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Protocol Summary 

PRODUCT Revatio® (sildenafil citrate) 

CLINICALTRIALS.GOV IDENTIFIER NCT00517933 

PROTOCOL TITLE Sildenafil Trial of Exercise Performance in Idiopathic 

Pulmonary Fibrosis 

DIAGNOSIS AND MAIN CRITERIA 

INCLUSION 

FOR Confirmed idiopathic pulmonary fibrosis and a diffusing 

capacity of the lung < 35% of predicted 

STUDY OBJECTIVES To demonstrate improved 6-minute walk test distance in 

subjects with advanced idiopathic pulmonary fibrosis treated 

for 12 weeks with sildenafil compared with placebo. 

To demonstrate improved dyspnea and quality of life in 

subjects with advanced idiopathic pulmonary fibrosis treated 

for 12 weeks with sildenafil compared with placebo. 

STUDY DESIGN Multi-center, randomized, double-blind, placebo-controlled 

period, followed by open-label period 

TREATMENT REGIMEN 20 mg of sildenafil or placebo 3 times a day, daily for 12 

weeks, then 20 mg of sildenafil 3 times a day, daily for 12 

weeks 

ROUTE OF ADMINISTRATION Oral 

INTERVAL BETWEEN FIRST AND LAST 24 weeks 

DOSES OF ACTIVE STUDY AGENT 

DURATION OF STUDY PARTICIPATION 24 weeks 

END OF STUDY DEFINITION 24 weeks + 28 days after final subject enrollment 

NUMBER OF SUBJECTS 170 (1:1) 

NUMBER OF SITES 12 

PRIMARY ENDPOINT Change in 6-minute walk distance from enrollment to week 12  

(dichotomized as ≥ 20% improvement or < 20% improvement) 

SECONDARY ENDPOINTS Change in 6-minute walk distance from enrollment to weeks 6 

and 12 

Change in quality of life from enrollment to weeks 6 and 12 

Change in New York Heart Association class from enrollment 

to weeks 6 and 12 

Change in dyspnea using Borg scale from enrollment to weeks 

6 and 12 

Change in dyspnea using University of California at San Diego 
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Shortness of Breath Questionnaire from enrollment to weeks 6 

and 12 

Change in oxygen desaturation measures (time, distance, 

recovery time) during 6-minute walk test from enrollment to 

weeks 6 and 12 

Change in forced vital capacity and diffusing capacity of the 

lung from enrollment to weeks 6 and 12 

Change in resting partial pressure of arterial oxygen (PaO2), 

oxygen saturation measured using pulse oximetry (SpO2), 

arterial oxygen saturation (SaO2), and alveolar-arterial (A-a) 

gradient from enrollment to week 12 

Change in brain natriuretic peptide level from enrollment to 

weeks 6 and 12 

Acute exacerbation of idiopathic pulmonary fibrosis 

Number of all-cause hospitalizations  

Survival time 

Second Period Endpoints (open-label phase) Changes in 6MWD from enrollment to week 24 

Changes in QOL from enrollment to week 24 

Change in NYHA class from enrollment to week 24 

Changes in dyspnea using Borg scale from enrollment to week 

24 

Changes in dyspnea using UCSD SOBQ from enrollment to 

week 24 

Changes in O2 desaturation measures (time, distance, recovery 

time) during 6MWT from enrollment to week 24 

Changes in FVC, DLco from enrollment to week 24 

Changes from enrollment in resting PaO2, SpO2, SaO2, and A-a 

gradient from enrollment to week 24 

Changes in BNP level from enrollment to week 24 

AEx of IPF 

Number of all-cause hospitalizations 

Survival time 

INTERIM ANALYSIS One planned interim analysis at 0.50 information time 
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A STUDY OF SILDENAFIL IN IDIOPATHIC PULMONARY FIBROSIS 

 

1. SUMMARY 

This protocol proposes to test the following hypothesis: Treatment with sildenafil will 

improve exercise capacity and quality of life (QOL) in subjects with advanced idiopathic 

pulmonary fibrosis (IPF). This study will be a 2-period study, with treatment and evaluation 

lasting a total of 24 weeks. To address the primary hypothesis of this protocol, we propose a 

12-week randomized, double-blind, placebo-controlled trial of sildenafil in 170 subjects with 

advanced IPF (defined as diffusing capacity of the lung for carbon monoxide [DLco] < 35% 

predicted). The primary endpoint of this trial is change in 6-minute walk distance (6MWD) 

over 12 weeks. The second study period will be used to estimate the 24-week safety and 

efficacy profile of sildenafil therapy. Secondary endpoints will include change in dyspnea 

and QOL. This clinical trial will be performed as part of the National Institutes of Health 

(NIH)/National Heart Lung and Blood Institute (NHLBI)-sponsored Idiopathic Pulmonary 

Fibrosis Clinical Research Network (IPFnet). 

 

2. HYPOTHESIS AND SPECIFIC AIMS 

 

2.1. Study Hypothesis   

Treatment with sildenafil will improve exercise capacity and QOL in subjects with advanced 

IPF. 

 

2.2. Specific Aim 1   

To demonstrate improved 6-minute walk test (6MWT) distance in subjects with advanced 

IPF treated for 12 weeks with sildenafil compared with placebo. 

 

2.3. Specific Aim 2  

To demonstrate improved dyspnea and QOL in subjects with advanced IPF treated for 12 

weeks with sildenafil compared with placebo. 
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3. BACKGROUND AND SIGNIFICANCE 

 

3.1. Pulmonary Hypertension is Common in Advanced Idiopathic Pulmonary Fibrosis 

Secondary pulmonary hypertension (PH) is common in people with advanced IPF, which is 

generally defined by severely reduced lung volumes and diffusing capacity (< 35%). IPF is 

associated with aberrant vascular remodeling (Turner-Warwick 1963; Keane et al. 1999; 

Cosgrove et al. 2004), a phenomenon that likely contributes to this association. Historical 

data have suggested the majority of people with IPF have PH. In a cohort of 31 IPF subjects, 

PH at rest (arterial pressure [PA] mean > 20 mm Hg) was reported in 55% of subjects. In this 

cohort, 80% of IPF subjects had PH with exercise (PA mean > 30 mm Hg) (Weitzenblum et 

al. 1983). In 70% of subjects with advanced pulmonary fibrosis, an auscultatory finding of a 

loud pulmonary second sound consistent with PH was present, and thickened muscular 

pulmonary arteries with medial hypertrophy and fibrous intimal proliferation were reported 

(Stack, Choo-King, and Heard 1972; Crystal et al. 1976). Subjects with IPF had higher 

pulmonary artery pressures and lower cardiac indices both at rest and with exercise than 

subjects with other forms of interstitial lung disease (ILD) (Weitzenblum et al. 1983). 

 

Recent data from the field of lung transplantation have corroborated these early data. In one 

large study of subjects with ILD undergoing formal evaluation for lung transplantation, the 

prevalence of PH at rest assessed by right-heart catheterization (RHC) was found to be 59% 

of 106 subjects (Arcasoy et al. 2003). In a second large study of 79 IPF subjects undergoing 

pretransplantation RHC, the prevalence of PH at rest was 32% (Lettieri et al. 2006).  

 

3.2. Pulmonary Hypertension in Advanced Idiopathic Pulmonary Fibrosis Shortens 

Survival 

The presence of PH in advanced IPF has a significant adverse impact on survival. An 

echocardiographic systolic pulmonary artery pressure of greater than 50 mm Hg was 

associated with a median survival time of 0.7 years in subjects with well-documented IPF 

(Nadrous et al. 2005). In a large study of subjects with advanced IPF, the 1-year mortality 

rate was higher among those with PH (28.0% vs. 5.5%, p=0.002) (Lettieri et al. 2006). Over 

the entire study period this translated to an odds ratio for mortality of 2.6 (95% CI: 2.3-3.1). 

A second study reported on 88 subjects with ILD (the majority had IPF) and showed that the 
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presence of severe PH (defined as mean pulmonary artery pressure [mPAP] ≥ 35 mm Hg) 

was predictive of higher mortality (43% vs. 15% mortality over a mean of 10 months, p < 

0.05) (Leuchte et al. 2004). 

 

3.3. Sildenafil May Improve Pulmonary Hypertension and Exercise Tolerance in 

Advanced Idiopathic Pulmonary Fibrosis 

PH associated with advanced IPF is a potentially treatable condition (Arcasoy et al. 2003). 

Pulmonary-selective vasodilators have been suggested for the treatment of PH secondary to 

fibrotic lung disease such as IPF (Olschewski et al. 1999; Ghofrani et al. 2002; Runo and 

Loyd 2003). Sildenafil is a phosphodiesterase-5 inhibitor that stabilizes the second messenger 

of nitric oxide, cyclic guanosine monophosphate (GMP). Phosphodiesterases are a 

superfamily of enzymes that inactivate cyclic adenosine monophosphate and cyclic GMP 

with different tissue distribution and substrate specificities (Beavo 1995). Phosphodiesterase-

5 is abundantly expressed in lung tissue (Ahn et al. 1991; Peao et al. 1994), and results of 

studies performed in subjects with primary pulmonary hypertension (PPH) suggest that 

sildenafil causes pulmonary vasodilatation, even in the absence of exogenous nitric oxide 

administration (Wilkens et al. 2001; Ghofrani et al. 2002). 

 

In a randomized, controlled, open-label trial of 16 individuals with PH secondary to 

pulmonary fibrosis (the underlying diseases with subject numbers were: IPF - 7, CREST 

syndrome - 3, systemic sclerosis - 2, silicosis - 2, or extrinsic allergic alveolitis - 2), sildenafil 

showed significant effects on pulmonary vascular resistance (Ghofrani et al. 2002). After 

inhalation of nitric oxide, subjects were randomized to either maximum tolerated dose of 

intravenous epoprostenol (mean 8.0 ng/kg per min; n=8) or oral sildenafil (50 mg; n=8). 

Their primary objective was to assess pulmonary vasodilatory potency of sildenafil by 

comparison with inhaled nitric oxide and infused epoprostenol. A single dose of sildenafil 

(50 mg) reduced pulmonary vascular resistance by nearly one-third and increased the mean 

arterial blood oxygen tension by 14 mm Hg. The vasodilatory response to 50 mg of sildenafil 

began within 15 minutes and reached a plateau after 45 to 60 minutes. The drug was well 

tolerated with no adverse effects on ventilation-perfusion matching. In contrast with infused 

epoprostenol, sildenafil showed selectivity for well-ventilated areas of the lung, resulting in 

improvement rather than deterioration in gas exchange.  
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3.4. Sildenafil Safety Data in Subjects with Advanced Lung Disease 

Sildenafil appears to be a generally well-tolerated drug in subjects with advanced disease. 

Only 1 of 14 subjects studied at the University of California at Los Angeles (UCLA) (see 

section 4.1 below) had a significant adverse event (AE) (transient hypotension), requiring 

sildenafil to be stopped. A second pilot study of sildenafil reported on 3 subjects with IPF, 

and none had significant AEs (Madden and Crerar-Gilbert 2005). In a large trial of sildenafil 

for PPH, 160 subjects had World Health Organization (WHO) class III disease and 9 had 

WHO class IV disease (Galie et al. 2005). Over 12 weeks, there were 2 serious adverse 

events (SAEs) related to sildenafil and 4 withdrawals due to side effects in the entire study 

cohort. 

