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We examined the feasibility of a randomized clinical trial of intravenous augmentation therapy for in-
dividuals with alpha 1-antitrypsin («1AT) deficiency, basing calculations on newly available data ob-
tained from the NHLBI Registry of Patients with Severe Deficiency of Alpha 1-Antitrypsin. Using rate
of FEV; decline as the primary outcome and adjusting for noncompliance, a study of subjects with
Stage Il chronic obstructive pulmonary disease (COPD) (initial FEV; 35 to 49% predicted) with bian-
nual spirometry measures obtained over 4 yr of follow-up would require 147 subjects per treatment
arm to detect a difference in FEV; decline of 23 ml/yr (i.e., a 28% reduction), the difference observed
in the NHLBI Registry (1-sided test, « = 0.05, 90% power). To detect a 40% reduction in mortality in
a 5-year study of subjects with baseline FEV; 35 to 49% predicted, recruited over the first 2 yr and
then followed an additional 3 yr, 342 subjects per treatment arm would be needed. Though signifi-
cant impediments to carrying out a clinical trial exist, including the cost of such a trial and the poten-
tial difficulties in recruiting patients for a placebo-controlled trial, we recommend a randomized con-
trolled trial as the best method to evaluate the efficacy of intravenous augmentation therapy and of
possible future treatments. Schluchter MD, Stoller JK, Barker AF, Buist AS, Crystal RG, Donohue
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Alpha l-antitrypsin («1AT) deficiency is an hereditary disor-
der characterized by low serum levels of a1AT, a predisposi-
tion to early-onset emphysema, and less commonly, liver dis-
ease, including both cirrhosis and hepatoma (1-3). Because
the pathogenesis of emphysema in a1lAT deficiency involves
accelerated lung tissue destruction resulting from unopposed
elastolysis, therapeutic efforts to date have focused on aug-
menting serum and lung levels of «1AT, by promoting endog-
enous production of «1AT by the liver, or by intravenously in-
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fusing purified pooled human plasma a1AT (a treatment known
as intravenous augmentation therapy) (4). Although intrave-
nous augmentation therapy has been demonstrated to have
“biochemical efficacy” in achieving and maintaining elevated
serum and lung a1AT levels (5-7), its clinical efficacy in re-
ducing rate of decline in lung function or improving survival
has not been demonstrated. Though a randomized controlled
trial was initially considered when the current commercially
available pooled human plasma antiprotease (Prolastin, Bayer,
Inc., West Haven, CT) was first proposed for Food and Drug
Administration (FDA) approval in 1989, it was not under-
taken then because the large number of subjects and length of
the study dictated by power calculations made the study logis-
tically difficult and prohibitively costly (8, 9). Instead, the Na-
tional Heart, Lung, and Blood Institute (NHLBI) formed a
Registry of Patients with Severe Deficiency of Alpha 1-Anti-
trypsin (10). Recently published results from this Registry (11)
suggest that augmentation therapy is associated with an im-
proved survival rate among all subjects, and a reduced rate of
FEV, decline in patients with FEV,; 35 to 49% predicted,
though the authors strongly qualify the results by noting that
definitive conclusions will require a randomized clinical trial.
Similarly, results from a study comparing German augmenta-
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tion therapy recipients with Danish nonrecipients suggest that
those receiving intravenous augmentation therapy have a
slower rate of decline of lung function (12). However, the ab-
sence of results from a definitive randomized, placebo-con-
trolled clinical trial precludes definitive conclusions regarding
the clinical efficacy of intravenous augmentation therapy.
Consequently, many investigators and professional societies
have continued to recommend a randomized clinical trial of
intravenous augmentation therapy (13, 14).

This study reexamines the sample size requirements for a
clinical trial, with calculations based on newly available data
on rates of FEV; decline and mortality, obtained from the
NHLBI Registry.

