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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-f3) 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
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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). SDUT is a post-
marketing surveillance method specific to Japan, performed
under the instruction of the Japanese Health Authority
(Pharmaceuticals and Medical Device Agency [PMDA]) 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.
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Table 1 Demographics of

patients with DLI :icgo f;l(;C{m Ioiﬂéz
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 37273 537217
Concomitant disease or past history
of pulmonary disease
Chronic type of interstitial 5 4 9
ECOG-PS Eastern C()operative pneumoniz}/pulmgnary fibrosis
Oncology Group Performance Other pulmonary disease 5 9 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 discase. 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,
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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 (10) 26 (13)

Start on the day or the next day 4(1) 15 (10) 19 (11)
of onset

Start subsequently 4(2y 1) 5(2)
No information about the timing 0 (0) 2 (0) 2(0)
of initiation

Other steroid (except pulse 2(D 73 9 4)
therapy)

Other medication (except steroid) 00 4(3) 4 (3)

No medication 5(1) 3 () 8(2)

No information about treatment 5(2) 10 (1) 15(3)
for DLI

Total 20 (T 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 16420 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
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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 =42 n=62
DAD 8 (5 10 (7) 18 (12)
Non-DAD 7 8(2) 15(3)
op 30 1(0) 4 (0
Others 2 (D 7(2) 9(3)
Pre-existing ILD 2 0 () 20
ILD excluded 00 1(0) 1(0)
Image not available 5 23 (9) 28 (10)
"Total 20 () 42 (18) 62 (25)

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

DAD diffuse alveolar damage, /LD 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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Reported and/or evaluated as DLI: 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

JrSS———

29

lung injury, ILD Ad-board 1LD
Safety Advisory Board

e 28

|

U | )
Reporter: Other reported terms

Board: DLI

. (4patients)

Reported terms:
Respiratory faflure, 2
Acute respiratory failure, 1
Pneumonia, i

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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1
!
|
i Images unavailable: 28
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Board evaluation:
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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 {requency 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 ecarly
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 ILD, 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 DLIL

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 sorafenib-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.
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A Case of Combined Sarcoidosis and Usual Interstitial
Pneumonia

Kazunobu Tachibana'?, Toru Arai?, Tomoko Kagawa®, Shojiro Minomo®, Masanori Akira’,
Masanori Kitaichi* and Yoshikazu Inoue'

Abstract

Sarcoidosis is a systemic granulomatous disease of unknown etiology with characteristic pulmonary le-
sions, which are often distributed in the upper lung fields. We describe a unique case of sarcoidosis with
lower lung field-dominant reticular shadows. Three years after the diagnosis of sarcoidosis based on his-
tologic findings of the mediastinal lymph nodes and transbronchial lung biopsy specimens, the patient devel-
oped acute respiratory failure and died. The autopsy showed usual interstitial pneumonia (UIP), with honey-
combing and superimposed diffuse alveolar damage of the Iungs. The findings suggest that the patient had
both sarcoidosis and UIP, and that the UIP later progressed to acute exacerbation.

Key words: sarcoidosis, usual interstitial pneumonia, acute exacerbation

(Intern Med 51: 1893-1897, 2012)
(DOI: 10.216%/internalmedicine.51.7394)

Introduaction

Sarcoidosis is a systemic granulomatous disease of un-
known etiology. Its radiologic characteristics include reticu-
lar opacities that are distributed predominantly in the upper
lung fields (1). The radiologic finding of lower zone-
dominant reticular shadowing is encountered only rarely in
sarcoidosis (2, 3); however, this pattern is one of the charac-
teristics of idiopathic pulmonary fibrosis/usual interstitial
pneumonia (JPF/UIP) (4). Some patients with IPF are
known to experience an acute exacerbation following a pe-
riod of chronic disease progression (5-8). We recently en-
countered a patient with both pulmonary sarcoidosis and
UIP, who developed an acute exacerbation of the latter con-
dition, leading to his death from acute respiratory failure.
The patient’s clinical course could not be explained solely
by sarcoidosis, but mimicked IPE. Thus, this case may assist
in understanding the potential for sarcoidosis and UIP
comorbidity, as well as the pathogenesis of reticular opaci-
ties distributed predominantly in the lower lung fields in pa-

tients with sarcoidosis.

Case Report

A 62-year-old man, an ex-smoker, was admitted to the
Kinki-Chuo Chest Medical Center for the assessment of ab-
normal chest X-ray and computed tomography (CT) findings
in 2007. He had worked as a truck driver for 14 years (from
the age of 23 until the age of 37 years) and as a building
demolition worker for the subsequent 25 years (from the age
of 37 years to 62 years). He reported a four-month history
of dry cough and worsening of dyspnea on effort. His only
other relevant medical history was fatty liver, and hyper-
uricemia, which was treated with allopurinol. He had used a_
down quilt on the bed since age 32. Physical examination
on admission revealed no palpable surface lymph nodes, no
finger clubbing, and no skin rash; however, fine crackles
were heard on chest auscultation. Peripheral blood findings
on admission were as follows: WBC count, 5,900/uL; lactate
dehydrogenase (LDH), 255 TU/L: and C-reactive protein
(CRP) 0.09 mg/dL. The levels of Krebs von den Lungen-6
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Figure 1.