 

3.5. Brain Natriuretic Peptide and Gas Exchange May Be Reasonable Surrogate 

Markers of Pulmonary Hypertension in Idiopathic Pulmonary Fibrosis 

RHC is the gold standard for diagnosis of PH in people with advanced IPF (Arcasoy et al. 

2003; Runo and Loyd 2003). However, it is an expensive and invasive method with 

substantial risks for complications. It is also a highly technical procedure; properly 

performed RHC is of limited availability in the community. Reliable, noninvasive approaches 

to the diagnosis of PH in advanced IPF would improve subject safety, cost, and accessibility 

to accurate diagnostic tools for community physicians.  

 

Echocardiography is not an accurate predictor 

Doppler echocardiography is commonly used to estimate systolic pulmonary artery pressure 

(PAP) and to diagnose PH; however, estimation of systolic PAP by echocardiography is 

frequently inaccurate in people with ILD. In a cohort study of 374 lung-transplant candidates, 

the performance characteristics of echocardiography compared with RHC in the 

determination of systolic PAP and diagnosis of PH were investigated (Arcasoy et al. 2003). 

Estimation of systolic PAP by echocardiography was possible in 166 subjects (44%). The 

correlation between systolic PAP estimated by echocardiography and measured by cardiac 

catheterization was good (r = 0.69, p < 0.001). However, 52% of pressure estimations were 

found to be inaccurate (> 10 mm Hg difference compared with measured pressure), and 48% 

of subjects were misclassified as having PH when estimated by echocardiography. Systolic 
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PAP estimation predicted PH in subjects with ILD with 85% sensitivity, 17% specificity, 

60% positive predictive value, and 44% negative predictive value. In light of the poor 

positive and negative predictive values of echocardiographic-estimated systolic PAP, reliance 

on this noninvasive technique can potentially lead to inaccurate diagnosis of PH in patients 

with IPF. 

 

Brain natriuretic peptide (BNP) appears to be an accurate predictor of moderate or severe 

PH in advanced IPF 

BNP is predominately secreted by the cardiac ventricles (Mukoyama et al. 1991). In a recent 

study, investigators aimed to characterize the role of BNP in the assessment of PH in 39 

individuals with advanced pulmonary fibrosis whose underlying diseases were IPF (n=28), 

pulmonary fibrosis due to connective tissue disease (n=3), sarcoidosis (n=4), and 

hypersensitivity pneumonitis (n=4) (Leuchte et al. 2004). In that study, subjects with 

pulmonary fibrosis and elevated BNP levels (n = 20) had significantly more severe PH (mean 

pulmonary arterial pressure [mPAP] 40.85 ± 3.2 mm Hg) during RHC than those with 

pulmonary fibrosis and normal BNP levels (n = 19) (mPAP 23.42 ± 1.44 mm Hg) (p < 

0.001). Brain natriuretic peptide concentrations predicted moderate-to-severe PH (mPAP ≥ 

35 mm Hg) with 100% sensitivity and high specificity (89%). The same group reported a 

larger cohort of subjects and found similar results. In a group of 176 subjects (55 of whom 

had IPF), an elevated BNP was associated with a positive predictive value of 73% and a 

negative predictive value of 92% (Leuchte et al. 2004).  

 

Based on these important but limited data, BNP appears to be a useful marker for moderate-

to-severe PH (mPAP ≥ 35 mm Hg) in advanced pulmonary fibrosis. The sensitivity of BNP 

to detect mild-to-moderate PH (mPAP of 26–34 mm Hg) is unknown. The use of elevated 

BNP as a surrogate marker for PH is attractive but requires further investigation before it can 

be routinely employed. 

 

Abnormal gas exchange is an accurate predictor of PH in advanced IPF 

It has been reported that when the DLco falls below 45% of predicted, PH at rest can be 

expected (Campbell and Harris 1981). In a retrospective analysis of 79 consecutive IPF 

subjects undergoing pretransplantation RHC, age, sex, forced vital capacity (FVC), and total 
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lung capacity did not differ among those with or without PH (Lettieri et al. 2006). Diffusing 

capacity, however, was significantly lower in those with PH (37.6 ± 11.3% predicted vs. 31.1 

± 10.1% predicted, p=0.04). The need for supplemental oxygen together with a DLco < 40% 

predicted identified the presence of PH with 65.0% sensitivity, 94.1% specificity, 86.7% 

positive predicted value, 82.1% negative predictive value, and 83.3% accuracy. Nonetheless, 

only 15.2% of the cohort had both a supplemental oxygen requirement and a DLco < 40% 

predicted, illustrating the limited sensitivity of criteria requiring evidence of desaturation. 

 

4. PRELIMINARY STUDIES 

 

4.1. Open-label Pilot Study of Sildenafil in Subjects with Idiopathic Pulmonary Fibrosis 

and Pulmonary Hypertension 

Recently published data from UCLA demonstrate improvement in 6MWD in subjects with 

IPF treated with sildenafil (see Table 1) (Collard et al. 2007). Fourteen subjects with IPF (6 

biopsy-proven) and documented PH by RHC (mPAP ≥ 25 mm Hg) or echocardiography 

(right ventricular systolic pressure ≥ 35 mm Hg) were enrolled in an open-label trial of 

sildenafil and underwent pre- and post-6MWTs. Over an average follow-up of 90 days, 3 of 

the 14 subjects were unable to complete the study. Two had side effects from sildenafil 

(diarrhea [1] and hypotension [1]) and 1 was unable to complete the follow-up 6MWT due to 

chest pains. In the remaining 11 subjects, 8 had an improvement of ≥ 20% in their 6MWDs, 

with a median improvement of 40%. 
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Table 1: Open-label Sildenafil Results 

 

Subject Dose (mg) 

Three times 

Baseline 

walk 

Follow-up 

walk 

Change in 

walk 

Adverse Effects 

a day (t.i.d.) distance 

(m) 

distance 

(m) 

distance 

(%) 

1 50 40 60 50 None 

2 50 60 100 67 None 

3 50 382 374 -2 None 

4 50 100 140 40 None 

5 50 135 95 -30 None 

6 20 55 100 82 None 

7 20 75 90 20 Diarrhea and

headaches 

8 20 60 185 208 None 

9 50 518 525 1 None 

10 20 70 85 21 Headache 

11 40 155 -- -- Chest pain during

follow-up walk test

12 20 105 -- -- Diarrhea 

13 25 250 -- -- Transient 

hypotension 

14 40 65 270 315 Blurred vision

 

 

 

 

4.2. Long-term Treatment with Sildenafil for Idiopathic Pulmonary Fibrosis and 

Pulmonary Hypertension 

Investigators at the University of the Saarland, Homburg, Germany, reported the effects of 

sildenafil during treatment for at least 3 months in 10 subjects with IPF and severe functional 

impairment (New York Heart Association [NYHA] classes III and IV) (Wilkens 2005). All 

subjects received a first dose of 25 mg sildenafil during vasoreactivity testing. Then all 

subjects were treated with sildenafil titrated to a dose of 3 x 50 mg/d. RHC during the initial 

oral dose of sildenafil showed a reduction in pulmonary vascular resistance of 28% (810 to 
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580 dyn sec cm-1). During a follow-up time of 8.4 months (range 4–18 months), significant 

improvements of gas exchange (increase in partial pressure of arterial oxygen [PaO2] of 1.2 

KPa [95% CI: -0.1, 2.5]), Borg dyspnea score, and QOL were achieved within the first 

month. No AEs with sildenafil treatment were noted. 

 

4.3. Eight-week Open-label Pilot Study of Sildenafil for Idiopathic Pulmonary Fibrosis 

and Pulmonary Hypertension 

A prospective open-label trial of 7 subjects with PH (3 with IPF) treated with 8 weeks of 

sildenafil showed a significant increase in 6MWT difference (pre-6MWD 80 meters and post 

120 meters, p = 0.03) (Madden et al.  2006). All IPF subjects had improvement in their walk 

distances. The presence of PH was confirmed by RHC in all subjects (defined as mPAP ≥ 25 

mm Hg). There were trends in improvement in pulmonary vascular resistance and mean PAP 

observed as well. 

 

5. METHODS 

 

5.1. Inclusion Criteria 

Only subjects with a screening DLco (adjusted for hemoglobin) < 35% predicted and a 

diagnosis of IPF are eligible for this study. A diagnosis of IPF is defined in section 5.2. 

Elevation of the serum BNP level, while useful in identifying moderate-to-severe PH, is not a 

widely validated surrogate marker and is of unclear sensitivity and specificity in subjects 

with more moderate PH. Therefore, BNP will not be used as one of the inclusion criteria. 

 

Subjects must be able to complete two consecutive pre-enrollment 6MWTs with distances 

within 15% of one another.  Subjects will be walked at screening, to ensure ability to walk 

the minimum distance of 50m and to set the oxygen flow for future walks.  At the enrollment 

visit, subjects will undergo two 6MWTs with a minimum of an hour’s rest between the two.  

If the difference between the two distances is greater than 15%, the subject is not eligible for 

enrollment.  If the distance of either walk is less than 50m, the subject is not eligible for 

enrollment. 
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5.2. Diagnosis of Idiopathic Pulmonary Fibrosis 

Only subjects with definite IPF will be eligible for enrollment in this study. We will utilize a 

combination of clinical/physiologic features, high-resolution computed tomography (HRCT) 

and, if clinically indicated, surgical lung biopsy to establish the diagnosis of IPF. An 

algorithm for the diagnosis is provided to guide entry into the protocol as outlined in the 

inclusion and exclusion criteria (Figures 5.1 and 5.2). This multi-disciplinary approach uses 

expertise from clinicians, radiologists, and pathologists. Investigators at each site, in 

conjunction with central pathology, will work together to establish the diagnosis of IPF. This 

interactive approach to the diagnosis of IPF increases the level of agreement between 

observers (Flaherty et al. 2004). 

 

A subject with suspected ILD should be evaluated for secondary causes including, but not 

limited to, environmental exposures, drugs, and systemic diseases. Presence of any of these 

findings felt to be significant enough to cause an ILD should disqualify the subject from 

entry into the trial. 

 

If secondary causes are absent, an HRCT scan may be obtained. If an HRCT of sufficiently 

high quality has been obtained within the last 3 months, that scan may be used for diagnosis. 

In the appropriate clinical setting, the diagnosis of IPF can be made by the demonstration of a 

typical radiographic pattern on HRCT or by demonstration of usual interstitial pneumonia 

(UIP) pattern on a surgical lung biopsy. The following criteria for a radiographic (ie, 

nonsurgical) diagnosis will be used. The presence of all major criteria and 3 of the 4 

minor criteria are required to meet study criteria for the diagnosis of IPF.  
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Figure 5.1: Radiological Diagnosis of Idiopathic Pulmonary Fibrosis 

 

Figure 5.2: Pathological Diagnosis of Idiopathic Pulmonary Fibrosis 
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5.2.1. Major Criteria 

 

1. Clinical: exclusion of other known causes (connective tissue diseases, 

environmental and drug exposures) of ILD  

 

2. Physiologic: restriction on pulmonary function testing (PFT) and/or evidence of 

impaired gas exchange (decreased DLCO or increased alveolar-arterial partial 

pressure of oxygen difference [A-aPO2] at rest or with exercise) 

 

3. Radiographic: HRCT with bibasilar reticular abnormality and honeycomb 

change with minimal ground glass opacities 

 

5.2.2. Minor Criteria 

1. Age > 50 years 

2. Insidious onset of unexplained dyspnea 

3. Duration of illness for ≥ 3 months 

4. Bibasilar, inspiratory crackles 

 

Unlike the American Thoracic Society/European Respiratory Society consensus criteria, 

bronchoscopy will not be required for diagnosis. This decision was made based on the 

experience of the IPFnet Steering Group members regarding the utility of bronchoscopy in 

the diagnosis of IPF. The presence of an atypical HRCT finding will require documentation 

of a definitive diagnosis by surgical lung biopsy.  