METHODS

The NHLBI Registry

The Registry was initiated in 1988 as a means of collecting informa-
tion on the natural history of «1AT deficiency with and without aug-
mentation therapy. Details of study design and baseline characteris-
tics have been described previously (10, 15). From March 1989
through October 1992, 1,129 eligible subjects were enrolled and fol-
lowed at 37 centers. Eligible subjects were = 18 yr of age and had se-
vere deficiency of alAT, defined as a serum o1AT level < 11 pM,
confirmed by a Central Laboratory (n = 1,026), or a ZZ genotype
confirmed by DNA gene probe analysis (n = 103). Follow-up contin-
ued through April 1996 with participants returning for annual or
semiannual visits. Spirometry was performed pre- and postbronchodi-
lator using a standard protocol, with ongoing efforts to ensure high-
quality, reproducible spirometry results (16).

Sample Size for a Clinical Trial with
FEV, Slope as Outcome

We assume that measurements of FEV, follow a linear random ef-
fects model (17), which specifies that each subject’s measurements of
FEV, follow a linear regression over time, with random intercept and
slope. Under this model, if n subjects each have FEV,; (ml) measured
at k visit times (years), 1y, t,,...,t;, the estimated mean FEV; slope in
ml/year for the group has variance o?/n where

o° = oo+ oi/Z(t]— -1,

t = 3t/k,

oy, is the between-person standard deviation of slopes (ml/year), and
o IS the within-person standard deviation (ml). In order to be able to
detect a difference in mean slopes of A (ml/year), with power 1-8 us-
ing a 1-sided a-level test, the required sample size, n, per group is:

n= 202(20 + zB)Z/AZ,

where z, and z; are upper « and B percentiles of the standard normal
distribution, respectively. In these calculations, we assume that FEV,
is measured twice yearly.

In practice, the sample size for a clinical trial must usually be ad-
justed (increased) to account for noncompliance. For example, an ac-
tual trial would have some patients originally assigned to therapy who
stop taking therapy (drop-outs), and might also have some patients
originally assigned to the placebo group who decide to begin taking
therapy (drop-ins). Under the standard “intent-to-treat” analysis par-
adigm, all follow-up data from these patients would be included in the
group to which they were originally randomized. The effect of such
drop-ins and drop-outs is to reduce the magnitude of the overall treat-
ment effect, A, and therefore to increase the required sample size. We
therefore inflated the sample sizes by 25% to account for drop-ins and
drop-outs. This degree of inflation is needed if one assumes that the
drop-in and drop-out rates are approximately 10% each, and the rate
of FEV, decline of drop-outs and drop-ins is half-way between those
receiving and not receiving therapy.

Following previous conventions (11), we examine sample size for
clinical trials of the following subgroups, determined by the subjects’
initial FEV, percent predicted: Stage Il chronic obstructive pulmo-
nary disease (COPD) (FEV; 35 to 49% predicted), Stage | COPD

797

(FEV, 50 to 79% predicted), Stages | and Il combined (FEV, 35 to
79% predicted), and individuals with FEV; 30 to 65% predicted (18).
Estimates of the variance components, 0,2 and o2, were obtained by
fitting a linear random effects model to the FEV, changes from base-
line as previously described (11), where only the time on augmenta-
tion therapy was included as a continuous covariate. The estimate of
the difference in FEV; rates of decline between recipients and nonre-
cipients of augmentation therapy, A, was obtained in a similar model,
which also adjusted for FEV; percent predicted, sex, age, current smok-
ing status, and bronchodilator responsiveness (never versus ever). Be-
cause these analyses stratify on the subjects’ initial (baseline) FEV;
percent predicted, they differ slightly from results previously reported
(11), which stratified on the average FEV, percent predicted across all
follow-up visits.

