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Abstract

Background—Lower extremity peripheral arterial disease (PAD) is a public health problem and 

many patients with PAD experience claudication despite adequate medical and/or surgical 

management. Mobilization of endogenous progenitor cells using Granulocyte-Macrophage Colony 

Stimulating Factor (GM-CSF) is a novel therapeutic option that has shown promising results in 

experimental models and phase I/IIA trials. The GPAD-3 trial will study the effect of two 

successive administrations of GM-CSF at 3-month interval for improving claudication among 

patients with lower extremity PAD.

Methods—We plan to recruit 176 patients in this ongoing randomized, double-blind, placebo-

controlled Phase IIB trial. After screening for inclusion and exclusion criteria, eligible subjects 
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undergo a 4-week screening phase where they perform subcutaneous placebo injections thrice 

weekly and walk at least three times a day until they develop claudication. After the screening 

phase, eligible subjects undergo baseline testing and are randomized 2:1 to receive 500 μg/day of 

GM-CSF subcutaneously thrice weekly for three weeks or placebo injections. After 3 months, 

follow-up endpoint testing is performed and subjects in the GM-CSF group receive the second 

administration of the drug for three weeks while subjects in placebo group receive matching 

placebo injections. All participants undergo endpoint testing at six-month and nine-month follow-

up. The primary endpoint is change in 6-minute walk distance between baseline and 6-month 

follow-up.

Conclusion—GPAD-3 explores a novel approach to address the need for alternative therapies 

that can alleviate symptoms among patients with lower extremity PAD. If successful, this study 

will pave the way for a pivotal Phase III trial.
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INTRODUCTION

Peripheral arterial disease (PAD) is characterized by an acute or chronic obstruction of one 

or more non-cardiac, non-intracranial conductance arteries.1 Lower extremity PAD is caused 

by obstruction of the aortoiliac, femoropopliteal, and/or infrapopliteal arteries that is most 

commonly caused by atherosclerosis.2 It is an important public health problem affecting 

nearly 8.5 million Americans and over 200 million individuals across the world.3, 4 Lower 

extremity arterial obstruction can lead to downstream ischemia that manifests as symptoms 

of intermittent claudication (leg discomfort with activity), and infrequently as critical limb 

ischemia and acute limb ischemia that can lead to tissue loss.5 However, only 10% of 

patients have the classic symptom of intermittent claudication, while approximately 40% do 

not have leg pain and the remaining 50% have a variety of symptoms that lead to walking 

impairment, but differ from classic claudication.6 Overall, these patients have a reduced 

quality of life related to functional impairment and loss of mobility,7 and are at a significant 

risk of early mortality and adverse cardiovascular events.8 Exercise therapy, arterial 

revascularization (endovascular or surgical), cilostazol, and statins have been shown to 

mitigate symptoms.9–12 However, several patients with PAD continue to suffer from 

lifestyle-limiting claudication despite appropriate medical and/or surgical management. 

Stem cell and progenitor cell therapies that promote neoangiogenesis are emerging treatment 

modalities to help mitigate symptoms of lower extremity PAD.13–16

RATIONALE

Progenitor cells (PCs), particularly those of endothelial origin, are involved in vascular 

repair and regeneration.17 They originate primarily from the bone marrow, differentiate into 

endothelial and other vascular cells in vivo and in vitro,18–20 and circulating PCs contribute 

to neovascularization during tissue repair by direct and paracrine mechanisms.21 Circulating 

PCs can be enumerated by flow cytometry and human hematopoietic stem cells have been 

isolated primarily through their expression of the marker CD34.22–24 CD34+ mononuclear 
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cells from human bone marrow include distinct lineages of both hematopoietic 

(CD34+CD45med) and non-hematopoietic (mesenchymal) progenitors that lack the 

expression of CD45 and CD50 surface markers.25 CD133 is a 5-transmembrane antigen 

marker of primitive stem cells that is lost during maturation, and CD34− cells expressing 

