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Background: Lymphangioleiomyomatosis (LAM) is an uncommon, progressive, cystic lung disease
that causes shortness of breath, hypoxemia, and impaired health-related quality of life (HRQL).
Whether St. George’s Respiratory Questionnaire (SGRQ), a respiratory-specific HRQL instrument,
captures longitudinal changes in HRQL in patients with LAM is unknown.

Methods: Using data from the Multicenter International Lymphangioleiomyomatosis Efficacy and
Safety of Sirolimus trial, we performed analyses to examine associations between SGRQ scores
and values for four external measures (anchors). Anchors included (1) FEV,, (2) diffusing capacity
of the lung for carbon monoxide, (3) distance walked during the 6-min walk test, and (4) serum
vascular endothelial growth factor-D.

Results: SGRQ scores correlated with the majority of anchor values at baseline, 6 months, and
12 months. Results from longitudinal analyses demonstrated that SGRQ change scores tracked
changes over time in values for each of the four anchors. At 12 months, subjects with the greatest
improvement from baseline in FEV, experienced the greatest improvement in SGRQ scores (Symp-
toms domain, —13.4 = 14.6 points; Activity domain, —6.46 * 8.20 points; Impacts domain, —6.25 +
12.8 points; SGRQ total, —7.53 = 10.0 points). Plots of cumulative distribution functions further
supported the longitudinal validity of the SGRQ in LAM.

Conclusions: In LAM, SGRQ scores are associated with variables used to assess LAM severity. The
SGRQ is sensitive to change in LAM severity, particularly when change is defined by FEV,, per-
haps the most clinically relevant and prognostically important variable in LAM. The constellation
of results here supports the validity of the SGRQ as capable of assessing longitudinal change in
HRQL in LAM. CHEST 2013; 143(6):1671-1678

Abbreviations: 6MWD = distance walked during 6-min walk test; CDF = cumulative distribution function; DLco =
diffusing capacity of the lung for carbon monoxide; LAM = lymphangioleiomyomatosis; SGRQ = St. George’s Respira-
tory Questionnaire; VEGF-D = serum vascular endothelial growth factor D level

Lymphangioleiomyomatosis (LAM) is an uncom-
mon, progressive lung disease that affects women
and occurs either sporadically or in association with
tuberous sclerosis complex.! In LAM, hallmark cys-
tic destruction of the pulmonary parenchyma impairs
lung function and induces debilitating dyspnea.*> In
most patients, hypoxemia develops within a decade
of symptom onset.® Given the breathlessness, func-
tional limitation, and need for supplemental oxygen
that ultimately develop, it is not surprising that patients
with LAM experience impaired health-related quality
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of life (HRQL), particularly in domains that reflect
respiratory symptoms or physical health and activities.”

St. George’s Respiratory Questionnaire (SGRQ) is
a respiratory-specific instrument that was designed
to assess HRQL in patients with asthma or COPD.5
Despite the developer’s initial intent—to develop
a questionnaire for patients with either of those two
conditions—the SGRQ has been used to assess HRQL
in patients with other lung diseases, including women
with LAM.? In fact, investigators have observed that
baseline scores from the SGRQ correlate with certain
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baseline measures of pulmonary physiology, oxygena-
tion, and functional capacity.”® The SGRQ has been
shown to be sensitive to change when used in patients
with various respiratory diseases,'*> but whether in
patients with LAM it can track changes in HRQL
that might occur as a result of disease progression
or in response to a clinically beneficial (or harmful)
medication has never been assessed. An HRQL instru-
ment must possess this attribute to be considered
useful as an outcome measure in longitudinal research.
We conducted this study to examine the ability of
the SGRQ to assess HRQL over time in patients with
LAM (ie, to determine its longjtudinal construct validity
in this disease).

MATERIALS AND METHODS

We used data collected at baseline, 6 months, and 12 months in
the Multicenter International Lymphangioleiomyomatosis Effi-
cacy and Safety of Sirolimus (MILES) trial.! The MILES trial
was a two-stage trial—a 12-month randomized, double-blinded
comparison of sirolimus vs placebo followed by a 12-month
observation period—involving 89 patients with LAM who had a
FEV, <70% predicted. The primary end point was the difference
between the groups in the rate of change in FEV,. There were a
number of secondary end points, including HRQL as assessed by
the SGRQ. We assessed the association between SGRQ scores
and certain variables hypothesized to be clinically meaningful
measures of LAM severity; henceforth, we refer to those variables
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as anchors. We hypothesized that changes in the anchors (ie, disease
status or severity) would be associated with changes in HRQL
and, thus, changes in SGRQ scores.

