
ORIGINAL ARTICLE

Surrogate Endpoints for the Treatment of Venous Leg Ulcers
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Surrogate markers are endpoints that occur early in the
course of treatment and are intended to predict the
true, meaningful clinical endpoint. Surrogate markers
have been used to study treatments for a wide range of
diseases in which the true outcome is delayed. The eva-
luation of therapies for venous leg ulcers is challenged
by the prolonged observation period necessary to reach
the endpoint of healing.We have performed a large co-
hort study to examine wound healing characteristics as
candidate surrogate markers of venous leg ulcer healing
using the Curative Health Services population. A total
of 58,038 wounds met our de¢nition of venous leg ulcer;
however, 1550 wounds were excluded based on size,
depth, site, and/or involvement of tendon or bone, leav-
ing 56,488 wounds in 29,189 patients for analysis. The
median wound size was 189 mm2, with a median
wound duration of 3 mo. Using a large cohort of di-
verse venous leg ulcer patients, we demonstrate that
after only 4 wk of treatment the wound parameters log

healing rate, log wound area ratio, and percentage
change in wound area can be valid surrogate markers
of healing at 12 or 24 wk of care. Based on the area un-
der the receiver operator characteristic curve log rate,
log area ratio, and percentage change in area can discri-
minate which patients will heal at 12 or 24 wk of care
(receiver operator characteristic 0.72^0.80). These surro-
gates were further validated by demonstrating that es-
tablished risk factors for not healing such as wound
size and wound duration are also important risk factors
for not achieving the surrogate endpoint. These surro-
gate markers for venous leg ulcer healing may allow
for early clinical trials to be more e⁄cient, and can
allow clinicians to identify patients unlikely to heal
early in the course of treatment in order to expedite
referral to specialty centers or for the selection of
stepped treatment algorithms. Key words: epidemiologic/
leg ulcer/outcome assessment/randomized controlled trials/var-
icose ulcer. J Invest Dermatol 119:1420 ^1425, 2002

S
urrogate endpoints have been de¢ned by Prentice (1989)
as ‘‘a response variable for which a test of the null
hypothesis of no relationship to the treatment groups
under comparison is also a valid test of the correspond-
ing null hypothesis based on the true endpoint’’. This

rigorous de¢nition demonstrates the statistical principles underly-
ing the interpretation of surrogates. A surrogate endpoint as de-
¢ned byTemple (1999) is ‘‘a laboratory measurement or a physical
sign used as a substitute for a clinically meaningful endpoint that
measures directly how a patient feels, functions or survives’’. This
de¢nition demonstrates the clinical principles underlying the
interpretation of surrogates. Changes induced by a therapy on a
surrogate endpoint are expected to re£ect changes in a clinically
meaningful endpoint. A surrogate endpoint must not be simply a
correlate of the true clinical outcome; it must fully capture the
net e¡ect of the treatment on the clinical outcome. Therefore, a
valid surrogate endpoint is related to the outcome of interest,
and is a¡ected by the treatment of interest to the same degree
and in a manner that accurately re£ects the e¡ect of the treatment
on the true outcome. For example, lower blood pressure has been

used as a surrogate endpoint to predict fewer cardiovascular
events.
Although many surrogate endpoints have been used in clinical

trials, few have been extensively studied. Failure to study exten-
sively a surrogate endpoint can result in invalid study results. For
example, some anti-arrhythmia drugs have been approved based
on their ability to suppress ventricular arrhythmia (i.e., the surro-
gate endpoint), but were later found to increase sudden death
(i.e., the true endpoint) (Fleming and DeMets, 1996; Pstay et al,
1999).
Surrogate endpoints occur sooner than the primary endpoint,