Sample Size for a Clinical Trial with
Survival as Outcome

Sample size calculations were performed for the log-rank test (19, 20),
assuming a study lasting 5 yr, with subjects enrolled uniformly over
the first 2 yr. As noted previously, sample sizes were inflated by 25%
to account for noncompliance (drop-outs or drop-ins). We examined
two subgroups of patients: those with initial FEV, 35 to 49% pre-
dicted (Stage Il COPD), and, following calculations similar to those in
Idell and Cohen (8), the group with initial FEV; 25 to 65% predicted.
Sample size calculations require specification of the mortality rate in
the control group (i.e., the group not receiving augmentation ther-
apy), and the risk ratio (relative reduction in mortality) due to aug-
mentation therapy. For each subgroup, we estimated the mortality
rate of those who never received augmentation therapy using an ex-
ponential model. We then estimated the risk ratio and percent reduc-
tion in mortality comparing those who received versus those who did
not receive augmentation therapy using a proportional hazards re-
gression model, adjusting for age, education, and lung transplant sta-
tus (11).

RESULTS

Sample size calculations using FEV; decline as the primary
outcome are summarized in Table 1. This table presents esti-
mates of the variance components, estimates of treatment ef-
fect, and the sample size necessary to detect treatment effects
of this magnitude, for studies where subjects are followed 3, 4,
and 5 yr. Note that in a 5-yr study where subjects are recruited
evenly over the first 2 yr, the average length of follow-up would
be 4 yr. For example, if subjects with initial FEV, 35 to 49%
predicted are followed for 4 yr, a trial would require 147 patients
per treatment arm to detect a difference in FEV, slopes, A (also
called the effect size), equal to 23 ml/yr, the difference ob-
served in the NHLBI Registry. Alternatively, 164 subjects per
group would be needed if the entry criteria are widened to in-
clude those with initial FEV, 30 to 65% predicted. Because
smaller effect sizes were observed in the NHLBI Registry
among subjects with initial FEV, 50 to 79% and 35 to 79%
predicted, the estimated sample sizes to detect these differ-
ences are larger than those calculated for the subgroups 35 to
49% or 30 to 65% predicted.

Sample size calculations with mortality as the outcome are
summarized in Table 2. For the subgroup 35 to 49% predicted,
those receiving augmentation therapy had an observed 75%
reduction in mortality compared with those not receiving ther-
apy, and a clinical trial would require 83 subjects per group to
detect this difference. Larger sample sizes of 208 per group, or
342 per group would be needed to detect a 50% or 40% reduc-
tion in mortality, respectively. Sample sizes required for a trial
with subjects with initial FEV, 25 to 65% predicted (Table 2)
are only slightly larger than those required for the group 35 to
49% predicted. For example, to detect a 40% reduction in
mortality, 380 subjects per group are needed.
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TABLE 1
SAMPLE SIZE ESTIMATES FOR A TRIAL WITH FEV; DECLINE AS OUTCOME*

Estimates of Variance

Required Sample Size

_FEVl Slope Effect Size, A Components per Treatment Arm
in Untreated

FEV; % (ml/year) A ml/year % oy, ml/year e, Ml 3-yr 4-yr 5-yr

Predicted (95% ClI) (95% CI) change (95% CI) (95% ClI) Follow-up Follow-up Follow-up

35-49% —81 23 28% 114 188 147 128
(—62, —99) (4, 42) (42, 60) (107, 120)

50-79% -85 14 16% 123 632 507 449
(—65, —106) (-8, 36) (48, 70) (115, 131)

35-79% —83 15 18% 118 494 403 355
(—69, —97) (0, 31) (49, 63) (113, 123)

30-65% —87 21 24% 113 213 164 143
(=73, —100) (8, 35) (44, 56) (108, 117)

* Calculations are for a one-sided test, « = 0.05, power = 90%, with FEV,; measured twice yearly. Sample sizes have been inflated by
25% to adjust for subjects who stop augmentation therapy after assignment to the treatment group (“drop-outs™) and subjects who begin
augmentation therapy after assignment to placebo (“drop-ins”). If the test is two-sided rather than one-sided, sample sizes should be fur-

ther increased by 23%.