Chest radiograph (a) and CT scan (b-d) of the lung at the initial visit (2007), showing

perilymphatic distributed small nodules, reticular opacities predominantly in the lower lung fields,

and mediastinal lymphadenopathy (arrow).

Figure 2. (a) The lung tissue of the right lower lobe (segment
#) was obtained by a transbronchoscopic biopsy in 2007, Epi-
thelioid cell granulomas were formed in the wall of a respira-
tory bronchiole. Adjacent alveolar walls were relatively nor-
mal (Hematoxylin and Eosin staining, x20). (b) The medi-
astinal lymph node was obtained by a mediastinoscopic biopsy
in 2007, Numerous epithelioid cell granulomas were formed in
the lymph node with perigranulomatous hyalinous fibrotic
changes (Hematoxylin and Eosin staining, x20). Based on the
histologic evidence of the lung tissue and the mediastinal
Iymph node, the authors considered that the patient had sar-
coidosis at the time of his initial visit in 2007,

(KL-6) and surfactant protein-D (SP-D) were increased
(3,600 U/mL and 492 ng/mlL, respectively), and an elevated
activity of both angiotensin-converting enzyme (ACE) (25.1

U/L; normal range: 8.3-21.4 U/L) and lysozyme (10.6 pg/
mL; normal range: 5.0-10.2 pg/ml) was observed. The pa-
tient tested negative for antinuclear antibody and anti-
double-stranded DNA. Tuberculin reaction was also nega-
tive.

Chest radiography revealed diffuse reticular opacities in
the outer and lower zones of the lungs along with elevation
of the diaphragm (Fig. 1a). A high-resolution CT scan of the
chest demonstrated reticular shadows in the subpleural area,
traction bronchiectasis, small nodules in perilymphatic and
random distribution, and enlargement of the mediastinal
lymph nodes (lower paratracheal lymph nodes) (Fig. 1b-d).
Bronchoscopy revealed normal bronchial mucosa. Bron-
choalveolar lavage (BAL) was performed in the right B'b.
The recovery rate of the bronchoalveolar lavage fluid
(BALF) was 47%, and the total cell count in the fluid was
3.12x10°%mL, with a breakdown of 45.8% macrophages,
16.3% lymphocytes, 11.7% neutrophils, and 26.2% eosino-
phils. The lymphocyte CD4/CDS8 ratio was 7.41. No patho-
gen was detected in the BALF. Transbronchial biopsies of
the right lung revealed noncaseating epithelioid cell granulo-
mas in both §* and S* (Fig. 2a and data not shown). A me-
diastinoscopic biopsy of the mediastinal lymph nodes re-
vealed numerous noncaseating epithelioid granulomas sur-
rounded by hyalinous fibrotic changes (Fig. 2b). Based on
these findings, a diagnosis of sarcoidosis involving the lungs
and mediastinal lymph nodes was made. No sarcoidosis le-
sions were observed in other tissues including the heart,
eyes and skin. At this time, the findings on chest X-ray and
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An

Figure 3, Chest radiograph (a) and CT scan (b, ¢) of the lung, 3 years after the initial visit (2007),
showing progressed reticulation and volume loss. Chest radiograph (d) and CT scan (e, ) of the lung
at the time of acute respiratory failure, showing diffuse ground glass opacities superimposed on re-

ticular opacities.

on CT of the bilateral fibrotic lung lesions, predominantly in
the lower lung zones, were considered to be due to the fi-
brotic lesions of sarcoidosis itself.

As treatment, 35 mg per day of oral prednisclone was
started and then tapered. The patient’s cough and dyspnea
on exertion improved in two weeks, and an increase in vital
capacity (VC) and diffusing capacity of the lung for carbon
monoxide (DLco) were observed after 2 month, along with
a slight improvement of small nodules in the lung detected
on high-resolution CT and a decrease in the level of serum
ACE. However, 20 months later, the patient experienced in-
creasing shortness of breath, and chest imaging showed
worsening of fibrotic shadows. Red-brown papules also ap-
peared on the patient’s lower legs, and these were diagnosed
as cutaneous sarcoidosis by a dermatologist. These findings
were presumed to indicate progression of the patient’s sar-

coidosis, and he was therefore treated with 35 mg per day
of oral prednisolone, combined with 100 mg per day of
azathioprine for the first seven months, switched to 100 mg
of cyclosporine for the latter four months of this period, and
50 mg per week of etanercept for the final three months.
However, this treatment was unsuccessful in preventing pro-
gression of the disease (Fig. 3a-c). Three years and two
months after the initial diagnosis of sarcoidosis, a mass
shadow in the right lung (8%) was noted on chest CT. A CT-
guided needle biopsy revealed adenocarcinoma with thyroid
transcription factor-1 (TTF-1)-positivity, suggestive of pri-
mary lung cancer.

