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OBJECTIVE — Thc goal of this study was 1o specifically estimate the effectiveness of platelet
releasate, a widely avalable treatment administered by aproprierary group of wound care centers
(WCCs) for the treatment of diabeiic neuropathic oot uleeration.

RESEARCH DESIGN AND METHODS — Trcaument effectiveness was estimaled in a
retrospective cobort stucly controlling for treatment sclection bias using logistic regression—
derived propensity scores

RESULTS — Pluicler releasate was more cllective than standard care. The relative risk for a
wound to heal alier treaiment with platelet releasate compared with standard care at a WCC
varied from 1,14 (95% 1 1.03-1.27)10 1.59 (1.49-1.70). The effect was greatest in those with
the most severe wounds, i.¢., large wounds that affect deeper analomical structures.

CONCLUSIONS — Wilhin the limitations of the ability of propensity scorc analysis to
control for selection bias. platelet releasate is more effective than standard therapy. This effect is
mare pronounced in more severe wounds. Unfortunately, severe wounds have not been evalu-
aled in randomized chrical trials of new interventions. We encourage the inclusion of these
patients in futwre trials.
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jabetic foot ulceranon is a common  may be directly attributable to the dia-

complication of diabetes and affects  betic foot (4). These wounds also resultin

many diabetic paticrits m the U5, >85,000 lower extremity amputations
(1). These wounds are oficn mullifactorial — each year in the U.S. alone (5,6). Periph-
in origin, but tend o occur on the plantar — eral neuropathy is an important eliologi-
surface of the fool and arise in the setting  cal facior and has been associated as a
of peripheral neuropathy, vascular com-  feature in between 61 and 100% of dia-
promise, or both. Piabetic foot uleers are  betic patients with foot uleeration (6).
associated with increased morbidity and 1t is important to distinguish whether
mortality, and they have a negauve im-  diabetic {oot ulceration is associated with
pact on both the quality of life and the  vascular insufficiency, because wounds
productivity of diabetic patients (2.3).  caused by vascular insufficiency often re-
Studies suggest that between 25 and 50%  quire surgical revascularization. In con-
of costs related 1o inpatient diabeles care  trast, neuropathic ulcers are amenable to
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medical, rather than surgical, treatment.
In {act, the U.S. Food and Drug Adminis-
tration (I'DA) has recently approved be-
caplermin and one skin equivalent and is
considering another skin équivalent spe-
cifically for diabetic ulceration of neuro-
pathic origin (7-10). Becaplermin is a
topical pharmaceutical also called recom-
binant human platelet~derived growth
factor gel and has been shown  provide
a modest benefit for patients with chironic
necuropathic diabetic foot ulceration (7-
10). Another oplion [or treating a patient
with a diabetic {foot ulcer is the use of
platelet releasate (PR) (11-15). PR is an
autologous product offered by a group of
proprietary wound care centers (WCCs)
associaled with Curative Health Services
(CHS). lis manufacture is not difficult,
and the WCCs, which are present
throughout the country, market their ser-
vices directly to patients and are recipi-
ents of health care provider referrals (13-
15). Both becaplermin and PRare used in
conjunction with standard care, which in-
volves covering the wound with saline-
impregnated gauze and instructing the
Patient to avoid weightbearing activities
on the affected limb (16). Because it is
manufactured locally, PR has not been
subjected Lo the same FDA regulation as
other wound-care products. As such, PR
has not been well evaluated in a random-
ized controlled trial, and because so many
physicians have formed an opinion re-
garding its ellicacy, it may not be ethical
1o evaluate it in a randomized clinical trial
(12,13,15,17). Our goal was 10 estimalc
the effectiveness of PR for the treatment of
diabetic neuropathic foot ulceration. We
report the relative risk of healing within
32 weeks ol initiating care for patients
treated at a WCC using standard wound
care alone versus care that included ~20
weeks ol PR.

RESEARCH DESIGN AND
METHODS

We used a database maintained by CHS
that includes dala on ~120,000 patients
with chronic wounds. A subsel of 26,599
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Effectiveness of platelet releasate

patients in this database represents all pa-
tients treated between 1988 and 1997 ara
CHS WCC for diabetic neuropathic foot
ulceration. The reliability and validity of
our ability to ascertain whether a paticnt
has diabetic neuropathic foot ulceration
and whether a wound has healed has been
previously reported (18). Briefly, subjects
were chosen for this study if they were
patients with confirmed diabeies who had
an ulcer on the plantar surface of the foot
and lower limb arterial perfusion ade-
quate for wound healing (18).