and help to make clinical trials more e⁄cient (e.g., less follow-up
time, smaller sample size required for adequate power).Valid sur-
rogate endpoints therefore help speed the development of new
e¡ective medications and minimize the exposure of patients to
ine¡ective developmental therapies. Furthermore, surrogate
endpoints may allow a clinician to assess a patient’s response to
therapy during treatment. These concepts were recently reiterated
in a recent NIH workshop on surrogate endpoints in clinical
trials (De Gruttola et al, 2001). To be complete some authors
di¡erentiate surrogate markers from intermediate endpoints, in
that an intermediate endpoint like a surrogate occurs before the
true outcome but unlike a surrogate it also represents a clinical
state that is of bene¢t to the patient (Freedman et al, 1992; Temple,
1999; Ellenberg, 2001).
The validity of a surrogate endpoint is supported by the biolo-

gic plausibility of the relationship, the demonstration in epide-
miologic studies of the prognostic value of the surrogate
endpoint for the clinical outcome, and evidence from clinical
trials that the treatment e¡ects on the surrogate endpoint
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correspond to e¡ects on the outcome (Fleming and DeMets, 1996;
Pstay et al, 1999). Surrogate markers have been accepted by
the Food and Drug Administration as proof of drug e⁄cacy
provided that they are studied in large numbers of patients with
appropriate follow-up periods (FDA ICH E9, 1998; Temple, 1999).
A surrogate, however, must always be carefully evaluated because
the e¡ect of a novel treatment on the surrogate does not always
translate into a similar e¡ect on the real outcome.
Clinical trials and evaluations of the therapeutic response in

individual patients with venous ulcers are limited by the
prolonged time period needed (e.g., 24 wk), and the correspond-
ing expense incurred to measure the outcome of complete wound
healing. A valid surrogate marker of complete wound healing
would make early clinical trials and trials being used to screen
potential therapeutic agents more e⁄cient in terms of cost, time,
and number of subjects required. A valid surrogate marker may
also allow for the more rapid screening of potential therapies
and therefore may aid in the discovery of novel treatments for
venous leg ulcers. Finally, a valid surrogate marker may allow
for the identi¢cation of patients who are not likely to heal
by standard methods early in the patient’s course of treatment,
thereby allowing for expedited referral to specialty centers or the
expedited initiation of stepped treatment algorithms.
The initial healing rate of venous ulcers and the percentage

change in the venous ulcer area over the initial 4 wk of therapy
have been demonstrated in small studies to predict ulcer healing
(Pecoraro et al, 1991; Gross et al, 1993; Margolis et al, 1993; Tallman
et al, 1997; Kantor and Margolis, 1999, 1998, 2000a). The initial rate
of healing and the percentage change in the ulcer area are promis-
ing surrogate markers for ulcer healing; however, surrogate mar-
kers require extensive epidemiologic testing to ensure validity.
For example, recent statements from the FDA have indicated that
in order for a surrogate marker to be acceptable, it must be shown
to predict healing with adequate follow-up on a large sample of
patients (FDA ICH E9, 1998). We hypothesize that wounds that
have a faster healing rate or a greater absolute change, or those
that achieve a greater percentage reduction in wound size, will
be more likely to heal. The goal of this study is to determine if
these surrogates correctly predict who will heal after 12 or 24 wk
of care.

MATERIALS AND METHODS

Patient population Curative Health Services (CHS) has been directly
involved in the care of individuals with chronic wounds since 1988
(Doucette et al, 1989; Fylling and Knighton, 1989; Knighton et al, 1989,
1990a,b; Hotta and Holohan, 1992; Margolis et al, 2001). They are a disease
management ¢rm. Their involvement has been centered on marketing,
health-care provider education, treatment algorithms, and dispensing an
autologous product that they believed improved the probability that a
chronic wound would heal. At the time of this study, CHS had managed
more than 150 distinct wound care facilities in 38 states in the U.S.A. As
part of their association with the medical centers, CHS maintained an
administrative and patient record database for each patient seen in a
wound care center since 1988.We have previously described this database
in detail (Kantor and Margolis, 2000b; Margolis et al, 2001). All subjects
for this investigation had been treated at a CHS center between 1988 and
2000. To avoid including subjects who were one-time specialty center
consultations, any individual who did not have a second o⁄ce visit or
documentation of a surgical procedure within 6 wk of the ¢rst o⁄ce visit
was excluded.