Saint George’s Respiratory Questionnaire

The SGRQ is a self-administered, respiratory-specific ques-
tionnaire with three domains (Symptoms, Activity, and Impacts)
and a total score designed to assess HRQL.S The Symptoms domain,
as its name implies, focuses on respiratory symptoms, including
breathlessness, cough, and wheeze. The Activity domain probes
for physical activities that either cause or are limited by dyspnea.
The Impacts domain covers the effects of respiratory disease on
several factors, including employment, social interactions, emo-
tional well-being, and the sense of being in control. Scoring weights
for the response options for each of the 50 items were derived
using data from patients with asthma or COPD." Each domain
score and the total score range from 0 to 100, and higher scores
connote greater impairment.

Anchors

The four anchors we selected were: (1) FEV|, (2) diffusing
capacity of the lung for carbon monoxide (DLcO), (3) distance
walked during the 6-min walk test (6MWD), and (4) serum vascu-
lar endothelial growth factor D level (VEGF-D). We chose FEV,
and DLCO because each has been shown to be impaired in patients
with LAM, and as such, they—particularly FEV,—are measures
used universally to characterize LAM severity.” Both the FEV,
and DLcO have been shown in prior cross-sectional studies to cor-
relate with SGRQ scores.™ The 6-min walk test, and 6MWD in
particular, is commonly used as a functional assessment in patients
with respiratory diseases.!> We hypothesized that changes in 6MWD
would reflect changes in overall physical functionality and that
changes in physical functionality would lead to changes in sub-
jects” perceptions of their HRQL. Serum VEGF-D level distin-
guishes LAM from other diseases, and here, changes in VEGF-D
levels were hypothesized to track changes in LAM severity (eg,
increases in VEGF-D would be associated with increased LAM
severity) and, by association, HRQL.'6

Statistical Analysis

We performed analyses to examine the association between
SGRQ scores and anchor values cross-sectionally, as well as longi-
tudinally, using the data collected at three different time points:
baseline, 6 months, and 12 months. To enhance interpretability of
results, serum VEGF-D values were log-transformed. In the first
set of analyses, Spearman rank correlation was used to assess the
relationship among variables cross-sectionally and longitudinally.
Linear mixed-effects models were used to further examine these
cross-sectional and longitudinal associations simultaneously. For
each anchor, we generated four separate mixed-effects models
(one model for each of the three SGRQ domains and one for the
SGRQ total score). In each model, SGRQ score was the response
variable and the anchor was a covariate. Each model included age
at enrollment as a time-constant variable, the baseline anchor value
(to allow examination of the cross-sectional association between
SGRQ score and anchor), and the anchor change from baseline
(to allow examination of the longitudinal association). For each
model, to account for the within-subject correlation among the
repeated measures in SGRQ score, anchor intercept and slope
were incorporated as random effects with unstructured covari-
ance. Next, we used general linear models to examine the asso-
ciation between SGRQ changes and quartiles of anchor change
(defined as percent change from baseline at 6 or 12 months) after
adjusting for the corresponding baseline SGRQ score. Finally, as
a visual representation of the relationship between SGRQ change
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scores and anchor change scores (again, defined as percent change
from baseline), we generated cumulative distribution function
(CDF) plots for each SGRQ score using data from subjects in
the two extreme quartiles of anchor changes (greatest decline
vs greatest improvement). Institutional review board approval was
not needed for this study of deidentified, previously collected data.
All statistical analyses were performed using SAS, Version 9.2
(SAS Institute Inc.), and P <.05 was considered to represent sta-
tistical significance for each analysis. Because our analyses were
hypothesis driven, we did not adjust for multiple comparisons.

