed
breakthroughs pass from hypothesis through pre-
clinical verification and clinical observation culmi-
nating in rigorous Phase II and Phase III prospective
RCTs proving safety and efficacy before they are
cleared for clinical use to help heal DFUs. Once a
safe, effective agent is cleared for use, its support-
ing RCTs can further help encourage clinical use
through education and reimbursement. A flawed
early RCT can jeopardize development of a prom-
ising DFU healing agent, with rarely a second
chance to prove its worth. Rigorous standards of
RCT quality have been published,6 but are not al-
ways used in design or conduct of DFU RCTs.

Problems arise when researchers apply the less
rigorous methods of pre-RCT observations to the
conduct of Phase II and III RCTs, resulting in their
low quality. One can hardly expect a flawed study to
reveal unbiased facts about an agent’s safety or ef-
ficacy. Biasing either subject allocation to groups,
treatment methods, outcomes measurement, or re-
porting may reveal what one wants to hear and
improve the likelihood of temporary funding, but it
does not lead to sustainable clinical benefit, funding,
or profit.

The history of wound healing is replete with low
quality ‘‘RCTs’’ that falsely augured healing effi-
cacy others could not replicate. These wasted time,
energy, and funds that could have been used better
to guide wound care into a scientifically enlight-
ened era of practice, informing wound care pa-
tients, professionals, industry, and governments
about agents that work safely so all flourish.

Recognized principles (Table 1) support RCT high
evidence quality7–11 for Phase II and III studies of
topical active agents for healing DFU. RCTs apply-
ing these principles may be expected to yield more
accurate, less biased information about efficacy,
safety, or patient acceptability, the essential pillars
supporting clinical and commercial success. Re-
cognized RCT quality scoring systems are based on
these principles, such as the JADAD score,12 which
accents blinding methods or the Cochrane evalua-
tion system,13 which emphasizes study bias. Rigor-
ously applying the principles in Table 1 will yield
high quality RCT evidence to inform clinical prac-
tice and earn the respect of scientific, clinical, reg-
ulatory, and reimbursement authorities.

Objective
This critical review summarizes published flaws

from prior DFU clinical trials and highlights ways
to avoid them by adhering to essentials of RCT de-
sign, conduct, analysis, and reporting for Phase II
and III clinical studies testing safety and efficacy of
topical DFU healing agents.

DISCUSSION OF FINDINGS
AND RELEVANT LITERATURE

Once a concept has passed the observation stage
and has demonstrated preclinical safety and effi-
cacy testing on relevant models, it is ready for high
quality RCTs that test its safety and efficacy on
clinical subjects. These RCTs are so costly and la-
borious that it pays to do them right to obtain clear
answers about safe and effective dose administra-
tion on the first trial. Table 1 provides an essential
‘‘To do’’ list for designing, conducting, and reporting
a high quality RCT that will pass scrutiny of
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clinical decision makers, guideline developers, lit-
erature reviewers, and regulatory and reimburse-
ment authorities. Such RCTs are usually designed
to answer the question ‘‘Can this intervention im-
prove outcome(s) beyond effects of its vehicle used
with the best available standard of care’’14,15 Fig. 1
illustrates how a clearly stated question generates
study design and conduct for DFU topical healing
agent RCTs.

This question requires an RCT meeting criteria
in Table 1 for an unbiased answer because random
subject allocation avoids biasing results by assur-

ing that each subject has an equal likelihood of
being assigned to receive each intervention.

To help match groups at baseline on factors that
affect the likelihood of healing, one may also
stratify random assignment on one or more of these
factors. For example, separate computerized ran-
domization allocation sequences could be used to
assign subjects with a baseline target DFU area of
0.5–4 cm2 or > 4–6 cm2 as increasing DFU area in-
creases risk of delayed DFU healing.16

Another key to minimizing bias is assuring that all
treatments and outcomes evaluations are conducted

Table 1. Hallmarks of a high quality randomized clinical trial testing efficacy and safety of topical diabetic foot ulcer healing agents

Study Feature Location in Publication Hallmarks of High Quality RCT Design, Conduct, or Reporting7–11 for a Topical DFU Healing Agent

Title States randomized design, diabetic foot ulcer (DFU), topical agent, outcome
Abstract Clear, accurate, succinct summary of objective, design, methods, including setting, subjects, outcome

measures, significant results, and conclusions
Introduction (Background) Brief summary of facts documenting the following:

