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DIFFUSE LUNG DISEASE

St. George’s Respiratory Questionnaire
Has Longitudinal Construct Validity in
Lymphangioleiomyomatosis

Jeffrey ]. Swigris, DO, MS; Hye-Seung Lee, PhD; Marsha Cohen, MD;

Yoshikazu Inoue, MD; Joel Moss, MD, PhD, FCCP; Lianne G. Singer, MD, FCCP;
Lisa R. Young, MD; and Francis X. McCormack, MD. FCCP: for the National
Institutes omeHh Rare Lung Diseases Consortium and the Multicenter International
Lymphangioleiomyomatosis Efficacy and Safety of Sirolimus Trial Group

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, 8 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 pomts) 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: 6M\VD = distance walked during 6-min walk test; CDF = cumulative distribution function; DLCO =
diffusing capacity of the lung for carbon monoside; LAM = lvmphangioleiomyomatosis; SGRQ = St. George’s Respira-
tory Questionnaire; VEGF-D = serum vascular endothelial growth factor D level

of life (HRQL), particularly in domains that reflect
respiratory symptoms or physical health and activities.”

St. George’s Respiratory Questionnaire (SGRQ) is
a l‘espil‘atozy—speciﬁc instrument that was designed
to assess HRQL in patients with asthma or COPD.$

Lymphallgioleiomyomatosis (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 pulmmmw par enchvma nnp'ms

lung function and induces debilitating d\ spnea.’s In
most patients, hypoxemia develops within a decade
of symptom onset.t 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

journal.publications.chestnet.org

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.9 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 pdtwnts
with various respiratory diseases. |1 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 alnht;» of

the SGRQ to assess HRQT, over time in patients with
LAM (ie, to determine its longitudinal construct validity
in this disease).

MATERIALS AND METHODS

We used data collected at baseline, 6 months, and 12 months in
the Multicenter International Lymphangioleiomvomatosis Effi-
cacy and Saletv of Sivolimus (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 t‘hc difference
between the groups in the rate of change in FEV,. There were a
number of secoudar\ end points, m(lndm HRQL as assessed by
the SGRQ. We assessed the association bGN een SGRQ scores
and certain variables hvpothesized to be clinically mmmngful
measures of LAM severitv: henceforth. we refer to those variables
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as anchors. \We hypothesized that changes in the anchors (e, disease
status or severity) would be associated with changes in HRQL
and, thus, changes in SCRQ scores.

Saint George's Respiratory Questionnaire

The SGRQ is a self-adinisterved, respiratorv-specific ques-
tionnaire with three domains (Symptoms, Activity, and Tipacts)
and « total score designed to assess HRQL.* The Symptoms donain,
as its name implies, focuses on res spiratory symptoms, including
breathlessness, cough, and wheeze, The Activity domain pmbes
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 thn sense of being in control. Scoring weights
for the response options for each of the 50 items were dem ed
using data from patients with asthma or COPD.M Each domain
scove and the total score range from 0 to 100, and higher scores
conuote greater impairment.

Anchors

The lour 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 ( GMWD), and (4) serum vascu-
lar endothelial growth factor D level (VEGF-D). We chose FEV
and Dr.co because each has been shown to be impaired in patients
with LAM. and as such, thev—puiticularly FEV —are measures
used universally to characterize LAM severitv.” Both the FEV,
and DLeo 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 i patients
with mspimtot\ diseases.”” We h\'pot] resized that changes in GMWD
would reflect changes in overall physical fmlctlonaht\ and that
changes in phy: sical functionality wi ould lead to Ch‘moes in sub-
jects” perceptions of their HRQL. Serum VEGF-D level dlistin-
guishes LAM [rom 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.'

Statistical Analysis

We performed analvses to examine the association between
SGRQ scores and anchor values cross-sectionally, as well as longi-
tadinally, 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 simultancously. For
each anchor, we generated four separate mized-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 eflects 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, previouslv collected data.
All statistical analyses were performed using SAS, Version 9.2
(SAS Institute Inc. ) and P <.05 was consldexed to represent sta-
tistical significance for each analvsis. Because our analvses 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 moder: ately
strong—Dbetween 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 vield-
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=89) (n=2383) (m=74)
Age,y 45.4+10.6
Race, No. (%)

White 59 (66)

Asian 27 (30)

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

Intermittent use 52 (58)

Continuous use 28 (31)
FEY,

L 1.37x£0.42 ] 352042 1.332040

% Predicted 1485138 85x150 48 1=x14.1
Drco

mL/min/mm Hg 1023461 995+400 962x3.95

% Predicted 434+19.0 423%163 41.2*168
MWD, m 403 = 105 415+ 119 425 = 104
log(VEGF-D). pg/mL 722%+0.85 7.00x082 6.90+0.84
SGRQ scores

521184 498=183 485*+192
Activity domain 65.5+17.7 652+183 645=x17.6
Impact domain L1744 345179 313150
Total 464152 466+156 446137

Symptom domain

Data are presented as mean = SD unless otherwise noted. 6MVD =
distance walked during 6-min walk test: DLco = diffusing capacity
of the lung for carbon monoside: 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 vield about a 0.5-point decrease (1mpl oved
HROQL) 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 chcmve in each
anchox After adjusting for baseline S(IRQ score,
there were slomﬁcant d}ffelences 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 impainuents (ie, decline in FEV,,
decline in DLco, decline in MWD, 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 (I*lo 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 Svmptoms domain (ie, —10 or more
extreme on the x-axis in I'ig 1A): only 33% of subjects
in the first quartile of chande in FEV . (Q1: subjects
with decline in raw FEV, of >11.1% ﬁ om basehne)
compared with 61% of sub ects in the fourth quartile
of change in FEV, (Q4: sub ects with an unplove—
ment in FEV, of > 4 49%) 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.

Di1scussIoN

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 in\'estigators 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. Unf ortuncltelv in the realm of HRQL, there
is no gold standard. Thus, inv estigators must choose
other vauables 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 Monihs

Domain Symptom Activity Fmpact Total
FEV, %

Baseline 33(.002) =0.35 (L0007} =0.26 (0D —0.33 (.001)

6 mo - 0‘41 (.0001) ~ 048 (<2.0001) —0.42 («<.0001) —0.49 (<.0001)

12 mo =155 (.002) =046 (<2.0001) —0.29 (.01 —0.40 (.0005)
Drco%

Baseline ~0.21 {.048) =043 (<0001} (.20 (.06) =0.33 (.002)

G mo -=0.30 006} =049 (<2.0001) —0.34 (.002) 045 (<.0001)

12 mo =017 (b =054 (<2.0001) =0.33 (.005) —0.41 (.0004)
GMWD

Baseline —0.1:4 (19) ~0.36 (.0005) 0,13 (.23) —0.23 (.03)

6 mo =0.25 (.01 =045 (<0001 ~0.37 (.0006G) —046 (<.0001)

12 mio —0.20 {.05) =049 (<2000 =037 (.001) =041 (.0003)
Log(VEGI-D)

Baseline 0.09 (. 0.23 (.03 01510 0.23.03)

6 mo 0.21¢( 3' 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.

vield important prognostic information and are com-
monly used to assess disease status. And by extension,
they vield some information about patients” well- being
or IIR()I Thus, we hypothesized FEV, and Drco
as well as GMWD (as a measure of functmm] 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 (*\tmnaf anchors for our
analyses. Serim VEGEF-D has emerged as a diagnostic
biomarker for LAM; like FEV,, DLCO and (OM\\ 1,
we hypothesized VEGIF-D levels would change in
response to changes in clinically defined disease seveutv
and might, therefore, be associated with HROQI.