RESULTS

Baseline characteristics of the subjects are displayed
in Table 1. On average, airflow limitation was moder-
ately severe. At baseline, 6 months, and 12 months,
there were significant correlations—most moderately
strong—between various anchor values and SGRQ
scores (Table 2). For each anchor, at each time point,
the strongest correlations were with Activity domain
scores (Table 2). Simple correlations between SGRQ
change scores and anchor change scores are presented
in Table 3.

The results from the mixed-effects models extend
the results from the correlation analyses by yield-
ing estimates for the cross-sectional relationship
between SGRQ scores and anchors at baseline (Table 4,
“Cross-sectional”) as well as how SGRQ scores were
predicted to change in relation to changes over time
in the anchors (Table 4, “Longitudinal”). At any time

Table 1—Characteristics of Study Sample

Baseline 6 mo 12 mo

Variable (n=289) (n=283) (n="74)
Age,y 454+106
Race, No. (%)

White 59 (66)

Asian 27 (30)

Other 3(3)
Oxygen therapy, No. (%)

Intermittent use 52 (58)

Continuous use 28 (31)
FEV,

L 1.37+042 1.35+042 1.33%0.40

% Predicted 485+138 485+15.0 481=*14.1
Drco

mL/min/mm Hg 1023461 995+4.00 9.62=*3.95

% Predicted 43.4+19.0 423*+16.3 41.2*+16.8
6MWD, m 403 + 105 415+119 425+ 104
log(VEGF-D), pg/mL 722+0.85 7.00+0.82 6.90*+0.84
SGRQ scores

52.1+184 498+183 485+19.2
Activity domain 655*17.7 652*+18.3 64.5*+17.6
Impact domain 334*+174 345+x179 31.3%x15.0
Total 46.4+152 46.6*15.6 44.6*+13.7

Symptom domain

Data are presented as mean = SD unless otherwise noted. 6GMWD =
distance walked during 6-min walk test; DLco = diffusing capacity
of the lung for carbon monoxide; SGRQ = St. George’s Respiratory
Questionnaire; VEGF-D = serum vascular endothelial growth factor D
level.
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point (ie, 6 or 12 months), improvements from base-
line in any of the four anchors were predicted to gen-
erate improved (lower) SGRQ scores. For example,
at 6 or 12 months, every 1% increase in FEV,% was
predicted to yield about a 0.5-point decrease (improved
HRQL) in any SGRQ score (domain or total), and a
100-m increase in 6MWD was predicted to yield a
4-point decrease (improved HRQL) in the Symptoms,
Activity, or SGRQ total score and a 5-point decrease
in Impacts score.

Table 5 displays mean SGRQ change scores for
subgroups stratified on quartiles of change in each
anchor. After adjusting for baseline SGRQ score,
there were significant differences between various
SGRQ scores across quartiles of change in FEV,
6MWD, and log(VEGF-D). Although not all rela-
tionships were statistically significant, on balance, we
observed that greater impairments (ie, decline in FEV,,
decline in DLCO, decline in 6MWD, or increase in
VEGF-D) in the anchors were associated with greater
impairments (increase) in SGRQ scores, and greater
improvement in the anchors were associated with
greater improvements (decrease) in SGRQ scores.

The CDF plots (Fig 1) provide a graphical repre-
sentation of SGRQ change scores for subgroups in
the extreme quartiles of change for each anchor. Con-
sider an arbitrarily chosen improvement of at least
10 points in the Symptoms domain (ie, —10 or more
extreme on the x-axis in Fig 1A): only 33% of subjects
in the first quartile of change in FEV, (Q1: subjects
with decline in raw FEV, of >11.1% from baseline)
compared with 61% of subjects in the fourth quartile
of change in FEV, (Q4: subjects with an improve-
ment in FEV, of >4.4%) had improvement of at least
10 points in the Symptoms domain from baseline
to 12 months. For the Activity domain, 17% in Q1
vs 42% in Q4 had improvement of at least 10 points;
for the Impacts domain, 17% in Q1 vs 32% in Q4 had
improvement of at least 10 points; and for the SGRQ
total, 17% in Q1 vs 28% in Q4 had improvement of
at least 10 points.