Relevant clinical need Clinical need to improve DFU healing in the population from which the study sample will be drawn establishing
relevance

Rationale for study Evidence that this topical agent may safely, effectively heal DFU
Hypothesis The agent will safely improve healing beyond that achieved by an identical treatment and standard of care

(SOC) without the agent.
Objective Clearly states subjects, treatment, setting, and outcomes explored.
Methods All stated below match Objective and are clearly, completely described

Trial design Prospective, randomized, parallel (or factorial, randomized block etc.) clinical trial
Study sample Subject inclusion and exclusion criteria are clearly stated and adhered to

Sample size is sufficient for statistical power ‡ 80% for primary outcome
Groups are similar on baseline parameters affecting the primary healing outcome

Randomization schedule including allocation and
implementation methods and allocation ratio to groups

Subjects are randomly assigned to groups, blocks, etc, using a clearly stated, concealed appropriate
randomization method (e.g., 1:1 group assignments generated by a random number table, coin flip, or
computer, learned at subject assignment by opening an opaque sealed envelope) Alternate or other quasi-
randomization may introduce bias.

Procedures and observations (data collection and
disposition)

Subject, care provider, and outcome evaluator are blinded to treatment, as feasible.
Treatment procedures are clearly described to enable study replication, stating who did what to whom in what

setting, how often and by when
Interventions and SOC Clearly described, ideally varying only in active agent (e.g., identical placebo or vehicle or sham control, with

the same SOC applied consistently to all subjects). If not, authors clearly state why this was not done and
include it among study limitations discussed.

Outcomes Clinically relevant, prespecified valid, reliably measured primary and secondary outcomes are ideally evaluated
by an assessor blinded to treatment assigned.

Statistical analysis Prespecified planned statistical comparisons for all stated outcomes are described, including any planned
interim analyses and/or study stopping points.

Baseline comparability of subjects and wounds in all compared treatment groups are described clearly and
added subset analyses, ad hoc or adjusted analyses.

Results Record or report all results that were measured clearly and accurately
Study subject flow diagram with study start and end
dates and timelines for each study stage.

Disposition of all subjects enrolled (intent to treat or ITT set), those adhering to protocol ( per protocol or PP
set), those included in each analysis, withdrawals and excluded subjects (with reasons for each) are clearly
described, including numbers of subjects completing each study stage and follow-up.

Reporting outcomes All primary and secondary outcomes with effect sizes and 95% confidence interval are reported, with tabulated
number of subjects experiencing adverse events of stated severity. Only facts are stated, avoiding conjecture
and clearly distinguishing prespecified analyses from exploratory analyses.

Discussion Results are accurately related to clinically relevant healing measures, patient needs, or economic outcomes
based on related literature. Implications for clinical care and for future research are described.

Conclusions Significant results are accurately described without embellishment or omission
Acknowledgment, access All source(s) of support, funding, sponsorship, and accessibility are clearly stated.

Funding or sponsorship Funding source(s) and influence(s) on data acquisition, analysis or reporting are cited.
Trial accessibility Provide trial registration number, name of trial registry if applicable, and source(s) for further information about

the RCT or its data.

ITT, intent-to-treat sample of all subjects randomized to and receiving at least one treatment; PP, per protocol sample of all subjects adhering to the study
protocol per specified conditions; RCT, randomized clinical trial.
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and received without knowledge of what interven-
tion the subject is receiving, also known as ‘‘blinding.’’
Though often difficult, especially for active agents
that noticeably differ from controls, it is worth the
effort to arrange for the evaluator of wound out-
comes, and if possible, the patients, to be blinded to
treatments assigned, so that only the person apply-
ing the agent knows the treatment assigned.

Randomization and blinding are only two gen-
eral tactics to help assure that RCTs answer their
questions clearly and honestly, fostering develop-
ment of safe, effective products that support clini-
cal outcomes, patient benefit, product registration
and clinical education initiatives. This review ex-
amines how DFU topical healing RCTs measure up
to recognized RCT quality metrics, and summa-
rizes practical techniques from DFU literature to
enhance RCT quality.

Methods
Topical DFU healing agent RCT literature was

reviewed to identify common DFU RCT flaws to

encourage future improved quality and efficiency
of clinical research. MEDLINE database searches
were conducted from inception to February 1, 2014,
for the combined terms ‘‘diabetic foot ulcer ran-
domized topical’’ with and without the added term
‘‘quality.’’ The ClinicalTrials.gov database was
searched up to the same date for all RCTs investi-
gating topical healing agents tested on DFU for
healing efficacy and safety. Focused Google Scholar
searches added information about specific RCT de-
sign and outcomes as needed.