The MILES trial revealed that targeting the mTOR
(mammalian Target of Rapamy cm) pathwax is an
effective apploach to treating LAM, and MILES very
likely paved the way for future trials of other mTOR
51gnalmg antagomstb for LAM. The hope for such a
trial is that any physiologic benefit of a drug would
translate into iniprovements in survival and—arguably,

pet hcq)s everl more nnpm tant]\mpahcnt symptoms,
functional capacity. and sense of well- bomcr Sur-
vival is easy Lo assess; symptoms and the more (xbs‘n act
constructs (eg, HRQL,) are more challenging, but they
can be measured, too. The key to doing so is using
reliable, valid instriuments that are sensitive to under-
lving change in the construct of interest. Results {rom
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 malvsgs like this),
rather than b@md d]SdppOH]U"l\G are in fact reassui-
ing. They show tl hat the SGRQ performed as hypothe-
9170(1 but, most importantly, they reveal that the SGRQ
captures information about patlenis with LAM that
FEV,, Dr.co, 6BMWD, 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)
Drco%
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)
GANWD
6 mo —0.07 (.51) —0.17 (.1181) =015 (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.

1674 Original Research



Table 4—aiixed-Effects Model-Generated Parameter Estimates for SGRQ Change Scores Resulting From Change in
Anchor Scores

Associations Domain Symptoms Activity Tmpact 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,% =046 0.13(.0009) —048%+0.11(<.0001)  —0.39%0.13 (.003) —042+0.11 (.0002)
Drco. mL/min/mm Hg  —1.11:= 045 (.02) —1.72+ 040 (<.0001)  —0.84%£0.58(.21) —1.15%0.38 (.003)
Drco % —0.30=£0.11 (.01) —042=0.10 (<.0001)  —0.20=0.11 (.08} —0.29£0.09 (.004)
6MWD. m —0.03x0.02 (.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) 3452217 (12) 434=1.95(.03)
Longitudinal FEV,.mL —0.018x0.007 (.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(.00L) =0.57+0.14 (.0003)
0.531 0.759 0.744 0.77
Drco. mL/min/mm Hg =023+ 0.75 (.76) —0.42£0.56 (47) =0.03x0.82(.97) —0.25 £0.53 (.60)
0.580 0.788 0.784 0.797
Drco % —0.06+0.18 (.73) —0.10 = 0.14 (49) —0.05+0.15 (.76) ~0.09+0.12 (47)
0.550 0.798 0.783 0.803
6MWD, m —0.05x£0.02 (.01 =0.02x0.02 (15) ~0.05%=0.02 (.008) —0.04=0.01 (.003)
0.612 0.789 0.716 0.776
Log(VEGF-D) 485251 (.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 [rom the model. See Table 1 for expansion of abbreviations.

correlations between static anchor values and SGRQ analyses also revealed that change in VEGF-D was
scores, we found that SGRQ scores tracked changes significantly associated with change in SGRQ scores,
in each of the four anchors over time. For example, but this was for very large (one log) changes in serum
from the mixed-effects analyses, a 200-mL increase VEGE-D levels. Given what is known about serum
in FEV,, or an 8% increase in FEV,%, was predicted VEGF-D, this was not too surprising to us: VEGF-D
to result in a 4-point decline in SGRQ total score is a diagnostic marker, but its value as a biomarker of
(connoting an improvement in HRQL). Likewise, pulmonary disease activity (i.e., whether longitudinal
a 5% increase in DLCO% was predicted to result in changes in VEGF-D correlate with lung disease pro-
a > 5-point decline in SGRQ Activity score. These 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 Impacts P Value Total P Value
FEV, .01 .006 .16 .01
=-11.2% (QD ~012+ 146 017 ~1.71+8.76 .06 095x12.1 025 —0.137.98 006
—11.2% to —3.4% (Q2) 1452131 015 1.31£9.84 004 —0.34+9.96 A7 0.34%8.16 01
—3.4% to 4.4% (Q3) 457214 .002 3.26 =843 001 =2.30%13.1 24 0.66 = 10.0 007
>4.4% (Q4) —134 =146 Ref —6.46=8.20 Ref —6.25+12.8 Ref —7.53%£10.0 Ref
Drco -6 5 -6 -6
=-99% (QL) ~374+152 7136 0.65%£8.57 418 ~1.83+13.1 363 —1.20=842 388
—9.9% to —4.7% (Q2) 227%x185 193 0.06+8.28 559 -2.06=10.1 582 —0.82+8.58 402
—4.7% to 4.7% (Q3) —1.02x 159 438 =3.14+9.75 522 ~3.15x1L7 687 ~2.92+9.98 789
>4 7% (Q4) —4.60%20.1 Ref —104=111 Ref —=220+13.9 Ref —-207=1L8 Ref
6MWD N .02 A7 04
=-23% (Q1) —1.03x179 400 287=773 .05 181119 233 2.02+9.18 .06
—2.3% to 4.5% (Q2) 2542227 241 0.97£6.53 37 —0.75+9.35 662 0.34£7.99 36
4.5% to 17.1% (Q3) —3.32% 145 449 ~541%=108 .26 ~656x14.8 301 —5.88+10.2 33
>17.1% (Q4) ~553+11.9 Ref -2.22+10.7 Ref —260x114 Ref —=2.88=941 Ref
Log(VEGF-D) .04 .8 .5 .16
=-9.0% (QD) ~754%153 T —222+843 602 —597+16.1 452 ~517+1186 437
—9.0% to —3.7% (Q2) —270+18.4 4 —248+975 859 —0.78%=11.6 628 —1.51+10.1 440
—3.7% to 0.8% (Q3) 629179 02 1.43+£9.65 625 2776x11.5 505 2.95%9.03 158
>0.8% (Q4) ~4.88x128 Ref 014108 Ref —327+849 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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VEGF-D levels are exquisitely sensitive to LAM
activity (at least lymphatic involvement) at the molec-
ular Ievc], but our clinical metrics (eg, FEV|, DrCoO,
and 6MWD) are not: only extensive and prolonged
lymphatic involvement (t that drives up VE(;I‘ -1D) trans-
lates into clinical worsening able to be captured by
FEV,, DLco, or BMWD. 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
populatlon When we grouped subjects according
to change over time in F EV,, on balance, the SCRQ
performed as hypothesized: subjects with the great-
est improvement in FEV, experienced the greatest
improvement in HRQL. l' or that pcutlculcu 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 (a average chandc <1 ml/mm Hg/min among a]
subjects) over the dma’aon of MILES Second, DI co
is a statistically noisy variable, and changes in DLco
may fluctuate for reasons unrelated to changes in
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LAM severity. For example, DLcO is affected by

changes in h@mo<>1()b1n Drco was not adjusted for
hemoglobm in MILF S. Also, DLco xesults 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 amlyses) likely
Contnbuted to the inability to identify statlstlcall\
significant differences between subgroups.

