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OBJECTIVE — To assess the value of granulocyte colony—stimulating factor (G-CSF) as ad-
junctive therapy for diabetic foot infections.

RESEARCH DESIGN AND METHODS — We systematically searched the medical
literature (including Medline, Embase, LookSmart, and the Cochrane Library) for prospective
randomized studies that used G-CSF as an adjunct to standard treatment for diabetic foot
infections. Using a conventional meta-analysis, we pooled the relative risks (RRs) for outcomes
of interest, including resolution of infection, wound healing, duration of antibiotic therapy, and
need for various surgical interventions, using a fixed-effects model.

RESULTS — Five randomized trials, with a total of 167 patients, met our inclusion criteria.
The methodological quality of the studies was satisfactory. The investigators administered var-
ious G-CSF preparations parenterally for between 3 and 21 days. The meta-analysis revealed that
adding G-CSF did not significantly affect the resolution of infection or the healing of the wounds
but was associated with a significantly reduced likelihood of lower extremity surgical interven-
tions (RR 0.38 [95% CI 0.20-0.69], number of patients who needed to be treated: 4.5), includ-
ingamputation (0.41 [0.17-0.95], number of patients who needed to be treated: 8.6). There was
no evidence of heterogeneity among the studies or of publication bias, suggesting that these
conclusions are reasonably generalizable and robust.

CONCLUSIONS — Adjunctive G-CSF treatment does not appear to hasten the clinical res-
olution of diabetic foot infection or ulceration but is associated with a reduced rate of amputation
and other surgical procedures. The small number of patients who needed to be treated to gain
these benefits suggests that using G-CSF should be considered, especially in patients with
limb-threatening infections.
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oot infections in patients with dia-
betes can be difficult to treat, and
therapeutic failure often leads to a
lower-extremity amputation (1,2). These
infections may be refractory to treatment

for several reasons, including inadequate
surgical interventions, suboptimal
wound care, or severe limb ischemia (3).
All infected foot lesions require antibiotic
therapy, but their penetration to infected
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soft tissue and bone may be inadequate,
and the incidence of antibiotic resistance
is increasing (4). Furthermore, diabetes
may cause immunological deficiencies,
including abnormal neutrophil chemo-
taxis, phagocytosis, and intracellular kill-
ing (5-7). These factors help explain
reported clinical failure rates for diabetic
foot infections of 20-30% (3,5-7). Thus,
several investigators have sought adjunc-
tive therapies for treating these potentially
severe infections.

Granulocyte colony—stimulating fac-
tor (G-CSF) is an endogenous hematopoi-
etic growth factor that induces terminal
differentiation and release of neutrophils
from the bone marrow (8). G-CSF stimu-
lates the growth and improves the func-
tion of both normal and defective
neutrophils (9), including in patients
with diabetes (10). It appears to play a
central role in the normal host response to
infection (11), including having immuno-
modulatory and antibiotic-enhancing
functions (12). In its purified, cloned re-
combinant form, commercially approved
G-CSF has been used to treat various dif-
ficult infectious problems (13-15). In
nonneutropenic patients, G-CSF may
stimulate neutrophil production, enhanc-
ing the inflammatory response (16,17).

Because G-CSF specifically enhances
neutrophil functions in diabetic patients
(10), including those with foot infections
(18), several investigators have explored
using it as an adjunct to treating diabetic
foot infections. Unfortunately, there have
only been a few studies and each enrolled
a relatively small numbers of subjects.
Furthermore, the available studies have
come to different conclusions regarding
the usefulness of G-CSF. In such situa-
tions, meta-analysis is a useful tool to de-
termine the potential benefit of a
therapeutic intervention (19-22). Thus,
to define the effectiveness of G-CSF as an
adjunctive therapy for treating diabetic
foot infections, we thoroughly searched
the literature for all prospective studies of
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this issue then subjected these to a sys-
tematic review and meta-analysis.