Di1scuUssioN

Using data from the MILES trial, we performed
several analyses whose results support the SGRQ as
an instrument capable of assessing and responding
to change over time in HRQL in patients with LAM.
When investigators aim to generate data to support
the validity of something (for an intended purpose),
ideally, there is a gold standard against which it can be
measured. Unfortunately, in the realm of HRQL, there
is no gold standard. Thus, investigators must choose
other variables, hypothesized—or known—to be
related to HRQL to serve as anchors. In patients with
LAM, pulmonary function tests (FEV, in particular)
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Table 2—Spearman Correlation Coefficients Between SGRQ Scores and Anchors at Baseline, 6 Months, and

12 Months

Domain Symptom Activity Impact Total
FEV,%

Baseline —0.33 (.002) —0.35 (.0007) —-0.26 (.01) —0.33 (.001)

6 mo —0.41 (.0001) —0.48 (<.0001) —0.42 (<.0001) —0.49 (<.0001)

12 mo —0.35 (.002) —0.46 (<.0001) —-0.29 (.01) —0.40 (.0005)
DLco%

Baseline —0.21 (.048) —0.43 (<.0001) —0.20 (.06) —0.33 (.002)

6 mo —0.30 (.006) —0.49 (<.0001) —0.34 (.002) —0.45 (<.0001)

12 mo —0.17 (.14) —0.54 (<.0001) —0.33 (.005) —0.41 (.0004)
6MWD

Baseline —0.14 (.19) —0.36 (.0005) —0.13(.23) -0.23 (.03)

6 mo -0.28 (.01) —0.45 (<.0001) —0.37 (.0006) —0.46 (<.0001)

12 mo —0.20 (.08) —0.49 (<.0001) —0.37 (.001) —0.41 (.0003)
Log(VEGF-D)

Baseline 0.09 (.42) 0.23 (.03) 0.18 (.10) 0.23 (.03)

6 mo 0.21 (.07) 0.27 (.02) 0.10 (.37) 0.19 (.09)

12 mo 0.19 (.12) 0.23 (.06) 0.15 (.20) 0.21 (.08)

Values are Spearman correlation coefficients (P value). See Table 1 legend for expansion of abbreviations.

yield important prognostic information and are com-
monly used to assess disease status. And by extension,
they yield some information about patients” well-being
or HRQL. Thus, we hypothesized FEV, and DLco
as well as 6MWD (as a measure of functional status)
would be related to HRQL in patients with LAM
and, as such, in the absence of a gold standard for
HRQL, would be useful as external anchors for our
analyses. Serum VEGF-D has emerged as a diagnostic
biomarker for LAM!; like FEV,, DLco, and 6MWD,
we hypothesized VEGF-D levels would change in
response to changes in clinically defined disease severity
and might, therefore, be associated with HRQL.
The MILES trial revealed that targeting the mTOR
(mammalian Target of Rapamycin) pathway is an
effective approach to treating LAM, and MILES very
likely paved the way for future trials of other mTOR
signaling antagonists for LAM. The hope for such a
trial is that any physiologic benefit of a drug would
translate into improvements in survival and—arguably,

perhaps even more importantly—patient symptoms,
functional capacity, and sense of well-being. Sur-
vival is easy to assess; symptoms and the more abstract
constructs (eg, HRQL) are more challenging, but they
can be measured, too. The key to doing so is using
reliable, valid instruments that are sensitive to under-
lying change in the construct of interest. Results from
the current study support the SGRQ as such an instru-
ment. We identified a number of significant corre-
lations between SGRQ scores and anchors at each
of the study time points. The moderately strong cor-
relations we observed (common to analyses like this),
rather than being disappointing, are in fact reassur-
ing. They show that the SGRQ performed as hypothe-
sized, but, most importantly, they reveal that the SGRQ
captures information about patients with LAM that
FEV,, DLco, 6MWD, and serum VEGF-D levels
do not.