The SGRQ is just one of many 111stmments 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
foruse in a]oncrlhldma trial. 1" In a handful of studies,
investigators ha\e generated data to support this
so-called * concuuent validity” for the SGRQ (and
other instruments) in LAM,79 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).!% The results of our

Original Research



analyses are not surprising; however, these analyses
must be done to confmn the SGRQ pe1f01ms 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 outcomc measure whoso scores have

“interpretable meaning” in a target population.® To
our knowledge, there have been no HRQL question-
naires sublmtted 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
cquall\/ well in a trial that included only subjects with
milder LAM is uncertain. The results of our study

cannot be extended to other HRQL queshommnes
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 conﬁdontlv in longitudinal
LAM research. On the face of it, the SG RQ contains
many items—those that ask about wheeze, cough,
l,Spnoa and physical activities—relevant to LAM
patients.” However, the SGRQ was not developed
specifically for patients with LAM. Whether an mstiu-
ment developed by specifically 111001])omtmg per-
spectives from patients with LAM would pelfmm
better than the SGRQ is unknown. Although not nec-
essarily relevant to this study, in certain smdles of
patients with COPD, women'’s scores are higher (greater
impairment in HRQL) than men’s for the S(JRQ.
Some readers may not be familiar with mixed-effects
models. but they are believed by most experts to
be the models of choice when analy zing longitudi-
nal data (including HRQL data from [hez apeutw
trials).?s These models parameterize the within-
subject correlation that results from repeatedly mea-
SUI’!]]O' an outcome over time in the same individual,
and thc accommodate both incomplete data and
time-varying covariates. In contrast, when simple
correlation (01 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 anaIVSIS Thus,
mixed-effects models provide the most statlstlcaﬂx
efficient method for analyzing longitudinal data.
Finally, certain analyses did not \neld statistically
significant results, but this was Iarge ydue toa 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-

journal.publications.chestnet.org

yses support the longitudinal validity of the SGRQ
in LAM.
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Abstract

Background Sorafenib is a multi-kinase inhibitor cur-
rently approved in Japan for unresectable and/or metastatic
renal cell carcinoma and unresectable hepatocellular car-
cinoma. Although drug-induced lung injury has recently
been the focus of interest in Japanese patients treated with
molecular targeting agents, the clinical features of patients
receiving sorafenib remain to be completely investigated.

Methods  All-patient post-marketing surveillance data was
obtained within the frame of Special Drug Use Investiga-
tion; between April 2008 and March 2011, we summarized
the clinical information of 62 cases with drug-induced lung
injury among approximately 13,600 sorafenib-treated
patients in Japan. In addition, we summarized the results of
evaluation by a safety board of Japanese experts in 34
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patients in whom pulmonary images were available. For the
calculation of reporting frequency, interim results of Spe-
cial Drug Use Investigation were used.

Results  In the sets of completed reports (2,407 in renal cell
carcinoma and 647 in hepatocellular carcinoma), the
reporting frequency was 0.33 % (8 patients; fatal, 4/8) and
0.62 % (4 patients; fatal, 2/4), respectively. Major clinical
symptoms included dyspnea, cough, and fever. Evaluation
of the images showed that 18 cases out of 34 patients had a
pattern of diffuse alveolar damage. The patients with hepa-
tocellular carcinoma showed a greater incidence and earlier
onset of lung injury than those with renal cell carcinoma.
Conclusion Although the overall reporting frequency of
sorafenib-induced lung injury is not considered high, the
radiological diffuse alveolar damage pattern led to a fatal
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outcome. Therefore, early recognition of sorafenib-induced
lung injury is crucial for physicians and patients.

Keywords Sorafenib - Drug-induced lung injury -
Interstitial lung disease - Drug-related adverse event -
Japanese - Post-marketing surveillance

Introduction

Sorafenib is a small-molecule multikinase inhibitor tar-
geting several serine/threonine and receptor tyrosine kina-
ses and interacts with multiple intracellular (CRAF, BRAF,
and mutant BRAF) and cell surface (KIT, FLT-3, VEGFR-
2, VEGFR-3, and PDGFR-f) kinases [1-3]. Sorafenib has
been approved for renal cell and hepatocellular carcinoma
[4, 5], and clinical studies are in progress for several other
types of tumors. Sorafenib was approved in Japan for
unresectable and/or metastatic renal cell carcinoma (RCC)
in 2008 and for unresectable hepatocellular carcinoma
(HCC) in 2009. The major drug-related adverse events
(AE) of sorafenib include hand-foot skin reaction, diarrhea,
hypertension, and increased pancreatic enzyme levels
[4, 5]. Drug-induced lung injury (DLI) was added to the
Japanese package insert of sorafenib, along with the issu-
ance and distribution of “Safety information for acute lung
injury/interstitial pneumonia” in December 2008 [6], and
close monitoring of patients has been ongoing since then.

Chemotherapeutic drugs that most commonly cause DLI
include paclitaxel, docetaxel, gemcitabine, and irinotecan
[7, 8]. DLI in Japanese patients treated with molecular
targeting agents has been the focus of many studies [9].
Among tyrosine kinase inhibitors, gefitinib and erlotinib are
associated with an increase in the incidence of DLI in
Japanese patients [10-12]. The precise incidence and clin-
ical characteristics of DLI associated with sorafenib have

Fig. 1 Breakdown of patients
according to SDUI and DLI.
DLI drug-induced lung injury,
HCC hepatocellular carcinoma,
ILD Ad-board ILD Safety
Advisory Board, RCC renal cell

Patients in SOUI (as of March 2011) '
. Approx. 13,600 patients; RCC, 8,100 and HCC, 6,500

not been reported although the cases of some individual
patients have been reported [13]. Here, we investigated the
clinical features of Japanese patients with sorafenib-asso- -
ciated lung injury in a post-marketing surveillance setting.

Patients and methods
Patients

The patient flow of the surveillance is shown in Fig. 1.
Between April 2008 and March 2011, sorafenib was
administered to approximately 13,600 patients (approxi-
mately 5,500 for RCC and 8,100 for HCC) within the frame
of Special Drug Use Investigation (SDUI). SDUI is a post-
marketing surveillance method specific to Japan, performed
under the instruction of the Japanese Health Authority
(Pharmaceuticals and Medical Device Agency [PMDAY]) for
investigating safety and efficacy of sorafenib in clinical
practice. For sorafenib, an SDUI with all-patient investiga-
tion system was required. The institutions participating in
the SDUI concluded a contract with Bayer Yakuhin, Ltd.
Sixty-two patients with DLI were identified during the above
period on the basis of either an AE reported by a physician or
by an evaluation of image by a board of experts (“Safety
Advisory Board for interstitial lung disease in Nexavar®”;
hereafter, “the ILD Ad-board”). For the calculation of
reporting frequency, the interim SDUI results of 2,407
patients with RCC and 647 patients with HCC were used [ 14,
15]. Reported terms were encoded to the Medical Dictionary
for Regulatory Activities Preferred Terms (MedDRA-PT).

