3 ILTF T4 ILESHIEORE
NFTFINESE SIITFIIIES28E%

BIRMA X3 (nasal 2L/min)

Pa02 (torr) 88.4 - 58

PaCoO2 (torr) 32.1 26.6
BNP (pg/L) 1771 2359
TRPG (mmHg) 80 119

EPEE T (FDBERDILK c‘:ﬁ_Fﬂfﬁﬁ@Z UNSRBE FRERD, HEIAIREENTZ, JI5
CT 'C‘-'Sﬁ'Fﬁ@XU?TJXWUEF“ IR E/NEREEEDOIRE(LZROE. HE TREERMAEEDE
{fb& BNPE, DT O— (CTO=RFAERERED LR @B, al (TRENBIE LTz S HBr LTz,
M4 JIRFrR

/J\%F’a?lfraiwwiﬂlﬂ (veln) c‘:_A: DEE%O)%EHH%HH'? (venule) DRFHEIERAZEE MRS ERD T,
FITHEIIR(CEAR - RIEDIEE L AR E R (CHEICERDZ. —8ICNEST U ERNYY
O—J7 —SOFEaRbhic. fithw) > /ETE

B.EHMEREROZ/L (CD31 FItOEMIMERMDEL)

C. BB U EST Y > D &R UTEifiEait/ZikIC PDGFROBTE RSN DTz,
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MHESET 2 ZEserl b BEFERE . MLFPAL. HEE—C EE—H

MEMAFEFEMERBITRES - BEE - 7L ILF—AR
P NERE AT A BT EFFATTRITIR 2R RS
 EXDRbE L S R R R B S Y —ERIRIATR 2 S —
FEAFARFREF TR TR

CQ: LAM ZH I BIMALIECHENT mTOR FEERIE—FIREBRDTITH ?

A: LAM ZHI3RARMECHNT, HIREEEETORIE, QOL DR EZEREUKEES. mTOR H
ERZTEBIREUVTUERT D,

#RBDMEE : 2 (55<HERTD)

TEF>ADEE : B

MPIRHEEEDIR T 2iH L. QOL &E—EfDsFHii CeliES D, 2L, BREDEESEHRAH#51. HRIC
BWTHEAENRHBND.

fiEER

D> ) IRERHREAE (lymphangioleiomyomatosis; LAM) (&, F & U TR BEIRERR DI (CF
TEL. FDEIEERIREEAH D >/ (EROEEZRHHE T 3RFETEOSHERR TH D, [NZE
RIETDZENE L. FREDETICRDBEREUINAREDERPHFAEZET D, BEMERHS
BhRE. RESBU > ) \IREASRE (lymphangioleiomyoma). AR (BOK. REK) WO TziINRERE
IR ENGD. REFHIC(E. RWEEBICHSVWTHEEHMIEROIEZRT LAM HIfgDIBIEN H#51
Do

LAM (C(FHEEMERE(LEE (tuberous sclerosis complex; TSC) [CEHFL THRAE T D TSC-LAM & TSC
EHEDIRVIFEE LAM (sporadic LAM) &A%, TSC (FTANARIERSHZRDBRIEHRE &
I DIBIEHERBTH D RRELGFEUTESBINHIBET THD TSC1 (588 9 LK) & TSC2
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(58 16 4K) PRAESNTND. CNICH LT, MFEME LAM (F TSC2 DFHIRRZERICKDFIES
BEEZBNTND, TSC1 FIz(F TSC2 DER(CEL> T, MIEAS T FHIURERICESNTS/ (XA
S AZERERE (mammalian target of rapamycin; mTOR) DIEENEEEAE D, LAM DR
RE(C DI B ENBEIHEN TS,

LAM D73 FIRREDERIANYED (C DNEEDBERS —4'y M EBSN TS, mTOR BAZEETH D
>OYUARICHENT LAM OIIRBEREDR T 25 1E I DRNFRE SN RFB(CHULT 2014 FLDS
OUARXRIE LAM ORRERZFEE U TERSNZ. mTOR EEEZFERITISA T, ZEHIEREZ
EOREOEMERZER I DINENSDD. Fie. EOBREFRMEEDRTAFSNZHATSOY
LRZRIINRETHDN. REFRSOMREEWFA. BIEISSERE(CDVTIFRENKENT
(AP