Ascertaining disease and outcome In order to ascertain that a person
has a venous leg ulcer we used the CHS coding system for this disorder
and excluded patients that had a diagnosis code consistent with lower
limb arterial disease, diabetic etiology (e.g., neuropathic), or a code
consistent with a pressure etiology. Venous leg ulcer was de¢ned as a
chronic wound of the lower extremity located in the gaiter area (from just
below the ankle or malleolus up to but not including the knee £exural
crease). The wounds could not have a depth greater than 2 cm or involve
underlying structures such as tendon, ligament, or bone, or be larger than
150 cm2. Wounds greater than 150 cm2 were excluded because these
wounds are unlikely to heal, and in our experience measurements in

wounds of this size are unstable and subject to increased error (Kantor
and Margolis, 1998). There was no minimum size criterion for inclusion
in this study; however, patients who healed within 6 wk of care were
excluded. Wound size was determined by measuring the maximum
length of the wound and multiplying it by the maximum width, a
method that closely approximates planimetric techniques (Kantor and
Margolis, 1998). Wounds located on the head, face, neck, chest, sternum,
arms, elbow, hands, shoulders, scapulae, ears, nose, chin, mouth, stomach,
abdomen, buttocks, ischium, iliac crest, sacrum, hip, thigh, plantar surface
of the foot, and toe were excluded.
We previously used a similar coding algorithm to ascertain individuals

with diabetic neuropathic foot ulcers and we were able to validate this
diagnosis scheme using patient chart review (Kantor and Margolis, 2000b;
Margolis et al, 2001). Owing to recent and evolving changes in regulations
that govern access to patients’ charts, we were not able to abstract patients’
charts for this study. In lieu of direct access chart validation we investigated
the validity of the database diagnosis of venous leg ulcer using an
algorithm approach. It was determined a priori that at least 90% of the
ulcers should be in an anatomic location (e.g., calf, malleolus, leg, ankle,
and shin) that is consistent with the diagnosis of venous leg ulcer. A
random sample of 100 wounds identi¢ed by the inclusion/exclusion
criteria described above was examined for anatomic location.
The outcome, a healed wound by the 12th or 24th week of care, for all

subjects was determined using a previously validated algorithm (Kantor
and Margolis, 2000b; Margolis et al, 2001). These time periods were
selected as they are consistent with most venous leg ulcer clinical trials.
Patients who were lost to follow-up after 6 wk of care were treated as not
healed for the 12 and 24 wk endpoints.

Analysis

Surrogate formulas Because a surrogate should be measured at a time period
much sooner than the outcome, we created and evaluated surrogates that
occurred at weeks 2, 4, and 6 for the 12th week of care outcome and weeks
2, 4, 6, and 8 for the 24th week of care outcome. All the surrogates that we
evaluated were based on changes in the size of the wound. We used the
following seven formulas to generate our surrogates:
Absolute change in area Area0 ^Areat
Healing rate (Area0 ^Areat)/t
Area ratio Areat/Area0
Percentage change area ((Area0 ^ Areat)/Area0)

n100
Log absolute change in area Ln(Area0) ^Ln(Areat)
Log healing rate (Ln(Area0) ^Ln(Areat))/t
Ratio of log areas Ln(Area0)/Ln(Areat)
Areat is the wound area at weeks 2, 4, 6, or 8. Area0 is the baseline wound
area. All wound areas are in mm2 and t was measured in days. Natural
logarithm transformation of wound area was performed due to previous
experience with the non-normality of this parameter. These formulas were
evaluated for all of the wounds on the patient and for the ¢rst wound on
the patient treated by the wound care center.

Descriptive analyses All continuous variables were described using means
with standard deviations or medians with 25% and 75% percentiles. Com-
parisons were made between those that healed and those that did not heal
for normally distributed continuous variables using a t test and ranksum
test for those continuous variables that were not normally distributed.