RESEARCH DESIGN AND
METHODS — We searched the medi-
cal literature, using Medline, Embase,
LookSmart’s Find Articles, and the Co-
chrane Library, for relevant studies pub-
lished between January 1990 and July
2003. MeSH terms used were “granulo-
cyte colony-stimulating factor (or
G-CSF)” and “diabetic foot.” We supple-
mented the computer search by reviewing
as many diabetic foot online websites and
published bibliographies as we could
find, hand searching the bibliographies
from the articles retrieved, reviewing rel-
evant meeting abstracts, and asking study
authors and other experts in the field
about any additional published or unpub-
lished studies on this topic.

Study selection, quality assessment,
and data extraction
We included in our analysis only prospec-
tive randomized studies whose main pur-
pose was to investigate the therapeutic
effects of G-CSF in diabetic foot infec-
tions. Studies were included only if they
compared the efficacy of standard treat-
ment alone with that of standard treat-
ment plus adjunctive G-CSF therapy. We
assessed the quality of each trial with a
scale developed by Jadad et al. (23) that
scores (from a low of zero to a high of five)
the randomization, double blinding, and
reports of dropouts and withdrawals.
Data extracted from each study in-
cluded the following: clinical outcomes
related to both curing the infection (reso-
lution of cellulitis or other signs and
symptoms of infection) and healing of any
foot ulcer, the duration of antibiotic ther-
apy (by any route) provided, the duration
of hospitalization, the need for any type of
lower-extremity amputation or other ma-
jor surgical procedures, and the need for
vascular (arterial) surgery or angioplasty.
We also sought information on the
changes in blood leukocyte count and any
side effects of G-CSF treatment. Two re-
viewers (M.C. and F.D.L.) independently
examined the data and resolved disagree-
ments of interpretation by discussion.
When a publication had missing or
incomple[e information, we attemp[ed to
contact the author(s). In three instances,
they provided additional data that we
added to our tables. Thus, in some in-
stances, the results presented in our tables

differs from those shown in the published
articles.

Statistical analysis

We conducted a conventional meta-
analysis using the Mantel-Haenszel fixed-
effects model (24), applying the Der
Simonian and Laird random-effects
model only in cases where the homogene-
ity hypothesis was rejected (25,26). We
calculated both the study-specific and
common 95% Cls by the method of
Woolf (27) and used risk ratio (RR) as a
measure of the effect size. To calculate the
number of patients who needed to be
treated to prevent one event, we assessed
the pooled risk differences (28).

For continuous variables (e.g., neu-
trophil count and duration of antibiotic
treatment), we used the weighted mean
difference. The weight assigned to each
study (i.e., how much influence it had on
the overall meta-analysis results) was de-
termined by the precision of its estimate
of effect, which is equal to the inverse of
the variance. This method assumes that
all of the trials have measured the out-
come on the same scale.

Assessment of publication bias and
heterogeneity

To visually inspect for publication bias,
we generated graphical funnel plots (29).
The statistical methods used to detect
funnel-plot asymmetry were the rank cor-
relation test of Begg and Mazumdar (30)
and the regression asymmetry test of
Eggeretal. (29). Because the relative mer-
its of the two available methods are not
well established, we used both.

We assessed the heterogeneity of re-
sults of the studies by using the Cochran’s
Q test (31,32). This test, however, has a
low power for detecting heterogeneity
when the number of studies included in
the meta-analysis is small. Thus, we also
used the recently introduced quantity, I*
(33), which is calculated from the usual
test statistics and provides a less-biased
measure of the degree of inconsistency
across studies in a meta-analysis. There
was neither external funding nor any
sponsorship for this study.

RESULTS

Description of studies and
methodological quality

Our literature search uncovered 17 arti-
cles (8,18,34-48) with information

Cruciani and Associates

about using G-CSF for diabetic foot prob-
lems. These included one systematic re-
view, seven traditional reviews, seven
clinical studies, a comment letter on one
of these studies, and one case report. The
systematic review of treating foot ulcers in
diabetic patients was published in 1999
(34) and only included one study (pub-
lished in 1997) using subcutaneous G-
CSF. One placebo-controlled trial (48)
with granulocyte-macrophage colony—
stimulating factor examined its effect on
healing uninfected ulcers. Thus, there
were five prospective randomized studies
(8,35-38) using G-CSF for infected dia-
betic foot lesions that met the predefined
inclusion criteria.