Prospective parallel-group RCTs in any setting
or country were included if they reported complete
DFU healing results for subjects with Type 1 or 2
diabetes mellitus and a Wagner17 or University of
Texas18 Grade 1 or 2 DFU treated with a topical
vulnerary agent for at least 2 weeks with outcomes
reported at least 8 weeks after the first treatment.
Studies of topical agents used on DFU were ex-
cluded if they did not report healing outcomes of a
topically administered active healing agent. Studies
of physical stimuli such as offloading modalities,

Figure 1. Good study design flows from a hypothesis-generated question thoughtfully crafted to meet patient, professional, institution, regulatory, and
reimbursement needs. This fictitious example illustrates the question, ‘‘Does Agent X safely promote healing of Wagner Grade 1, 2 plantar DFU in outpatients
with a chronic nonischemic, nonhealing, neuropathic DFU?’’
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hyperbaric oxygen, negative pressure or electrical
or electromagnetic stimulation were excluded.

Results
The MEDLNE and ClincalTrials.gov literature

searches identified 291 publications, including 80
citations addressing 41 RCTs of effects of topical
agents applied to a DFU. Five systematic re-
views19–23 described common flaws or issues ob-
served in relevant RCTs (Table 2). Actions DFU
researchers can take to help assure the quality and
credibility of RCTs include the following:

1. Use adequate sample size. In Phase II RCTs
at least 20 subjects per group helps to assure
generality. For pivotal Phase III RCTs,
sample size estimates can be found in sta-
tistical tables24 or other statistical sources.
Ideally, choose a sample size sufficient to
achieve statistical power of at least 80% with
a 5%Type 1 (alpha) error of falsely conclud-
ing healing efficacy (statistically rejecting
the null hypothesis) for a clinically important
difference in the primary outcome for exam-
ple, a 15 percentage point difference between
50% of active and 35% of control subjects
completely healed at 12 weeks.
Some regulatory authorities require a two-
tailed Type 1 error in this calculation, as-
suming equal likelihood of benefit or harm of
the active agent in Phase III studies, inflat-
ing the sample sizes required. While this
may seem absurd if healing outcome(s) sig-

nificantly favored the active agent in its
Phase II studies, the inflated sample sizes
help assure that related safety issues are
addressed on the package insert.

2. Randomize allocation to groups without
bias. Using unbiased allocation at the point
of subject assignment to treatment groups,
such as computerized random number gen-
erators accessed via computer or by unseal-
ing an opaque envelope or by the flip of a fair
coin, assures that each subject has an equal
likelihood of being assigned to all treatment
groups.

3. Maintain blinded treatment and evaluation.
Ideally all investigators, subjects, care pro-
viders, and those evaluating results should
remain unaware of treatments assigned un-
til the database is locked. If the treatment
and controls are noticeably different, at least
outcome evaluators, and to the extent possi-
ble, patients, should remain blinded to treat-
ment during the study.
Actions (2) and (3) avoid risk of allocation,
treatment, evaluation, and other forms of
bias that can raise participant and caregiver
expectations and affect results. If this is not
feasible, reasons for this limitation should be
clearly described in all public communica-
tions. That it ‘‘is not ethical’’ to engage in
such double- or triple-blinded studies is not a
valid reason to avoid such blinding. This
assumes the agent’s efficacy before proven.

Table 2. Diabetic foot ulcer topical treatment study flaws described in published reviews of diabetic foot ulcer literature

Source Study Findings Most Common Flaws Described

Dumville et al.19 In order hydrocolloid dressings had highest odds of being
associated with best DFU healing outcomes followed by
hydrogel, then foam topical dressings

Only 3 of 15 RCTs reported DFU healing time
Mainly less severe, less complex DFU were studied
Most studies were at high or unclear risk of bias
Most studies had small sample sizes leading to low certainty of outcomes

Gottrup and Apelqvist20 There is limited high quality evidence on topical DFU dressings
and healing agents and an urgent need to increase the quality
of DFU clinical studies

Most studies had inadequate sample size, short follow-up, nonrandom
allocation to treatment arms, nonblinded assessment of outcomes, poor
description of controls, with concurrent interventions unmatched on
groups of heterogeneous samples of subjects and DFU