CD133+ differentiate into CD34+ cells with greater proliferative activity and thus cells 

expressing both markers (CD34+/CD133+) may be further enriched for a vascular PC 

phenotype.26, 27 Co-expression of CXCR4 promotes homing of PCs to stromal derived 

factor (SDF)-enriched hypoxic environments for enhancing vascular repair, may also further 

characterize PCs with capacity for vascular regeneration.28 While additional expression of 

vascular endothelial growth factor receptor-2 (VEGFR2) has been proposed to identify more 

differentiated progenitor cell types,29 these sub-populations remain difficult to reproducibly 

quantify compared to other more abundant CD34+ populations.30

Endogenous, pharmacologically-stimulated, and exogenous PCs have been shown to 

contribute to reendothelialization of tissues after endothelial injury, attenuating progression 

to frank atherosclerosis.31–37 Granulocyte colony stimulating factor (G-CSF) and 

granulocyte-macrophage colony stimulating factor (GM-CSF) stimulate mobilization of 

hematopoietic and endothelial PCs and other precursors via specific receptors.38–43 

Takahashi et al. in a seminal experiment demonstrated the potent stimulatory effect of GM-

CSF on PC mobilization. In a rabbit model of hind limb ischemia, seven days of daily GM-

CSF use augmented PC-enriched cell populations almost 2-fold, increased capillary density, 

and improved perfusion.44 In humans, GM-CSF can safely and effectively mobilize CD34+ 

cells from the bone marrow,45, 46 and pilot studies have observed possible benefit of 

cytokine therapy in patients with lower extremity PAD. A summary of these studies is 

provided in provided in Table 1.

In the START trial, GM-CSF or placebo were administered by seven subcutaneous 

injections over 14 days, and investigators found no changes in walking distance at 2 weeks 

in the GM-CSF and placebo groups.13 Notably, Doppler flow measurements in the placebo 

group declined significantly but remained unchanged in the treated group during the 3-

month period.13 Based on the observations of improved neovascularization in experimental 

models with GM-CSF and the equivocal START trial, we previously completed a double-

blind, placebo-controlled Phase I dose-escalation trial in 45 patients with symptomatic PAD 

(G-PAD-I).14 Patients received subcutaneous injections of either placebo or GM-CSF thrice 

weekly in escalating doses of 3, 6 or 10 μg/kg/day administered for two weeks. This trial 

demonstrated the safety of GM-CSF use, its ability to mobilize PCs into the circulation, and 

the adequacy of the dose range tested.14 At 12 weeks, patients receiving GM-CSF 

experienced improvements in brachial artery flow mediated dilation (FMD), pain-free 

treadmill walking time, and total treadmill walking time (Table 1). However, such 

improvements were not observed in the placebo group.14

The G-PAD-I study was followed by a larger double-blind, placebo-controlled Phase IIA 

trial, GPAD-2, where we tested the hypothesis that GM-CSF administration in patients with 

symptomatic PAD would result in improvement in treadmill peak walk time (PWT) at 3 

months.15 A total of 159 patients were randomized 1:1 to receive four weeks of 

subcutaneous injections of GM-CSF or placebo.15 In the intention-to-treat analysis, the 
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increase in PWT at 3 months in the GM-CSF group compared to placebo trended toward 

significance. (Table 1). In the per-protocol analysis, PWT increased in both groups, but the 

113 second increase from baseline to 3 months, and the 122 second increase from baseline 

to 6 months in those receiving GM-CSF was significantly greater than the corresponding 

increase in the placebo group (44 seconds, p=0.02 and 57 seconds, p=0.02 at 3 and 6 

months, respectively).15 GM-CSF increased the leucocyte and PC counts with peak 

mobilization at 2 weeks and patients with >100% increase in PCs had a greater increase in 

PWT compared to those with <100% increase (131 vs. 60 seconds, p=0.04).15

More recently, the Progenitor Cell Release Plus Exercise to Improve Functional 

Performance in PAD (PROPEL) trial randomized patients with symptomatic PAD in a 2 × 2 

factorial design to GM-CSF, supervised exercise, or placebo.16 Patients received two weeks 

of subcutaneous injections of GM-CSF thrice-weekly or placebo along with supervised 

treadmill exercise sessions three times a week with an exercise physiologist or attention 

control.16 As compared to the placebo + exercise group, participants in the GM-CSF + 

exercise group did not have significantly different change in 6-minute walk distance or PWT 

at 12 weeks (Table 1).16 Additionally, patients in the GM-CSF + attention control group did 

not have significantly different change in 6-minute walk distance or PWT at 12 weeks as 

compared to placebo + attention control group (Table 1).16 However, PROPEL investigators 

were not able to recruit the pre-specified number of participants and importantly, did not test 

the potential impact of repeated GM-CSF treatment among patients with PAD.