Collection of clinical information
Clinical information was collected for the initial purpose of

reporting AE from Bayer Yakuhin, Ltd. to the Japanese
Health Authority.

carcinoma, SDUI Special Drug
Use Investigation

DLI patients -
62 patients; RCC, 20 and HCC, 42 |

Analysis of clinical features

F

Calculation of
reporting frequency

1.4 patients with images !
34 patients; RCC, 15 and HCC 19
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Table 1 Demographics of
patients with DLI

ECOG-PS Eastern Cooperative
Oncology Group Performance

RCC HCC Total
n =20 n=42 n=62
Age (years)
Median (range) 71.5 (50-83) 70 (51-84) 70 (50-84)
Gender
Male/female 12/8 34/8 46/16
Performance status (ECOG-PS)
0, 1/2 or over/unknown 16/0/4 37/2/3 53/2/7
Concomitant disease or past history
of pulmonary disease
Chronic type of interstitial 5 4 9
pneumonia/pulmonary fibrosis
Other pulmonary disease 2 2 4

Status

For all patients with DLI, reporting physicians were
requested to respond to a special questionnaire. This
questionnaire included detailed clinical course, laboratory
data and reports of image evaluation, as well as basic
information for AE reporting such as patient age, gender,
past medical history, concomitant diseases, treatment
duration of sorafenib, and concomitant medications. In
addition, reporting physicians were requested to provide
chest radiograph and/or chest computed tomography (CT)
scan. “Fatal” cases included those patients in whom the
outcome of DLI was reported as fatal by reporting
physicians.

Image interpretation

Imaging data was provided by reporting physicians in the
case of 34 patients. In 33 of these patients, conventional CT
and/or high-resolution CT were used for evaluation at
onset, and in 1 patient, only chest radiograph was used.
These images were evaluated as digitized files in Digital
Imaging and Communication in Medicine (DICOM) for-
mat with anonymization. The members of the ILD Ad-
board were requested to independently evaluate these
imaging data with DICOM viewer software by referring to
clinical information according to a specific evaluation
sheet, including preexisting pulmonary conditions, ILD
scoring, and image pattern of DLI. ILD scoring indicates
the compatibility with ILD in 5 levels, from the score 1
with the finding that ILD can be denied to the score 5 with
the finding that ILD is definite. The image patterns were
classified as being most consistent with 1 of 2 patterns:
diffuse alveolar damage (DAD) or non-DAD [16, 17].
Image patterns demonstrating extensive bilateral ground-
glass opacities with or without consolidation and/or
architectural distortion, or features suggestive of fibrosis in
a predominantly depending distribution were considered as
DAD [18, 19]. Case review and final decision of image
interpretation were made periodically in a panel discussion

including all members of the ILD Ad-board. The conclu-
sions of the ILD Ad-board were conveyed to each reporting
physician and to the Japanese Health Authority.

Results
Patient demographics

Patient demographics are listed in Table 1. Among 62
patients with DLI, 20 had RCC and 42 had HCC as
underlying disease. Concomitant disease and medical his-
tory included chronic type of interstitial pneumonia/pul-
monary fibrosis in 9 patients. Other pulmonary diseases
included bronchial asthma, emphysema, pleuritis, and
history of surgical intervention to the lung.

Reporting frequency

The reporting frequency of DLI was 0.33 % (8/2,407, 4
out of 8 patients had fatal outcome of DLI) for RCC and
0.62 % (4/647, 2 out of 4 patients had fatal outcome of
DLI) for HCC according to respective interim reports of
SDUI on the basis of clarification of precise number of
patients treated with sorafenib. The 8 patients with RCC
and 4 patients with HCC are included in the 62 DLI
patients among approximately 13,600 sorafenib-treated
patients. The reporting frequency described above from
interim results of SDUI is considered to be equivalent to
the overall accumulation status of DLI patients as of
March 2011: 20 among approximately 5,500 patients with
RCC, and 42 among approximately 8,100 patients with
HCC.

Time to onset

Time to onset, the interval between the start of adminis-
tration and the onset of DLI, is shown in Fig. 2. Overall,

@ Springer
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{3HCC (non-fataly |
A PIROC (non-fataly
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Number of palients

Time fo Onset

Fig. 2 Time to onset for DLI. White bars indicate patients with renal
cell carcinoma. Gray bars indicate patients with hepatocellular
carcinoma. White shadow or gray shadow bars indicate patients with
renal cell carcinoma or hepatocellular carcinoma with a fatal
outcome, respectively

Table 2 Treatment for DLI

Treatment for DLI Number of patients (fatal)

RCC HCC Total
n=20 n=42 n =62
Steroid pulse therapy 8 (3) 18 (0 26 (13)
Start on the day or the next day 4(1) 15 (10) 19 (11)
of onset
Start subsequently 4(2) 1(0) 5(2)
No information about the timing 0(0) 2(0) 2 (0)
of initiation .
Other steroid (except pulse 21 7(3) 9 (4)
therapy)
Other medication (except steroid) 0(0) 4(3) 4 (3
No medication 5(1) 3(1) 8 (2)
No information about treatment 5(2) 10 (1) 15 (3)
for DLI
Total 20 (7) 42 (18) 62 (25)

the peak time to onset in all patients was during 2-4 weeks
after the start of administration; however, in some patients,
DLI occurred more than 6 months after the start of
administration. The 9 patients with time to onset within
2 weeks were all HCC patients. Furthermore, a tendency of
earlier onset was observed in HCC patients (median
50 days, range 2-289 days) than in RCC patients (median
74 days, range 16-420 days).

Clinical symptoms
Data about clinical signs and symptoms were available in

47 of the 62 patients. Among these 47 patients, dyspnea,
cough, and fever, were frequently reported symptoms

@ Springer
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Fig. 3 Other serious drug-related adverse events of sorafenib in
patients with DLI

Table 3 Image evaluation by the ILD Ad-board

Image pattern Number of patients (fatal)

RCC HCC Total
n =20 n =42 n =62
DAD 8 (5) 10 (7) 18 (12)
Non-DAD 7() 8(2) 15 (3)
Op 3(0) 1(0) 4 (0)
Others 2(1) 72) 9 (3)
Pre-existing ILD 2 (0) 0(0) 20
ILD excluded 0O 1(0) 1(0)
Image not available 5(1) 23 (9) 28 (10)
Total 20 (7) 42 (18) 62 (25)

Pre-existing ILD included asbestosis and chronic type of interstitial
pneumonia

DAD diffuse alveolar damage, ILD interstitial lung disease, OP
organizing pneumonia

(in 34, 20, and 15 patients, respectively). Hemoptysis was
observed in 2 patients. Five patients were asymptomatic.