DISCUSSION

Our results, which are based on prospectively collected data
from the NHLBI Registry, may be compared with previous
calculations performed using estimates of variability in rate of
FEV, decline and mortality obtained from retrospectively col-
lected data (8). As an example, for subjects with baseline
FEV, 30 to 65% predicted, Idell and Cohen (8) estimated the
between- and within-subject standard deviations of FEV, slope
to be 114 ml/yr and 155 ml, respectively. These estimates are
considerably higher than the estimates obtained from the
NHLBI Registry (50 ml/yr and 113 ml, respectively) for the
same subgroup. The lower variability observed in the NHLBI
Registry can be ascribed at least in part to the prospective data
collection, with attention to quality assurance of pulmonary
function testing (16). Interestingly, the estimates of the mean
rate of FEV; decline for this subgroup were similar, with Idell
and Cohen (8) reporting a mean decline of 89 ml/yr and the
NHLBI Registry reporting a mean decline of 87 ml/yr. Idell
and Cohen calculated that a study with 4 yr of follow-up and
with FEV; measured four times per year would require 197
subjects per group to detect a 40% reduction in mean rate of
FEV, decline between the groups, which corresponds to a
mean difference of 36 ml/yr (1-sided test, alpha = 0.05, power =

TABLE 2

SAMPLE SIZE ESTIMATES FOR A TRIAL
WITH MORTALITY AS OUTCOME*

Baseline FEV,
% Predicted

Required Sample Size per

% Reduction in Mortality Treatment Arm

35-49% 30% 648
40% 342
50% 208
75%" 83
25-65% 30% 720
40% 380
50% 232

* Calculations are for a one-sided test, « = 0.05, power = 90%, assuming a 5-yr study
with accrual during the first 2 yr, and 3 yr additional follow-up, and assuming annual
mortality rates in the untreated group of 8.7% and 7.8%, respectively, for subjects with
baseline FEV; 35 to 49% and 25 to 65% predicted. Calculated sample sizes were in-
flated by 25% to allow for drop-outs and drop-ins. If the test is two-sided rather than
one-sided, sample sizes should be increased further by 23%.

T The difference observed in the NHLBI Registry (11). Ninety-five percent confidence
intervals for percentage of reduction in mortality are (35%, 90%), and (14%, 71%) for
subjects with baseline FEV; 35 to 49% predicted, and 25 to 65% predicted, respec-
tively.

90%). However, data from the NHLBI Registry (Table 1) sug-
gest that the actual difference in rates of decline may be
smaller (estimated to be 21 ml/yr in Table 1). Using the cur-
rent estimates of variability, and allowing for noncompliance,
we estimate that 164 subjects per group are needed to detect
this smaller mean difference of 21 ml/yr, with subjects fol-
lowed for 4 yr and two measurements of FEV; per year. Thus,
our current data suggest that the number of subjects per group
needed to detect a 23% difference in mean rates of decline
(164 per group) is smaller than the number previously esti-
mated to detect a 40% difference (197 per group).

Similar comparisons can be made regarding sample size
calculations for a clinical trial with survival as the primary out-
come. Based on their sample population of patients with ini-
tial FEV, 23 to 65% predicted, Idell and Cohen (8) estimated
required sample sizes of 584, 315, and 192 subjects per treat-
ment arm to detect a 30%, 40%, and 50% reduction in mortal-
ity (1-sided test, alpha = 0.05, 90% power). If these sample
sizes are inflated by 25% to allow for noncompliance, as we
have done in Table 2, they become 730, 394, and 240, which
are close to the sample sizes reported in Table 2 (720, 380, and
232 subjects per group, respectively).