Table 1 summarizes the main ele-
ments of the protocol, patient character-
istics, and major outcomes of the five
included studies. In each study, the en-
rolled patients were hospitalized for treat-
ment. The details provided by the authors
on the clinical characteristics of the infec-
tions varied, but the described severity
among the studies ranged from relatively
mild (36,38) to severe (35). Patients with
sepsis, gangrene, or deep soft tissue infec-
tion were generally not enrolled. Initial
antibiotic therapy was apparently mostly
parenteral and in most studies not modi-
fied by culture results. The specific regi-
mens and duration of therapy varied, but
in four studies, it consisted of a fluoro-
quinolone (ciprofloxacin or ofloxacin)
combined with an antianaerobic drug
(clindamycin or metronidazole). The in-
clusion and exclusion criteria also varied,
but all required that the infections were
severe enough to warrant hospitalization,
and they were usually classified as Wag-
ner grade 2 or 3 (49). Patients receiving
immunosuppressive therapy or with im-
munosuppressive disorders, critical limb
ischemia, hepatic or renal insufficiency,
or hematological disorders were excluded
in each study.

The G-CSF preparation used was fil-
grastim in four studies and lenograstim in
one. It was administered subcutaneously
in four studies and intravenously in one.
In each study, the G-CSF preparation was
held, orits dose reduced, if the neutrophil
count increased beyond a previously set
value. The duration of G-CSF therapy var-
ied from 3 to 21 days.

The Jadad scores for quality of the
studies ranged from 1 to 5; the mean was
3.4, and four trials had a score =3. Four
studies (8,35,37,38) reported conceal-
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ment of treatment allocation, but only

three gave placebo injections, and only
two described employing a double-blind

design.
A total of 167 patients were included in

the five randomized studies, 85 in the
G-CSF—treated group and 82 in the con-

Main results

trol group. There was no evidence of an
imbalance in baseline patient demo-

Downloaded from http://ada.silverchair.com/care/article-pdf/28/2/454/665979/zdc00205000454..pdf by guest on 10 April 2024

The meta-analysis showed that add-

outcomes of interest, we can only present
ing G-CSF injections to standard treat-

graphic or clinical characteristics in any
study. Because the trials did not uni-
formly report the results of some clinical
them descriptively.

ment did not significantly affect the
clinical resolution of infection or the like-

«

however, statistically significantly reduce
comes of “amputation” and for overall in-

the likelihood of undergoing a surgical
procedure. Figure 1 shows the RRs and

lihood or rate of healing of wounds. It did,
95% Cls for individual studies for the out-

vasive interventions, which included
amputation as well as extensive debride-
ment, angioplasty, and other vascular sur-

gical procedures. Table 2 shows the
cumulative RR and related 95% CI,
pooled rates, percent risk reduction, and
the number of patients who needed to be

The overall duration (in days) of in-
travenous antibiotic therapy varied

comes. The RRs in favor of the G-CSF
widely, with a mean of ~16 days in each

group were 0.41 (95% CI10.17-0.95; ¢
2.08, P = 0.038) for amputation and 0.38

treated to prevent these adverse out-
(0.20-0.69; z = 3.13, P = 0.002) for
overall invasive interventions.

group. Using the fixed-effects model, the
weighted mean difference favoring the G-

group (5.03 X 1071 [4.12-5.94]). There
was evidence of heterogeneity among
studies regarding this outcome, but this is

CSF group of —0.36 days (95% CI —1.39
[95% CI 14.87-46.75]) than in control

to 0.67, P = 0.49) was not statistically
significant. As would be expected, the
leukocyte count during therapy was
higher in the G-CSF group (30.81 X 10/1

primarily accounted for by the variations

in dosages and duration of G-CSF and the
different times during treatment at which
the investigators assessed the leukocyte
count. Using the random-effects model,

the weighted mean difference in leuko-
cyte count between the groups was
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Risk ratio