 

We will not require central review of HRCT, as several studies have shown that a confident 

local interpretation of clinical/HRCT criteria as definite UIP is associated with a high 

positive predictive value for finding UIP at surgical lung biopsy (see Table 2). Differences in 

sensitivity in these series likely reflect subject selection as Flaherty et al. (Flaherty et al. 

2003), evaluated only UIP and NSIP while Raghu et al. (Raghu et al. 1999) and Hunninghake 

et al. (Hunninghake et al. 2003) included a broader range of ILD.  
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Table 2: Operating Characteristics of Local HRCT Review for Diagnosis of Usual 

Interstitial Pneumonia  

Researcher # of Subjects Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

Raghu et al.  59 (29 UIP by 78 90 88 82

(Raghu et al. 1999) SLB) 

Hunninghake et al. 91 (54 UIP by 74 81 85 67

(Hunninghake et al. SLB) 

2003) 

Flaherty et al. 96 (only NSIP 37 100 100 30

(Flaherty et al. 2003) & UIP) 

 

 

 

 

Furthermore, a recent analysis of the HRCT scans from subjects enrolled in the GIPF-001 

trial confirmed that local site interpretations have a high congruity to a central radiology 

core. In this multi-center study, 263 HRCT scans were read as definite IPF; a retrospective 

central radiology core review found 93.2% to be consistent with IPF (Lynch et al. 2005). We 

will also take several additional steps to insure that the local HRCT reads are accurate, 

including: 

1. A detailed training module has been developed and must be completed by each site 

radiologist prior to site initiation. 

2. The first 10 HRCT scans from each site will be reviewed centrally to be certain that local 

reads are congruent with a central interpretation. If discrepancies are identified, 

additional education will be provided and HRCT scans will continue to be reviewed 

centrally until the central radiology core is confident that the local site is performing 

appropriately. 

3. Random scans will be reviewed concurrently from each center throughout the study to 

confirm that the local read continues to agree with central interpretation. If discrepancies 

are identified, they will be addressed as in #2 above.  

 

HRCT scans not definitive for a diagnosis of IPF will require review of a surgical lung 

biopsy for confirmation. Biopsies will be reviewed by a local pathologist at the clinical 

center as well as by a member of the central pathology review committee. If both diagnoses 

are the same, then that diagnosis will be considered final. If they do not agree, then a third 
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pathologist, another member of the central pathology review committee, will be consulted, 

and the majority diagnosis will be accepted.  If no consensus can be reached by two of the 

three pathologists, the subject will not be eligible for enrollment. 

 

In all cases, if a subject has a lung biopsy sample, that sample will be reviewed by the local 

and central pathologists. Therefore, the only cases that would not be subject to a direct 

central review process are those where the HRCT meets the centrally defined criteria for a 

diagnosis of definite IPF and a lung biopsy sample is not available. If a subject has an HRCT 

scan not read as definite IPF and no lung biopsy sample is available, the subject will not be 

eligible for enrollment.  The table below (Table 3) summarizes the possible combinations for 

making a diagnosis. 

 

If a lung biopsy sample is available, the subject is not eligible for enrollment until a 

consensus statement is received from the pathology reviewers. 

 

Table 3: Combining High-resolution Computed Tomography and Pathology 

Interpretations to Determine if Idiopathic Pulmonary Fibrosis is Present 

 

HRCT Diagnosis Pathology Diagnosis Diagnosis of 

IPF? 

Definite UIP Definite UIP Yes 

Definite UIP Probable UIP Yes 

Definite UIP Possible UIP Yes 

Definite UIP Not UIP No 

Definite UIP Unavailable Yes 

Consistent with UIP Definite UIP Yes 

Consistent with UIP Probable UIP Yes 

Consistent with UIP Possible UIP No 

Consistent with UIP Not UIP No 

Consistent with UIP  Unavailable  No  

Suggests alternative Dx Any Path No 

 

Page 25 of 66 



STEP-IPF Protocol – 03/30/2007, amendment 1 - 10/31/2007, amendment 2 -02/15/2008 

 

5.3. Exclusion Criteria 

1. Current enrollment in another investigational protocol 

2. Screening or enrollment 6MWD of < 50 meters  

3. Difference > 15% between first and second enrollment 6MWD 

4. Acute or chronic impairment other than dyspnea (eg, angina pectoris, intermittent 

claudication) limiting the ability to comply with walk test or other study requirements 

5. Forced expiratory volume1/FVC ratio < 0.65 after administration of bronchodilator 

6. Extent of emphysema greater than the extent of fibrotic change (honeycombing, reticular 

changes) on HRCT scan 

7. Acute myocardial infarction within the past 6 months 

8. Nitrate use 

9. Hypersensitivity to sildenafil or any component of the formulation 

10. Presence of aortic stenosis (AS) 

11. Life-threatening arrhythmia within 1 month of evaluation 

12. Poorly controlled diabetes mellitus requiring insulin therapy 

13. Second-degree or third-degree atrioventricular (AV) block on electrocardiogram 

14. Severe chronic heart failure: defined by left ventricular ejection fraction (EF) < 25% 

15. Presence of idiopathic hypertrophic subaortic stenosis (IHSS) 

16. Hypotension (systolic blood pressure [SBP] < 100 mm Hg or diastolic blood pressure 

[DBP] < 50 mm Hg); (symptomatic orthostatic hypotension) 

17. Uncontrolled systemic hypertension (SBP > 180 mm Hg or DBP > 100 mm Hg) 

18. Known penile deformities or conditions (eg, sickle cell anemia, multiple myeloma, 

leukemia) that may predispose to priapism  

19. Aspartate aminotransferase (AST)/serum glutamic pyruvic transaminase (SGPT) or 

alanine aminotransferase (ALT)/serum glutamic oxaloacetic transaminase (SGOT) > 3 

times the upper limit of normal ranges 

20. Renal impairment: creatinine clearance < 30 mL/minute 

21. Current drug or alcohol dependence 

22. Retinitis pigmentosa 

23. History of vision loss 

24. History of nonarteritic ischemic optic neuropathy 
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25. Recently initiated pulmonary rehabilitation within 30 days of enrollment. Subjects will 

be prohibited from starting pulmonary rehabilitation during the trial. Subjects who are 

currently undergoing maintenance pulmonary rehabilitation at study entry will be asked 

to maintain their levels of rehabilitation for the duration of the trial.   

26. Any investigational therapy as part of a clinical trial for any indication, within 30 days of 

enrollment 

27. Start or change in dose of treatment for IPF investigational agent (interferon -1b, 

pirfenidone, etanercept, N-acetylcysteine, and any other investigational agent intended 

to treat IPF), corticosteroids, or cytotoxic agents, within 30 days of enrollment 

28. Due to drug-drug interactions, the following agents will be prohibited: bosentan. 

Subjects taking strong CYP3A4 inhibitors (eg, azole antifungals, clarithromycin, 

diclofenac, doxycycline, erythromycin, imatinib, isoniazid, nefazodone, nicardipine, 

propofol, protease inhibitors, quinidine, telithromycin, troleandomycin, verapamil—not 

an inclusive list) will be asked to stop taking the CYP3A4 inhibitor at least 30 days prior 

to enrollment. However, if the subject requires the CYP3A4 inhibitor (PI judgment), as 

long as the dose is not changed throughout the study, the subject will be allowed to 

concurrently take the CYP3A4 inhibitor. 

29. Treatment for PH with prostaglandins (eg, epoprostenol, treprostinil), endothelin-1 

antagonists (eg, bosentan, sitaxsentan, ambrisentan), or any other phosphodiesterase 

inhibitor (eg, tadalafil, vardenafil) within 30 days of enrollment 

30. The addition or discontinuation of calcium channel blockers, digitalis, diuretics, or 

vasodilators within 30 days of enrollment. Dosage must be stable for 7 days prior to 

enrollment (except for diuretics). 

31. Listed for lung transplantation 

32. Supplementation with L-arginine 

33. Concurrent use of grapefruit juice or St. John's wort 

34. Pregnant or lactating women 

35. Resting SpO2 (oxygen saturation measured using pulse oximetry) < 92% with 6 liters of 

supplemental oxygen 

 

As stated in exclusion criteria 26–30, subjects included in this study will be allowed to use 

prespecified concomitant medications, including investigational and conventional drugs with 
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the only requisite that the dose does not change, as outlined in exclusion criteria 27 and 30. 

Permitted agents are not expected to influence subjects’ hemodynamic parameters, their 

6MWT performance, or study drug blood levels. Randomization is expected to balance the 

groups with respect to these concurrent agents. Furthermore, inclusion of a treatment-

experienced population will increase the generalizability of the study. 

 

Study drug will be used with caution in subjects taking alpha-blockers; may cause 

hypotension. Safety of this combination may be affected by other anti-hypertensives and 

intravascular volume depletion. Subjects should be hemodynamically stable prior to initiating 

therapy.  Precautions will be taken in subjects with penile implants (e.g. consultation with 

urology specialist) before initiation of study drug. 

 

With the current lung allocation system, the mean waiting time for lung transplantation, once 

the person is listed, is approximately 3 months. In order to limit study dropouts, subjects 

listed for lung transplantation will be excluded from this study. 
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5.4 Study Design and Study Visits 

 
          

Figure 5.3: Outline of Study Design  

 

5.4.1. Study Design Summary  

Enrolled subjects will undergo a baseline 6MWT and have clinical data and blood collected. 

Subjects will then be given sildenafil 20 mg or placebo orally 3 times per day for 12 weeks. 

Study visits will occur at 1, 6, and 12 weeks, with additional data collected. A 6MWT and 

additional clinical data and blood will be performed/collected after 12 weeks. The primary 

endpoint for this study will be change in 6MWD over 12 weeks. The endpoint will be 

dichotomized into (1) ≥ 20% improvement in 6MWD and (2) < 20% improvement in 

6MWD. Subjects unable to complete the 6MWT at 12 weeks will be considered to have a < 

20% improvement in 6MWD. A major secondary endpoint will be change in QOL over 12 

weeks. All subjects will take part in a second 12-week open-label phase of the protocol once 

they have completed the first period. This second study period will assign all subjects to 
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sildenafil 20 mg 3 times daily and evaluate the short-term effects of treatment and longer-

term (24-week) safety profile (see Figure 5.3). 

 

5.4.2. Study Visits  

Subjects who meet entry criteria will review the informed consent, a written description of 

the purpose, procedures, and risks of the study, with the principal investigator (PI), 

coinvestigator, or study coordinator, and all questions will be answered. The informed 

consent form will be signed by the subject at screening. No protocol-specific procedures will 

be performed until the subject has signed and dated an informed consent form. This includes 

the screening procedures.   

 

5.4.2.1. Screening 

A history and physical examination (including pulse oxygen saturation), PFTs, arterial blood 

gases (ABGs), HRCT, and histopathologic review (if applicable) will be performed. Subjects 

will then complete a questionnaire to collect contact information, demographics, medical 

history, current therapies, and current symptoms. An echocardiogram will be performed to 

evaluate cardiac function and look for AS and IHSS. A complete blood count, serum 

chemistry profile, urinalysis, and an electrocardiogram (ECG) and a hCG (serum) pregnancy 

test (in women of childbearing potential) will be obtained. 