Treatment for DLI

Treatment for DLI is shown in Table 2. Among 47 patients
for whom information about DLI treatment was provided,
35 received steroid administration, including steroid pulse
therapy (intravenous high-dose steroid therapy) in 26
patients. Of the 26 patients receiving steroid pulse therapy,
19 were treated with pulse therapy on the day or the next
day of the onset. Medications besides steroids included
antibiotics and neutrophil elastase inhibitors.

Other serious drug-related AEs of sorafenib in patients
with DLI

Sorafenib-related serious AEs reported in addition to DLI
are shown in Fig. 3. Hepatic disorder was the most
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Fig. 4 Relation between the

Reported andfor evaluated as DL 62

reported terms by reporting
physicians and the result of

Evaluated as DLI by the ILD Ad-board: 33

image evaluation by the ILD
Ad-board. DLI drug-induced

PST—

28

lung injury, ILD Ad-board ILD
Safety Advisory Board

U .

Board: DLE
{4 patients)

Reporter: Other reporied terms

g images unavailable; 28

Evaluated as DLI

Reported terms:
Respiratory failure, 2
Acute respiratory failure,1
Preumonia, 1

frequently reported AE in 9 patients with HCC. Skin dis-
order and cytopenic events occurred in 8 and 4 patients,
respectively. Respiratory disorders such as dyspnea or
respiratory failure, which are the symptoms of DLI itself,
were redundantly reported.

Imaging findings

The results of image evaluation are shown in Table 3. The
images of 18 patients showed DAD pattern and 15 showed
non-DAD pattern. Twelve out of 18 patients with DAD
pattern had a fatal outcome. In contrast, 3 out of 15 patients
with non-DAD pattern had a fatal outcome.

The relationship between the terms reported by report-
ing physicians and the result of image evaluation by the
ILD Ad-board are shown in Fig. 4. In the cases of 29
patients, the terms reported by the reporting physicians and
the result of the evaluation by the ILD Ad-board were
consistent. The condition of 4 patients, ultimately diag-
nosed as DLI by the ILD Ad-board, had been reported
initially by reporting physicians as respiratory failure
(2 patients), acute respiratory failure (1 patient), and
pneumonia (1 patient). The condition of 1 patient diag-
nosed as DLI by a reporting physician was excluded by the
ILD Ad-board and was determined to be gravity-dependent
atelectasis.

Discussion

Drug-induced lung injury, especially caused by novel anti-
cancer drugs, has recently been the focus of many studies.
Gefitinib-induced DLI is 3.5 % in a retrospective analysis
[11] and 5.8 % in a prospective study [10] of Japanese
patients with non-small cell lung cancer (NSCLC). In
a cohort study, including gefitinib and chemotherapy in
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Japanese patients with NSCLC, the naive cumulative inci-
dence rates at the end of 12-week follow-up were 4.0 % for
gefitinib versus 2.1 % for conventional chemotherapy [20].
Another study in Japanese patients with NSCLC showed that
the incidence of DLI within the first month of treatment was
1.0 % for erlotinib versus 2.4 % for gefitinib [12]. Although
the reporting frequency of sorafenib-induced lung injury in
RCC and HCC patients in the present analysis is not con-
sidered high, the difference in underlying malignancy
between pulmonary and non-pulmonary origin should be
taken into consideration.

Several reports indicate that Japanese patients are more
likely to develop DLI. The worldwide prevalence of DLI in
gefitinib-treated patients was approximately 1 %, and that
in a US manufacturer expanded access program was 0.3 %
[21]. One of the reasons for this difference is considered to
be solicitation bias due to a difference in the system for
collecting information about AE in the post-marketing
setting. In Japan, active solicitation is required in the early
phase of launch of new drugs under the Early Post-mar-
keting Phase Vigilance (EPPV) requirement of the Japanese
Health Authority, whereas worldwide reporting frequency
is basically estimated from spontaneous reports or literature
reports. In addition, the high incidence of DLI in Japan may
be because of the greater awareness about DLI. Genetic
susceptibility to DLI is also suggested; however, further
research is required to address this issue [22].

The relation between underlying malignancy and DLI
was that HCC patients tended to develop DLI earlier than
RCC patients, and hepatic disorder was the most frequently
reported AE other than DLI in HCC patients. The reason
for this remains to be completely elucidated; however,
several factors are postulated, such as impaired metabolism
of sorafenib in patients with decreased hepatic function
reserve and any patient background of susceptibility to
DLI Sorafenib is mainly metabolized in the liver, but
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impaired metabolism of sorafenib because of decreased
hepatic function reserve has not been proven according to
the result that no clinically relevant difference was
observed in pharmacokinetics between patients of Child--
Pugh class A and class B in the Phase | study of sorafenib
in Japanese patients with HCC [23].

Deteriorated performance status, pre-existing chronic
fibrosing IL.D, and smoking history were factors that con-
tributed to DLI in NSCLC patients treated with gefitinib [9,
10, 20] and erlotinib {12]. Similarly, deteriorated systemic
condition in advanced HCC patients may be attributed to
decreased hepatic function reserve and/or multiple metas-
tases. In addition, several reports suggest pathogenic role
of chronic hepatitis C viral infection and its drug treatment
in DLI, although the association between them remains
controversial [24]. It is interesting that the difference in
patient background because of underlying tumor types may
be responsible for the occurrence of DLI.

In the present analysis, 18 out of 34 patients who had
imaging data available showed DAD pattern. Furthermore,
it is important to keep in mind that two-third of the patients
with DAD pattern had a fatal outcome.

Diffuse alveolar damage is characterized histologically
by the presence of alveolar airspace and interstitial
oedema, hyaline membrane formation, and proliferation of
type 2 pneumocytes [16, 19]. It manifests radiographically
as bilateral hetero- or homogeneous opacities, usually in
the mid and lower lungs, and on high-resolution CT scans
as scattered or diffuse areas of ground-glass opacity, and
architectural distortion can occur [18, 19]. The image
findings from individual patients showed that several
patients eventually presented the DAD pattern, although
their image findings at onset were faint ground-glass
opacity. The importance of early recognition, close obser-
vation, and initiation of treatment for DLI at an early stage
should be emphasized to physicians. In addition, it is
important to consult with specialists for pulmonary medi-
cine at an early stage.

Currently, specific guidelines for the treatment of DLI
are not available, and treatment tends to be administered on
an empirical basis. High-dose methylprednisolone for
several days followed by tapering of the dose is commonly
used, in addition to withdrawal of the suspected drug
[7, 25]. Overall, the treatment for DLI is considered
appropriate in the present analysis. It should be noted,
however, that the DLI of radiological DAD pattern often
leads to poor prognosis despite early recognition and early
initiation of treatment.