Determination of treatment status
We used the CHS database 10 determine
whether a patient was trcated with PR.
Although a few patients began PR use at
their first visit, 86% of the patients who
were uhimately treated with PR actually
received PR by the 12th week of care.
Therefore, patients were dichotomized
into those receiving PR by the 12th week
of care and those who did ot receive PR
by the 12th week of care.

Study end point

We used an end point of 20 weeks alter
the initial 12-week evaluation period for
assessing whether a patient healed. In
other words, the first 12 weeks of care
were treated as a run-in period (the pre-
study failure period), during which time
PR treatment could be initiated. Because
we wanted (o ensure at least 20 weeks of
care with PR, our actual end point was a
healed wound within the subsequent 20
weeks, i.e., within 32 weeks of care after
the first WCC visit. We did this 1o be con-
sistent with other studies on the efficacy
of diabetic foot ulceration therapy. Many
of these studies treated patients who had
already failed to heal with standard ther-
apy with an investigational agent for 20
weeks (7-10,13,15-17). To assess the ef-
fect of our choice of 32 weeks, we subse-
quently performed a sensitivity analysis
and estimated the likelihood that a
wound would heal within 26 and 29
weeks of care,

Analysis

Propensity score. Selection bias may be
a major problem in using observational
rather than clinical tnal data, because pa-
tients are not randomly assigned o either
PR or standard care. This is a limitation of
case-control studies, nested case-control
studies, and cohort studies. We used pro-
pensity score techniques in a cohort study

Table 1-—Selected characteristics of the study population by PR status

No PR PR

n 20,347 6,252

Sex (% male)

Age (years)

Wound area (mm?)

Wound duration (months)
Wound grade

Wound volume (mm™)
Insurance (%)

Climc age (months)
Number of patients in clinic

53.7 (53.0-54.4)

64.2 (64.0-64.4)
716.4 (674.4-758.4)

9.1(8.8-9.5)
2.47 (2.45~2.48)
6,870.4 (5,155.4-8,585.3)

82.3(81.8-82.8)

36.7 (36.4-37.1)
412.8 (408.6-417.0)

56.7 (55 4-57 9)
63.1 (62.7-63%.4)
YR1.7(910.8-1,052.5)
9.95.(9.31--10.59)
2.08 (2.65=2.70)
13152.6(10,914.2-15,392.9)
84.9 (84.0-85.8)
32.4 (31.8-33.0)
500.% (492.6-508.0)

Data are means (95% Cl).

to minimize selection bias. Propensily
score techniques atlempt to mimic the
randon assignment of a randomized clin-
ical trial (19-23). Specifically, this
method involves modeling the factors
(covariates) that contribute to selection
for treatment with PR, i.e., modeling the
choice of treatment as “PR” or “no PR™ A
logistic regression prediction model was
fitted 1o these covariates, thereby assign-
ing cach individual patient a modeled
likelihood (propensity score) of his or her
propensity to be treated with PR (19,23).
This score, potential range between 0 and
1, represents a summary value ol the co-
variates that reflects the propensity of a
given patient Lo receive PR.

For the current study, covariates were
included if they were hypothesized Lo af-
fect the selection of a patient Lo receive PR.
The following five patient variables were
included in the propensity score model:
age, insurance status, reflerral status, sex,
and number of wounds. In addition, five
wound variables were included in the
propensity score model— duration, size,
volume, debridement status, and grade (a
classification tool based on depth of in-
volved tissue). Finally, four clinic vari-
ables were also included in the model—
number of patients seen at a clinic, year of
treatment (as a marker for changing
trends in therapy), individual center (to
check for outcome differences), and clinic
experience (number of years that the
clinic was open). Thus, a total of 14 co-
variates were included in our logistic re-
gression-based propensity score model.
The ability of the model to discriminate
between those who received PR and those
who received only standard care within
12 weeks of care was estimated by the area
under the receiver—operating characteris-
tic curve.