Even more important for the process of build-
ing longitudinal validity than identifying significant

Table 3—Spearman Correlation Coefficients Between SGRQ Change Scores and Anchor Change Scores From Baseline
to 6 and 12 Months

Domain Symptom Activity Impact Total
FEV,%
6 mo —0.18 (.09) —0.34 (.0016) —0.37 (.0005) —0.42 (<.0001)
12 mo —0.16 (.18) —0.16 (.1621) —0.24 (.0378) —0.27 (.0204)
DLco%
6 mo —0.02 (.83) 0.07 (.51) —0.08 (.46) —0.05 (.65)
12 mo —0.04 (.76) —0.11 (.32) —0.05 (.66) —0.08 (.52)
6MWD
6 mo —0.07 (.51) —0.17 (.1181) —0.15(.18) —0.18 (.1128)
12 mo —0.22 (.06) —0.30 (.0086) —0.22 (.06) —0.35 (.0023)
Log(VEGF-D)
6 mo 0.06 (.63) 0.09 (.45) 0.19 (.09) 0.20 (.09)
12 mo 0.10 (.39) 0.15 (.23) 0.09 (.46) 0.15 (.23)

Values are Spearman correlation coefficients (P value). See Table 1 legend for expansion of abbreviations.
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Table 4—Mixed-Effects Model-Generated Parameter Estimates for SGRQ Change Scores Resulting From Change in
Anchor Scores

Associations Domain Symptoms Activity Impact Total
Cross-sectional FEV,, mL —0.014 £0.004 (.002) —0.016 =0.004 (<.0001) —0.015=0.004 (.0009) —0.015=0.004 (.0001)
FEV,% —0.46+0.13 (.0009) —0.48=+0.11 (<.0001) —0.39+0.13 (.003) —0.42+0.11 (.0002)
Drco, mL/min/mm Hg ~ —1.11%£0.45 (.02) —1.72+0.40 (<.0001) —0.84+0.58 (.21) —1.15+0.38 (.005)
DLco % —0.30+0.11 (.01) —0.42+0.10 (<.0001) —0.20+0.11 (.08) —0.29 +0.09 (.004)
6MWD, m —0.03+0.02 (.12) —0.07 £ 0.02 (.0002) —0.04+0.02 (.03) —0.05+0.02 (.004)
Log(VEGF-D) 4.14+2.16 (.06) 5.95 +2.22 (.009) 3.45+2.17 (.12) 4.34+1.95 (.03)
Longitudinal FEV,, mL —0.018 £0.007 (.02) —0.020 = 0.005 (<.0001) —0.021 % 0.006 (.0007) —0.020 % 0.005 (<.0001)
0.583 0.744 0.714 0.750
FEV,% —0.49+0.22 (.03) —0.56 = 0.14 (<.0001) —0.61+0.18 (.001) —0.57+0.14 (.0003)
0.531 0.759 0.744 0.776
Drco, mL/min/mm Hg ~ —0.23 £0.75 (.76) —0.42+0.56 (.47) —0.03+0.82 (.97) —0.28 +0.53 (.60)
0.580 0.788 0.784 0.797
DLco % —0.06 +0.18 (.73) —0.10+0.14 (.49) —0.05+0.15 (.76) —0.09+0.12 (.47)
0.580 0.798 0.783 0.803
6MWD, m —0.05+0.02 (.01) —0.02+0.02 (.15) —0.05+0.02 (.008) —0.04+0.01 (.003)
0.612 0.789 0.716 0.776
Log(VEGF-D) 4.85+2.51(.06) 1.63*=1.70 (.34) 3.86 +1.89 (.04) 3.27+1.51(.03)
0.636 0.825 0.763 0.815

Values are mixed-effects model parameter estimate * SE (P value). In the Longitudinal section of the table, the value below the P value is the lowest
of the estimated within-patient correlations from the model. See Table 1 for expansion of abbreviations.

correlations between static anchor values and SGRQ
scores, we found that SGRQ scores tracked changes
in each of the four anchors over time. For example,
from the mixed-effects analyses, a 200-mL increase
in FEV, or an 8% increase in FEV, %, was predicted
to result in a 4-point decline in SGRQ total score
(connoting an improvement in HRQL). Likewise,
a 5% increase in DLCO% was predicted to result in
a > 5-point decline in SGRQ Activity score. These

analyses also revealed that change in VEGF-D was
significantly associated with change in SGRQ scores,
but this was for very large (one log) changes in serum
VEGF-D levels. Given what is known about serum
VEGF-D, this was not too surprising to us: VEGF-D
is a diagnostic marker, but its value as a biomarker of
pulmonary disease activity (i.e., whether longitudinal
changes in VEGF-D correlate with lung disease pro-
gression in LAM) is, at present, uncertain. Perhaps