Limitations of the present analysis include possible bias
in patients with availability of detailed information, and
lack of statistical analysis specifying prognostic factors or
risk factors for sorafemib-associated lung injury. The
observation period was not uniformly determined in the

@ Springer

present analysis, because of an observational post-market-
ing surveillance setting. In addition, we did not perform in-
depth analyses of the levels of serum markers, arterial blood
gas, or the results of bronchoalveolar lavage/transbronchial
lung biopsy. The information of pathological examination
to confirm the image evaluation is also limited.

The present analysis will provide useful information
about DLI to health care professionals involved in the
treatment using sorafenib. An analysis to specify risk factors
will be reported in the final result of SDUI Further investi-
gations are required to determine the difference in DLI
according to causative drugs, cancer types, and ethnicity.

Acknowledgments We would like to express our deepest appreci-
ation to the medical doctors participating in the Nexavar® SDUI in
RCC and HCC in Japan as well as the reporting physicians for DLI
patients for providing detailed information.

Conflict of interest Y. H-Y. is an employee of Bayer Yakuhin, Ltd.
A.G. has received consulting fees from Bayer Yakuhin, Ltd. as a
member of the [LD Ad-board in the subject of this manuscript. H.T.
has received consulting fees from Bayer Yakuhin, Ltd. as a member
of the ILD Ad-board in the subject of this manuscript. Y.I. has
received consulting fees from Bayer Yakuhin, Ltd. as a member of the
ILD Ad-board in the subject of this manuscript. F.S. has received
consulting fees from Bayer Yakuhin, Ltd. as a member of the ILD
Ad-board in the subject of this manuscript. T.J. has received con-
sulting fees from Bayer Yakuhin, Ltd. as a member of the ILD Ad-
board in the subject of this manuscript, those from Chugai Seiyaku,
Ltd., as a member of the ILD Ad-board, and conducted honorary
lectures with support from Daiichi-Sankyo Seiyaku, Ltd., Kyorin
Seiyaku, Ltd., and Eizai Ltd. K.F. has received consulting fees from
Bayer Yakuhin, Ltd. as a member of the ILD Ad-board in the subject
of this manuscript. S.K. has received consulting fees from Bayer
Yakuhin, Ltd. as a member of the ILD Ad-board in the subject of this
manuscript.

References

1. Wilhelm SM, Carter C, Tang L et al (2004) BAY 43-9006
exhibits broad spectrum oral antitumor activity and targets the
RAF/MEK/ERK pathway and receptor tyrosine kinases involved
in tumor progression and angiogenesis. Cancer Res 64:7099-
7109

2. Chang YS, Adnane J, Trail PA et al (2007) Sorafenib (BAY
43-9006) inhibits tumor growth and vascularization and induces
tumor apoptosis and hypoxia in RCC xenograft models. Cancer
Chemother Pharmacol 59(5):561-574

3. Liu L, Cao Y, Chen C et al (2006) Sorafenib blocks the RAF/
MEK/ERK pathway, inhibits tumor angiogenesis, and induces
tumor cell apoptosis in hepatocellular carcinoma model PLC/
PRF/5. Cancer Res 66(24):11851-11858

4. Escudier B, Eisen T, Stadler WM et al (2007) Sorafenib in
advanced clear-cell renal-cell carcinoma. N Engl J Med
356(2):125-134

5. Llovet JM, Ricci S, Mazzaferro V et al (2008) Sorafenib in
advanced hepatocellular carcinoma. N Engl J Med 359:378-390

6. Bayer Yakuhin, Ltd. (2008) Safety information for acute lung
injury/interstitial pneumonia for Nexavar® 200 mg tablets (in
Japanese)



Int J Clin Oncol (2013) 18:743-749

749

7. Miiller NL, White DA, Jiang H et al (2004) Diagnosis and

10.

12.

13.

management of drug-associated interstitial lung disease. Br J
Cancer 91(Suppl 2):S24-S30

. Yoshii N, Suzuki T, Nagashima M et al (2011) Clarification of

clinical features of interstitial lung disease induced by irinotecan
based on postmarketing surveillance data and spontaneous
reports. Anticancer Drugs 22(6):563-568

. Gemma A (2009) Drug-induced interstitial lung diseases associ-

ated with molecular-targeted anticancer agents. J Nihon Med Sch
76(1):4-8

Ministry of Health, Labor and Welfare (2004) The report of
prospective study for Iressa® tablets 250. Pharmaceuticals and
Medical Devices Safety Information No. 206 (in Japanese)

. Ando M, Okamoto I, Yamamoto N et al (2006) Predictive factors

for interstitial lung disease, antitumor response, and survival in
non-small-cell lung cancer patients treated with gefitinib. J Clin
Oncol 24(16):2549-2556

Hotta K, Kiura K, Takigawa N et al (2010) Comparison of the
incidence and pattern of interstitial lung disease during erlotinib
and gefitinib treatment in Japanese patients with non-small cell
lung cancer: the Okayama Lung Cancer Study Group experience.
J Thorac Oncol 5(2):179-184

Ide S, Soda H, Hakariya T et al (2010) Interstitial pneumonia
probably associated with sorafenib treatment: an alert of an
adverse event. Lung Cancer 67(2):248-250

. Bayer Yakuhin, Ltd. (2011) Nexavar® Tablets 200 mg, Third

Interim Report of Special Drug Use Investigation for unresectable
or metastatic renal cell carcinoma (in Japanese)

. Bayer Yakuhin, Ltd. (2010) Nexavar® Tablets 200 mg, Interim

Report of Special Drug Use Investigation for unresectable
hepatocellular carcinoma (in Japanese)

16.

18.

20.

21.

22.

23.

24.

25.

Rossi SE, Erasmus JJ, McAdams HP et al (2000) Pulmonary drug
toxicity: radiologic and pathologic manifestations. Radiographics
20:1245-1259

. Akira M, Ishikawa H, Yamamoto S (2002) Drug-induced pneu-

monitis: thin-section CT findings in 60 patients. Radiology
224(3):852-860

Ichikado K, Suga M, Gushima Y et al (2000) Hyperoxia-induced
diffuse alveolar damage in pigs: correlation between thin-section
CT and histopathologic findings. Radiology 216(2):531-538

. Cleverley JR, Screaton NJ, Hiorns MP et al (2002) Drug-induced

lung disease: high-resolution CT and histological findings. Clin
Radiol 57:292-299

Kudoh S, Kato H, Nishiwaki Y et al (2008) Interstitial lung disease
in Japanese patients with lung cancer: a cohort and nested case-
control study. Am J Respir Crit Care Med 177(12):1348-1357
Cohen MH, Williams GA, Sridhara R et al (2004) United States
Food and Drug Administration Drug Approval summary: gefiti-
nib (ZD1839; Iressa) tablets. Clin Cancer Res 10:1212-1218
Nyberg F, Barratt BJ, Mushiroda T et al (2011) Interstitial lung
disease in gefitinib-treated Japanese patients with non-small-cell
lung cancer: genome-wide analysis of genetic data. Pharmacog-
enomics 12(7):965-975