 

All PFTs will be conducted by study personnel not directly involved in the treatment of the 

subjects.  For screening purposes DLco adjusted for hemoglobin will be used.  The 

hemoglobin value will be obtained from the ABGs. If a second spriometry and DLco are 

required per protocol (>14 days from screening) at enrollment visits this repeat DLco will be 

used to determine study eligibility.  

 

A 6MWT will be performed as described in the STEP-IPF Manual of Operating Procedures 

(MOOP). If the distance of this walk is less than 50m, the subject is not eligible for 

enrollment into the study. 

 

At the screening visit, subjects will be tested for resting SpO2 levels while breathing room 

air. Subjects with SpO2 ≥ 88% will be walked on room air. Those below 88% will receive 

Page 30 of 66 



STEP-IPF Protocol – 03/30/2007, amendment 1 - 10/31/2007, amendment 2 -02/15/2008 

resting supplemental oxygen, titrated until their resting SpO2 levels reach 92%, and then will 

perform the 6MWT on that oxygen flow. Subjects will walk until they complete the 6 

minutes or until their O2 levels drop below 80% for 6 seconds. Upon dropping below 80%, 

the walk test will be halted and the distance walked to that point will be recorded. 

 

During subsequent visits, subjects will have their resting SpO2 levels measured at room air. 

Subjects will, if applicable, also have their resting SpO2 levels measured on the same oxygen 

flow as assigned at the screening visit. Subjects whose resting SpO2 levels do not reach 88% 

while receiving the assigned oxygen flow will not be walked and will have a zero recorded 

for their 6MWD. Subjects at or above 88% will walk (after receiving the oxygen flow 

assigned at the screening visit) until they complete 6 minutes or until their O2 levels drop 

below 80% for 6 seconds. The distance walked will be recorded.  

 

Subjects with symptomatic orthostatic hypotension at the screening visit will be excluded 

from the study.  Subjects with asymptomatic orthostatic hypotension at screening may still be 

enrolled in the trial.  

 

5.4.2.2. Enrollment 

Eligible subjects will return for enrollment. The enrollment visit will occur no more than 6 

weeks after the screening evaluation is completed. If oxygen was newly prescribed during the 

screening oxygen titration 6MWT, at least 7 days must separate the onset of oxygen use and 

the enrollment visit. Subjects will undergo a targeted history and physical examination.  

 

Subjects will undergo two 6MWTs on the oxygen flow assigned at screening.  If the distance 

between these two walks is greater than 15%, the subject is not eligible for enrollment.  If the 

distance of either of the two walks is less than 50m, the subject is not eligible for enrollment.  

At each walk, the Borg dyspnea scale (BDS) will be measured. 

 

PFT and ABG measurement will be performed, and blood will be drawn for a BNP level 

measurement. If consent has been given, blood will be drawn for research purposes. The 

gender sub study, QOL and dyspnea questionnaires will be completed, and NYHA functional 

classification obtained. Female subjects of child-bearing potential will be instructed to use 2 
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forms of nonhormonal contraception throughout the study duration. Also the evaluation of 

orthostatic hypotension will occur prior to administration of study drug and 1 hour after 

administration of study drug. 

 

 

During the enrollment visit, subjects will receive training in the proper administration and 

storage of study drug and diary use and will receive a 6-week supply of study drug. Subjects 

will be instructed to start study drug at the enrollment visit. Subsequent study visits (1, 6, and 

12 weeks) will be scheduled from the start date of study drug. One additional blood pressure 

measurement will be obtained 1 hour after administration of study drug on the day of 

enrollment.  

 

If the enrollment visit occurs within 14 days of the screening visit, some procedures may not 

need to be performed at this visit, and the results of the screening measurements may be used 

as the enrollment measurements. 

 

5.4.2.3. Week 1 

All subjects will return at week 1 for a targeted medical history, physical examination, and 

laboratory values (CBC and serum chemistries) to monitor for side effects. Also the 

evaluation of orthostatic hypotension will occur.  The study diary will be reviewed and 

subject compliance will be assessed by pill counts. Week 1 visit will be recorded if it occurs 

within +/- 2 days of the subject’s scheduled visit time. 

 

5.4.2.4. Week 6 

All subjects will return at week 6. In addition to the items described under the week 1 visit 

(with the exception of the evaluation of orthostatic hypotension), subjects will undergo a 

6MWT with Borg scale measurement, PFT (spirometry and DLco), BNP measurement, QOL 

and dyspnea questionnaires, and functional classification. If consent has been given, blood 

will be drawn for research purposes. The study diary will be reviewed, and an additional 6 

weeks of sildenafil will be dispensed. Compliance to the study medication will be assessed 

using pill counts. Week 6 visit will be recorded if it occurs within 7 days of the subject’s 
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scheduled visit time (eg, the week 6 visit can occur anytime between 5 and 7 weeks after 

starting study drug). 

 

5.4.2.5. Week 12 

All subjects will return at week 12 for the final first-period study visit. The assessments for 

this visit will be the same as for week 6, with the addition of ABG measurement.  Also the 

evaluation of orthostatic hypotension will occur prior to the administration of study drug and 

1 hour after administration of study drug.  If consent has been given, blood will be drawn for 

research purposes. During this visit, all subjects will be transitioned to the open-label phase 

of the protocol and receive a 6-week supply of sildenafil at 20 mg 3 times daily. Compliance 

to the study medication will be assessed using pill counts. Week 12 visit will be recorded if it 

occurs within 7 days of the subject’s scheduled visit time (eg, the, week 12 visit can occur 

anytime between 11 and 13 weeks after starting study drug).  One additional blood pressure 

measurement will be obtained 1 hour after administration of study drug.  

 

5.4.2.6. Week 13 

All subjects will return at week 13 for a targeted medical history, physical examination, and 

laboratory values (CBC and serum chemistries) to monitor for side effects and for research 

purposes. Also the evaluation of orthostatic hypotension will occur. The study diary will be 

reviewed, and compliance to sildenafil will be assessed using pill counts. Week 13 visit will 

be recorded if it occurs within +/- 2 days of the student’s scheduled visit time 

 

5.4.2.7. Week 18 

All subjects will return at week 18 for a targeted medical history, physical examination, and 

laboratory values (CBC and serum chemistries) to monitor for side effects. If consent has 

been given, blood will be drawn for research purposes. Subjects will undergo a series of 

assessments, including a 6MWT with Borg scale measurement, PFT, BNP measurement, 

QOL and dyspnea questionnaires, and functional classification. The study diary will be 

reviewed and an additional 6 weeks of sildenafil will be dispensed. Compliance to the study 

medication will be assessed using pill counts. Week 18 visit will be recorded if it occurs 

within 7 days of the subject’s scheduled visit time (eg, the, week 18 visit can occur anytime 

between 17 and 19 weeks after starting study drug). 
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5.4.2.8. Week 24 

All subjects will return at week 24 for a targeted medical history, physical examination, and 

laboratory values (CBC and serum chemistries) to monitor for side effects. If consent has 

been given, blood will be drawn for research purposes. Subjects will undergo a series of 

assessments, including a 6MWT with Borg scale measurement, PFT (spirometry and DLco), 

ABG measurement, BNP measurement, QOL and dyspnea questionnaires, and functional 

classification. The study diary will be reviewed, and compliance to the study medication will 

be assessed using pill counts. Week 24 visit will be recorded if it occurs within 7 days of the 

subject’s scheduled visit time (eg, the week 24 visit can occur anytime between 23 and 25 

weeks after starting study drug). 

 

5.4.2.9. Week 28 

All subjects will receive a follow-up phone call for updates on outstanding AEs and serious 

adverse events (SAEs). 

 

5.4.2.10. Long Term Follow up 

Following the above visits, subjects will have no further study visits. However, study staff will 

conduct a long-term follow up 5 years after the subject completes the study visits. There are no plans 

to contact the subject directly during this follow up.  Study staff will be asked to collect survival 

information from the social security death index or other forms of public information. 
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Table 4. Table of Study Visits 

 
 
 
 

 

 
 

 

 

 

 

 
 

 

 
 

 
 

 

 

 

 

 Screen Enroll Wk 1 Wk 6 Wk 12 Wk 13 Wk 18 Wk 24 Wk 28 
Informed consent  X        
Medical history X X X X X X X X 
Physical exam X X X X X X X X 
Additional blood pressure  X   X    
Pulmonary function testing X1 X,2,3  X3 X3  X3 X3 
HRCT  X5        
Review surgical lung biopsy 
(if applicable) 

X        

ABG X X2   X   X 
Pregnancy test  X        
ECG X        
6MWT and Borg scale X X6  X X  X X 
Complete blood cell count 
and serum chemistries 

X X2 X X X X X X 

Urinalysis X        
Research blood draw and 
urinalysis (if consent granted) 

 X  X X  X X 

ECHO X        
BNP  X  X X  X X 
Evaulation for orthostatic 
hypotension 

X X7 X  X8 X   

QOL assessment (SF-36, 
EuroQol, St. George’s 
Respiratory Questionnaire, 
and ICECAP) 

 X  X X  X X 

Gender substudy 
questionnaire 

 X       

NYHA functional 
classification 

 X  X X  X X 

UCSD SOBQ  X  X X  X X 
Evaluate for acute 
exacerbation 

 X X X 
 

X X X X 

Review adverse events  X X X X X X X X 
Review concomitant meds  X X X X X X X  
Dispense subject diary4  X X X X X X   
Review subject diary and 
count 

pill   X X X X X X  

Dispense study treatment  X  X X  X   
1 Full PFTs (spirometry with pre and post bronchodilator, lung volumes, and DLco) 

2 If the enrollment visit occurs within 14 days of the screening visit, the procedure may not need to be performed at this visit, and the results of 
the screening measurements may be used as enrollment measurements. 

3 Spirometry and DLco 
4 Subject may be dispensed another diary if there is no more room to record information in the one he or she has. 
5 Not necessary if acceptable HRCT (please see STEP IPF MOOP for criteria) available within 3 months of screening 
6 Two walks prior to enrollment with at least 1 hour between walks  
7 Evaluate pre and post study drug administration – blinded phase 
8 Evaluate pre and post study drug administration – open label phase 

 

5.5. Dose Justification  

To our knowledge there is no evidence of a dose–response relationship associated with the 

primary endpoint (exercise capacity) or with tolerability when using different doses of 
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sildenafil. The reason for this phenomenon is not clear but may be related to the complete 

inhibition of phosphodiesterase type 5 with the lowest dose. For this study, we chose to use 

sildenafil 20 mg orally t.i.d. 

In a study of 14 subjects with IPF and PH treated with sildenafil (see section 4.1), no 

substantial differences in dose-response or tolerability were evident in subjects treated with 

sildenafil (20, 25, 40, or 50 mg) orally t.i.d.  In a larger double-blind, placebo-controlled 

study, investigators randomly assigned 278 subjects with symptomatic PH to placebo or 

sildenafil (20, 40, or 80 mg) orally t.i.d. for 12 weeks. The distance walked in 6 minutes 

increased from baseline in all sildenafil groups; the mean placebo-corrected treatment effects 

were 45 m (+13.0 percent), 46 m (+13.3 percent), and 50 m (+14.7 percent) for 20, 40, and 

80 mg of sildenafil, respectively (P < 0.001 for all comparisons). Most AEs were mild-to-

moderate in intensity for all treatment groups. No clinically significant changes were seen in 

any laboratory variables evaluated. Forty-two subjects reported 68 SAEs. However, only 2 

SAEs, left ventricular dysfunction in 1 subject receiving 20 mg of sildenafil and postural 

hypotension in another subject receiving a dose of 40 mg of sildenafil, were considered by 

the investigators to be related to the study medication (Galie et al. 2005). 