Shaw et al.21 One moderate quality RCT supported a healing effect of topical
phenytoin on DFU

Most articles failed to adequately describe randomization, treatment
allocation, and blinding techniques

Buchberger et al.22 There may be an advantage for add-on therapy with EGF or
becaplermin growth factors in diabetic foot ulcers for complete
wound closure and time to complete wound healing outcomes

Differences in standard wound care complicated the comparison of study
results. Many RCTs had small to very small sample sizes and other
methodological flaws with high potential for bias. The duration of
treatment and follow-up examinations was not long enough to assess
the sustainability of healing and surveillance of ulcer recurrences or
treatment-related adverse events like the development of malignancy

Edwards and Stapley23 RCTs reported DFU healing outcomes using surgical, larval,
autolytic, or gauze debriding interventions. Only topical
application of autolytic hydrogels resulted in faster DFU
healing compared with gauze

Most studies had inadequate power to find clinically significant effects,
with unreported inclusion and exclusion criteria for example, neuropathy

Study details for example, setting or primary pathology of enrolled subjects
or random sequence generation were often unreported

Subject assignment to group (allocation) was often not blinded, creating
potential bias
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4. Use and clearly report relevant inclusion
criteria, such as neuropathy (e.g., with sen-
sation measured using Semmes–Weinstein
monofilaments at five specified plantar sites)
so that subjects are documented to be rele-
vant to the indication planned for the agent’s
use. Using selected inclusion criteria known
to predict healing to stratify group assign-
ment on enrollment can help avoid imbal-
anced groups at analysis.
Alternatively, these baseline inclusion mea-
surements can support planned analyses
that clarify treatment effects independently
of baseline group differences. Two examples
of frequently unreported or misinterpreted
inclusion criteria discussed below are DFU
nonhealing status and depth.

4a. Include nonhealing DFU. Most DFU heal
within 12 weeks with good SOC treatment
and consistent offloading25 and may not need
the intervention studied. Enrolling these
healing DFU decreases likelihood of finding
statistically significant treatment effects on
healing outcomes because of high control
DFU healing rates.
DFU RCTs with vague inclusion criteria for
‘‘nonhealing’’ DFU, for example, DFU of over
1 month duration without complete healing
may all heal quickly without differentiating
important treatment effects. Including DFU
that reduce in surface area less than 53%
when treated with best practice SOC for 4
weeks26,27 (or less than 25–30% during a
prerandomization 2-week screening period)
focuses on DFU unlikely to heal with a good
SOC during 12–20 weeks.

4b. Baseline depth is another important predic-
tor of DFU healing28 to consider among in-
clusion criteria. Standardized Wagner or
University of Texas grading scales confound
DFU depth with abscess, infection and/or
ischemia. Neither of these DFU grading
systems clearly differentiate full- from
partial-thickness DFU, which substantially
differ in their healing processes: the deeper
the wound the more granulation tissue is
required to fill it29 before it re-epithelizes. As
a result, full-thickness chronic ulcers require
twice the time to heal as similar area partial-
thickness ulcers in the same cohort.30

Options for depth measurement include re-
cording full- or partial-thickness depth at
baseline or monitoring DFU millimeters of
deepest depth at baseline and at each DFU

measurement during the RCT. The latter
measure of DFU depth reduction can re-
flect significant responses to topical therapy
before DFU area reduction differences oc-
cur.31,32 Carefully considered inclusion cri-
teria like these can increase the likelihood of
identifying an effective healing agent.

5. Use recognized, standardized outcome mea-
sures. Though it is tempting to use early
surrogate measures of healing, reducing
clinical trial length and cost, some regulatory
authorities still require measures involving
complete healing to clear a topical agent’s
DFU healing claim.
Two healing outcomes recognized by the
United States Food and Drug Administration
(FDA)6 are (1) time to complete healing of the
study DFU with no visible wound or residue,
verified as completely closed 2 weeks later
and (2) percent of study DFU completely
healed, similarly verified 2 weeks after ini-
tial healing, following a standardized inter-
val between first treatment and outcome
measurement, usually10 or 12 weeks.
It may be more appropriate to call the latter
measure ‘‘percent durably closed’’ because it
combines initial biologic wound closure and
2-week durability of wound closure. This
measure, while clinically important, blurs
the distinction between these two biologi-
cally independent healing outcomes and
misses opportunities to observe topical heal-
ing agents’ effects on them in important
clinical trials. It further confuses estimates of
healing durability, raising the question of when
to start counting weeks that the wound re-
mained closed.
Other measures monitoring biologic healing
progress, such as percent reduction in area after
4 to12 weeks on study or time to 50% reduction
in area or time to achieve a wound bed adequate
for surgical closure may be worthwhile second-
ary outcomes important to patients and clini-
cians, but these are currently viewed by
regulatory authorities as inadequate to support
a DFU healing claim.
These important outcomes include patient-
reported quality of life and wound-related pain
intensity and duration, frequency and amounts
of antibiotic or pain medication requirements,
length of hospital stay, time for patient to
resume normal daily activities, percent of
graft take or incidence of clearly documented
wound complications such as necrosis, in-
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fections, scar contractures, elevation or color,
or time to achieve negative wound bacterial
cultures or to prepare the wound bed for
surgical closure or grafting.