Table 5—SGRQ Change Scores for Subjects Stratified Into Quartiles Based on Change From Baseline to 12 Months
in Anchor Values

Anchor Symptoms P Value Activity P Value Tmpacts P Value Total P Value
FEV, .01 .006 .16 .01
=-11.2% (Q1) —0.12*14.6 017 —1.71*£8.76 .06 0.95*+12.1 .025 —0.13£7.98 .006
—11.2% to —3.4% (Q2) 145+13.1 015 1.31+9.84 .004 —0.34 +9.96 A7 0.34 £8.16 01
—3.4% to 4.4% (Q3) 457*214 .002 3.26 =8.43 .001 —2.30*13.1 24 0.66 =10.0 .007
>4.4% (Q4) —13.4*146 Ref —6.46 +8.20 Ref —6.25£12.8 Ref —7.53%£10.0 Ref
Drco .6 5 .6 .6
=-9.9% (Q1) —3.74+152 .736 0.65 =8.57 418 —1.83*+13.1 363 —1.29+8.42 388
—9.9% to —4.7% (Q2) 227+ 18.5 193 0.06 =8.28 559 —2.06+10.1 582 —0.82£8.58 402
—4.7% to 4.7% (Q3) —1.02*159 438 —3.14£9.75 522 —3.15*£11.7 687 —2.92+9.98 789
>4.7% (Q4) —4.60 =20.1 Ref —-1.04x11.1 Ref —2.20*13.9 Ref —2.07=11.8 Ref
6MWD 7 .02 17 .04
=-2.3% (Q1) —-1.03*+17.9 400 2.87+7.73 .05 1.81*+11.9 233 2.02*9.18 .06
—2.3% to 4.5% (Q2) 2.54+22.7 241 0.97+6.53 37 —0.75%£9.35 662 0.34+7.99 .36
4.5% to 17.1% (Q3) —3.32%14.5 449 —541%10.8 .26 —6.56 £ 14.8 301 —5.86%+10.2 33
>17.1% (Q4) —5.53*x11.9 Ref —2.22+10.7 Ref —2.60*11.4 Ref —2.88+9.41 Ref
Log(VEGF-D) .04 8 5 .16
=-9.0% (Q1) —754*153 7 —2.22+8.43 .602 —-597*16.1 452 —5.17*11.6 437
=9.0% to —3.7% (Q2) —2.70 184 4 —248+9.75 .859 —0.78*11.6 628 —1.51*£10.1 440
—3.7% to 0.8% (Q3) 6.29+17.9 .02 1.43 +9.65 625 276+ 11.5 505 2.95+9.03 158
>0.8% (Q4) —488*+ 128 Ref 0.14£10.8 Ref —3.27+8.49 Ref —2.44+5.86 Ref

Values are mean = SD. Boldface numbers are P values for comparison across SGRQ means within anchor; other P values correspond to pairwise
comparisons of SGRQ means with anchor using Q4 as the reference. See Table 1 legend for expansion of abbreviations.
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FIGURE 1. A, Plot of CDF for the two extreme quartiles of change from baseline in FEV, for SGRQ Symptoms domain. B, Plot of CDF
for the two extreme quartiles of change from baseline in FEV, for SGRQ Activity domain. C, Plot of CDF for the two extreme quartiles
of change from baseline in FEV, for SGRQ Impacts domain. D, Plot of CDF for the two extreme quartiles of change from baseline in

FEV, for SGRQ total score. CDF = cumulative distribution function; SGRQ = St. George’s Respiratory Questionnaire.

VEGF-D levels are exquisitely sensitive to LAM
activity (at least lymphatic involvement) at the molec-
ular level, but our clinical metrics (eg, FEV,, DLCO,
and 6MWD) are not: only extensive and prolonged
lymphatic involvement (that drives up VEGF-D) trans-
lates into clinical worsening able to be captured by
FEV,, DLco, or 6MWD. Clearly, more research into
the role of VEGF-D as a biomarker of disease activity
in patients with established LAM is warranted.