 

5.6. Side effects 

Significant adverse reactions—based upon normal doses. (Adverse effects such as flushing, 

diarrhea, myalgia, and visual disturbances may be increased with doses >100 mg/24 hours.) 

 

>10%: 

Central nervous system: headache (16%–46%) 

Gastrointestinal: dyspepsia (7%–17%) 

 

1% to 10%: 

Cardiovascular: flushing (10%) 

Central nervous system: dizziness, insomnia, pyrexia 

Dermatologic: erythema, rash 

Gastrointestinal: diarrhea (3%–9%), gastritis 

Genitourinary: urinary tract infection 

Hematologic: anemia, leukopenia 
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Hepatic: LFTs increased 

Neuromuscular & skeletal: myalgia, paresthesia 

Ocular: abnormal vision (color changes, blurred or increased sensitivity to light 3%; 

up to 11% with doses >100 mg) 

Respiratory: dyspnea exacerbated, epistaxis, nasal congestion, rhinitis, sinusitis 

 

< 2% (limited to important or life-threatening): abnormal dreams, allergic reaction, anemia,  

angina pectoris, anorgasmia, asthma, AV block, cardiac arrest, cardiomyopathy, 

cataract, cerebrovascular hemorrhage, cystitis, depression, dysphagia, decreased 

hearing, hemorrhage, cerebral thrombosis, colitis, dyspnea, edema, epistaxis, 

exfoliative dermatitis, eye hemorrhage, gout, heart failure, hematuria, hyperglycemia, 

hypoglycemia, hypernatremia, hypertension, hypotension, hyperuricemia, 

intracerebral hemorrhage, increased intraocular pressure, leukopenia, migraine, 

myocardial ischemia, MI, myasthenia, mydriasis, neuralgia, nonarteritic ischemic 

optic neuropathy (NAION), palpitation, photosensitivity, postural hypotension, 

priapism, pulmonary hemorrhage, rectal hemorrhage, retinal vascular disease or 

bleeding, seizure, shock, stomatitis, subarachnoid hemorrhage, syncope, tachycardia, 

tendon rupture, TIA, urinary incontinence, ventricular arrhythmia, vertigo, visual 

field loss, vitreous detachment/traction, vomiting 

 

5.6.1 Contraindications 

Hypersensitivity to sildenafil or any component of the formulation; concurrent use of organic 

nitrates (nitroglycerin) in any form (potentiates the hypotensive effects) 

 

5.6.2 Warnings / Precautions 

Decreases in blood pressure may occur due to vasodilator effects; use caution in subjects 

with resting hypotension (BP < 90/50), hypertension (BP > 170/110), fluid depletion, severe 

left ventricular outflow obstruction, or autonomic dysfunction, and subjects receiving alpha-

blockers or other antihypertensive medication. Not recommended for use with pulmonary 

veno-occlusive disease. 
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Use caution in subjects with cardiovascular disease, including cardiac failure, unstable 

angina, or a recent history (within the last 6 months) of myocardial infarction, stroke, or life-

threatening arrhythmia. Use caution in subjects receiving concurrent bosentan. Use caution in 

subjects with bleeding disorders or with active peptic ulcer disease; safety and efficacy have 

not been established. 

 

Sildenafil should be used with caution in subjects with anatomical deformation of the penis 

(angulation, cavernosal fibrosis, or Peyronie's disease), or in subjects who have conditions 

which may predispose them to priapism (sickle cell anemia, multiple myeloma, leukemia). 

 

Rare cases of nonarteritic ischemic optic neuropathy (NAION) have been reported; risk may 

be increased with history of vision loss. Other risk factors for NAION include low cup-to-

disc ratio ("crowded disc"), coronary artery disease, diabetes, hypertension, hyperlipidemia, 

smoking, and age > 50 years. 

 

Sildenafil may cause dose-related impairment of color discrimination. Use caution in subjects 

with retinitis pigmentosa; a minority have generic disorders of retinal phosphodiesterases (no 

safety information available). Safety and efficacy in pediatric subjects have not been 

established. 

 

Cases of sudden decrease in hearing and hearing loss with the use of PDE5 inhibitors such as 

sildenafil have been reported. Investigators should advise subjects of this possible adverse 

reaction. Subjects should seek medical attention immediately if these symptoms occurs. 

Other possible symptoms with the hearing loss are tinnitus and dizziness. 

 

As outlined in section 3.4, sildenafil appears to be generally well-tolerated in subjects with 

advanced lung disease. In a study of 14 subjects with IPF treated with sildenafil (see section 

4.1), 2 subjects had sildenafil stopped due to side effects attributed to the medication 

(diarrhea and transient hypotension). In that study, 1 subject experienced chest pain during 

the follow up test, 1 subject complained of mild intermittent diarrhea and headaches, another 

complained of mild intermittent headaches, and a fourth complained of blurry vision. The 

remaining 8 subjects experienced no AEs. In a large trial of sildenafil for primary PH (160 
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subjects), most AEs were mild-to-moderate for all treatment groups. Over 12 weeks, only 2 

SAEs, postural hypotension and left ventricular dysfunction, were considered to be related to 

sildenafil (Galie et al. 2005). 

 

Monitoring for side effects will include questioning on every study visit and encouragement 

to call the investigator about headache, diarrhea, visual changes, chest pain, palpitations, 

worsening dyspnea, peripheral edema, diaphoresis, and dizziness. As outlined in section 5.3, 

subjects with unstable cardiovascular disease or pre-existing ophthalmologic conditions will 

be excluded from the study. On every study visit, investigators will obtain a medical history 

and perform a complete physical examination. One additional blood pressure measurement 

will be obtained 1 hour after administration of study drug on the day of enrollment and on 

week 12 visit.  

 

Orthostatic hypotension has occurred rarely in subjects receiving sildenafil (<2%), with a 

similar rate reported by those receiving placebo (Zusman RM et al. Am J Cardiol 1999; 

83:35C). To monitor for this unlikely but potential complication, an orthostatic hypotension 

evaluation will be performed at screening, enrollment (pre and post study drug 

administration), wk 1, wk 12 (pre and post sildenafil administration), and wk 13 visits. 

 
Beginning with the enrollment evaluation, subjects with symptomatic orthostatic hypotension 

will be discontinued from study drug but may remain in the trial. Symptoms of orthostatic 

hypotension are those that develop on assuming the erect posture and usually resolve on 

resuming the recumbent position. They may include lightheadedness, dizziness, blurred 

vision, weakness, fatigue, cognitive impairment, nausea, palpitations, tremulousness, 

headache, and neck ache.  

 

 

5.6.3 Study Drug Discontinuation 

Study drug will be stopped in any subject with SBP < 100 mm Hg or DBP < 50 mm Hg. 

Subjects with chest pain, palpitations, worsening peripheral edema, S3 gallop, or diaphoresis 

will have a 12-lead ECG and a 2D-echocardiogram performed as soon as possible. Study 
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drug will be stopped in subjects with acute coronary syndromes, AV block, life-threatening 

arrhythmias, left ventricular dysfunction (EF < 25%), or clinically significant visual changes. 

 

5.7. Recruitment Procedures 

Subjects recruited for this study will be physician-referred or self-referred to participating 

centers in the IPFnet. Each site within IPFnet has a well-developed infrastructure of local 

pulmonologists within the surrounding geographic area.   These pulmonologists are kept 

informed of ongoing IPF clinical trials and regularly refer subjects to studies conducted at 

IPFnet clinical centers. 

 

Additional steps will be taken to inform clinicians of the trials in progress within IPFnet, 

including: presentations at faculty staff meetings at local hospitals, medical grand rounds, 

and national conferences; direct mail notification; monthly faxes; and advertisement of 

IPFnet trials in pulmonary journals. 

 

Clinical center subjects previously diagnosed with IPF will be notified of the trials by mail 

whenever possible. 

 

Recruitment of minorities and women will be monitored by the Data Coordinating Center 

(DCC) and Data and Safety Monitoring Board (DSMB). If necessary, additional recruitment 

efforts will be made at specific centers to ensure that the aggregate subject sample contains 

appropriate representation of women and minorities. 

 

5.8. Study Procedures 

The following procedures are detailed in the IPFnet STEP-IPF MOOP accompanying this 

protocol: 

1. PFT 

2. ABG 

3. HRCT scan of the chest (including imaging of pulmonary arteries) 

4. Complete blood count and serum chemistries  

5. Pregnancy test/quantitative β-HCG 

6. ECG 
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7. 6MWT/BDS 

8. Echocardiogram 

9. BNP 

10. QOL questionnaires (EuroQol, SF-36, St. George’s Respiratory Questionnaire, and 

ICECAP) 

11. Gender sub study questionnaire 

12. University of California at San Diego Shortness of Breath Questionnaire (UCSD 

SOBQ) 

13. NYHA functional classification 

14. Evaluation for orthostatic hypotension 

 

5.8.1. Biological Specimen Management 

 

5.8.1.1. Biological Specimen Sample Management  

Subjects who consent to having blood drawn for research purposes and for the banking of 

blood, blood components, and other biologic specimens (urine and bronchoalveolar lavage 

fluid) will have approximately 40.5 mL of blood drawn, 17 mL blood drawn for DNA and 20 

mL of urine collected at enrollment visit. Subjects will have approximately 50 mL of blood 

drawn and 20 mL urine specimen collected at each 6-week follow up visit.  During suspected 

AEx subjects will have approximately 35 mL of blood drawn for research purposes and other 

clinically obtained biologic specimens (BAL) that would otherwise be discarded will be 

collected whenever possible.  Blood specimens will be separated according to STEP IPF 

MOOP guidelines into the following components for banking in the repository; serum, 

plasma and DNA.  Coding of all biologic-specimens for the repository will be performed by 

study staff at the clinical center. The samples will be processed per STEP IPF MOOP 

guidelines, aliquoted, labeled with barcode labels, and stored at -70°C at the clinical center. 

At regular intervals, samples will be batched and shipped to the central repository. 

 

The central repository will be managed by NHLBI. The NHLBI sets up a contract with a 

company that can perform repository functions for NHLBI trials. IPFnet has been granted 

permission to utilize this resource. 
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Samples shipped to the NHLBI repository will be labeled with barcode labels, no 

demographic information or subject identifiers will be included on the label. The only 

identifier will be a sample ID. This sample ID will be linked in the DCC clinical database to 

subject information. No subject information will be transferred to the biological specimen 

database. 

 

The subject’s samples may be utilized for approved substudies relating to human disease, 

including, but not limited to, IPF.  The studies for which an individual’s samples will be 

made available will be determined by the subject’s answers to questions on the biological 

sample informed consent form.  The subjects can choose to make their samples available for 

all options or any combination. Samples will be made available to researchers only with 

IPFnet Steering Group approval until such time as the samples are made public through the 

NHLBI repository. 

 
5.8.1.2. Acute Exacerbation Sample Management 

Subjects will be given an AEx kit to carry with them to the hospital or doctor’s office when 

they have an episode of suspected AEx.  The kit will include tubes to collect blood. If a 

subject presents to their local clinical center with a suspected AEx in addition to collecting 

blood we will collect other biologic specimens (BAL) collected from clinically performed 

procedures (specimens that would otherwise be discarded). 