Effectiveness estimate. Patients were
stratified into quintiles based on the dis-
tribution of propensity scores. x? tests
were used 1o determine the halance of co-
variates between the treatment groups
(PR or no PR) before and alter the assign-
ment to a propensity scorc—based quin-
tile.

Quintile-specific healing rates for the
PR and no PR groups were calculaled. The
effectiveness ol PR was then assessed by
calculating the quintile-specific relative
risk of healing at 32 wecks when using PR
rather than not using PR (Mantel-
Haenszel technique) (24). Before combin-
ing the quintile-specific data into a
summary score, we used the QQ-statistic
for heterogeneity Lo determine whether
the size of the treaument effect varied
across quintiles (25).

Statistical analyses were conducted
using Stata version 6.0 (College Station,
TX) and SAS version 6.1 (Cary, NC).

RESULTS — Of the 26,599 study pa-
tents in the database, 21% were trcated
with PR by the 12th week of care (Table
1). Patients weated with PR were more
likely to have larger wounds, older
wounds, and wounds of higher grade,
and they were treated at clinics with a
larger patient census (Table 1). Each pro-
pensily score quintile contained ~5,320
patients (Table 2). Group 1 consisted of
patients least likely to receive PR, whereas
group 5 included those paticnts most
likely to receive PR. The overall propor-
tion of patients healed by 32 weeks of care
showed a downward trend with the in-
creasing group number; that is, those pa-
tients most likely to receive PR were least
likely to heal independent of treatment
effect (Table 3). However, treatment
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Table 2—Selected patient charactevistics by propensity scove quintile

Mo PR PR
Group 1
n 4,900 420
Sex (9% male) 16.1 (44.7-47.5) 44.8 (40.0~49.5)
Age (years) 76,53 (66.13=66.93) 67.3 (66.0-68.7)

Wound arca (mrm’}

Wound duration (manthez)

Wound grade

Wound volume (mim )

Insurance (%)

Clinic age (Months)

Number ol patients in clinic
Group 2

n

Sex (% male)

Age (years)

Wound arca {(mm’)

Wound duration (months)

Wound grade

Wound volume (mm *)

Insurance (%)

Clinic age (months)

Number of patients in clinic
Group 3

n

Sex (% male)

Age (years)

Wound area (mm*)

Wound duration (months)

Wound grade

Wound volume (mm™)

Insurance (%)

Clinic age (months)

Number of patients in clinic
Group 4

n

Sex (% male)

Age (years)

Wound area (mm*)

Wound duration (months)

Wound grade

Wound volume (mm?*)

Insurance (%)

Clinic age (months)

Number ol patients in chime
Group 5

n

Sex (% male)

Age (years)

Wound arca (mm’)

Wound duraten (months)

Wound grade

Wound volume (mm™)

Insurance (%)

Clinic age (months)

Number of patients in clinic

189.79 (158.14-221.43)
7.00 (6.44~7.55)
2.01 (1.98-2.04)
1,069.53 (752.44-1,386.02)
70.37 (75.18-77.56)
39.52 (38.71-40.33)
321.2 (313.6-328.8)

4517
524 (51.0-53.9)
64.5 (64.1-04.9)
237.61 (208.97-266.25)
7.94 (7.35-8.54)
2.36(2.34-2.39)
987.66 (828.07-1,147.24)
81.25 (80.10-82.39)
39.63 (38.82-40.44)
372.6 (364.2-380.9)

4,141

56.3 (54.8-57.8)

(3.7 (63.3-64.1)
523.32 (487 .18-559.46)

9.43 (8.55-10.31)

2.63 (2.59-2.66)
3.062.8(2,676.4-3,449.3)

§3.7 (82.5-84.8)

38.6 (37.8-39.4)

413.8 (404.7-422.8)

3,765
58.8 (57.2-60.4)
62.5 (62.0-62.9)
1.376.8 (1,272.2-1 481.3)

10.19 (9.36-11.02)

2.83 (2.80-2.87)

11.475.3(9,797.1-13,153.4)

86.6 (85.5-87.7)

30.3(355-37.1)
481.3(471.7-491.0)

3,024
37.9 (56.1-597)
62.7 (62.2-63.2)
1,820.7 (1,574.3-2,067.0)
12.47 (11.37-13.56)
2.70 (2.66-2.74)

153.04 (105.82-200.27)

6.02 (4.92-7.13)