Because sample size estimates depend critically on the
magnitude of the effect size chosen, it is important to justify
this effect size as being clinically significant and not overly op-
timistic. For determining sample size requirements of a trial
using FEV, decline as a primary outcome, we used effect sizes
observed in the NHLBI Registry. Specifically, a treatment ef-
fect of 23 ml/yr, representing a 28% reduction in rate of FEV,
decline, was chosen for a trial examining the subgroup of pa-
tients with FEV; 35 to 49% predicted. Several lines of evi-
dence support this choice of 23 ml/yr as a clinically meaningful
effect size. First, this effect size closely resembles those consid-
ered important in other large studies examining treatments for
patients with COPD. For example, in the Lung Health Study,
the effect size chosen to detect the effect of inhaled ipratro-
pium bromide inhalation and smoking cessation versus usual
care was 7.5 ml/yr (21). This estimate was based on an antici-
pated clinically important treatment effect of 15 to 30 ml/yr
with allowance for noncompliance and drop-out. Similarly, in
the recently published European Respiratory Society Study
on Chronic Obstructive Disease (EUROSCOP) study of long-
term inhaled budesonide for mild COPD in smokers, an effect
size of 20 ml/yr was considered clinically meaningful (22). As a
second line of evidence, the effect size of 23 ml/yr closely re-
sembles that observed in other studies regarding the efficacy
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of intravenous augmentation therapy. Specifically, in a large
observational study comparing the rate of FEV; decline in 198
Pl1*Z German augmentation therapy recipients versus 97
P1*Z Danish nonrecipients, a difference of 22 ml/yr was
deemed both clinically and statistically significant (p = 0.02).
Alternatively, the use of the 75% mortality reduction ob-
served in the Registry as an effect size for a trial with mortality
as an endpoint among subjects with initial FEV, 35 to 49%
predicted is not appropriate because such a trial would have
inadequate power to detect smaller yet important mortality
differences. More conventional mortality differences (30 to
50%) should be used as effect sizes when designing a trial
based on mortality (8).

We have presented calculations for a one-sided test, where
the alternative hypothesis of interest is that outcomes improve
among subjects receiving augmentation therapy. In the case of
intravenous augmentation therapy for a1AT deficiency, com-
pelling evidence of biochemical efficacy and the available ob-
servations from prior clinical studies justify considering only
the outcome where augmentation therapy slows the rate of
FEV, decline in recipients. Furthermore, because of the ex-
pense of augmentation therapy, it will be accepted only if it is
shown to be significantly better than the control.

Although the current updated estimates of required sample
size suggest that a randomized controlled clinical trial of intra-
venous augmentation therapy is more feasible than originally
projected (9) when using rate of FEV; decline as the outcome
measure, other important hurdles to conducting such a trial
remain. For example, formidable requirements still include
the expense of such a trial, as well as the potential difficulties
of recruiting a cohort of individuals with severe olAT defi-
ciency and established airflow obstruction who would be will-
ing to consent to a randomized trial with a 50% chance of
receiving a weekly placebo preparation intravenously. With
specific respect to cost, assuming a conservative yearly ex-
pense of $20,000 (U.S.) per subject (based on the current drug
price and a weekly dose of 60 mg/kg), the cost of providing the
drug to 147 antiprotease recipients for 4 yr would be $11.76
million (U.S.). Also, obtaining patient consent may be particu-
larly difficult in the face of observational data from the
NHLBI Registry indicating that recipients of augmentation
therapy with moderate airflow obstruction experienced a
lower rate of decline of lung function and improved survivor-
ship than nonrecipients (11). One final challenge to conduct-
ing a large randomized controlled clinical trial is procuring
enough pooled human plasma antiprotease to supply study
subjects. Currently, only a single preparation of pooled human
plasma antiprotease has received FDA approval (Prolastin,
Bayer, West Haven, CT) and the total available supply is com-
mitted to individuals currently receiving augmentation on
their physicians’ prescription. Although other preparations of
pooled human plasma and recombinant antiprotease are cur-
rently being evaluated in FDA-approved research studies, it is
currently unlikely that available quantities would suffice to
supply the required randomized clinical trial. As a possible
offset to these impediments, an encouraging development
within the «1AT-deficient patient community since the NHLBI-
sponsored Registry has been the organization and commit-
ment by the patient community to facilitate research.

A key decision in designing a clinical trial will be the choice
of the primary outcome. Even if a trial is designed using rate
of FEV, decline as primary outcome, mortality is a harder
clinical endpoint and should be included at least as a second-
ary endpoint, though power to detect important mortality dif-
ferences on the order of 30 to 50% may not be high (8). It may
be wise to increase the sample size to provide minimum ac-
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ceptable power, e.g., 70%, for the detection of large differ-
ences in mortality, e.g., 40%.