One and a half months later, just before staging of the
lung cancer, the patient presented with sudden onset of
dyspnea and hemosputum. Chest X-ray and CT showed dif-
fuse ground glass opacities (Fig. 3d-f) in both lungs. The
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Figure 4. The lung tissue was obtained from the left lower
lobe (segment 8) by an autopsy in 2010, The subpleural region
(apper and left) showed cystie changes measuring 0.7-4 mm in
diameter surrounded with fibrotic lesions (hopeycombing).
The inner lung parenchyma (lower and left) showed diffuse
intepstitial fibrotic thickening with temporal homogeneity,
The authors considered the lung tissue as showing usual inter-
stitial pneumonia (UIP) superimposed with fibrotic stage of
diffuse alveolar damage (DAD). No granulomas were found
(Hematoxylin and Eosin staining, x1).

level of serum ACE remained normal. Treatment with high-
dose corticosteroids, cyclophosphamide, antibiotics, and in-
vasive positive-pressure ventilation was ineffective, and the
patient died from respiratory failure 40 months after the ini-
tial diagnosis of sarcoidosis (nine days after the commence-
ment of high-dose corticosteroid treatment).

An autopsy was performed, focusing on the thoracic and
abdominal organs, which revealed multiple bilateral parietal
pleural plaques (right: 50x50 mm, 20x20 mm; left: 45x20
mm, 40x12 mm, 30x15 mm, 40x12 mm). Eighty-three par-
affin blocks were prepared for histopathologic diagnosis, in-
cluding 14 from the right lung, 13 from the left lung, 4
from the mediastinal lymph nodes, and 2 each from the
right and left parietal pleural plaque regions. We diagnosed
the lung tissues as showing an UIP pattern, with honey-
combing and superimposed diffuse alveolar damage (DAD)
(Fig. 4). Asbestos bodies were not detected histologically,
even after Prussian blue iron staining of the lung specimens.
Therefore, bilateral lung tissues from the upper and lower
lobes (right §° right S%, left $"*, and left S') were meas-
ured for asbestos bodies. A total of 328 asbestos bodies per
gram of dry weight of lung tissue were detected in the left
lower lobe (S"). The Helsinki Criteria for significant or oc-
cupational asbestos exposure is >1,000 asbestos bodies per
gram of dry weight of lung tissue (9). Poorly differentiated
adenocarcinoma (20x19%x15 mm in size) was observed in
the right lung (5%), and metastatic carcinoma was noted in
the right pleura, liver, and the pulmonary hilar and mediasti-
nal lymph nodes. However, no granulomas were found in
the examined tissues.

Based on these findings, we concluded that the patient
suffered from sarcoidosis and UIP during the observation

period, and subsequently succumbed to an acute exacerba-
tion 3 years later. Taken together, we propose that our find-
ings more likely indicate that the UIP and bilateral parietal
pleural plaques had been present concurrently with the sar-
coidosis at the time of diagnosis of the latter, rather than a
scenario where the sarcoid granulomas underwent progres-
sive pulmonary fibrosis.

Discussion

We have described a patient with evidence of both sar-
coidosis and UIP characterized by lower lung field-
predominant pulmonary fibrosis, who developed an acute
exacerbation 3 years after the initial diagnosis of sarcoido-
sis.

The patient died from acute respiratory failure. It is possi-
ble that this was acute respiratory failure due to sarcoido-
sis (10-13), in which severe alveolitis with inflammatory or
organized exudates in some alveolar spaces and noncaseat-
ing epithelioid granulomas are observed (14). However, this
is unlikely in the present case for a number of reasons: (i)
the autopsy revealed no granulomas in the lungs and lymph
nodes, but rather showed diffuse alveolar damage superim-
posed on UIP; (ii) the level of serum ACE remained in the
normal range; and, (iii) in cases of acute respiratory failure
due to sarcoidosis, granulomas are usually observed in the
lung despite having been treated with corticosteroids (14).
As a result, we consider it more likely that this case was an
acute exacerbation that developed during the course of UIP
rather than acute respiratory failure due to sarcoidosis.