2.04 (1.94-2.13)
825.37 (515.41-1,135.33)
74.3% (70.1-78.5)

384 (35.6-41.3)
332.83 (305.68-359.98)

803
49.9 (46.5-53.4)
64.7 (63.7-05.7)
212.48 (184.14-240.81)
8.39 (6.74-10.03)
2.39(2.33-2.46)
1,019.95 (827.92-1,211.97)
80.20 (77.43-82.96)
40.78 (38.76-42.77)
379.87 (359.14-400.59)

1,178

56.4 (53.5-59.2)

64.2 (63.5-64.9)
489.39 (441.30-537.47)

9.13 (7.63-10.64)

2.63 (2.57-2.69)

4,274.31 (3,220.00-5,328.6)
83.2 (81.1-85.3)
30.54 (37.97-41.11)

417.83 (400.58-435.08)

1,555
59.7 (57.2-62.1)
61.6(61.0-62.2)
1,064.14 (1,055.74-1,272.54)
10.12 (8.93-11.32)
2.80 (2.76-2.85)
15,336.0 (11,384.8-19,287.1)
86.4 (84.7-88.1)
37.4 (36.1-38.8)
489.6 (474.4-504.7)

2,296
59.3 {57.3-61.3)
62.1 (61.6-62.7)
1,542.0 (1,367.6-1,716.4)
11.52 (10.33-12.70)
2.84 (2.79-2.88)

25,0178 (13,457.2-36,578.3) 22,805.5(17,360.3~28,250.8)

80.4 (85.2-87.6)
24.2 (23.5-25.0)
534.7 (523.2-546.3)

88.5 (87.2-89.9)
20.8(20.1-21.5)
622.6 (611.0-634.1)

Data are means (5% C1).

Margolis and Associates

groups were well halanced for the risk fac-
1or variables that we assessed aller strati-
fication (Table 2). The only excepuon was
wound grade in the {ifth gumntile, which
was not perfecly balanced, even after
stratification. ‘The imperlect balance for
some individual covariates in the propen-
sity score model was expected and is a
feature of mosl propensity score models
(20). The muluvariable logistic regression
model that was used to estimate cach in-
dividual's propensity 1o be treated with
PR had excellent discriminative ability, as
evidenced by the area under the receiver—
operating characteristic curve of 0.90.

Overall, 43.1% ol patients healed
within 32 weeks of the initiation of care,
including 50% (48.7-51.2) of palients
using PR and 41% (40.3-41.7) of pa-
tients not receiving PR (Table 3). The per-
centage of patients healed within 26 and
29 weeks of care varicd little from that of
32 weeks of care (41.6 and 42.4%, re-
spectively). Patients treated with PR were
more likely to heal than those patients not
reated with PR for all five propensity
score strala (Table 3). However, the rela-
tive risk of healing due to 'R increased
consistently for wounds that were more
likely to be treated with PR, increasing
from 1.14(1.03-1.27) in the first quintile
1o 1.59 (1.49-1.70) in the last quintle
(Table 3). The test {or heterogeneity was
significant at P < 0.001, indicating that
the magnitude of the eflect of PR was not
the same for all groups. This suggests that
for paiients in the high quintiles, PR treat-
ment at a WCC is more superior than
standard care.

Further ad hoc analysis showed that
the effect of PR was greatest [or those pa-
tients with larger wounds of higher grade,
such that stratilying the patiems in cate-
gorics based on wound size and grade re-
vealed a pronounced trend in the
effectiveness of PR across categories. For
example, forawound ol 2 em?, gracle four
(a large anatomically deep wound). the
odds ratio for PR treatment—associated
healing was 2.61 (2.32-2.94). In con-
trast, for a wound of 0.5 cm?, grade one (a
small anatomically shallow wound), the
odds ratio for PR treatment—associated
healing was 1.27 (1.13-1.44).