Reference (95% CI) % W eight
Gough ‘ , 0.20 (0.01,3.92) 16.0
deLalla { 0.33 (0.11,1.05) 57.8
Yonem 0.67 (0.13,3.44) 19.3
Kastenbauer -‘ 0.85 (0.06,12.59) 6.9
Viswanathan (Not computed)* 0.0

Overall (5% CI) B — 0.41 (0.18,0.95)

| | !
.01 15
Risk ratio
B Overall Surgery
Reference Risk ratio
(95% Cl) % Weight
Gough { 0.36 (0.14,0.95) 37.0
deLalla + 0.33 (0.11,1.05) 30.3
Yonem 0.67 (0.13,3.44) 10.1
Kastenbauer i - 0.57 (0.11,3.01) 10.9
Viswanathan - 0.14 (0.01,2.45) 11.8
Overall (95% CI) —T 0.38 (0.21,0.70)

I
.01

I |
1 4
Risk ratio

Figure 1— Pooled RR estimates and their 95% ClIs for the outcomes “amputation” (A) and “overall surgery” (B). Studies are identified by name of
the first author. Size of squares is proportional to Mantel-Haenszel weighted risk ratio. *Cannot be computed because the presence of frequencies

equals zero.

25.24 X 1091 (9.57-40.92, P = 0.002).
None of the studies reported any signifi-
cant adverse effects of G-CSF therapy.

Heterogeneity and publication bias
assessment

With the exception of the neutrophil
count data, there was no evidence of in-

tertrial heterogeneity for the outcomes
analyzed. Values of I (with their 95% un-
certainty intervals) were 0% (0-53%) for
amputation and 0% (0-30%) for overall
surgical interventions, indicating no ob-
served heterogeneity. There was also no
evidence for publication bias, as shown in
Fig. 2, by the symmetrical appearance of

the Begg’s funnel plots for both outcomes
of interest. The Begg-Mazudmar and
Egger tests also showed no evidence of
publication bias (Begg's test: adjusted
Kendall's score = 0, SD of score = 2.94,
7z =0, plz]l = 1, continuity corrected z =
—0.34, plz]l = 1, Egger’s test: t = 0.30,
plt] = 0.790).
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|
G-CSF for diabetic foot infections

Table 2—Need for lower-extremity amputation and for overall invasive interventions (including amputations) for patients with diabetic foot
infections treated with standard treatment plus G-CSF versus standard treatment alone (control subjects)

Crude rate RR Risk reduction NNT

Treatment group [n/total in group (%)] Pooled rate (95% CI) [% (95% CD)]* (95% CI)
Lower extremity amputations

G-CSF subjects 6/85 (7.0) 8.2 0.41 (0.17-0.95) 11.6 (1.9-15.7) 8.6 (6.4-52.5)

Control subjects 15/82 (18.2) 13.3
Overall invasive interventions

G-CSF subjects 11/85 (12.9) 13.6 0.38 (0.20-0.69) 22.3(11.1-28.8) 4.5 (3.5-9.0)

Control subjects 29/82 (35.3) 32.0

*Calculated based on the crude rate in the control group (baseline risk) and pooled rate in the treatment group. NNT, number of patients needed to be treated to
prevent 1 event.