Radiographic and histologic findings suggest that the pa-
tient had both sarcoidosis and UIP. There are two possibili-
ties: that the sarcoidosis and UIP existed concurrently; or
that the fibrotic lesions developed as a fibrotic stage of sar-
coidosis. For instance, Nobata et al. have reported a case of
pulmonary sarcoidosis with UIP distributed predominantly
in the lower lung fields. They noted the possibility of a fi-
brotic stage of pulmonary sarcoidosis (3) because the fibro-
sis was distributed along the bronchovascular bundles, which
is a feature of the fibrotic stage of pulmonary sarcoido-
sis (15). In the present case, however, it is thought that the
acute exacerbation developed during the chronic course of
UIP as mentioned above. This theory is supported by the
fact that the autopsy revealed no concentric fibrosis or con-
centric lamellar calcifications (Schumann bodies), which are
characteristic of the fibrotic stage of sarcoidosis (16). More-
over, fibrotic lesions caused by sarcoidosis are predomi-
nantly distributed in the upper lung fields; 68% of sarcoido-
sis cases had fibrotic lesions predominantly in the upper
lung fields, with no more than 4.5% of cases in the lower
lung fields (2). As noted, in the present case, the UIP le-
sions were predominantly distributed in the lower lung
fields. Taken together, these findings lead us to suggest that
the present patient was concurrently suffering from both sar-
coidosis and UIP.

During the course of observation, the patient had been
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suspected of having chronic hypersensitivity pneumonia be-
cause of his history of using a down quilt on the bed. How-
ever, cessation of the use of down quilt neither improved the
patient’s condition nor stopped the disease progression. In
addition, numerous well-developed granulomas were ob-
served in the mediastinal lymph nodes (Fig. 2b). These find-
ings therefore did not support the likelihood of chronic hy-
persensitivity pneumonia.

The autopsy showed parietal pleural plaques bilaterally,
suggesting asbestos exposure. In general, asbestosis (a kind
of lung fibrosis) is associated with a high level of exposure
to asbestos (9). Unlike the present case, patients with asbes-
tosis generally have a significant asbestos fiber burden and
more extensive pleural plaques, which may be detected on
chest CT (9). We believe that this patient probably had UIP
and associated bilateral parietal pleural plaques as a result of
his long duration of low-dose exposure to asbestos fibers,
although progression of asbestosis is generally slow, the ten-
year survival rate being around 70% (17, 18). This raises the
possibility that the low-dose asbestos exposure might have
caused sarcoid-like reaction as reported in cases of high-
dose asbestos exposure (19, 20).

In summary, we have presented here a case of combined
sarcoidosis and UIP with an acute exacerbation. This case is
important in highlighting the possibility that sarcoidosis may
develop after long-standing pulmonary fibrosis. Additional
cases of lower lung field-predominant sarcoidosis should be
studied in the future in order to further develop our under-
standing of this condition.
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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. MeCormack, MD, FCCP; for the National
Institutes of Health Rare Lung Diseases Consortium and the Multicenter International
Lymphangioleiomyomatosis ijzm(’ 2y 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-r eiated quaht} of life (HRQL).
Whether St. George’s Respivatory Questionnairve (SGRQ), a respu atory-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 agsociations 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 G-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; Activily 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, 8GRQ 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: MWD = distance walked uring 6-min walk test; CDF = cumulative distribution function; DLCO =
diffusing capacity of the Iang for carbon monoxide; LAM = lymphangioleiomyomatosis; SGRQ = St. George’s Respira-
tory Questionnaire: VEGF-D = serum vascular endothelial growth factor D level

Lymphangioleiomyonrxatosis (LAM) is an uncom-
mon, progressive lung disease that affects women
and oceurs either spomdxcaﬂv or in association with
tuberous sclerosis complex.’ In LAM, hallmark cys-
tic destruction of the pulmonary parenchyma impairs
lung function and induces debilitating dyspned 45 Iy
moct patients, hypoxemia develops W}thm a decade
of symptom onsot 6 Given the breathlessness, func-
tional limitation, and need for supplemenml oxygen
that ultimately develop, it is not surprising that patients
with LAM experience impaired health-related quality

journal.publications.chestnet.org

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 &
Despite the developer’s initial intent—to develop
a qum’unmwm for prm(’nm 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 ‘;(” RQ correlate with certain

CHEST/ 143/86/JUNE 2013 1671



baseline measures of’pulmonarv physiology, oxygena-
tion, and functional Cdpd(ﬁ", 79 The SGRQ has been
shown to be sensitive to change when used in patients
with various respiratory diseases,'®2 but whether in
patients with LAM it can track changes in HRQL
that might occur as a result of disease pr ogression
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 HB,QL over time in patients with
LAM (ie, to determine its Jongitudinal construct validity
in this disease).