Therefore, in the ongoing randomized, placebo-controlled Phase IIB trial, GPAD-3, we are 

investigating whether repeat administration of GM-CSF injections (thrice a week for 3 

weeks) three months after the initial treatment will increase the possible benefit of GM-CSF 

to alleviate claudication symptoms in patients with clinically stable PAD. GPAD-3 

participants complete a 4-week screening phase before randomization where they are 

instructed to walk to symptom limitation at least 3 times a day which will help decrease the 

exercise training effect in our trial population.

The GPAD-3 trial addresses a compelling need for alternative therapy for patients with PAD 

that are symptomatic despite optimal medical management. We are investigating a unique 

and novel approach of delivering autologous cell therapy by employing endogenous PC 

mobilization and homing to the sites of ischemia in the lower extremities. If proven 

successful and effective, our results will likely provide an important therapeutic option for 

this population and pave the way for a pivotal Phase III trial.

METHODS

Major objective

The major objective of this study is to investigate the effects of mobilization of bone marrow 

PCs with two successive administrations of subcutaneous GM-CSF at three-month intervals 

in patients with atherosclerotic lower extremity PAD and walking impairment.
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Hypothesis

Our hypothesis is that repeated GM-CSF use will lead to a sustained improvement in 

walking distance and quality of life in this patient population.

Endpoints

The primary endpoint of this trial is change in walking performance as measured using 6-

minute walk distance at 6 months among participants receiving two treatments of GM-CSF 

(Group A) compared to change in distance among participants receiving placebo (Group B).

The secondary endpoints of this trial include:

1. Change in PWT during treadmill exercise at 6 months in Group A compared to 

change in Group B.

2. Comparison of single vs. two treatments of GM-CSF measured as change in (a) 

6-minute walk distance and (b) PWT from 3 months to 6 months in Group A 

compared to change in Group B.

3. Comparison of single treatment with GM-CSF measured as: change in (a) 6-

minute walk distance and (b) PWT from baseline to 3 months in Group A 

compared to change in Group B.

4. In the group comparisons above, we will measure changes in the following 

endpoints:

a. Walking Impairment Questionnaire (WIQ) sub-scores: walking 

distance, walking speed, and stair climbing domains

b. Physical Health Scale Composite (PCS) score of the Short Form 

(SF)-36 questionnaire and its domains

c. Claudication onset time (COT) during treadmill exercise

d. Ankle-brachial index (ABI)

e. Correlation between magnitude of change in 6-minute walk distance as 

well as PWT and the magnitude of change in circulating PC counts

f. Long-term (1-year) persistence of changes in functional performance 

(determined using WIQ and SF-36 questionnaire)

g. Adverse events data

Institutional Review Board

The GPAD-3 study protocol has been approved by the institutional review board at Emory 

University (Atlanta, Georgia).

Funding

The GPAD-3 study is funded by the National Heart, Lung, and Blood Institute of the 

National Institutes of Health grants 1R61HL138657–01, 4R33HL138657–02, and 

5R33HL138657–03.
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Study Design

We plan to recruit 176 adult patients with clinically stable, optimally treated atherosclerotic 

PAD and walking limitation. We started patient recruitment in December 2017 and have 

recruited 57 subjects thus far. The study has been approved to receive funding till July 2022. 