CONCLUSIONS — Conducting ther-
apeutic trials for a complex and serious
problem like diabetic foot infections is
difficult, especially when investigating a
new adjunctive technology like G-CSF.
While our literature search uncovered A
five randomized trials addressing this is- Amputation - i
sue, it is not surprising that none of the T
studies enrolled more than 40 patients. ! T
Considering the heterogeneous nature of
diabetic foot infections and the varied re-
search methods employed, it is difficult to
interpret the results of these individual
studies. Meta-analysis is the best way to
try to determine from the available data if .
G-CSF therapy can help avert a poor out-
come in a diabetic patient with a foot
infection. .
Our analysis found that adding G- ‘ : ; —
CSF to standard therapy did not appear to 0 5 1 1.5
benefit the primary outcome of interest, Standard error of Log(Odds Ratio)
i.e., increasing the likelihood of or hasten-
ing the time until resolution of infection. B
Nor did G-CSF improve the healing of 2
foot wounds. It did, however, have other ) Overall Surgery
beneficial effects. Not surprisingly, G- _
CSF increased the leukocyte count in
each of the studies in which this was ex- T
amined, but the clinical significance of
this finding is unknown. Treatment with
G-CSF was also associated with a ten-
dency toward a shorter duration of paren-
teral antibiotic therapy. If true, this could
help constrain antibiotic-associated ad- I
verse effects, costs, and the development ~
of resistant organisms. More importantly, T
G-CSF therapy was associated with a sta- i
tistically significantly reduced risk of re- e \ c
quiring lower-extremity amputation as 0 5 1 1.5
well as other foot infection-related inva- Standard Error Log(Odds Ratio)
sive interventions. Because amputations
are among the most feared and expensive
consequences of diabetic foot infections
(50), reducing their incidence would be a

major benefit to diabetic patients and to
their health care systems.
This analysis has several limitations.

As with all meta-analyses, our conclu-
sions can only be as accurate as the studies
from which they were based. Based on the

2_.

o

N

Log(Odds Ratio)

A
e
/
/

o
i

1
N
/
/
/

Log(Odds Ratio)

Figure 2— Begg’s funnel plot with pseudo 95% ClIs for the outcomes “amputation” (A) and
“overall surgery” (B). For each study (O), the natural logarithm of the odds ratio is plotted against
its SE.
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Jadad scores, these G-CSF studies were
reasonably well done, but they varied
considerably in both design and quality.
For instance, the trial by de Lalla et al.
(35) included only patients with limb-
threatening infections, all of whom had
osteomyelitis, while that by Yonem et al.
(36) enrolled only patients with relatively
mild infections. Most of the studies in-
cluded patients with foot cellulitis, but
Viswanathan et al. (38) excluded patients
with foot ulcers, while Kistenbauer et al.
(37) enrolled patients with a foot ulcer of
Wagner’s grade 2 or 3. Similarly, while
the antibiotic regimen consisted of a flu-
oroquinolone combined with either clin-
damycin or metronidazole in most
studies, Gough et al. (8) initiated therapy
with four antibiotics, including three
B-lactam agents. Moreover, the means of
assessing the severity of infection and the
study time intervals at which clinical as-
sessments were made varied among stud-
ies. Of note is that the studies employed
different G-CSF preparations at different
dosages by different routes and for differ-
ent durations. Even the four studies using
filgrastim gave products made in different
laboratories. There is no way to decide
which might be the optimal regimen.

G-CSF is an expensive product that
must be administered parenterally. If it
does not help cure infections or heal ul-
cers, one might conclude there is little
reason to use it, especially for relatively
mild infections. If, however, it can reduce
the need for surgical interventions, espe-
cially amputations, it may be worth pro-
viding. The cost of lower-extremity
amputations in persons with diabetes is
estimated at >$30,000 (51,52). The low
number of patients who needed to be
treated (4.5 and 8.6) that we found to gain
these reductions in surgical procedures
suggests that this would potentially be a
cost-effective therapy. Our analysis of the
available data does not support using G-
CSF to hasten cure of infection. A formal
cost-benefit analysis of these studies
could help formulate the most therapeu-
tic strategies. In the meantime, we think
clinicians should consider using G-CSF as
an adjunct to other appropriate care for a
diabetic patient with a foot infection, es-
pecially one that may be perceived as limb
threatening. The absence of evidence of
either heterogeneity among the studies or
any publication bias suggests that the
conclusions we have drawn are reason-
ably generalizable and robust.

Acknowledgments— We thank Dr. T. Kas-
tenbauer and Dr. V. Viswanathan for provid-
ing additional data from their studies for our
analysis.
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