6. Match groups on patient and wound charac-
teristics that predict DFU healing at baseline.
This contributes to homogeneity and compa-
rability of samples of subjects and DFU.
Stratified random assignment can help assure
that groups are similar at baseline on key
healing predictors such as DFU baseline area
less than 4 cm2 or 4 to 6 cm2 16 or whether the
DFU was on a normal or delayed healing
path20 as illustrated in the Enrollment section
of the example CONSORT Flow Diagram
(Fig. 2) created for a fictitious DFU RCT from
examples in the literature.
Stratifying on more than one baseline char-
acteristic can become complicated at the point
of subject randomization increasing the like-
lihood of errors in subject assignment. In case
chance assigns more subjects with larger or

longer duration ulcers to one group than an-
other causing unbalanced groups on that
variable, it can help to plan an appropriate
multiple regression or covariate analysis to
calculatehealing effects of the topicalagent that
are independent of the unbalanced variable.

7. Rigorously control all concurrent interven-
tions, so that all groups in all centers receive
the same SOC and identical interventions
except for differing concentrations of the one
agent being studied. Figure 3 lists interven-
tions identified as SOC elements6,14,15 with
examples supported by the DFU literature
reviewed.23,33–36

Some elements of an SOC can perform dou-
ble duty. For example hydrogels used to
maintain a moist environment for autolytic
debridement can accelerate DFU healing23

while moist healing with hydrocolloid
dressings has been associated with a lower
incidence of DFU infection than traditional
gauze dressings.25 Use of another moist

Figure 2. Example CONSORT Study Flow Diagram of a randomized clinical trial (RCT) of efficacy and safety of a topical diabetic foot ulcer (DFU) healing agent
with planned subset analyses for healing and nonhealing DFU. (Derived from a template accessed at www.consort-statement.org/downloads)
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wound healing intervention, honey-impregnated
dressings, led to faster DFU healing and
earlier bacteria-free wound cultures without
systemic antibiotic use compared in a RCT to
saline gauze dressed controls.34

While it is difficult to design a single protocol
that addresses all patient and wound needs,
a good protocol can include standardized in-
tervention variations that address common
conditions. For example, a topical healing
agent may be sealed over the DFU with a
film or hydrocolloid dressing with addition of
an absorbent dressing overlay during periods
of high exudate to prevent leakage. Such a
standardized method of managing excess
exudate, consistently documented in case
report forms, could maintain moist wound
healing while preventing exudate and topical
treatment leakage between treatment inter-
vals for all subjects.
Undocumented or unplanned variations
among active or control interventions allowed
to vary among groups can confound RCT re-
sults, making it difficult to distinguish effects
of the active agent from those of the concur-
rent interventions. Variations in concurrent
interventions in cases required by clinical
need should be clearly documented and ana-

lyzed to help clarify these potentially con-
founding effects.

8. Conduct adequate follow-up to assure clini-
cal relevance of the primary healing out-
come. Follow-up observations assess safety
and durability of healing following treatment
usually for at least 1 month in individuals
with a DFU. Ideally healed DFU remain
healed as long as good SOC is practiced, but
some subjects with diabetes may need help to
follow good SOC practices.14

Adhering to the principles of quality RCT design
and conduct outlined in Table 1 would address each
of these issues, improving DFU RCT design, conduct,
and reporting to generate quality, credible wound
care evidence that propels promising DFU healing
agents forward. This high quality research has the
potential to generate well-researched breakthroughs
in DFU management. Global patients, clinicians,
payers, product developers, and governments all
gain if wound care researchers routinely apply these
rigorous principles of RCT quality.