After screening for inclusion and exclusion criteria, eligible subjects are trained to perform 

subcutaneous injections and instructed to walk at least three times a day until they develop 

claudication or symptomatic limitation for four weeks. At the end of this 4-week period, 

subjects undergo baseline testing and are randomized 2:1 in a double-blinded manner to 

receive 500 μg/day of GM-CSF subcutaneously thrice weekly for 3 weeks (Group A) or 

placebo (Group B). We have used sex and diabetes status for performing stratified 

randomization. After 3 months, follow-up endpoint testing is performed and subjects in 

Group A receive the second administration of 500 μg/day of GM-CSF subcutaneously thrice 

weekly for another 3 weeks while Group B subjects receive matching placebo. All 

participants undergo endpoint testing two more time at 3-month intervals after the second 

drug administration (Figure 1). With this study design, we will be able to investigate whether 

repeat injections of GM-CSF three-months apart have a greater therapeutic effect compared 

to placebo, and whether the second dosing enhances the effects of GM-CSF. The key phases 

of the trial are described below.

Screening phase: After informed consent is obtained, subjects have inclusion and 

exclusion criteria evaluated and once they are deemed eligible, they undergo a 6-minute 

walk test and a treadmill exercise test using the Gardner or a modified Bruce protocol. The 

correct technique for subcutaneous injection administration is taught and all enrolled 

subjects start injecting placebo subcutaneously three times a week for the duration of the 4-

week screening phase to familiarize themselves with subcutaneous injection use. They are 

also instructed to walk to symptom limitation at least 3 times a day during the screening 

phase while maintaining a daily electronic diary. Participant activity is monitored using an 

activity tracker, Fitbit Flex 2™ (Fitbit Inc., San Francisco, CA). This ensures that those who 

were very inactive before enrollment become familiar with walking exercise and any 

training effect from home exercise is achieved in all subjects before randomization. We are 

also testing subject compliance with the exercise regimen by tracking step count and 

physical activity at each visit.

Randomization visit: After the end of the screening phase patients undergo baseline 

testing and if they continue to meet the eligibility criteria, they are randomized. The 6-

minute walk test and the treadmill exercise test are performed twice at the randomization 

visit to establish a stable and reproducible baseline. Treatment assignments are generated in 

random, permuted blocks (with block sizes of 3, 6, or 9) to ensure balance between the 

number of patients assigned to each of the two treatment arms and blinding is maintained by 

Investigational Pharmacy at the Emory University School of Medicine. Participants are 

stratified for diabetes so that a proportionate number of patients with diabetes (2:1) are 

randomized to each group.

First drug administration phase: The first 3-week drug administration phase begins at 

the randomization visit. All subjects are evaluated every week by the study physician during 
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this time period for any adverse effects and the peripheral blood count is checked. While the 

drug or placebo are given in a non-variable 500 μg dose, any modifications to the dose are 

made by an un-blinded investigator who receives the peripheral blood count results from the 

research labs and can alter the dose by informing the pharmacy and the subject. The drug 

dose can be modified if certain hematologic or constitutional toxic effects are observed as 

discussed later.

Three-month (12 week) visit: Follow-up testing for study endpoints is performed at 3 

months and Group A participants receive the second administration of GM-CSF 500μg 

subcutaneously thrice weekly for an additional 3 weeks, whereas Group B participants 

receive 3 weeks of placebo injections.

Second drug administration phase: Similar to the first drug administration phase 

participants are evaluated each week for any adverse effects by the study physician and the 

peripheral blood count is checked.

Six-month (24 week) and Nine-month (36 week) visit: All study endpoint tests done 

at the three-month visit are performed during the six-month and nine-month visits.

1, 2, and 3 years after enrollment: Telephone follow-up is performed to acquire 

questionnaire and adverse event data.

Study Measurements

The study calendar detailing measurements performed during the study is depicted in Table 

2.

Measures of GM-CSF response—The response to GM-CSF therapy is ascertained 

using 6-minute walk test, treadmill exercise test, ABI testing, and standardized 

questionnaires.

1. Six-minute walk test: participants are asked to walk up and down a 100-foot 

hallway for 6 minutes to cover the maximum distance possible. The distance 

completed after 6 minutes is recorded. The 6-minute walk distance is the primary 

outcome measure and the test is performed twice at randomization and the 3, 6, 

and 9-month visits.