 
5.9 Concomitant Medications 

The following medications will not be allowed during the course of the study: alpha-blockers 

(eg, doxazosin), bosentan, CYP3A4 inhibitors (eg, azole antifungals, clarithromycin, 

diclofenac, doxycycline, erythromycin, imatinib, isoniazid, nefazodone, nicardipine, 

propofol, protease inhibitors, quinidine, telithromycin, troleandomycin,  and verapamil—not 

an inclusive list), prostaglandins (eg, epoprostenol and treprostinil), endothelin-1 antagonists 

(eg, bosentan, sitaxsentan, and ambrisentan), and any other phosphodiesterase inhibitor (eg, 

tadalafil and vardenafil). 

 

5.10  Laboratory Testing 

Clinical laboratory parameters will be assessed throughout the study. The following tests will 

be performed at the time points specified in the protocol: chemistry (albumin-globulin ratio); 
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ALT (SGPT); AST (SGOT); albumin; alkaline phosphatase; amylase; bilirubin—direct, 

indirect, and total; blood urea nitrogen (BUN); BUN/creatinine ratio; calcium; carbon 

dioxide; total cholesterol; chloride, total creatine phosphokinase; creatinine; gamma-

glutamyltransferase; globulin; glucose; total iron; lactate dehydrogenase; lipase; magnesium; 

inorganic phosphorus; potassium; total protein; sodium; total iron-binding capacity; 

triglycerides; uric acid) and hematology (red cell count, white cell count, hemoglobin, 

hematocrit, cell indices, differential, platelet count). 

 

 

6. STUDY ENDPOINTS 

 

6.1. First-period Endpoints 

1. Change in 6MWD from enrollment to weeks 6 and 12 (dichotomized as ≥ 20% 

improvement or < 20% improvement) 

2. Change in 6MWD from enrollment to weeks 6 and 12 

3. Change in QOL from enrollment to weeks 6 and 12 

4. Change in NYHA class from enrollment to weeks 6 and 12 

5. Change in dyspnea using Borg scale from enrollment to weeks 6 and 12 

6. Change in dyspnea using UCSD SOBQ from enrollment to weeks 6 and 12 

7. Change in O2 desaturation measures (time, distance, recovery time) during 

6MWT from enrollment to weeks 6 and 12 

8. Change in FVC and DLco from enrollment to weeks 6 and 12 

9. Change from enrollment in resting PaO2, SpO2, oxygen saturation (SaO2), and A-a 

gradient from enrollment to week 12 

10. Change in BNP level from enrollment to weeks 6 and 12 

11. AEx of IPF 

12. Number of all-cause hospitalizations 

13. Survival time 

 

6.2. Second-period Endpoints 

1. Changes in 6MWD from enrollment to week 24 

2. Changes in QOL from enrollment to week 24 
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3. Change in NYHA class from enrollment to week 24 

4. Changes in dyspnea using Borg scale from enrollment to week 24 

5. Changes in dyspnea using UCSD SOBQ from enrollment to week 24 

6. Changes in O2 desaturation measures (time, distance, recovery time) during 

6MWT from enrollment to week 24 

7. Changes in FVC, DLco from enrollment to week 24 

8. Changes from enrollment in resting PaO2, SpO2, SaO2, and A-a gradient from 

enrollment to week 24 

9. Changes in BNP level from enrollment to week 24 

10. AEx of IPF 

11. Number of all-cause hospitalizations 

12. Survival time 

 

6.3. Acute Exacerbations 

The following 3 criteria will define AEx in subjects with acute worsening of their respiratory 

conditions: 

1. Clinical (all of the following required): 

A) Unexplained worsening of dyspnea or cough within 30 days, triggering unscheduled 

medical care (eg  clinic, study visit, hospitalization) 

B) No clinical suspicion or overt evidence of cardiac event, pulmonary embolism, or 

deep venous thrombosis to explain acute worsening of dyspnea 

C) No pneumothorax 

 

2. Radiologic/Physiologic (only 1 of the following required): 

A) New ground-glass opacity or consolidation on computed tomography (CT) scan or 

new alveolar opacities on chest x-ray 

B) Decline of  ≥ 5% in resting room air SpO2 from last recorded level OR decline of ≥ 8 

mm Hg in resting room air PaO2 from last recorded level 

 

3. Microbiologic (all of the following required): 

A) No clinical evidence for infection (ie, absence of grossly purulent sputum, fever > 

39°C orally) 
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B) No microbiologic evidence of infection (ie, clinically significant bacterial growth on 

sputum or endotracheal aspirate cultures, quantitative culture by protected brush 

specimen ≥ 103 cfu/mL or bronchoalveolar lavage  ≥ 104 cfu/mL or the presence of 

specific pathogens on stains of any of the above) 

 

6.4. Identification of Acute Exacerbation 

All subjects will be educated regarding the importance of identifying AEx. At the time of 

enrollment, subjects will be educated to the possibility of developing acute symptomatic 

worsening that might represent an AEx of IPF and instructed to contact their study site 

coordinator within 48 to 72 hours of the apparent event. 

 

All subjects will be questioned about any change in dyspnea or cough and any interim clinic 

visits or hospitalizations. Finally, as part of the IPFnet outreach to community referring-

physicians, the importance of AExs will be emphasized. When a subject is identified who 

meets criteria 1A, this will trigger the collection of additional clinical data to evaluate a 

suspected AEx. These data will be collected as part of standard clinical care (i.e., this 

protocol does not require collection of all items). Items collected as part of standard of care 

for suspected AEx include: 

 IPFnet AEx case report form (CRF) (required) 

 Chest x-ray, CT scan with/without pulmonary angiogram (reports should be faxed 

and followed by hard copies or discs) 

 Oxygen saturation (pulse oximetry) 

 ABG 

 Respiratory cultures (sputum, endotracheal aspirate, and lavage) 

 Blood cultures 

 Clinic/hospital records related to the event 

All potential cases of AEx will be reviewed by the site PI first, and a decision on whether the 

case may represent an AEx will be made. If AEx is suspected, the case will be sent to the 

IPFnet Adjudication Committee, which will assign a final diagnosis (see Table 5). If there is 

disagreement among members, the majority opinion will be recorded.  
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During episodes of suspected AEx, as determined by the individual site investigator, 

treatment with study drug will be withheld. Subjects will remain blinded and in the study 

unless the attending physician responsible for the subject’s acute medical care and the DCC 

medical monitor feel unblinding is needed for subject safety reasons. 

 

Table 5: Final Diagnoses in Evaluation of Suspected Acute Exacerbations  

Definite acute exacerbation All criteria met; no alternative etiology 

Unclassifiable acute Insufficient data to evaluate all criteria; no alternative 

worsening etiology 

Not acute exacerbation Alternative etiology identified that explains acute worsening 

 

An AEx will be treated at the discretion of the treating physician. Standard of care generally 

involves evaluation for respiratory infection, pulmonary embolism, cardiac events, and 

pneumothorax; and treatment with intravenous corticosteroids. Because the standard of care 

for management of suspected AExs includes steroids, the following dose will be 

recommended: intravenous solumedrol—1.0 g/day (4 equally divided doses) for 3 days, 0.5 

g/day (2 equally divided doses) for 3 days, and 1.0 mg/kg/day for 3 days, with subsequent 0.5 

mg/kg/day of oral prednisone tapered off over the remainder of 2 weeks. 

 

Study drug will be resumed at presuspected AEx doses after subjects clinically improve, as 

confirmed by the local PI. Subjects unable to return to the study site after suspected AEx due 

to medical frailty (eg, continued institutionalization and progressive disability) will be 

categorized as failing to improve 20% on 6MWD in secondary analyses. 
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Acute Exacerbation Management Algorithm

Suspected AEx
(PI determined)
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Figure 6.1: Acute Exacerbation Flow Chart 

 

7. SAFETY ASSESSMENTS 

 

7.1. Adverse Events 

During a clinical trial, the reporting of adverse event information can lead to important 

changes in the way a new treatment is developed, as well as provide integral safety data. 

 

7.2. Definitions 

An adverse event (AE) is any untoward medical occurrence in clinical-investigation subject 

administered a pharmaceutical product.  An AE does not necessarily have a causal 

relationship with this study drug. An AE can, therefore, be any unfavorable and unintended 

sign (including an abnormal laboratory finding, for example), symptom, or disease 

temporarily associated with the use of a medicinal product, whether or not considered to be 

related to the medicinal product. Diseases, signs, symptoms, or laboratory abnormalities 

already existing at enrollment are not considered AEs unless they worsen (ie, increase in 

intensity or frequency). Surgical procedures themselves are not AEs; they are therapeutic 

measures for conditions that require surgery. The condition for which the surgery is required 
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may be an AE. Surgical procedures planned prior to randomization and the conditions 

leading to these measures are not AEs. 

 

A serious adverse event is any untoward event that: 

 is fatal 

 is life-threatening 

 requires inpatient hospitalization or prolongation of existing hospitalization, with the 

following exceptions: 

o Preplanned (prior to the study) hospital admissions unless the hospitalization 

is prolonged 

o Planned admissions (as part of a study, eg, routine biopsies) 

o 23-hour rehospitalizations 

o Hospitalization for elective procedure 

o Emergency room visits 

 results in persistent or significant disability or incapacity 

 is a congenital anomaly or birth defect 

 important medical events that may not result in death, be life-threatening, or require 

inpatient hospitalization may be considered an SAE when, based on appropriate 

medical judgment, they may jeopardize the subject and may require medical or 

surgical intervention to prevent one of the outcomes listed above. 

 

Life-threatening means that the subject was, in the view of the investigator, at immediate risk 

of death from the AE as it occurred. It does not include an AE that, had it occurred in a more 

severe form, might have caused death. 

 

Persistent or significant disability/incapacity means that the event resulted in permanent or 

significant and substantial disruption of the subject’s ability to carry out normal life 

functions. 

 

Associated with the use of the drug means that there is a reasonable possibility that the 

experience may have been caused by the drug. 
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7.3. Adverse Event Collection 

For the IPFnet STEP-IPF trial, all AEs (serious and nonserious) will be recorded from start of 

study treatment through final study visit on the AE CRF. All SAEs will be recorded from 

start of study treatment through 28 days after discontinuation of study drug. 

 

7.4. Procedures for Reporting a Serious Adverse Event 

For the IPFnet STEP-IPF trial, all deaths and all SAEs require expedited reporting. The 

investigator must complete and submit a Pfizer Investigator Initiated Research (IIR) form to 

DCRI Safety Surveillance within 24 hours of knowledge of the event.  

 

DCRI Safety Surveillance 

Telephone: 1-866-668-7799 

Fax: 1-866-668-7138 

 

The investigator must complete and submit a follow-up IIR form when important follow-up 

information (diagnosis, outcome, results of specific investigations, etc.) becomes available 

after submission of the initial form. Follow-up forms should be submitted according to the 

same process used for reporting the initial event as described above (ie, within 24 hours of 

knowledge). All reportable events will be followed until resolution, stabilization, or 30 days 

after the last subject enrolled has completed their last study visit, whichever occurs first. The 

investigators will be responsible for reporting AEs to their local institutional review boards 

(IRBs) in accordance with local guidelines. 

 

DCRI Safety Surveillance will forward the IIR forms to the DSMB chair, the NHLBI 

representative and Pfizer U.S. Clinical Safety within 1 to 2 business days.  