With regard to the availability of adequate numbers of un-
treated a1 AT-deficient individuals as prospective participants
in a clinical trial, estimates from population-based studies sug-
gest that approximately 100,000 Americans have severe defi-
ciency of alAT (23), though the majority are undiagnosed. In
the NHLBI Registry, which was admittedly not a population-
based study, but which nonetheless may be representative of
the selected population from which a clinical trial would re-
cruit subjects, 20% of subjects had Stage Il COPD at enroll-
ment. Among 756 subjects contacted in the final 12 mo of the
NHLBI Registry who had not received lung transplants, 113
patients (15%) had Stage Il COPD using their last available
measurement of FEV; percent predicted, and of these 113,
only 37 (33%) were not receiving intravenous augmentation
therapy as of last contact in the Registry. These figures suggest
that the best source of Stage 11 COPD subjects not already re-
ceiving therapy will be incident cases in which augmentation
therapy has not yet been initiated.

Although study designs other than a placebo-controlled
trial in subjects with Stage 11 COPD have been discussed, they
too pose significant challenges. For example, subjects might be
more willing to enroll in a randomized trial comparing weekly
versus monthly intravenous augmentation therapy, rather than
in a placebo-controlled trial. However, the effect size would
be expected to be smaller in such a trial, thereby requiring
greater sample sizes than estimated for a randomized, pla-
cebo-controlled trial. Alternatively subjects with less severe
COPD, e.g., with initial FEV; 50 to 79% predicted, might be
more amenable to participate in a well-designed placebo-con-
trolled randomized clinical trial. However, data from the
NHLBI Registry (11) suggest that the difference in rates of
FEV, decline between those receiving and not receiving aug-
mentation therapy is smaller in this group of patients (i.e., dif-
ference in mean rates of decline of 7.5 ml/yr), which would ne-
cessitate larger sample sizes in a clinical trial.

In summary, our calculation of required sample sizes for a
placebo-controlled randomized clinical trial of intravenous
augmentation therapy using estimates derived from the large
NHLBI-sponsored Registry suggests that fewer subjects
would be needed than were originally projected when the first
commercially available pooled human plasma antiprotease
preparation was being evaluated for FDA approval. Although
significant obstacles to conducting a placebo-controlled clini-
cal trial still exist, like others (11-14), we recommend a ran-
domized, placebo-controlled clinical trial as the best method
to definitively evaluate the efficacy of intravenous augmenta-
tion therapy and of possible future treatments.
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APPENDIX

The following institutions and individuals are participants in
the Registry of Patients with Severe Deficiency of Alpha 1-Anti-
trypsin. A full list of individuals is provided in Reference 10.

National Heart, Lung, and Blood Institute
Bethesda, MD

Carol E. Vreim, Ph.D.! (Program Director), Margaret Wu, Ph.D.2
(Biostatistician).

Steering Committee

Ronald G. Crystal, M.D. (Chairman), The New York Hospital/Cor-
nell University, New York, NY; A. Sonia Buist, M.D., Oregon Health
Sciences University, Portland, OR; Benjamin Burrows, M.D., Univer-
sity of Arizona, Tucson, AZ (through 12/95); Allen B. Cohen, M.D.
(deceased), University of Texas Health Center, Tyler, TX; Robert J.
Fallat, M.D., California Pacific Medical Center, San Francisco, CA;
James E. Gadek, M.D., Ohio State University, Columbus, OH; Ralph
H. Rousell, M.D., F.F.P.M., Bayer Corporation, Berkeley, CA; Rich-
ard S. Schwartz, M.D., Cutter Biological/Miles, Inc., Berkeley, CA
(through 9/92); Gerard M. Turino, M.D., St. Luke’s/Roosevelt Hospi-
tal, New York, NY.