Furuse J, Ishii H, Nakachi K et al (2008) Phase I study of so-
rafenib in Japanese patients with hepatocellular carcinoma.
Cancer Sci 99(1):159-165

Moorman J, Saad M, Kosseifi S et al (2005) Hepatitis C virus and
the lung: implications for therapy. Chest 128(4):2882-2892
American Thoracic Society/European Respiratory Society Inter-
national Multidisciplinary Consensus Classification of the idio-
pathic interstitial pneumonias (2002). Am J Respir Crit Care Med
165(2):277-304

2} Springer



Inflammation, Vol. 36, No. 2, April 2013 (€ 2012)
DOL: 10.1007/510753-012-9545-3

Mycoplasma pneumoniae Extract Induces an IL-17-Associated
Inflammatory Reaction in Murine Lung: Implication

for Mycoplasmal Pneumonia

Daisuke Kurai,' Kazuhide l‘Jal«;agaki,2 Hiroo Wada,' Takeshi Saraya,1 Shigeru Kamiya,3
Yasunori Fujioka,* Koh Nakata,” Hajime Takizawa,' and Hajime Goto™®

Abstract—Mycoplasma pneumoniae (Mp) may cause immune cell reactions as pivotal aspects of
this clinically common respiratory pathogen. Our aim is to determine if Mp extract induces a
cellular immune response associated with interleukin (IL)-17, leading to lung inflammation and
lung injury. BALB/c mice were immunized with Mp extract intraperitoneally followed by its
intratracheal administration, to mimic repeated Mp infection found in humans (repeated inocul-
ation, RI group). Those with a single inoculation were compared as single inoculation group (SI
group). Analysis of bronchoalveolar lavage fluid (BALF) demonstrated that keratinocyte-derived
cytokine, tumor necrosis factor-e, and [1.-6 were produced and peaked on days 0.5 or 1, followed
by IL-17 on day 2. Levels of these mediators in BALF were higher in RI group than SI group
(P<0.05). Further, significantly more neutrophils were recruited to the lungs of the RI group
(P<0.05). These observations suggest that IL-17 is involved in the prolonged induction of neu-
trophils in mice treated with Mp extract.

KEY WORDS: Mycoplasma pneumoniage; IL-17; 1L-23; neutrophil.

INTRODUCTION

Mycoplasma pneumoniae (Mp) is a well-known
cause of community-acquired pneumonia that can induce
a cellular immune response, leading to inflammation and
lung injury [1]. Even cases of pulmonary diseases caused
by macrolide-resistant Mp have been successfully treated
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with macrolide, an agent that has an immunomodulatory
effect [2], and cellular host defense reactions are enhanced
by repeated Mp stimulation in animal models [3]. The
clinical manifestation of Mp infection in humans varies
with age, as younger children infected with Mp do not tend
to develop pneumonia, whereas older children and adults
do tend to develop pneumonia [4-7].

The symptoms of Mp pneumonia are more severe
than expected in individuals who have been immunized
with Mp vaccine [R]. Studies have demonstrated that
interleukin (IL)-4 in bronchoalveolar lavage fluid
(BALF) and IL-5 in blood were elevated in patients
with Mp pneumonia [9, 10]. Several reports further
demonstrated that corticosteroid was clinically beneficial
for patients with Mp pneumonia, suggesting that anti-
immune and anti-inflammatory actions of corticosteroid
were effective against these cellular host defense
reactions [11, 12]. Taken together, it has been speculated
that cellular immune reactions play an important role in
induction of lung inflammation and lung injury by Mp.

In order to mimic the effect of Mp on such immune
cell reactions, we previously established a murine model
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of Mp pneumonia for which we employed Mp extract,
rather than live Mp, in order to avoid the infectious
aspect of the disease [13, 14]. Histological analysis of
lung tissues of this mouse model, which had an immune
cell reaction against Mp, showed lymphoplasmacytic
inflammation in the peri-bronchial area, which is the
same pathology as that observed in humans suffering
from severe Mp pneumonia [14]. Interestingly, compre-
hensive analysis of inflammatory mediators in these
mice demonstrated that T1L.-17 levels increased in BALF
following Mp inoculation [13]. IL-17 concentration and
neutrophil counts in BALF were elevated in parallel
when mice were inoculated with live Mp [15]. Similar
1L-17-linked signal activation was observed in patients
suffering from Mp pneumonia who showed significantly
higher levels of serum JL-17 than patients with strepto-
coccal pneumonia [16]. Since it has been reported that
1L-17 plays a role in the transition from innate immunity
to adaptive immunity [17, 18], these observations led to
the hypothesis that some components of the Mp extract
induce 11L-17, which then results in excessive inflamma-
tory cell reactions in Mp pneumonia.

The mouse models of Mp pneumonia that we
previously established [13, 14] were pretreated with
alum-adjuvant, which may affect the expression of IL-17
and associated molecules. In the present study, a novel
mouse model of Mp pneumonia that did not employ
alum-adjuvant treatment was prepared. Furthermore,
BALB/c mice were immunized with Mp extract intra-
peritoneally followed by its intratracheal administration,
to mimic repeated Mp infection found in humans
(repeated inoculation, RI group). Those with a single
inoculation were compared as single inoculation group
(ST group) in order to clarify whether IL-17 levels are
enhanced by injection of Mp extract.

MATERIALS AND METHODS

Preparation of Mp Extract

Mp extract was prepared from cultured M. pneumo-
niae (ATCC 29342) in a pleuropneumonia-like organism
liquid broth containing 20 % horse serum and 10 units/
mL penicillin G (Nikkenkagaku, Kyoto, Japan), accord-
ing to a previously published method with some
modification [13]. In brief, cultured Mp was centrifuged
and repeatedly washed with Hanks' balanced salt
solution (HBSS) (Invitrogen, Grand Island, NY). The
sediment was suspended in HBSS and sonicated. This

suspension was centrifuged and the supernatant was
defined as the Mp extract. The amount of Mp exiract
was defined in ferms of protein concentration, and the
Mp extract was prepared in HBSS at a concentration of
1.0 pg/ul.

Primary Culture of Lung-Derived Cells

Cells were prepared from lung tissues originating
from four 12-week-old BALB/c female mice (Charles
River Laboratories, Kanagawa, Japan), which were
anesthetized and then sacrificed after their blood was
replaced with saline. Their lungs were removed and cut
into pieces, and the fissues were incubated for 2 h at
room temperature in Dulbecco's modified Eagle's medi-
um (DMEM) (lnvitrogen, Grand Island, NY, USA) that
contained 300 U/mL collagenase type 1 (Worthington
Biochemical Corporation, NI, USA), 0.01 % gentamicin
(GM), and 0.1 % amphotericin-B (AMPH-B). The
suspended cells were then harvested, washed with
DMEM containing 0.01 % GM, 0.1 % AMPH-B, and
10 % fetal calf serum (FCS, Invitrogen), passed five
times through 40-pum nylon mesh cell strainers (BD
FALCON, Franklin Lakes, NI, USA), seeded at a
concentration of 5.0x 10 cells/well in a 96-well plate,
and incubated at 37 °C in 5 % CO,. After 24 h, the
culture media were replaced with DMEM containing
0.01 % GM, 0.1 % AMPH-B, 10 % FCS, and 100 U/mL
polymyxin B. To assess the time-dependent release of
cytokines, the cells were treated with or without Mp
extract (50 pg/mL). After incubation of the cells for 24,
48, and 72 h with the Mp extract, the media were
collected for measurement of IL-23 and [L-17 levels.
Media were also collected after 72 h incubation with
different concentrations of the Mp extract (0, 1.9, 5.6,
16.7, and 50 pg/mlL) to ecvaluate dose-dependent
stimulating effects of Mp extract. Each assay was
performed in quadruplicates.