2. Treadmill exercise test: graded treadmill exercise testing is performed using the 

Gardner protocol or the modified Bruce protocol and the PWT and COT are 

recorded. If a subject is unable to complete a minimum of 1 minute of the 

treadmill test or can walk >12 minutes on the modified Bruce protocol, they are 

considered a screen failure at the screening or randomization visit. Treadmill 

exercise testing is performed twice at randomization, and the 3, 6, and 9-month 

visits.

3. Doppler derived ABI: with the patient in supine position, bilateral brachial and 

ankle blood pressure cuffs are inflated about 30 mm Hg above the systolic 

pressure. Doppler flow signals are used to detect the reappearing perfusion while 
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reducing the cuff pressure. The dorsalis pedis and posterior tibial pressures in 

each lower extremity are measured and the higher of the two is used to calculate 

the ABI.47 The highest brachial pressure of the two arms is used for calculating 

the ABI. ABI testing is performed before and after each treadmill exercise test.

4. Symptom assessment: functional status is assessed by the WIQ and SF-36 Health 

Survey to provide an index of change in symptoms during follow-up.

5. Physical activity assessment: physical activity is measured using the Fitbit Flex 

2™ (Fitbit Inc., San Francisco, CA) device and these data are used to document 

the change in physical activity during the follow-up.

Measures of mechanisms and determinants of GM-CSF response—The 

mechanisms and determinants of GM-CSF response will be determined by measuring 

complete blood count, including white blood cell count, at each visit and by measuring 

circulating PCs at randomization, end of first and second drug administration phases, and at 

the 3, 6, and 9-month visits. The numbers of circulating mononuclear cells expressing the 

PC specific epitopes (CD34, CD133, CXCR4, and VEGF2R) is being counted in peripheral 

blood samples collected in EDTA tubes using fluorescent activated sorting. Blood samples 

are prepared within 4 hours of collection and incubated with fluorochrome-labeled 

monoclonal antihuman mouse antibodies. We incubate 300 μl of peripheral blood with 7 μl 

of FITC-CD34 (BD Biosciences), PerCP-CD45 (BD Biosciences), PE-VEGFR2 (R&D 

system), 5 microL APC-CD133 (Miltenyi), and 3 microL PE-Cy7-conjugated anti-CXCR4 

(EBioscience, clone 12G5) in the dark for 15 minutes.48 Then 1.5 mL ammonium chloride 

lysing buffer is added to lyse red blood cells, following which 1.5 mL staining medium (PBS 

with 3% heat-inactivated serum and 0.1% sodium azide) is added to stop the lysing reaction.
48 Prior to flow cytometry, 100 microL of AccuCheck Counting Beads (Invitrogen, Cat#: 

PCB100) are added to act as an internal standard for direct estimation of the concentration of 

target cell subsets.48 At least 2.5 million events are acquired from the cytometer. Flow 

cytometry data is analyzed with Flowjo software (Treestar, Inc.) and circulating PC 

populations (CD34+, CD34+/CD133+, CD34+/CXCR4+, and CD34+/VEGF2R+) will be 

reported as cell counts per mL.48

Study Population and Sites

We plan to recruit 176 patients in the trial with the expectation that at least 150 will 

complete the entire study. This sample size was derived based on power calculations that are 

described later. Each patient is carefully assessed to determine eligibility and ensure 

compliance with the inclusion and exclusion criteria listed in Table 3. Subjects are asked to 

fill out a screening questionnaire including the San Diego questionnaire for assessment of 

walking limitation/claudication and a full physical examination is performed by a study 

physician at the screening and randomization visit. Participants are being recruited from 

clinics and hospitals affiliated with the Emory University School of Medicine.

Safety and Adverse Events

Subjects are closely monitored for any adverse events during the entire study and for dose-

limiting toxicity during the drug administration phases. These adverse events are reported by 
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the principal investigator (Arshed Quyyumi, MD) to the Emory University Institutional 

Review Board, the Georgia Clinical and Translational Science Alliance, and Data Safety 

Monitoring Board in accordance with the National Cancer Institute Common Terminology 

Criteria for Adverse Events. The GM-CSF dose being used in GPAD-3 (500 μg/day, thrice 

weekly) is the same as the GPAD-2 trial, albeit with a different duration of treatment. GM-

CSF was generally well tolerated in GPAD-2;15 and the adverse effects of GM-CSF use, and 

dose-limiting toxicities are described below.