MATERIALS AND METHODS

We used data collected at baseline, 6 months, and 12 months in
the Multicenter International Lymphangioleiomyomatosis Eff-
cacy and Safety of Sirolimus {MTLES) 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, mchxdmv HHQI, as assessed by
the SGRQ. We assessed the association E){*W’ocn 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-admiuistered, 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 Tmpacts 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 respouse 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 (Dr.co), (3} distance
walked during the G-min walk test (BMWD), and (4) seruni 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—particulaly FEV,—are measures
used universally to characterize LAM severity.” Both the FEV,
and Lo have been shown in prior cToss- -sectional studies to cor-
relate with SGRQ scores.”™ The 6-min walk test, and 6MWD in
particular, is conumonly used as a fimetional assessment in patients
with respiratory diseases.”” We hypothesized that changes in 6MWD
would reflect changes in overall ph»simi functionality and that
changes in phy sical functionality would lead to changes in sub-
jeets’ perceptions of their HRQL. Serum VEGF-D Jevel distin-
guishes LAM from other diseases, and here, changes in VEGF-D
levels were hypothesized to track changes in LAM severity {eg,
mereases in VEGF-D would be associated with fnereased TAM
severity) and. by association, HRQL.*

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 pomts
baschm 6 months, and 12 months. To enhmcemterpre{abz ity of
results, serum VEGE-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 esamine these
cross-sectional and longitudinal associations simultaneously. For
each anchor, we generated [our separate mixed-elfects models
{one model for mch of the three SGRQ domains and one for the
SGRQ total score). In each model, SGRQ score was the vesponse
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 examie 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 curaulative distribution function
(CDF) plots for each SGRQ score using data fram subjects in
the two extreme quartiles of anchior changes {greatest decline
vs greatest improvement). Institutional review bom d approval was
not needed for this study of deidentified, previously collected data,
All statistical analyses were performed using SAS, Version 9.2
(8AS hnstitute Ine.), and <5 .05 was c:mmulvrv d to represent sta-
tistical significance for each analysis. Becanse our analyses were
hypothesis driven, we did not adjust for multiple comparisons.

Resurrs

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 moderatel ly
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 SG RO
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 mlatwnxhlp
bumwn SGRQ scores and anchors at baseline (Table 4,

“Cross-sectional”) as well as how SGRQ scores were
pr edicted 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 mao 12 mo

Variable {n==89) (n=83) {11=74)
Age,y 45.4 £ 10.6
Race, No. (%)

White 59 (66)

Asian 27 (300

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

Intennittent use 52 (58)

Continuous use 28{31)
FEV,

L 1372042 1352042 1332040

% Predicted 48. S + 188 48854150 4S.1%14.1
Dreo

10232461 9952400 962395
4344190 4232163 4122168
403 % 105 4152119 4252104
7222085 7T.00x082 6.90%0.84

wl/min/mm Hg

% Predicted
GMWD, m
log(VEGF- ). pg/ml.
SCGRQ scores .

Sywptom domain 521184 4982183 4851192
Activity domain 6552177 632x185 6451176
Impact domain B34435 EI1TS 31.3=150
Total 4642152 4862156 4462137

Data ave presented as mean = SI) unless othenwise noted. MWD =
distance walked during 6-min walk test; Drco = diffusing capuacity
of the lung for carbon monoside; SGRQ = St. George’s Respnaton
Qucshommre VEGE-D = serum vascular endothelial growth factor D
level.

journal.publications.chestnet.org

point (ie, 6 or 12 mouths), 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 ry 1% increase in FEV,% was
predicted to yield about a 0.5-point decrease (,zmpmved
HROQL) in any SGRQ score (domain or total), and a
100-m increase in 6MWID was pw(hctf‘d to yield a
4-point decrease (improved HRQL) in the Symptoms,
Activity, or SGRQ total score and a 5-point decrease
in hnpm:ts score,

Table 5 displays mean SGRQ change scores for
subgroups stratified on quaml@s of ch: wange 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 1101 all 1(»L1~
tionships were statistically significant, on balance, we
observed that greater i impai mmntt; (ie, dechine in FEV,,
decline in DLco, decline in BMWD, or increase m
VEGP-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 CDT plots (I 1{{ 1) provide a graphical repre-
sentation of SGRQ change scores for subgroups in

the extreme quartiles of change for eacl 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 qmm{c of change in F F%l (Q1: subjects
with decline in raw 'LV, of >11.1% from basehne)
compared with 61% of subj ;ects in the fourth quartile
of change in FEV, (Q4: subjects with an improve-

ment in FEV Lol = 44%) md improvement of at least
10 points in tl Symptoms domain from baseline
to 12 months. For the Activity domain, 17% in Q1
vs 42% in Q4 had improvement ol at least 10 points;

for the Impacts domain, 17% in Q1 vs 32% in Q4 had
improvement of at least 10 points; aud for the SGRQ
total, 17% in Q1 vs 28% in Q4 had improvement of
at least 10 points.