Surrogate discrimination Discrimination or the ability of a test to di¡erenti-
ate between two individuals, one who healed and one that did not was
measured by the area under the receiver operating characteristic curve
(AROC and ROC sans area under). An ROC curve is a graphical repre-
sentation of sensitivity (true positives) on the y-axis vs 1-speci¢city (false
positives) on the x-axis over all possible cut-points for a test (see Fig 1).
Therefore, the ROC curve provides a measure of the trade-o¡ between
the true positive rate vs the false positive rate over all possible dichotomous
cut points for a test. The better the test the closer the AROC is to 1.0. An
AROC of 0.5 suggests that the test is no better than chance, whereas an
AROC of40.7 is acceptable,40.8 is good, and 0.9 is considered excellent
(Hosmer and Lemeshow, 2000). ROC curves were generated for the candi-
date surrogate markers at weeks 2, 4, and 6 compared with the healed out-
come at the 12th week of care and at weeks 2, 4, 6, and 8 compared with the
healed outcome at the 24th week of care. Candidate markers were therefore
screened based on the highest AROC. This analysis was performed based
on the wound healing characteristics of the ¢rst venous leg ulcer that the
patient had treated by CHS (e.g., primary wound analysis). A secondary
analysis, including subsequent venous leg ulcers, that a patient may have
been treated by CHS (e.g., all wounds analysis) was also performed.
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Dichotomization and test characteristics The candidate markers with the best
AROCwere further investigated. In order to simplify the use of the surro-
gate markers they were dichotomized. A cut-point for the candidate surro-
gate marker was generated such that it maximized the correct classi¢cation
of the outcome (complete wound healing) in the population studied. Once
a cut-point for the surrogate marker was identi¢ed based on correct classi-
¢cation (probability that the test result (e.g., positive or negative) matches
the outcome result (e.g., outcome present or outcome not present, respec-
tively), the sensitivity (the probability of testing positive if the outcome is
truly present), speci¢city (the probability of testing negative if the outcome
is truly absent), positive predictive value (the probability of having the out-
come given a positive test), and negative predictive value (the probability of
not having the outcome given a negative test) for the population studied
were calculated. The performance of the dichotomized cut point for
each of the surrogate markers was further investigated by examining the
e¡ect of di¡erent prevalences of healing on the correct classi¢cation, positive
predictive value, and negative predictive value of the test.

Test validation To be consistent with published opinions on surrogates,
we investigated whether exposure known to be associated with a wound
healing by the 24th week of care was also associated with the surrogate
endpoint (Prentice, 1989; Temple, 1999; Buyse et al, 2000; Ellenberg, 2001).
Wound size and wound duration have been previously demonstrated to
be key risk factors associated with a wound healing by the 24th week of
care (Margolis et al, 1999a,b). The association between these risk factors
and the dichotomous surrogate were estimated as odds ratios using logistic
regression.

Internal validation To assess the internal validity of the surrogate markers
we performed bootstrap analysis with 1000 replications (Steyerberg et al,
2001). Using this technique, correct classi¢cation was estimated for the sur-
rogate markers by sampling the original data set with replacement. These
bootstrap samples were ultimately the same size as the original sample but
as the original sample was sampled with replacement an individual might
not be part of the bootstrapped sample or could even appear more than
once. For our study this process was repeated 1000 times. Ultimately, this
analysis yields an estimate of bias (the di¡erence between the original
correct classi¢cation and that 1000 observed bootstrap samples) and a
con¢dence interval for the correct classi¢cation for the original correct
classi¢cation. The estimate bias can then be used to adjust the original
estimate of correct classi¢cation (Steyerberg et al, 2001).
All statistical analyses were performed using STATA 7.0 (College Station,

TX) for a PC.