Mp Inoculation and Sampling

The protocol of Mp inoculation and sampling is
shown in Fig. 1. Twelve-weck-old BALB/c female mice
(Charles River Laboratories, Kanagawa, Japan) were
assigned to one of two groups. Mice in the SI group
were intratracheally inoculated with 50 pg/50 pl of Mp
extract alone on day 0. Mice in the RI group were
intraperitoneally injected twice with 50 pg/250 ul of
Mp extract 28 and 21 days before intratracheal injection
with 50 ng/50 pL of the Mp extract (day 0). In RI
group, the Mp extract was administered intrapetitoneally
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Fig. 1. Mp extract inoculation and sampling protocol. Mice that were Si were administered with Mp extract intratracheally on day 0. Mice that were
RI were administered with Mp extract intraperitoneally on days —28 and —21 and were then inoculated intratracheally with the Mp extract on day 0.

BALF was obtained on days 0.5, 1, 2, 3, 4, and 7 for analysis of cells (n=35 per each on days 0.5, 1, 2, 3

3, and 4; n=6 on day 7) and cytokines (n=5 per

each point). Lungs were obtained on day 1 for [HC analysis (n=3 per each group).

in order to avoid damaging the trachea by repeated
inoculations and to obtain reproducible results. Mice
were anesthetized with pentobarbital and lavaged twice
with 1 mL of HBSS through a catheter via the trachea.
BALF was subsequently collected and was centrifuged
at 400xg for 5 min. Total and differential cell counts
were calculated for BALF (number of mice tested was
indicated in each figure) collected on days 0.5, 1,2, 3, 4,
and 7. Cytokine levels were measured in BALF
collected on days 0.5, 1, 2, 3, and 4 (number of mice
tested was indicated in each figure). In preliminary
experiments, any of cytokines tested were not detected
in BALF collected on day 7. Tmmunohistochemical
analysis of IL-23 expression in lungs (number of mice
tested was indicated in each figure) was conducted on
day 1 because preliminary experiments demonstrated
that the percentage of 1L.-23-positive cells in lung tissue
was higher on day 1 than on day 0.5. All animal
experiments were performed in accordance with the
Institutional Animal Care and Research Advisory Com-
mittee at Kyorin University.

Cytokine Measurements

The levels of TL-17, keratinocyte-derived cytokine
(KC), tumor necrosis factor-o¢ (TNF-), [L-6, interferon-y
(IFN-y), IL-4, and IL-12 in BALF were measured
using a protein multiplex immunoassay kit (Bio-
source International, Camarillo, CA, USA) and a

multiplex bead amvay (Luminex 200, Luminex, Aus-
tin, TX, USA), according to the manufacturer's instruc-
tions. The concentrations of IL.-17 and IL-23 in the primary
cell cultures were measured using an enzyme-linked
immunosorbent assay kit (Quantikine mouse IL-17,
Quantikine mouse [L-23, R&D Systems, Minneapolis,
MN, USA).

IL-23 Immunohistochemistry

Mouse lungs were removed on day 1, fixed in 4 %
paraformaldehyde, embedded in paraffin, and sectioned.
After deparaffinization, the specimens were stained with
an anti-IL-23 rabbit polyclonal antibody to IL-23p19
(Abcam, Cambridge, UK) at a dilution of 1:100,
followed by staining with a peroxidase-conjugated
secondary antibody at a dilution of 1:100. The number
of IL-23-positive and IL-23-negative cells in ten
microscope fields (330x430 m) per mouse (N=3)
was counted in a blinded fashion, and the percentage
of the IL-23-positive cells to the total cells was
calculated.

Statistical Analysis

All data are expressed as means =+ standard
deviation. Statistic analysis was performed using the
Statistical Package for Social Sciences (SPSS) software
(SPSS, Chicago, IL, USA). The Kruskal-Wallis test was
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used to evaluate variance among all groups. If a
significant variance was found, the Mann—-Whitney test
was used to determine significant differences between
individual groups. P<0.05 was considered to represent a
statistically significant difference.

RESULTS

Secretion of 11-23 and IL-17 by Primary Cultured
Cells

Incubation of mouse lung-derived primary cell
cultures with Mp extract (50.0 pg/mL) resulted in an
increase in the concentration of 1L-23 and [L-17 in the
culture media when compared with control (Mp extract
0 pg/ml.). The IL-23 conceniration peaked at 24 h,
whereas the 1L-17 concentration peaked at 72 h
(Fig. 2a). The IL-23 concenfration was significantly

Kurai, Nakagaki, Wada, Saraya, Kamiya, Fujioka, Nakata, Takizawa, and Goto

higher at 24 and 48 h than that at 72 h. The IL-17
concentration at 48 and 72 h was significantly higher
than that at 24 h.

Incubation of the lung-derived primary cultures
with increasing concentrations of Mp extract (from 0 to
50 pg/mL) for 72 h resulted in a dose-dependent
increase in 1L-23 concentration in the media, which
peaked at Mp extract concentration of 5.6 pg/mL
(Fig. Zb). The IL.-17 concentration in the media also
significantly increased at an Mp extract concentration of
no less than 5.6 ug/ml; to show a concentration
dependency up to the highest Mp concentration of
50 pg/ml (Fig. Ze).

Analysis of the Cytokines in BALF

We measured the level of 1L-17 and its associated
cytokines in the BALF collected from mouse groups that
were singly or repeatedly inoculated. IL-17 was detected
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Fig. 2. Effect of incubation of primary lung cultures with Mp extract on the concentration of 1L-23 and IL-17 in the culture media. a The concen-
tration of IL-23 (open bars) and IL-17 (solid bars) in primary lung culture media was measured at 24, 48, and 72 b after the addition of M. preumonia
{Mp) extract at a final protein concentration of 0 and 50.0 ug/mL. The concentration of {L-23 (b) and IL-17 (¢) in primary lung culture media was
measured at 72 h after addition of the indicated concentration of the Mp exfract. Significant differences are indicated by the following symbols: *P<
0.05 compared with no added Mp extract (0 pg/mL); T P<0.05 compared with the 1.9-pg/mbL Mp extract; and £p<0.05 compared with the 5.6-pg/mL
Mp extract. Data are expressed as means * standard deviation. Each assay was performed in quadruplicates. N.DD. indicates “not detected.”