Exploring how current evidence measures up to
the criteria in Table 1, the literature search iden-
tified 41 unique RCTs that reported recognized
DFU healing outcomes. It is not meaningful to
compare best results identified for the outcome,

Figure 3. Example elements of a diabetic foot ulcer standard of care (SOC) based on recommendations of the International Working Group on the Diabetic
Foot practical guidelines,14 the American Diabetes Association consensus statement15 and the FDA Guidance for conducting clinical trials on chronic wounds
and burns.6
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‘‘percent of subjects completely healed at 12 weeks’’
presented in Fig. 436–44 because these RCTs varied
in SOC procedures (e.g., off-loading varying from
crutches or wheelchairs to walker boots held in
place with bandaging), length of follow-up (none to
12 weeks) and subject baseline characteristics
(e.g., duration of diabetes and degree of metabolic
control) and DFU inclusion criteria (ulcer dura-
tion, depth, and area on enrollment, healing or
nonhealing status, Wagner or University of Texas
Grade 1 or 1–2). In one study within-trial com-
parisons challenged interpretation because the
SOC for control subjects differed from that of
subjects receiving the active agent.35 Among the

41 RCTs reporting recognized outcomes, 21 (51%)
were double-blind studies, with six more (15%)
blinded to either patient or outcome evaluator.
Nearly half of these trials had high potential for
bias because those evaluating results knew which
treatment each subject received. Of the nine RCTs
in Fig. 4, six were conducted double-blinded to
treatment and evaluation and three35–37 were not
blinded. The net result is a relatively weak foun-
dation of DFU RCT evidence on which to base
clinical decisions. Patients, clinicians, and reim-
bursement authorities deserve stronger science to
inform their decisions about managing wounds
with such devastating consequences.

Figure 4. It is not meaningful to compare a simple outcome like percent of subjects completely healed at 12 weeks across these nine RCTs36–44 due to study
differences in analyses, blinding of allocation, treatment or evaluation, subject and ulcer variables, and variability in concomitant interventions such as
offloading or other parameters.
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SUMMARY

Many topical DFU treatment RCTs are conducted
with quality, consistency, and rigor, but quality
improvement is needed for most RCTs, especially in
the use of adequate sample sizes to detect clini-
cally significant outcome differences, standardizing
blinding, conduct and reporting of randomized
enrollment, procedures, outcomes, and follow-up
measures and assuring uniform adjunctive and con-
current care across patients and centers.
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TAKE-HOME MESSAGES
� Ask the right question, designing the study to include

clinically relevant patients with clearly specified co-
morbidity limits each with one nonhealing study DFU of
relevant area, duration, and depth.

� Any study worth doing is worth doing well. Use best DFU
practice SOC continued during treatment with a clinically
relevant study duration and follow-up.

� Rigorously control all concurrent interventions throughout
the study, holding all treatment variables constant except
the healing agent studied.

� For RCTs of healing efficacy, assure that groups are similar
at baseline on key DFU healing predictors and consistently
measure and report recognized outcomes meeting patient
and clinical needs of importance to regulatory authorities
in the countries where the agent will be used.

� Wield statistics wisely to generate the minimum sample
size to find clinically relevant healing differences and plan
statistical analyses to adjust for inadvertent group im-
balances.

� Assure that the topical DFU healing agent under study
improves clinically relevant outcomes beyond best DFU
SOC, consistent offloading with a total contact cast (TCC)
or ‘‘instant TCC’’45 and moisture-retentive dressings,34,36,46

not outdated care such as saline gauze or crutches for
offloading. Moist gauze rarely keeps wounds moist more
than 4 h47 providing substandard care48,49 associated
with increased pain and infection rates and delayed
healing in acute and chronic wounds.50–52

� Avoid bias by using appropriate blinded random allocation
to treatments, with patients, caregivers, investigators, and
evaluators all blinded to treatment groups53 until the da-
tabase is locked.

� Consider applying these principles to RCT design, con-
duct, and reporting for other wound care interventions, as
they reinforce recent consensus statements applicable to
a wide range of wound indications.53
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Abbreviations and Acronyms

DFU¼ diabetic foot ulcer
FDA¼ Food and Drug Administration
ITT¼ intent–to-treat sample of all subjects

randomized to and receiving at least
one treatment

PP¼ per protocol sample of all subjects
adhering to the study protocol per
specified conditions

RCT¼ randomized clinical trial
SOC¼ standard of care
TCC¼ total contact cast
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