RESULTS

The CHS database contains data on 153,270 wounds. Initially,
95,232 wounds were excluded because of diagnosis codes consistent

with arterial, diabetic, or pressure etiologies. A total 58,038 wounds
had a code consistent with a venous ulcer and no evidence
of arterial, pressure, or diabetic (neuropathic) etiology. Next,
177 wounds were excluded for depth 420 mm, 827 wounds
were excluded for size greater than 150 cm2, 125 were excluded
based on site, and 421were excluded because the wound included
tendon or bone. All of these ¢ndings are unusual for a venous leg
ulcer. After these exclusions we were left 56,488 wounds consis-
tent with our de¢nition of a venous leg ulcer in 29,189 patients. A
random sample of 100 wounds ascertained by this algorithm
demonstrated that 95% were located in the gaiter area. Review
of the diagnostic codes for these 100 wounds demonstrated no
signi¢cant inclusion of alternative etiologies such as malignancy,
post-traumatic origin, or collagen vascular disease. Finally, 1597
(5.5%) patients were lost to follow-up within the 24th week of
care. For the purpose of our primary analyses these individuals
were coded as having not healed.
The total number of individuals who had wound measure-

ments (i.e., an o⁄ce visit) on a given week varied. This occurred
either because a patient healed before a given date or their patient
visit occurred before or after our surrogate date. For example,
11,369 patients with 25,406 wounds were seen at week 4. By the
24th week of care 65.6% of their primary wounds had healed and
55.3 of all of their wounds had healed (Table I). By the 12th week
of care 45.2% of patients had healed. Those that healed had at
baseline smaller wounds, and wounds of shorter durations as
compared with those that did not heal (all p-values o 0.001).
With respect to our surrogates, patients that healed had a larger
log wound rate, a larger percent change and a smaller log area
ratio at all surrogate time points (for week 4 seeTable I).
The surrogates percentage change in area, log healing rate, and

log area ratio discriminated well at all time points with respect to
di¡erentiating between those that healed and those that did not
heal by the 12th or 24th week of care (Table II) (May¢eld et al,
1996; Hosmer and Lemeshow, 2000). A representative example
of the ROC curve for the surrogate log rate of healing at week
4 vs healing status at week 24 is given in Fig 1. The ability of the
surrogates to discriminate did not vary whether the primary
wound analysis was evaluated (e.g., only ¢rst venous wound that
a patient had treated by CHS was included) or all wounds analysis
was evaluated (e.g., inclusion of all venous ulcers for patients with
multiple venous wounds) (Table II). The surrogate’s absolute
change in area, healing rate, and area ratio demonstrated poor
discrimination at all time points with respect to di¡erentiating
between those that healed and those that did not heal by the
12th or 24th week of care, as demonstrated by an AROC of less
than 0.60 (data not shown).
The surrogates were dichotomized at a point that

optimized the ability of the surrogate to classify correctly a
wound as healed or unhealed by the 24th week of care. An

Figure1. Receiver Operator Characteristic curve for the surrogate
log rate of healing at 4 wk vs healing status at 24 wk. The sensitivity
and speci¢city of potential cut-points are represented graphically, with sen-
sitivity (true positive rate) on the y-axis, and the false positive rate (1-Spe-
ci¢city) on the x-axis. Note that as the rate of healing required to test
positive increases the sensitivity decreases and the speci¢city increases.

Table I. Patient characteristics and week 4 surrogate
characteristics for those that healed and those that did not by

the 24th week of care

Variable Healed Unhealed

No. of individuals (%) 7529 (65.6) 3943 (34.4)
No. of wounds (%) 14,037 (55.25) 11,369 (44.75)
Mean age (25th, 75th percentile) 68.31 (57,80) 68.66 (57,80)
Median wound size (mm2)
(25th, 75th percentile)

84 (14,320) 642 (199, 1805)

Median wound duration (mo)
(25th, 75th percentile)

3 (1,6) 5 (2,13)