Discussion

Using data from the MILES trial, we performed
several analyses whose results support the SGRQ as
an instrument capabie 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 {tox an intended purpose),
ideally, there is a gold standard against which it can be
measured. Unfortunately, in the wcﬂm of HRQL, there
is no gold standard. Thus, investigators rust choose
other ariables, hypotlws1zed—~m 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—S8pearman Correlation Coefficients Between SGRQ Scores and Anchors at Baseline, 6

6 Months, and

12 Months

Domain Symptom Activity Trpact 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)

120 —~0.35 (002} = 0.46 (< .0001) ~0.29 (.01} -0.40 (.0005}
Dreco%

Baseline ~0.21 (048} -(.43 (=.0001) (.20 {06} - 01.33 (002)

6 mo —.30 {.006) ~0.49 (<.0001) ~0.34 {.002) =045 (<0001}

12 mo =017 (14) —0.34 (<0001 ~0.33 (.005) —0.41 (0004}
MWD

Baseline —0.14 (.19} ~0.36 {.0005) ~0.13 (.23} —0.23 (.03

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

1Zmo ~0.20 (.08} ~0.49 (<0001} =037 (001 =041 (0003)
Log(VEGE-I} )

Baseline 0.00 (42) 0.23 (03} 0.18 (.10} 0.23 (03}

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

12wmo 0.19 (1) 0.23 (.06} 0.15 (.20} 0.21 (.08}

Values are Spearman correlation eoefficients {£ value). See Table 1 legend for expansion of abbreviations.

yield important prognostic information and are com-
morﬂv used to assess disease status. And by extension,
they ﬂeid some information ahout patients” well- bemg
or HROQL. Thus, we hypothesized FEV, and Drco
as well as BMWD {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 I¥ EV,, DL(‘() and GMXQ D,
we hypothesized VEGF-D k‘vois would change in
response to changes in clinically defined disease severity
and might, thmefore be associated with HRQL.

The MILES trial vevealed 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 hmls of other mTOR
swnahnﬁ antaﬁomzats for LAM. The hope for such a
trial is that any physioclogic benefit of a drug would
translate into improvements in survival gmd—qx guably,

per Imps even more im por iami& mmpa’ncnt svmpioms,
functional capacity, and sense of well-being. Sur-
vival is easy to assess; symptomns and the more abstract
constructs (f HRQL) are more challenging, but they
can be measured, too. The key to doing so is using
reliable, valid mstruments that are sensitive to undem
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 SCRQ scores and anchors at each
of the fstud\: Hme pomtq The modomtc*!v strong cor-
relations we observed {common to (mah*sc’s i:ke ‘this),
rather than being disappointing, are in fact reassur-
ing. They show that the SGRQ performed as hypothe-
wcd but, mothpoxicmﬂv they reveal that the SGRQ
captures information about patients with LAM that
FEV,, Drco, 6MWD, and serum VEGF-D levels
do not.

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

Tuble 3—S8pearman 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) —~(.34 {0016) ~0.37 (0005} =042 (<2 0001
12 mo =0.16 (18) -0.16 {.1621) ~0.24 (0378} —~0.27 {.0204)
Dreo%
6 mo —0.02 (.83} 0.07 (51} ~(.08 (.46} —0.05 {65}
12mo =0.04 (.76} ~0.11 {32} - (.05 {56} -~0.08 (32)
BAMWD
6 mo (5D -07iasy - 0.15{18) ~0.18 {1128}
12 mo —~0.22 (.06} 30 (0086} ~0.22 {06} ~0.35 {0023}
Log(VEGF-I3)
& 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 Symploms Activity Tmpact Total
Cross-sectional FEV,. mL ~0.0L4E0.004 (002) 001620004 (<.0001) ~0.015 20,004 {.00069) ~0.015 20,004 {,0001)
FEV,% =046+ 0.13 (0009)  —04482 0,11 (<.0001) =039 0.13 (L0053} =042 0.11 (0002}
Dreo, mL/Amin/mm Hg 1112045 (02) = 1.72 % 0.40 (= .0001) ~0.84%0.68 (21) = 1,15 % 0.38 {.005)
DLeo % ~03020.11(,01) ~0.42:2 0,10 (<2,0001) ~(.20 =011 (.08) =0.20 0,09 (.004)
GMWD, m ~0.0320.02(12) =0.07 % 0,02 {.0002) 0,04 = 0.02 .03} =005 = 0,02 (.004}
Log(VEGE-13) 4. 142216 (.06} 595292 (009 3452217 (12} 434 195 (.03)
Longitudinal FIV, mb ~0.018:50.007 (02)  ~0.020:2 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} ~(.61 4 (.18 001} = (.57 = 0,14 (.0003)
0.531 0.759 0.744 0.776
Dreo, mbdmbn/mm Hg —0.23:£ 075 (.76) (.42 2 0.56 (47) 0,03 2 0.82 (97) ={0.28 & 0,53 {60}
0,580 0.785 0.784 0.797
Duco % =0.0620.18 (73) =010 = 0.14 {49) ~0.05£0.15 (76) =0.09%0.12 (47)
0.580 0.798 0.783 0.503
GMWID, m =005 0.02 (L01) ~0,0220.02 (,15) ~0.05 20,02 (.008) = (.04 % 0,01 {003)
0.612 0.789 0.716 0.776
Log(VEGE-1} 485251 (.06) 1.633: 1,70 (34) 386 1.59 (.04) 327 1.51(.03)
0.636 0.825 0.763 0.815