A serious adverse event is characterized by at least one of the following:

1. A fatal or life-threatening event

2. An event that renders the patient permanently disabled

3. An event requiring in-patient hospitalization

An unexpected adverse event is this trial is defined as an event which:

1. Has not been previously reported with GM-CSF use

2. Is symptomatically and pathophysiologically related to a known toxicity but 

differs because of greater severity or increased frequency among trial participants

If significant serious or unexpected adverse effects occur as defined above, the principal 

investigator will break the code and inform the Institutional Review Board, Data Safety 

Monitoring Board and the Food and Drug Administration within 48 hours for death and 

within 7 days for other events. The subject will be removed from the study and the protocol 

will be reviewed to make appropriate changes.

GM-CSF has the following known adverse effects:

1. Constitutional: fever, asthenia, malaise, headache, allergic or anaphylactic 

reaction

2. Pulmonary: dyspnea, pleural effusion, capillary leak syndrome

3. Hematopoietic: blood dyscrasia, neutralizing antibodies against GM-CSF

4. Cardiovascular: edema, pericardial effusion, transient supraventricular 

arrhythmias

5. Gastrointestinal: nausea, worsening of pre-existing hepatic disease

6. Renal: worsening of pre-existing renal disease

7. Skin: rash at the injection site

During the drug administration phases participants are monitored for GM-CSF dose-limiting 

toxicity:

1. Hematological: elevation of leukocyte counts (>35,000/ml) or depression of 

platelet counts (<75,000/ml). The complete blood count data is reviewed only by 

an un-blinded investigator.
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2. Constitutional: a skin rash involving >25% body surface area, pain not 

responding to at least 4 doses of non-steroidal anti-inflammatory drugs per day, 

or documented fever >38.5°C

3. Significant splenic enlargement

4. Adverse events: major cardiovascular events include death, myocardial 

infarction, cerebrovascular events (stroke and transient ischemic attacks), and 

amputations. All events include major cardiovascular events mentioned above, 

and angina admissions, coronary or peripheral revascularization, and progression 

of symptoms to critical limb ischemia

If any of these toxicities are observed, the un-blinded investigator contacts the 

Investigational Pharmacy and/or the subjects to discontinue the drug by switching to placebo 

or decrease the subsequent doses to half (250 μg) depending on the severity of dose-limiting 

toxicity. However, such subjects will remain in the study, receive a placebo injection when 

appropriate, and continue to be followed for efficacy endpoints and late toxicity.

Statistical Methods

Sample size and power—Power calculations for GPAD-3 were conducted based on the 

preliminary data from the GPAD-2 and GOALS trials assuming a Type I error α=0.05.15, 49 

For the primary endpoint of change in 6-minute walk distance at 6 months, a sample size of 

150 (N=100 in the GM-CSF treatment Group A) and N=50 in the placebo (Group B) will 

detect differences of 46.5 m and 53.7 m between the groups with 80% and 90% power, 

respectively. Both differences are smaller than the previously reported treatment effect (e.g., 

an estimate of 58 m difference between the treatment intervention and control group in 

GOALS trial).49 For the secondary endpoint of change in PWT, a sample size of 150 

(N=100 in Group A and N=50 in Group B) will detect differences of 112.8 seconds and 

130.6 seconds between the groups with 80% and 90% power, respectively. While these 

minimal detectable differences are slightly greater than the treatment effects reported in the 

GPAD-2 study at 3 months,15 they are considered feasible, given that the proposed study 

includes a run-in period aimed at reducing the exercise training effect we observed in the 

GPAD-2 placebo group.15 Given that the dropout rate in the GPAD-2 study was 6.3% and 

there will be a longer follow-up time in GPAD-3 due to two treatment periods, we 

conservatively plan to recruit a total of 176 subjects (117 in Group A and 59 in Group) to 

allow for a 15% dropout rate.