Median log wound size mm2 (mean) 4.87 (1.69) 6.35 (1.64)
Median log wound duration (mo; mean) 1.15 (1.29) 1.75 (1.50)
Log rate mm2 per day (SD) (po0.0001) 0.0316 (0.073) 0.0024 (0.037)
Percent change (SD) (po0.0001) 58.68 (220) 6.62 (341)
Log area ratio (SD) (po0.0001) 0.84 (0.42) 0.99 (0.22)
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example of the e¡ect of varying the log rate of healing necessary
to test positive for the surrogate at week 4 compared with the
test characteristics of predicting healing status at week 24 is
shown in Fig 1. This analysis was focused on a 24 wk outcome
to be consistent with the most frequent endpoint for a venous leg
ulcer clinical trial. The selected cut-points and test characteristics
(sensitivity, speci¢city, positive predictive value, negative
predictive value, likelihood ratio, and correct classi¢cation) for
the surrogates percent change in area, log rate of healing, and
log area ratio are listed in Table III. Note that the bootstrap
analysis yielded narrow con¢dence intervals around the correct
classi¢cation observed in the original data set, demonstrating
the precision of our estimate. Similarly, bias estimates using
the bootstrap technique for our surrogates were all near 0 (none
to four decimal places) and therefore indicate the robustness of
our estimates within our population. Because positive predictive
value, negative predictive value, and correct classi¢cation are
dependent on the prevalence of the outcome (i.e., a healed
wound), we adjusted these test characteristics for varying healing
rates (Table IV). There is very little change in correct classi¢ca-
tion within the expected range for likely healing outcomes nor-
mally encountered in venous leg ulcer wound healing studies
(Table IV).
As can be noted in Table IV, about 68% of the time the di-

chotomous 4 wk surrogate correctly classi¢ed the primary wound
as healed by the 24th week of care. These rates are very conserva-
tive in that all patients who dropped out were coded as not healed
and patients who healed before the fourth week of care were
dropped from the data base. In all cases, the surrogate would
appear to function better if healed patients were included in
the ¢nal assessment and even better if those who dropped out
were excluded. For example, if for the 4 wk log rate dichotomous
surrogate patients who healed before the fourth week of care
were included (e.g., as they healed they must have achieved the
surrogate healed status at some point prior to healing) then the
surrogate correctly classi¢ed 71% of patients, and if those that

healed before the fourth week are included and those that
dropped out are excluded then the surrogate correctly predicted
81% of the subjects.
Two risk factors known to be associated with an ulcer healing

by the 24th week of care had similar associations with the 4 wk
log rate surrogate. Using multivariable logistic regression, initial
wound log area was associated with a wound healing by the 24th
week by an odds ratio of 0.63 (95% con¢dence interval 0.61, 0.65)
and with log rate by an odds ratio of 0.86 (95% con¢dence inter-
val 0.84, 0.88).Wound log duration was associated with a wound
healing by the 24th week of care by an odds ratio of 0.74 (95%
con¢dence interval 0.71, 0.76) and with the log rate surrogate by
an odds ratio of 0.85 (95% con¢dence interval 0.83, 0.88). As
expected, because the log rate surrogate is area based, the odds
ratio of association between the log rate dichotomous surrogate
and a healed wound at 24 wk was confounded by wound log area
[unadjusted 4.55 (95% con¢dence interval 4.19, 4.94) and adjusted
by log area 1.74 (95% con¢dence interval 1.58, 1.93)], but not by
wound duration.

Table II. The receiver-operating-characteristic-curve area for surrogate endpoints measured after 2 wk (W2), 4 wk (W4), 6 wk
(W6), or 8 wk (W8) for a 12 wk or 24 wk healed wound outcome

Surrogate Wound Endpoint ROC-W2 ROC-W4 ROC-W6 ROC-W8

Log rate (mm2 per day) Primary Week 12 0.74 0.80 0.84 NA
Percent change Primary Week 12 0.74 0.80 0.84 NA
Log ratio Primary Week 12 0.74 0.81 0.85 NA
Log rate (mm2 per day) All Week 12 0.73 0.79 0.83 NA
Percent change All Week 12 0.73 0.79 0.83 NA
Log ratio All Week 12 0.73 0.79 0.84 NA
Log rate (mm2 per day) Primary Week 24 0.69 0.73 0.75 0.77
Percent change Primary Week 24 0.69 0.73 0.75 0.77
Log ratio Primary Week 24 0.69 0.73 0.76 0.78
Log rate (mm2 per day) All Week 24 0.67 0.72 0.74 0.73
Percent change All Week 24 0.68 0.72 0.74 0.73
Log ratio All Week 24 0.68 0.72 0.74 0.74