 

Regulatory Reporting  

 

AEs that meet the criteria of serious, study drug-related, and unexpected per the U.S. package 

insert, qualify for expedited reporting to the regulatory authorities. The DCRI Safety 

Surveillance Medical Monitor will perform a medical review of all SAEs submitted and 

evaluate for “unexpectedness.” DCRI Safety Surveillance will confirm unexpectedness of the 
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event with the site. Site investigators are required to complete and submit the voluntary form 

3500 MedWatch online for the events identified as serious, drug-related, and unexpected at 

https://www.accessdata.fda.gov/scripts/medwatch/. 

 

7.5. Unblinding Procedures 

The DCC Medical Monitor will be available to the study physician to help consider the need 

for unblinding on a case-by-case basis. Unblinding will be permitted ONLY for subject 

safety. Specifically, the blind should be broken only for serious, unexpected, and drug-related 

AEs or when required by local regulatory authorities, when the knowledge of treatment 

assignment is needed for subject safety. The site investigator must notify the DCC before 

unblinding any subject. The site investigator must notify the Medical Monitor at the DCC to 

begin the unblinding process for any subject.  In an emergency, if the clinical center 

investigator is not immediately available, the attending physician may contact the DCC 

Medical Monitor directly.  Emergency contact wallet cards will be provided to all study 

subjects.  

 

Contact Information for DCC Medical Monitor(s):  

Pager number: 919-970-7435 

 

 

8. STUDY DRUG PROCEDURES 

At the baseline, 6-week, 12-week, and 18-week study visits, subjects will receive a supply of 

study drug sufficient to last for 6 weeks. 

 

9. DATA MANAGEMENT 

 

9.1 Hardware and Software Configuration 

 

9.1.1. Hardware and Database Software 

Data will be stored in an Oracle database system. Oracle has advantages of processing 

efficiency and smooth linkage with other software systems. The application and database will 

be hosted on Solaris Unix servers at the DCC. Clintrial will be used for data entry. 
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9.1.2. Statistical Software 

SAS will be used as the principal application for the management of analysis data files and 

statistical computations. S-Plus will be used to provide supplementary functions as needed. 

 

9.1.3. Access Control and Confidentiality Procedures 

Access to databases will be controlled centrally by the DCC through user passwords linked to 

appropriate privileges. This protects the data from unauthorized changes and inadvertent loss 

or damage.  

 

9.1.4. Security 

Database and Web servers will be secured by a firewall and through controlled physical 

access. Oracle has many security features to ensure that any staff member accessing the 

database has the proper authority to perform the functions he or she requests of the system. 

Within the secondary SAS databases, Unix group-access control maintains similar security. 

The Sun workstation login is secured by extensive user-password facilities under Unix. 

 

9.1.5. Back-up Procedures 

Database back-up will be performed automatically every day, and standard DCC policies and 

procedures will be applied to dictate tape rotation and retention practices. 

 

9.1.6. Virus Protection  

All disk drives that provide network services, and all user computers, will be protected using 

virus-scanning software. Standard DCC policies will be applied to update these protection 

systems periodically throughout the study. 

 

9.2. Sources of Data 

Data will be captured and forwarded to the DCC from the sites and the adjudication 

committees. First, basic clinical information, (eg, demographic information), will be recorded 

on paper CRFs and forwarded via parcel-delivery service to the DCC for data entry.  
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9.3. Data Management Activities  

In general, the following data management procedures will be applied: 

1. Paper CRFs will be designed specifically for the needs of this study. The CRF will be 

partitioned into “booklets” according to the type of data captured (eg, screening and 

clinical data). Identification information will identify key fields, eg, the participant’s ID 

number, initials, and date of birth, as well as the date of the evaluation. 

2. The CRF will be printed on 3-part NCR paper. At regular intervals, the different parts of 

the CRF will be separated. One part will remain at the clinical sites while the others will 

be forwarded to the DCC using a parcel-delivery system. 

3. Personnel at clinical sites will record the data mandated by the protocol on the CRFs. 

They will be abstracted from the participant’s medical charts and other source documents. 

All CRFs will be completed according to the current Good Clinical Practice (GCP) 

guidelines. Training on completing the CRFs will be included in the training session 

described in the IPFnet STEP-IPF MOOP. 

4. A database will be created on the DCRI computer network specifically for this study. As 

described above, the database will be managed with Oracle using Clintrial. 

5. For every record type, the data dictionary will identify key fields (eg, the participant’s ID 

number and the type and date of evaluation), the field type (eg, numeric, character, 

checklist, or date), and ranges for impossible and improbable values.  

6. All CRFs will be entered into the study database. Double data-entry by 2 different 

operators will be performed to ensure a high level of confidence in the data entered. 

 

A series of computerized validation checks will be performed at the DCC. “Queries” will be 

generated, and data clarification forms (DCFs) for problems and exceptions uncovered will 

be forwarded to the clinical sites for investigation and resolution. Corrections will be made 

on the DCF using current GCP standards and forwarded to the DCC. If corrections are 

needed to the CRF form prior to the initial submission to the DCC, a single line will be 

drawn through the original entry such that the original entry is still visible. The correct value 

will be written close to the field and the correction initialed and dated by the IPFnet staff 

member making the change. 

 

Page 52 of 66 



STEP-IPF Protocol – 03/30/2007, amendment 1 - 10/31/2007, amendment 2 -02/15/2008 

9.4. Data Quality Control Procedures 

Four levels of database quality control will be performed. The first level is the double data-

entry process as described above. The second level consists of programmatic consistency 

checks and/or range checks. The third level of database quality is a record or panel level of 

control. Programs will be written to identify suspected duplicate, blank, or missing records 

and records not double-entered within and across database tables. An independent auditing 

group will perform the fourth level of database quality control. These internal data quality 

and process compliance audits are routinely conducted on internal ongoing studies to 

document the frequency of random errors and identify systematic deviations so that they can 

be corrected. Other periodic quality control checks will document the frequency of random 

entry errors and identify systematic and process errors. 

 

In general, the following issues will be addressed: 

1. Data completeness: completion by the clinical centers of all evaluations mandated 

by the protocol  

2. Procedural errors: errors in performing study procedures (eg, taking the blood 

samples) 

 

Remedial action will be taken as appropriate; otherwise, the STEP-IPF protocol and MOOP 

may be revised as appropriate. Training and recertification will be made available to redress 

deficiencies and misunderstandings. 

 

9.5. Data Management Reports  

A variety of standard progress reports will be prepared during the course of a trial and 

include: 

 Data Status/Exception Reports: lag in entering CRFs into the database, missing visits, 

missing pages, listing of outstanding queries, and summary of totals of outstanding 

queries 

 Quality Control Reports: duplicates, missing from table, blanks 

 Data Surveillance Reports: query frequencies, perfect data 

 Protocol Deviation Reports: numbers of ineligible participants enrolled in the study 
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Reports will be prepared for the periodic meetings of the Steering Group. Some reports, such 

as the Data Exception report, may be generated more frequently as required. 

 

 

 

10. STUDY DESIGN AND DATA ANALYSIS 

 

10.1. Overview of the Study Design 

This double-blind, placebo-controlled, randomized trial will evaluate the benefits and risks of 

sildenafil in an IPF population with advanced disease defined by DLco < 35% predicted. For 

each subject, the primary outcome will be defined by an improvement of 20+% in 6MWD 

from baseline to 12 weeks. 

  

The study is powered on the primary endpoint of 20+% improvement in 6MWD. The highest 

value of the 6MWD between screening and enrollment will be used as the baseline 6MWD.  

However, the Steering Group has identified 2 key secondary endpoints—6MWD assessed as 

a continuous measure and the visual analog scale of the EuroQol—that they feel are 

clinically important response variables for Specific Aims 1 and 2. Evidence of improvement 

favoring sildenafil therapy would be viewed as a clinically significant even in the absence of 

statistical significance for the primary endpoint. 

10.2. Power Analysis 

The IPFnet Steering Group has defined a clinically meaningful change in 6MWD to be a 

20+% improvement over the baseline assessment. A 20+% improvement in 6MWD is 

expected to be a fairly rare event in an untreated population with advanced IPF. Over the 

initial 12 weeks of treatment, it is expected that fewer than 10% of placebo-treated subjects 

will have a clinically meaningful improvement in 6MWD. Based on currently available 

safety and efficacy data for sildenafil, a response rate of 30% or more in the sildenafil-treated 

group would be viewed as a clinically meaningful treatment effect.  

 

Based on these assumptions (placebo response rate = 10%, sildenafil response rate = 30%), 

with an overall type I error rate of 0.05 allowing for an interim analysis and a 1:1 
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randomization ratio, a sample size of 170 would be sufficient to achieve 90% power. These 

calculations were based on a chi-square test of equal proportions. 

 

10.3. Specification of the Primary Analyses 

The primary test statistic will be based on a chi-square test comparing the rates of clinically 

meaningful improvement in 6MWD from baseline to 12 weeks between subjects assigned to 

sildenafil or placebo therapy.   

 

10.4. Specification of Clinically Significant Secondary Analyses 

Test statistics for 6MWD as a continuous measure and the EuroQOL visual analog scale will 

be based on a worst-rank score approach comparing overall improvement from baseline to 12 

weeks between subjects randomized to sildenafil or placebo therapy (Lachin 1999). 

 

10.5. Specification of the Analyses for the Period 1 and Period 2 Data 

Walk tests will be conducted at screening; enrollment; and at 6, 12, 18, and 24 weeks. Linear 

models will be developed to compare the 2 treatment groups across the 24-week study period 

(McDermott et al. 2002). The first group of subjects will receive placebo for 12 weeks, 

followed by 12 weeks of open-label sildenafil. The second group of subjects will receive 

sildenafil during the 12-week double-blind period, followed by 12 weeks of open-label 

sildenafil. Shown in Table 6 are the expected values of the 6MWD parameters for the 2 

periods. The parameters are defined as follows:  

 πI and πII are the expected 6MWD parameters for subjects receiving placebo or no 

treatment in Periods I and II  

 πΔ is defined as the difference between πII and πI 

 αD and αS are the disease-modifying and symptomatic effects expected in Period I 

 αT is the incremental effect of treatment achieved during Period II 

As shown in Table 6, the treatment effect observed at the end of Period I is a combination of 

the symptomatic and disease-modifying effects of sildenafil therapy (αD + αS). By 

assumption, the treatment effect observed at the end of Period II is the disease-modifying 

effect of having been on sildenafil therapy in Period I (defined by the parameter αD). A goal 

of these analyses will be to identify the symptomatic, disease-modifying, and overall effect 

of sildenafil therapy in an IPF population with advanced disease.  
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Table 6: Expectations for 6MWD Parameters in the 2-period Design 

Treatment by 

Period 

E (Period I 

response) 

E (Period II 

response) 

E (change between 

Periods I and II) 

Placebo / Sildenafil πI  πII + αT πΔ + αT 

Sildenafil / Sildenafil πI + αD + αS πII + αD + αT πΔ + αT - αS 

  

10.6. General Analytic Considerations 

All analyses will be based on intent-to-treat principles using all randomized participants. 

Baseline factors across groups will be compared using mean (standard deviation) and median 

(25th and 75th percentiles) summary measures. Kaplan-Meier curves will be used to display 

event rates. Due to clinical interest in departures from both sides of the null hypothesis, all 

test statistics will be 2-sided.  