CONCLUSIONS — This study is the
first independent assessment of the effi-
cacy of PR, which has been used for >10
years on thousands of patients in the U.S.
We found that PR is effective in the treat-
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Table 3—Proportion of wounds healed by P status; velative risk of healing with PR and rish

difference of healing with PR by quintile

No PR: proportion

PR: proportion Relative risk of

Group healed by 32 weeks healed by 32 weeks healing with PR
) 40.6 (45.2-48.0) 51.9(47.1-56.7) 1.14 (1.03-1.27)
2 46.6 (45.1-48.0) 55.0 (51.6-58.3) 1.24(1.16-1.34)
3 40.4 (38.9-41.9) 49.8 (47.0-52.7) 1.29(1.20-1.38)
4 352 (33.7-36.7) 49.1 (46.6-51.6) 1.43(1.33-1.52)
5 31.6 (30.0-33.3) 48.5 (46.5-50.6) 1.59(1.49-1.70)

Overall 41.0 (40.3-41.7)

50.0 (48.7-51.2) 1.38(1.33-1.42)

Data are % (95% CI) and rclative risk (95% 1),

ment of diabetic neuropathic oot ulcer-
ation. It appears that PR is more likely to
be used in more severe wounds and is
more effective than standard care in these
severe wounds. However, we did find a
significant interaction between the effec-
tiveness of PR and the propensity score
quintile.

Most patients treated with PR do not
begin this treatment at their {irst visit. Pre-
vious studies that examined the efficacy of
treatments for diabetic neuropathic foot
ulceration have often used the cutoff of 20
weeks of care (7-10). Our sensitivity
analyses suggested that there was very lit-
tle difference (<2%) among the percent-
age of patients who healed within 26, 29,
or 32 weeks of care. Therefore, we used
20 weeks of care with PR (32 (o0tal weeks
of care) as our study end point. In other
words, patients in our trial had a 12-week
prestudy observation period and then a
20-week treatment period. This is consis-
tent with another study that suggests that
the percentage of healed diabetic neuro-
pathic foot ulceration levels off after ~20
weeks, indicating litle incremental in-
creased healing after 20 weeks.

One of the important reasons for per-
forming a randomized controlled trial is
that it can essentially eliminate selection
bias, because patients are randomly as-
signed to treatment. Purposeful sclection
or selection bias refers 10 the likelihood
that certain types of patients (such as
those more or less likely (o heal) are dif-
ferentially chosen [or treaument with PR.
Therefore, the bias in an observational
study, such as a case-control study or a
cohort study, could be that patients
treated with PR might have wounds that
are more or less likely to heal than pa-
tients not treated with PR. By using a pro-
pensity score analysis in our cohort study,
we attempted to control for selection bias

by balancing factors between those pa-
tients who received PR and those who did
not receive PR and then creating strata
related 10 the likelihood of receiving
PR. Because patient outcomes for those
wreated with standard therapy and PR are
compared only within each quintile
(within patients equally likely to receive
PR regardless of whether they actually re-
ceived PR), selection bias—as explained
by the measured covariates—should no
longer affect patient outcomes.
Propensity score techniques, as well
as some large cohort studies, have several
advantages over randomized controlled
trials. First, propensity score analyses
may be used to determine the effective-
ness of treatment, whereas randomized
controlled trials are used to estimate the
efficacy of treatment. Effectiveness refers
to the real-world ability of a treatment to
provide a benefit, whereas efficacy in-
volves the potential benefits of a therapy
under idealized conditions. Because pa-
tents are rarely subjected 1o these ideal-
ized conditions, effectiveness estimates
may be more useful than efficacy esti-
mates when deciding the best treatment
options for individual patients. Another
advantage of propensity score techniques
is that they permit investigators to use ob-
servational data that contain far more in-
dividual patients of greater diversity than
would be possible using a large random-
ized controlled trial, with the exception of
the infrequently used randomized simple
trial design. Both of these aspects of pro-
pensity score techniques, reflecting effec-
tiveness rather than efficacy, and the fact
that they permit the use of data from
thousands of patients contribute to the
impraved generalizability of results from
propensity score analyses over those from
randomized controlled trials (19).
Despite these advantages, there are