Clinical Coordinating Center
The Cleveland Clinic Foundation, Cleveland, OH

Mark D. Schluchter, Ph.D.3, James K. Stoller, M.D.2 (Co-director),
Herbert P. Wiedemann, M.D., George W. Williams, Ph.D2 (through
6/91), DeAnn M. Barrett, Gerald J. Beck, Ph.D., Kevin McCarthy,
RCPT, Venita Midcalf, M.B.A., Betty Moore, Paul Sartori, Susan G.
Sherer, B.S., Rebecca Zhang, M.S.

Consultants: Thomas L. Petty, M.D., University of Colorado, Denver,
CO; Joseph F. Tomashefski, Jr., M.D., MetroHealth Medical Center,
Cleveland, OH.

Central Phenotyping Laboratory
National Institutes of Health, NHLBI, Pulmonary-Critical Care
Branch, Bethesda, MD

Mark L. Brantly, M.D.,>® Jeffrey Hildesheim, B.A., Barbara Rund-
quist, B.S.

Clinical Centers

Arapahoe Pulmonary Consultants, Denver, CO: Robert A. Sandhaus,
M.D., Ph.D..% C. William Bell, Ph.D., Janis Berend, M.S.N., C.N.P.
William Beaumont Hospital, Royal Oak, MI: K.P. Ravikrishnan,
M.D. 2, Robert Begle, M.D., David Erb, M.D., Joel Seidman, M.D.,
Stanley Sherman, M.D., Barbara Cameron, R.N.

Beth Israel Hospital, Boston, MA: Steven Weinberger, M.D.,® Mitchell
Rosenberg, M.D., Richard Johnston, CPFT

California Pacific Medical Center, San Francisco, CA: Robert J. Fallat,
M.D.l’3

The Cleveland Clinic Foundation, Cleveland, OH: Alejandro C. Arro-
liga, M.D.* David P. Meeker, M.D.2 (through 6/94), Atul Mehta,
M.D., Daniel Laskowski, RPFT

Dallas Pulmonary Associates, Dallas, TX: W. John Ryan, M.D.,
F.C.C.P.;* James P. Loftin, M.D., Kathy Johnson, P.A.-C.

Danbury Hospital, Danbury, CT: Arthur Kotch, M.D. .2 Trudy Clark,
R.N., RCPT

Graduate Hospital, Philadelphia, PA: Paul E. Epstein, M.D.;* Pam
Del Buono, RCPT

Group Health Cooperative Puget Sound, Redmond, WA: Robert E.
Sandblom, M.D.? Richard C. Hert, M.D., James B. DeMaine, M.D.,
Loretta Collar, B.S.N.

Henry Ford Hospital, Detroit, MI: Michael S. Eichenhorn, M.D.2
Indiana University Medical Center, Indianapolis, IN: Joseph P. Mc-
Mahan, M.D.,* W. Mark Breite, M.D 2 (through 12/93)

Lahey Hitchcock Medical Center, Burlington, MA: David Webb-
Johnson, M.D..% Joyce Corbett, CRTT, Deborah McManus, R.N.
Mayo Clinic Jacksonville, Jacksonville, FL: Michael J. Krowka, M.D.,?
Tonya Zeiger, RRT, CPFT

Steering Committee Member, 2Steering Committee Consultant, 3Principal In-
vestigator.
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Mayo Clinic Rochester, Rochester, MN: Udaya B.S. Prakash, M.D.,}
Bruce Staats, M.D., Deb Nesler, CPFT

Medical University of South Carolina, Charleston, SC: Charlie
Strange, M.D.,®> Michael Baumann, M.D., Marc Judson, M.D., Ruth
Oser, R.N., M.S.

Memphis Tennessee Clinical Center, Memphis, TN: Norman T. Soskel,
M.D.,® Vicki Smith

Mercy Hospital, Portland, ME: Dermot N. Killian, M.D.2 William
Demicco, M.D., Lewis Golden, M.D., Rebecca Hitchcock, R.N.,
CRNP

National Heart, Lung, and Blood Institute, Bethesda, MD: Joel Moss,
M.D., Ph.D.2 Shyan C. Chu, M.D., N. Gerard McElvaney, M.D.,
Pauline Barnes, R.N.