An effect of being sensitive to longitudinal changes
in HRQL within a population is the ability to distin-
guish change over time between subgroups in that
population. When we grouped subjects according
to change over time in FEV,, on balance, the SGRQ
performed as hypothesized: subjects with the great-
est improvement in FEV, experienced the greatest
improvement in HRQL. For that particular set of
analyses, as has been noted previously in similar anal-
yses for another respiratory disease,'> DLCO presents
challenges as an anchor. First, DLcO changed very
little (average change <1 mL/mm Hg/min among all
subjects) over the duration of MILES. Second, DLcoO
is a statistically noisy variable, and changes in DLcoO
may fluctuate for reasons unrelated to changes in
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LAM severity. For example, DLcoO is affected by
changes in hemoglobin; DLCO was not adjusted for
hemoglobin in MILES. Also, DLCO results are often
affected by maldistribution of the inspired test gas
mixture. This can occur when residual volume is ele-
vated; in MILES, average residual volume was 141%
of the predicted value. Finally, for DLco and the
other anchors, the loss of power induced by catego-
rizing variables (as we did in this set of analyses) likely
contributed to the inability to identify statistically
significant differences between subgroups.

The SGRQ is just one of many instruments designed
to assess HRQL and one of several respiratory-specific
tools developed for this purpose. A mistake that has
been perpetuated in the medical literature is that one
cross-sectional correlation study—if statistically sig-
nificant results emerge—"validates” an instrument
for use in a longitudinal trial.'” In a handful of studies,
investigators have generated data to support this
so-called “concurrent validity” for the SGRQ (and
other instruments) in LAM,® but, to our knowledge,
ours is the first to assess whether the SGRQ can be
used confidently in LAM to assess change in longitu-
dinal studies (eg, drug trials).’52° The results of our
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analyses are not surprising; however, these analyses
must be done to confirm the SGRQ performs as
hypothesized in LAM. This is the essence of building
validity. The FDA has formalized recommendations
for how instruments like the SGRQ might qualify as
a valid, reliable outcome measure whose scores have
“interpretable meaning” in a target population.?! To
our knowledge, there have been no HRQL question-
naires submitted to the FDA for LAM, but data from
this study could be useful in such a submission.

This study has limitations: the first is that subjects
in the MILES trial may not be representative of the
general LAM population. Given how uncommon LAM
is, we doubt this is the case. However, subjects in
MILES had moderately severe airflow limitation—
more severe than the cohort enrolled in a nationwide
registry’—so whether the SGRQ would perform
equally well in a trial that included only subjects with
milder LAM is uncertain. The results of our study
cannot be extended to other HRQL questionnaires.
It is possible that other HRQL questionnaires would
perform similarly (or even better than the SGRQ) in
LAM under the same circumstances. Until their lon-
gitudinal construct validity is assessed, those instru-
ments cannot be used confidently in longitudinal
LAM research. On the face of it, the SGRQ contains
many items—those that ask about wheeze, cough,
dyspnea, and physical activities—relevant to LAM
patients.” However, the SGRQ was not developed
specifically for patients with LAM. Whether an instru-
ment developed by specifically incorporating per-
spectives from patients with LAM would perform
better than the SGRQ is unknown. Although not nec-
essarily relevant to this study, in certain studies of
patients with COPD, women’s scores are higher (greater
impairment in HRQL) than men’s for the SGRQ.2
Some readers may not be familiar with mixed-effects
models, but they are believed by most experts to
be the models of choice when analyzing longitudi-
nal data (including HRQL data from therapeutic
trials).?®> These models parameterize the within-
subject correlation that results from repeatedly mea-
suring an outcome over time in the same individual,
and they accommodate both incomplete data and
time-varying covariates. In contrast, when simple
correlation (or even linear regression) is used to
assess the relationship between two variables, if data
for either variable are missing for a subject, by neces-
sity the subject is deleted from the analysis. Thus,
mixed-effects models provide the most statistically
efficient method for analyzing longitudinal data.
Finally, certain analyses did not yield statistically
significant results, but this was largely due to a loss
of power resulting from categorization of contin-
uous variables (eg, those in which the anchors were
stratified into quartiles). The majority of our anal-
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yses support the longitudinal validity of the SGRQ
in LAM.
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