Statistical analysis—Trial participant data are being entered onto paper case report forms 

and then entered into the main study database in REDCap (Vanderbilt University, Nashville, 

TN). Descriptive statistics will be performed initially by calculating means, standard 

deviation, range, descriptive plots and histograms for each variable to determine distribution, 

outliers, and homogeneity of variance across groups as well as detect potential selection bias 

due to missing data and dropout. In the presence of missing data or dropouts, sensitivity 

analysis will be conducted as needed.50 All primary analyses will be based on the intention-

to-treat principle for the estimation of effectiveness. In the presence of noncompliance, we 

will also use statistical approaches including instrumental variable to account for 

noncompliance.51

Mehta et al. Page 10

Contemp Clin Trials. Author manuscript; available in PMC 2020 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The primary endpoint is change in the 6-minute walk distance between baseline and 6-

month follow-up. Secondary endpoints include change in PWT; WIQ sub-scores: the 

walking distance, walking speed, and stair climbing domains; PCS score of the SF-36; COT 

during treadmill exercise; and ABI. To assess the treatment effect of double administration 

of GM-CSF (and single administration of GM-CSF) on each endpoint, two sample t-tests or 

Wilcoxon tests will be used to compare change from baseline to 6 months (and change from 

baseline to 3 months) between Groups A and B. As a secondary analysis to explore if double 

administration is more effective than single administration of GM-CSF, linear mixed models 

(LMMs) or generalized linear mixed models (GLMMs) will be used to assess treatment 

effects over time (i.e., whether group difference at 6 months is greater than 3 month) by 

including an interaction term between groups and time. Spearman correlation will be used to 

assess association between the observed change in each endpoint and the improvement in 

circulating PCs at each time point stratified by treatment groups. LMMs or GLMMs will be 

used to assess association between the observed improvement in each endpoint and the 

improvement in circulating PCs over time, while controlling for treatment groups and other 

potential confounders. In all regression analyses, Akaike Information Criterion (AIC) will be 

used for model selection.52

Interim analysis—We will conduct one interim analysis when 50% of the entire sample 

completes 6-month follow-up. To preserve the overall Type I error rate for effectiveness at 

the 0.05 significance level, we will employ the Lan-DeMets alpha spending function method 

with O’Brien-Fleming type boundaries to determine group sequential boundaries for the 

interim analysis of the accumulated data.53 The critical value for the upper and lower bounds 

for the interim analysis (50% completion) and the final analysis (100% completion) will be 

2.9626 (corresponding α=0.0015) and 1.9686 (corresponding α=0.0245), respectively. In 

addition to assessing treatment efficacy, the interim analysis report will also include a 

summary of monthly and cumulative accrual, patient characteristics and status (for 

participants off treatment), assessment of participant adherence to the treatment regimen, 

adverse events, and protocol violations. Study enrollment will continue during the interim 

analysis as long as no safety issues are identified. Unblinded investigators will perform the 

interim analysis, while the principal investigator and study personnel performing study 

measurements and entering data will remain blinded.

Anticipated results and challenges in interpretation—We anticipate that GM-CSF 

use will lead to improvement in primary and secondary endpoints of the trial at 6-month 

follow-up. We also anticipate that two doses of GM-CSF will produce greater improvement 

in trial endpoints as compared with single dosing, and that this improvement will persist till 

9 months. Additionally, we expect to observe a correlation between the magnitude of PC 

mobilization into the circulation with improvement in endpoints. Lastly, we expect that GM-

CSF therapy use will be safe. However, we are not exploring mechanisms of GM-CSF 

response beyond PC mobilization in this trial which would be a potential challenge in 

interpreting our results.

Mehta et al. Page 11

Contemp Clin Trials. Author manuscript; available in PMC 2020 June 02.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



SUMMARY

The GPAD-3 study is an ongoing randomized, placebo-controlled Phase IIB trial that is 

investigating the utility of mobilizing bone marrow progenitor cells with two successive 

administrations of subcutaneous GM-CSF at three-month intervals in patients with 

atherosclerotic lower extremity PAD and walking impairment. This trial explores a novel 

approach to address the compelling need for alternative therapy among patients with 

symptomatic PAD. If the trial is successful and effective, our results will help provide an 

important therapeutic option for these patients and pave the way for a pivotal Phase III trial.
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Figure 1: GPAD-3 study design
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