National Naval Medical Center, Bethesda, MD: Kevin O’Neil, M.D. 2
David Holden, M.D..® (8/92-12/95), Bruce M. Meth, M.D.? (through
8/92), Richard W. Ashburn, M.D., Joseph Forrester, M.D., Robert F.
Sarlin, M.D., Ronald P. Sen, M.D., Thomas E. Walsh, M.D., Sheila
Jones, R.N.

Ohio State University, Columbus, OH: Mark Wewers, M.D..® Janice
Drake, RRT

Oregon Health Sciences University, Portland, OR: Alan F. Barker,
M.D..? Lynn Oveson, R.N., M.N.

Pulmonary Care, P.C., Fall River, MA: William C. Sheehan, M.D.2
Robert M. Aisenberg, M.D., Nick Mucciardi, M.D., Patricia Demers,
R.N.

St. Luke’s/Roosevelt Hospital, New York, NY: Gerard M. Turino,
M.D.,*® Edward Eden, M.D.

University of Arizona, Tucson, AZ: Russell R. Dodge, M.D.; Ben-
jamin Burrows, M.D.1® (9/91-12/95), Mary Klink, M.D.2 (through 9/
91), Martha Cline, M.S.

University of California, Davis Medical Center, Sacramento, CA: Car-
roll E. Cross, M.D..® Andrew Chan, M.D., Jo Ann Booth, R.N.
University of California, Los Angeles, Los Angeles, CA: Donald F. Tier-
ney, M.D.,® Bertrand Shapiro, M.D., Kathleen Ellstrom, R.N., M.S.

801

University of California, San Diego Medical Center, San Diego, CA:
Jack L. Clausen, M.D..? JoAnna Borders, M.S.

University of lowa, lowa City, IA: Jeff Wilson, M.D..2 Jan Buchmayer,
R.N.

University of Minnesota Hospital and Clinic, Minneapolis, MN: Peter
Bitterman, M.D..} Keith Harmon, M.D., Marshall Hertz, M.D.,
Cheryl Edin, R.N.

University of Nebraska Medical Center, Omaha, NE: Stephen I. Ren-
nard, M.D.? Richard A. Robbins, M.D.2 (through 4/96), Richard
Fogelman, RRT

University of North Carolina, Chapel Hill, NC: James F. Donohue,
M.D..? Steven Turpin, M.D., Katherine Hohneker, R.N., John Wind-
ers, B.S.

University of Rochester Medical Center, Rochester, NY: Richard W.
Hyde, M.D..% Barbara Spohn, R.N.

University of Texas Health Center, Tyler, TX: James M. Stocks, M.D. 2
Debbie Waldrop, R.N., CCRC

University of Utah Health Sciences Center, Salt Lake City, UT: Edward
J. Campbell, M.D.? Richard E. Kanner, M.D.? (through 6/90), Cathy
Pope, R.N.

Veterans Administration Hospital, Hines, IL: Nicholas Gross, M.D.,
Ph.D..% Frank King, B.S.

Victoria General Hospital, Victoria, British Columbia, Canada: lan
Waters, M.D., F.R.C.P.C3

Washington University Medical Center, St. Louis, MO: Mitchell
Horowitz, M.D., Ph.D..? Patricia Nelson, M.D.? (through 12/93), Jack
A. Pierce, M.D., Edward Silverman, M.D., Pamela Wilson

Data and Safety Monitoring Board

Gordon L. Snider, M.D. (Chairman), Boston VA Medical Center,
Boston, MA,; Katherine Detre, M.D., Dr. P.H., University of Pitts-
burgh, Pittsburgh, PA; Herbert Y. Reynolds, M.D., The Milton S.
Hershey Medical Center, Hershey, PA; Melvyn S. Tockman, M.D;
Ph.D., Johns Hopkins University, Baltimore, MD; Janet Wittes,
Ph.D., Statistics Collaborative, Washington, DC.