 

10.7. Randomization, Blinding, and Reporting of Results 

A permuted block randomization scheme will be created with varying block sizes stratified 

by clinical center. Once a subject has completed the screening and baseline period and 

evaluation for inclusion/exclusion criteria, the randomization process will begin. Subjects 

will be randomized to receive one of the 2 treatment regimes with equal probability (1:1), via 

telephone contact with a central interactive voice response system (IVRS), using a toll-free 

randomization number. On the day of randomization, after the subject has successfully met 

all inclusion and exclusion criteria, the investigator or designee will call the central 

randomization number to obtain the assigned kit randomization numbers for that subject. For 

resupply of the site, the IVRS will monitor minimal volume of a kit type and/or expiration 

date and will automatically notify the pharmacy. 

 

The trial results will be reported according to guidelines specified in the CONSORT 

statement. A flow diagram describing screening, recruitment, randomization, dropout, and 

vital status will be included in the primary manuscript. AEs and efficacy data will be 

presented by the 2 treatment groups. Adherence, dropout, and lost to follow-up will be 

carefully examined across the 2 treatment groups. Analyses of safety will be based on data 

from all randomized subjects who received at least 1 dose of study drug.  
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10.8. Specification of Secondary Analyses 

Regression models will be constructed to compare PFTs, QOL, and 6MWT parameters 

between the sildenafil and placebo treatment groups. To adjust for differences in the disease 

severity and baseline covariates, the following measures may be included in the regression 

models: age, sex, race, height, disease severity, and BNP level. The validity of the regression 

models in terms of meeting modeling assumptions will be assessed via standard modeling 

diagnostics and goodness-of-fit measures.  

 

10.9. Recommendations on Interim Analyses 

First and foremost, the role of the DSMB will be to review subject safety and trial conduct at 

periodic points during the study. The DSMB may require analyses of the primary endpoint 

results for weighting the benefits and risks of the treatment strategies. Because the DSMB 

could stop the trial for safety concerns as well as for a large efficacy benefit, there could be 

multiple opportunities to reject the null hypothesis (no difference in event rates between the 

placebo and active groups). Without adjusting the  levels for the repeated-testing 

environment, the probability of making a type I error can be greatly inflated over the nominal 

0.05 level for the sildenafil vs. placebo comparison. The O’Brien-Fleming Spending 

Function will be recommended to allow for stopping if large treatment effects are observed 

while allowing the final significance level to be conserved at the nominal level (Lan and 

DeMets 1983). In Table 7, the group sequential boundaries are shown for a primary 

comparison with overall type I error rate set at 0.05 under the assumption that 1 interim 

analysis will be conducted at approximately 0.50 information time. 

  

Table 7: O’Brien-Fleming Group Sequential Boundaries 

One Interim Analysis and a Final Analysis 

Information Time Bound for |Z| Statistic Cumulative Alpha 

0.50 2.9626 0.00305 

1.00 1.9686 0.05000 

 

Before locking the database, a statistical analysis plan (SAP) will be developed to provide 

complete details on the statistical analysis. Before data analysis, the SAP will be approved by 
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the IPFnet Steering Group and the DSMB. The SAP will include the specifics for how and 

when the DSMB will be notified for AEs. The DCC will deliver to the DSMB all safety data 

including SAEs and AEs at 6-month intervals. The DCC will prepare clinical narratives in 

real time and fax the clinical narrative and SAE form to the DSMB chair for review.  

 

11. STUDY ADMINISTRATION 

 

11.1. Cooperative Agreement Mechanism 

The administrative and funding mechanism used to undertake this project is a “Cooperative 

Agreement” (U01), which is an assistance mechanism. Under the cooperative agreement, the 

NHLBI assists, supports, and/or stimulates the study and is substantially involved with 

investigators in conducting the study by facilitating performance of the effort in a “partner” 

role. The NHLBI Project Scientist serves on the Steering Group, and he or another NHLBI 

scientist may serve on other project committees, when appropriate. At the same time, 

however, NHLBI does not assume a dominant role, direction, or prime responsibility for this 

research program.  

 

As described below, governance of the project is conducted through a steering group. PIs 

have lead responsibilities in all aspects of their trials and the project, including any 

modification of trial designs, conduct of the trials, quality control, data analysis and 

interpretation, preparation of publications, and collaboration with other investigators, unless 

otherwise provided for by the Steering Group. 

  

PIs retain custody of and have primary rights to their center-specific and collaborative data, 

subject to government rights-of-access consistent with current Health & Human Services 

(HHS), Public Health Service (PHS), and NIH policies. The protocols and governance 

policies call for the continual submission of data centrally to the DCC for the collaborative 

database. At a minimum, the database will contain the key variables selected by the Steering 

Group for standardization across all clinical centers; procedures for data analysis, reporting, 

and publication; and procedures to protect and ensure the privacy of medical and genetic data 

and records of individuals. The NHLBI Project Scientist, on behalf of the NHLBI, will have 
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the same access, privileges, and responsibilities regarding the collaborative data as the other 

members of the Steering Group. 

 

PIs are also encouraged to publish and to publicly release and disseminate results, data, and 

other products of the project, concordant with the project protocols and governance and the 

approved plan for making data and materials available to the scientific community and to the 

NHLBI. However, during or within 3 years beyond the end date of the project period of 

NHLBI support, unpublished data, unpublished results, data sets not previously released, or 

other study materials or products are to be made available to any third party only with the 

approval of the Steering Group.  

 

Upon completion of the project, PIs are expected to put their intervention materials and 

procedure manuals into the public domain and/or make them available to other investigators, 

according to the approved plan for making data and materials available to the scientific 

community and the NHLBI for the conduct of research, at no charge other than the costs of 

reproduction and distribution. 

 

The NHLBI reserves the right to terminate or curtail the project (or an individual award) in 

the event of (a) failure to develop or implement mutually agreeable collaborative 

measurement, participant eligibility, and data management sections of the protocols; (b) 

substantial shortfall in subject recruitment, follow-up, data reporting, quality control, or other 

major breech of protocol; (c) substantive changes in the agreed-upon protocols with which 

NHLBI cannot concur, (d) reaching a major project outcome substantially before schedule 

with persuasive statistical significance, or (e) human subject ethical issues that may dictate a 

premature termination. 

 

Any disagreement that may arise in scientific/programmatic matters (within the scope of the 

award) between award recipients and the NHLBI may be brought to arbitration. An 

arbitration panel will be composed of 3 members—1 selected by the Steering Group (with 

the NHLBI member not voting) or by the individual PI in the event of an individual 

disagreement; a second member selected by NHLBI; and the third member selected by the 

other 2 members. This special arbitration procedure in no way affects the PI’s right to appeal 
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an adverse action that is otherwise appealable in accordance with the PHS regulations at 42 

CFR part 50, Subpart D, and HHS regulation at 45 CFR part 16 or the rights of NHLBI under 

applicable statutes, regulations, and terms of the award. 

 

11.2. Steering Group 

The Steering Group is the main governing body of the project. It is composed of clinical 

centers PIs, the DCC PI, the NHLBI Project Scientist and the Steering Group Chairperson. 

The clinical centers, the DCC, and the NHLBI each have 1 vote on the Steering Group. All 

decisions are determined by majority vote.  

 

All major scientific decisions are determined by the Steering Group. It assumes overall 

responsibility for the design and conduct of the trial. It appoints (and disbands) committees 

and subcommittees as the need arises; designs, approves, and implements the study 

protocols; oversees the development of the STEP-IPF MOOP; monitors subject recruitment 

and treatment delivery; evaluates data collection and management; oversees quality 

assurance procedures; and implements changes and enhancements to the study as required. It 

also has the primary responsibility for facilitating the conduct of the trials and reporting the 

project’s results.  

 

11.3. Data and Safety Monitoring Board 

The NHLBI will establish a DSMB in accordance with established policies (see 

http://www.nhlbi.nih.gov/funding/policies/dsmb_inst.htm) to ensure data quality and 

participant safety and to provide independent advice to the NHLBI regarding progress and 

the appropriateness of study continuation. 

 

12. INVESTIGATOR AND SPONSOR OBLIGATIONS 

 

12.1. Monitoring 

Monitoring activities will be performed at all clinical centers in accordance with the DCRI 

standard operating procedures. Information regarding the types of visits will be outlined in 

the STEP-IPF MOOP. 
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12.2. Confidentiality and Health Insurance Portability and Accountability Act (HIPAA) 

Considerations 

Subject confidentiality will be protected throughout the study. All subject data will be kept 

strictly confidential, and no subject-identifying information will be released to anyone 

outside the project. Confidentiality will be assured through several mechanisms. First, each 

subject will be assigned an anonymous study ID number, which will then be used on all study 

forms. Second, any study forms, blood samples, and paper records that contain subject 

information (eg, address lists and phone lists) will be kept at the clinical sites in secured, 

locked areas, coded by number. Once blood is collected, there will be no subject identifiers 

placed on blood samples—only the study ID number and the date of sample collection will 

be identified. Third, access to all subject data and information, including laboratory 

specimens, will be restricted to authorized personnel. In the case of computerized data, this 

restricted access will be assured through user logon IDs and password protection. 

 

At the DCC only authorized personnel will have access to the study data files containing 

study data. Security will be assured through user logon IDs, passwords, and appropriate 

access privileges. Personal identifying information, such as name, address, and Social 

Security number, will not be entered into the DCC database. Subject-specific data reported to 

the Steering Group will be identified by the IPFnet ID number only. 

 

Finally, subjects will not be identified by name in any reports or publications, nor will the 

data be presented in such a way that the identity of individual subjects can be inferred. 

Analysis files created for further study by the scientific community will have no subject 

identifiers. These data files will be created in accordance with the Ancillary Studies and 

Publication Policy of the IPFnet. 

 

12.3. Informed Consent Procedures 

All IPFnet subjects will provide written informed consent using procedures reviewed and 

approved by each clinical center’s IRB. Informed consent will be undertaken by study 

personnel in person with the subject. At that point, the subject has the option of declining 

further participation in the study. No further study procedures will be conducted until the 

signed documents have been provided to the IPFnet clinical center. 
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Sample informed consent documents are provided to the clinical centers but will be modified 

according to the specific needs of the IRB at each participating clinical center. 

 

12.4. Institutional Review Boards 

Before initiating this study, the protocol, site-specific informed consent forms, HIPAA forms, 

recruitment materials, and other relevant information will be reviewed by a properly 

constituted IRB at each participating clinical center. A copy of the signed and dated IRB 

approval at each clinical center will be retrieved during the site initiation visit and archived at 

the DCC. Any amendments to the protocol, other than simple administrative and 

typographical changes, must be approved by each IRB before they are implemented. The 

sites will seek annual renewals of their IRB approvals in accordance with local procedures. 
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13. INVESTIGATOR AGREEMENT 

 

I have read the foregoing STEP-IPF protocol, and agree that it contains all necessary details 

for carrying out this study. I will conduct the study as outlined herein.  

 

I will provide copies of the protocol and all pertinent information to all individuals 

accountable to me who assist in the conduct of this study. I will discuss this material with 

them to ensure they are fully informed regarding the drug and the conduct of the study. 

I will fulfill all responsibilities for submitting pertinent information to the local IRB, if 

applicable, that is responsible for this study. 

 

I further agree that NHLBI and/or DCRI will have access to any source documents from 

which case report form information may have been generated. 

 

__________________________________________         ________________ 

Signature of Principal Investigator                                      Date 

 

 

__________________________________________ 

Name of Principal Investigator (printed or typed) 

 

Protocol Version 6.0 March 30, 2007 

Protocol Amendment 1 Version 6.1 October 31, 2007 

Protocol Amendment 2 Version 6.2 February 15, 2008 
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