Table III. Correct classi¢cation maximized dichotomous surrogate endpoints at 4 wk for a 24 wk healed outcome. Ninety-¢ve
percent con¢dence intervals generated from bootstrap analysis

Surrogate Wound Cut-point Sensitivity Speci¢city PPV NPV CC (95% con¢dence interval)

Log rate (mm2 per day) All 0.021 0.60 0.74 0.74 0.60 0.66 (0.65, 0.67)
Log rate (mm2 per day) Primary 0.012 0.67 0.69 0.81 0.53 0.68 (0.68, 0.69)
Percent change All 43.76 0.60 0.74 0.74 0.60 0.66 (0.65, 0.67)
Percent change Primary 28.79 0.67 0.69 0.80 0.52 0.68 (0.67, 0.69)
Log ratio All 0.95 0.61 0.71 0.63 0.69 0.67 (0.66, 0.67)
Log ratio Primary 0.98 0.74 0.74 0.80 0.67 0.69 (0.68, 0.69)

PPV, positive predictive value; NPV, negative predictive value; CC, correct classi¢cation.

Table IV. E¡ect of changing the prevalence of a wound heal-
ing using the dichotomous 4 wk log rate surrogate for a 24 wk
outcome (typical rates of healing by the 24th week of

treatment shown in bold)

Prevalence PPV NPV CC

0.10 0.19 0.95 0.69
0.20 0.35 0.89 0.68
0.40 0.59 0.76 0.68
0.60 0.76 0.58 0.68
0.80 0.90 0.35 0.68

PPV, positive predictive value; NPV, negative predictive value; CC, correct clas-
si¢cation.
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DISCUSSION

For this study we described several surrogate endpoints for a ve-
nous leg ulcer wound healing study. These surrogates were all
based on wound measurements, which are commonly measured
in leg ulcer studies. Initially, using ROC analysis, the continuous
surrogates percent change in area, log healing rate, and log area
ratio at weeks 2, 4, and 6 were shown to discriminate between a
wound that healed by 12 wk of care and one that did not. This
was also true for wounds followed for 24 wk (albeit we used an
8 wk not a 6 wk surrogate).We ultimately chose to focus on a 4
wk surrogate, because this time period seemed to maximize accu-
racy and minimize the time to surrogate. Dichotomization of the
surrogate markers at week 4 demonstrated that a wound’s healing
status at 24 wk can be correctly classi¢ed at a rate of 66^69%
depending on the marker utilized. It should be noted that the
CHS database is quite large and includes data from more than
150 centers. Therefore, these surrogates have demonstrated the
ability to properly predict who will heal by the 24th week of care
in a large and diverse population of venous leg ulcer patients. In
addition, to demonstrate that the surrogates follow the dictates of
Prentice (1989),Temple (1999), and others who have published on
this topic, we used regression models to demonstrate that risk fac-
tors for wound healing, such as wound duration and wound size,
were also important risk factors for the dichotomized surrogate
markers (Freedman et al, 1992; Margolis et al, 1999a, b; Temple,
1999; Buyse et al, 2000; Ellenberg, 2001). Finally, we have conser-
vatively called these endpoints surrogate endpoints and not inter-
mediate endpoints because we are not certain that any of these
surrogates truly represent an improved bene¢cial clinical state
and because FDA guidance has consistently represented that only
a healed wound is of true bene¢t to a patient (FDAWound Heal-
ing Clinical Focus Group, 2001; Lindblad, 2001). Nevertheless, a
strong case can be made to consider our surrogates as intermedi-
ate endpoints (Robson et al, 1999; Robson et al, 2000).
The results of this large cohort study extend ¢ndings from