several limitations 1o propensity score
techniques. First, propensity score tech-
niques control only for the kniown covari-
ates that are included in the propensity
score model {20). Thus, il we lailed to
include a covariate that has a substantial
effect on the propensity of a patient to be
treated with PR, then it is possible that the
propensity for PR treatment within each
quintile would niot be entirely homoge-
neous. Covariales that were not available
for analysis in this database included gly-
cemic control, history of cigarete use,
and the microbiologic status of the
wound. However, because our propensity
score model already had excellent ability
Lo discriminate (area under the receiver-
operator curve of 0.90) between the pa-
tients who were treated and those not
treated and because PR was used in the
more severe patients, our results would
have been biased toward not finding an
effect (the null). Another limitation of this
methodology is that whereas the propen-
sily to receive treatinent is relatively stable
within each quintile, it is not perfectly
equal throughout the quintile; thus, dif-
ferences in treatment effect could be due
to subtle differences in the propensity to
receive treatment, i.e., residual confound-
ing. Also, because scores are derived {rom
a combination of multiple covariates, the
individual effect of each covariate and its
contribution 1o the overall effect cannot
be determined with statistical precision
(21,22). A final limitation is that the com-
mencement of treatment with PR is a
moving targel. Only those who started
treaiment with PR by week 12 of care
were considered users of PR. Some pa-
tents did receive PR after week 12, and
these would have been classified as hav-
ing used only standard care, thereby bias-
ing our effect of PR toward the null.

The generalizability of our findings 1o
all populations of patients with diabetic
neuropathic [oot ulceration may be lim-
ited, because we used data from specialty
wound care clinics rather than {rom pri-
mary care providers. Yel, given the large
numbers of patients {rom many different
geographic locations, these data are likely
Lo be generalizable 10 the general popula-
tion. In addition, these WCCs are widely
available to patients and are frequently a
source of physician referral for patients
with a chronic wound.

Health care providers were not
blinded o the treatment status of patients
in our study. Therefore, it is possible that
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patienis who were treated with PR could
have been treated in a =ystematically dif-
lerent way from those that were treated
with standard care alone. The differential
ascertainment of healmg docs not repre-
senl a problem, because wound healing
was documented with photographs, as
discussed in a previous study (18). Con-
cemns that patients treated with PR may
have received wound care that was other-
wise more aggressive are not likely prob-
lematic, because covariates that would be
associated with better treatment were
similar {or those patients who received PR
and those who did not.

A patient-level meta-analysis of ran-
domized controlled rials has suggested
that wound area and wound duration are
responstble for a wound being unlikely to
heal within 20 weeks of cave (26,27). Be-
cause of the constraints of thuse random-
ized clinical trials. wounds of higher
grade were excluded Irom study. There-
fore, in general, wounds 1n the current
study with higher propensity to e treated
with PR are more severe and less likely 1o
heal than those Jess likely o be treated
with PR. In fact, as scen in Table 2, more
severe wounds were tnore hikely to be
treated with PR. Also, as compared with
standard care. the more scvere the wound
{the higher the quintile) the larger the
benehit of PR with respect w improving
the likelihood of healing within 32 weeks
of care. Consequently, hased on our re-
sults, PR may be the first therapy for dia-
betic neuropathic foot ulceration that has
been shown to improve the chance of
healing for wounds thal extend through
muscle or wounds that arc complicated
by osteomyelilis (wounds of higher
grade). Because these severe wounds are
more likely o progress 1o the point that
amputation is necessary. it is important
that PR appears to improve the chance ol
healing, presumably decreasing the risk
of amputation, even for pavents with ad-
vanced chronic wounds. Becaplermin, of
course, may have similar cffccts on severe
wounds, but the clinical trials evaluating
this topical therapy excluded patients
with deep wounds (groups 3-5 in our
study) (7-9).

We found that PR improves the pro-
portion of diabetic neuropathic foot ul-
cers that heal after 32 weeks of care when
compared with trestment using standard
care alone. The relative henefits of PR over
standard care persist for wounds of all
sizes, and the relative risk ol healing using

PR versus standard care increases with
wounds that are larger and more severe.
In the setting of this study, these were also
the patients more likely to be treated with
PR Therefore, PR represents an effective
treatment for diabetic neuropathic foot
ulceration. PR also appears 1o be effective
in severe wounds, and may therefore play
an important role in preventing amputa-
tion. Ow findings also have implications
for future growth-{actor studies: instead
of excluding patients with the most severe
wounds, such patients should be in-
cluded, because it seems that the relative
effect of PR and potentially other growth
factor-mediated treatments is greatest in
the most severe wounds. Future studies
should include and perhaps focus on
those patients with the largest and deep-
¢st wounds, because these wounds are
more likely to progress to amputation,
and they appear to have a grealer relative
response 10 the use of PRand perhaps the
use of other growth-factor therapies.
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