Values are mixed-effects model purameter estimate 2 SE (P value), In the Longitudinal section of the table, the value below the P value is the lowest
of the estinmated within-patient correlations from the wadel. 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,, oran 8% increase in FEV,%, was predicted
to result in a 4-point decline in SGRQ total score
{conmoting 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 VEGEF-1) was
ﬁgmﬁmnﬂy associated with chang;e in SGRQ scores,

butt this was for very large (one loa‘) changes in serum
VEGE-D levels. Given \fvlmt is }(nown ahout serum
VEGF-D, this was not too surprising to us: VEGEF-D
is a diagnostic marker, but its value as a biomarker of
pulmonary disease activity (i.e., whether longitudinal
changes in VEGE-D corr clate with lung disease pro-
gression in LAM) is, at present, uncer tam Perhaps

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

Anchor Symptoms P Value Activity P Value Timpacts P Value Total P Value
FEV, 01 006 6 01
= - LL2% Q1) ~=0.12%14.6 017 - L71x876 06 095+ 12.1 025 ~0.13=7.98 006
~11.2% to —3.4% (Q2) 145 13.1 015 1312984 004 ~(0.34:£9.96 A7 0.34%85.16 01
—3.4% to 4.49% (Q3) 4572214 002 326+ 843 001 ~2.30%x13.1 .24 0.66 7 10.0 007
> 4. 4% (Q4) —~13.4+14.6 Ref ~6.46 = 8.20 Rel —~6.25+128 Ref =753 10.0 Refl
Drco 6 .3 Kl .6
= -9.9% (Q)) —3.74 %152 736 0.65 =857 418 ~1.83+13.1 .363 =129 842 358
~9.9% to —4.7% (Q2) 2274185 193 0.06:£8.28 559 =206 10.1 582 ~(.82 % 8.58 402
~4 T% to 4.7% (Q3) ~1.02:% 159 A38 3142975 5322 ~3.153x 117 687 -2.92%998 789
4.7% (Q4) —4.,60 £ 20.1 Rel ~1.04=11.1 Ref ~2.20= 139 Ref -207411.8 Ref
GM\VD Vi 02 A7 04
= ~2,53% (Q1) —1.03+17.9 400 287 =773 05 1.81+11.9 233 202918 08
—2.3% to 4.5% (Q2) 2542227 241 0.97 =633 37 -0.7529.35 662 0,344 7.99 36
4.5% to 17.1% (Q3) ~3.32:114.5 449 —~541 % 10.8 26 —B.56 5 14.8 301 ~5.88 £ 10.2 .33
> 171 % (Q4) -3533411.9 Ref ~2.22 2 10.7 Ref ~2.60:0 114 Rel —2.88 2841 Ref
Log(VEGF-D) 04 8 5 16
= =9.0% (Q1) —~754%£153 7 ~2.22 843 602 ~597 £16.1 452 =517+ 11.6 A37
—9.0% to —3.7% (Q2) =270= 154 4 ~248 =975 859 —-0.78 = 11.6 628 ~1.51%10.1 440
=3.7% to 0.8% (Q3) 6.20x17.9 .02 1433965 623 276115 505 2.9529.03 158
>0.8% (Q4) - 48812128 Ref 0.14:£10.8 Ref ~327 2849 Ref —~2.44 5586 Ref

Values are mean 2 $D. 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 L. A, Plot of CDF for the two extreme quartiles of change from baseline in FEV, for SGRQ Symptoms dowmain. B, Plot of CDF
for the two extreme quartiles of change from baseline m FEV, for SGRQ Activity domain. G, Plot of CDF for the two extreme quartiles
of change from baseline in FEV for SCRQ Impacts domain. I') Plot of CDF for the two estreme quartiles of change from baseline in

FEV, for SGRQ total score. C;DL‘ = cumulative distribution fimction; SGRQ = St. George’s Respiratory Quemmmmw

VEGF-D levels are (*xqmslt@h sensitive to LAM
activity {at least lymphatic involvement) at the molec-
ular kavel but our clinical metrics (eg, FEV|, DLcoO,
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 MWD, Clearly, more research into
the role of VEGF-D as a biomarker of disease activity
in patients with established LLAM 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 xubgmups in that
popuiat;on When we grouped subjects according
to change over time in FEV,, on bdlcmw the SGRQ
performed as hypothesized: subjects with the great-
est 1mpmv<‘ment in FEV c*:xpcrmucc*d the greatest
improvement in HRQL. Toa that pqxtmﬁar set of
analyses, as has been noted prevmns!y in similar anal-
yses “for another respiratory disease,’* DLCO presents
Chaﬁ(!ngf's as an anchor. First, DLco changed very
little { aavomge change <1 mL/mm Hg/min among qﬂ
subjects) over the duration of MILES. Second, Drco
isa stdtzstu,aﬁv noisy variable, and changes in Dr.co
may fluctuate for reasons unrelated to changes in
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LAM severity. For example, Drco is affected by

changes in h(*mod}(}bx n; DLco was not adjusted for
hemoglobin in } \IILE, S. Also, DLCO results are often

affected by wmaldistribution 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-
vizing variables {as we did in this set of analy ses) hkeiv’
contributed to the inability to identify statistic 1H\/
significant differences between subgroups.