previous small studies that the rate of healing and percentage
change in area can predict healing at week 24. Previous small stu-
dies have found that the initial rate of healing can predict healing
status at 24 wk without the need for log transformation of the
data or the need to determine percentage change in area (Tallman
et al, 1997; Kantor and Margolis, 1998, 1999). In these studies, the
potential e¡ect of di¡erent wound shapes and sizes on predicting
healing was corrected for by wound perimeter as described by
Gilman (1990).Wound perimeter, which may be di⁄cult to mea-
sure without special equipment (e.g., computer-based planime-
try), was not available in the CHS database. Of note, our
surrogate markers (e.g., absolute change in area and healing rate)
that were not log transformed provided poor discrimination with
respect to complete healing at 12 or 24 wk. The log transforma-
tion of the variables as well as standardizing each wounds’change
relative to its self (e.g., percentage change in area), however, re-
sulted in good discrimination of healing status. This ¢nding
may suggest that like Gilman’s correction, the e¡ect of di¡erent
wound sizes or shapes on the ability to predict healing can be
adequately corrected for by log transformation or by adopting
percentage change in area. Of note, our estimate of wound size,
which was ultimately used in all of our surrogate formulas, was
based on measuring the maximum length of the wound and
multiplying it by the maximum width. We have previously
shown that this method for determining wound size is similar
to planimetric techniques, which were frequently used in the pre-
viously published studies (Kantor and Margolis, 1998). Further-
more, the technique we used is much more readily available for
clinicians than planimetric approaches.
There are important potential limitations to the validity of

these surrogate markers. Venous ulcers in this study were identi-
¢ed and de¢ned by using diagnostic codes and validated using a
predictive value approach based on the anatomic site of
the wound. Ideally, the diagnosis would have been validated
using a chart review method; however, this was unavailable due

to regulatory issues related to patient con¢dentiality. As CHS
coding has demonstrated as valid for identifying other chronic
wounds (diabetic ulcers) by chart review studies, there is no rea-
son to suspect that the coding of venous leg ulcers would not be
accurate. The surrogate markers may not have captured the full
e¡ect of treatment (standard therapy with limb compression) on
the true endpoint (e.g., complete wound healing) as the correct
classi¢cation was not 100%.We know of no surrogate, however,
that is always correct and in fact many of the accepted surrogates
are far worse than what we report in this study (Ellenberg, 2001;
Lonn, 2001). Thus, use of these surrogates in randomized con-
trolled trials will result in some misclassi¢cation of outcome.We
would therefore recommend using these surrogates in phase II
studies or other studies being conducted to screen initially new
wound healing agents. Additionally, the identi¢ed surrogate mar-
kers have not been validated in a population external to the one
fromwhich they were derived. As stated above, however, there is
no larger and more diverse a database for chronic wounds than
the one we used. Moreover, the size of this study and results of
the bootstrap analysis strongly support that the results are applic-
able to the CHS population (e.g., internal validity), which is a
substantial number of individuals with venous leg ulcers. Finally,
how well the surrogates capture the e¡ect of treatments other
than the standard therapies used at the wound care centers has
not been investigated. In fact, many authors feel that it is essential
to investigate the use of a surrogate for each new therapy (Freed-
man et al, 1992; Buyse et al, 2000).
We have demonstrated in a large diverse patient population

that the percent change in area, log healing rate, and log area ratio
at the fourth week of care can serve as important surrogate mar-
kers of complete wound healing at 12 or 24 wk of care. These
surrogate markers can be easily applied by clinicians as they do
not require specialized equipment or training to implement, and
involve negligible expense. The validity of these surrogate mar-
kers in a large and diverse patient population suggests that they
will be valid in other populations, such as patients cared for out-
side of CHS and patients in clinical trials. The ability to identify
correctly patients who will heal or not heal by the fourth week of
care has important implications for screening new wound
healing agents in early clinical trials, and for the management
of venous leg ulcer patients with novel treatments beyond stan-
dard compression therapy.

This work was funded by an unrestricted grant from P¢zer to theTrustees of the Uni-
versity of Pennsylvania, and NIH grants AR44695, AR02212, and AR48100.
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