The SGRQ is just one of many instruments designed
to assess HROQL zmd one of several respiratory- spocifm
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,
inv mtzgatms have generated data to support this
so-called “concurrent validity” for the SGRQ {and
other instruments) in LAM .79 but, to our kn.ow edge,
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).’s20 The results of our
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analyses are not surprising; lwwe\fer, these analyses
must be done to confirm the SGRQ performs as
hypothcsvvd in LAM. This is the essence of building
validity. The FDA has for malized ;mommﬁndmons
for how instruments like the SGRQ might qualify as
a valid, reliable f)utcmne measure whose scores have

mtcnpwtabic‘ mmnmg inatarget populamm 1 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 populmon 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.
Itis possible that other HRQL questionnaires would
perform similarly (or even better than the SGRQ) in
LAM under the same cireumstances. 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
patlentb with COPD, women'’s scores are higher (greater
impairment in HRQL) than men’s for the S(‘RQ 2
Some readers may not be familiar with mixed-effects
models, but thcg 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-var vmo' covariates. In contrast, when slrnplo
correlation (03 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 amd},qls Thus,
mixed- c'ffccts models provide the most statistically
efficient method for analyzing longitudinal data.
Finally, certain analyses did not vield statistically
significant results, but this was largely due to a loss
of power resulting from categorization of contin-
uous variables (ev thosf, in which the anchors were
stratified into quamle.s). The majority of our anal-

journal.publications.chestnet.org

yses support the longitudinal validity of the SGRQ
in LAM.
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Backgrounds: Since Birt-Hogg-Dubé syndrome (BHDS) and lymphangioleiomyomatosis (LAM) share
some clinical manifestations (multiple pulmonary cysts with pneumothorax, renal tumors, and some-
times skin lesions), the differential diagnosis of the two diseases becomes problem especially in female
patients. This study aims to quantify pulmonary cysts in computed tomography (CT) of females with
BHDS and those with LAM and also to identify the independent parameters for differentiating the two
diseases.
Methods: Fourteen patients with BHDS and 52 with LAM were studied. In CT scans, lung fields were
defined as areas with fewer than —200 Hounsfield units (HU) and pulmonary cysts as areas consisting
of 10 or more consecutive pixels with fewer than —960 HU. The extent, number, size and circularity of
cysts were calculated by using hand-made software and compared between the two diseases. Moreover,
the lung fields were divided into six zones and analyzed for the distribution of cysts. Finally, a stepwise
discriminant analysis employing quantitative measurements of cysts and clinical features was performed.
Results: The two diseases were significantly different in all quantitative measurements of cysts. Stepwise
discriminant analysis accepted the following four variables: the family history of pneumothorax within
the second degree relatives, lower-medial zone predominance of cysts, diffusing capacity and mean size
of cysts in this order.
Conclusion: The quantitative characteristics of pulmonary cysts are significantly different between BHDS
and LAM. The independent parameters for differentiating the two diseases are the family history of
pneumothorax, zonal predominance of cysts, diffusing capacity and size of cysts.
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some clinical manifestations (lung, skin and kidney lesions). How-
ever, the prognosis and management of these diseases are quite

1. Introduction

Birt-Hogg-Dubé syndrome (BHDS) is an autosomal dominant
inherited genodermatosis stemming from a defect in the folliculin
(FLCN) gene [1.2]. Clinical manifestations of BHDS include fibrofol-
liculomas of the skin, renal tumors and multiple pulmonary cysts
with recurrent pneumothoraces [3]. The most important disease to
be differentiated from BHDS is lymphangioleiomyomatosis (LAM)
especially in female patients [4], because the two diseases share
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different. Although LAM usually progresses to respiratory insuffi-
ciency, BHDS does not. Consequently, the definitive diagnosis of
BHDS relies on genetic testing, whereas that of LAM derives from
pathological examination, both usually available only in specialized
institutions. Taking advantage of its non-invasiveness and recent
progress in image data processing, chest computed tomography
(CT)appears to play an important role in this setting. The visual fea-
tures of chest CTs in cach of BHDS and LAM have been characterized
[10-14]; however, no study has been reported that quantitatively
analyzes the characteristics of pulmonary cysts and tests whether
those have a role in the differentiation among cystic lung diseases.