IPIRAE(CEAY DREMFTIHCLD U IREFHIEIE (LAM) OB EERDOF5|E (2006 ) |
(& LAM (T3 U TR ERADEZERDTRVFRCBWTER ENZ. D% mTOR PHEER(CET3Z
<DHENFHSNTNDZEMNS. MTOR AEFEDBEEE U TCOMEDIFICDODELEaA—-&ITD T

ZRPZINIVI LA

I

Y SIRB I

EERRKREE:
E—EIREFELLT
mTORPAE Z4{F
ERAYN

—D®D RCT (CHBNT. MTOR FAEERETH DO ARI(F LAM [CKDIFIRHEEEDER T ZiHE L. QOL
E—EIDOFHETE T D EMRESNTE. MOBROBREMKR(CSVWTE, >OVLRFZEFSO
ULRDFEBHRTHDIINOYLARDES(CK DT, HIRMEEEDIE T ZHH 55D U\ (IR = =
UTERRENDRTNTULD. LM L. mTOR FAERES(CHSREOEWERANSVEE TIRESN. 3
RIEBVWTREAEZEERDHSN TS, MTOR BEERES(CRU TG, ORXBELERERZ (G
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EFTDHEEDOEVEIER. STERYE DOERIMAES &\ > IERENICOREEDSH DEWER (KT U
T, BICHERZEZERBL. NOREACHBITDIREED/I\S O IEERB URNSKS DG ZHIIT S
WHENH D, H. LAM OFRZ(CX T DERMIRE SN TLYD mTOR BAEFEEFF(CSOVUALAXTHD
D. INROUALARDMRZES UTZIRE(ESEIL E 1 —&{T 272 55— DDOBERAFTDH THD. L
AROYUALRICEALUT(E SEBOMREOEEEES> CERIIESNIVENDS.

mMTOR FEEENSZ AT NSIBEGASH ERD TULROH, EEBD RCT [CBW TR E LIRS
IRABD—HENFRUED 70%UA T THDZENSMBELRH>TH D, CORGEIBEWEELZEYE
DRENTE—DDEEELIRDED, 2720, LAM ([CKDHIREEER T ORE (C(HBEAZENHSN D,
EB(C. BRIEHBNTSOUARDZREZRE U SRt REMEEAR (MLSTS AER) TIEME
IRHEERREDEEZSIEE(CEHTH ST, 12 & APREREDTHEXRED 45%(CHNTR—X
SA > DO—WENFAED 70% U ETHO e, CORSRECHVWTE—RER 12 ARREL
TWzEEBZ BNz, ThE. —HENFRIHED 70%% LE3HBETE. REDOETHREEIND
BECHUNTIE MTOR HERDSZ IR U CRVWEEZ SN, H(C—HWENFAUED 70%UTT
H > CEEBNEE UIEEBN RS SNDIBECH VN TIE MTORBEEFELS (C KD (F RV ETEEM
e,

723, mTOR FEEZRDORIIBISSOEME LT, £EMFPRONEICHA I DAMREIFREFR(CH L
TESNTHEST . FRECHVTORENIREHE & FRCIZ > EHI W ETH D,

MTOR AEERS(CELU TR, BIFEANOXRD(EH, BENKELRD, £z, BFaRZES
E3EEEND D Z ENSHBLEICIR U TIIAREBOBEENEC D, FRIAILAF+ 177>
EREOBRBRE (WU TE. BRHEOEEEZEZERB UIEHIENNEEIRD . CNOSADIERE T
INEEND Z ECIRENDESFERD,

XEMRESE (LEF > ADIRE)

Pubmed T“lymphangioleiomyomatosis” &7/z(% “lymphangiomyomatosis” Z+—"J— k& U
THRFEL (#1). RIZ"MTOR inhibitor"ZE = (&”sirolimus” & /= (3" rapamycin” & 7= (£” everolimus”
EF—D—RELTHRRL (#2). MAZBZIREER (#1 and #2) H5S publication type HYiE
BIRRETHDIEDZERIUIHER. 150 XEh'E Uie, 91 ML, ZPIXA RSO M5, BRERHAFR
DTHA > TRNWED (Letter, RIFHI TRV L) . B PIEERRSZURELIZED, WEK (P)
(C LAMIEBIZSHRRNED. ITA (I) M mTOR HEETERNED, SFENRETRNED, 2k
U 11 iz Uz, D5 28R(EF 1RO RAFTIFTAvILE1— (SR) XBICEFENDIZHIRS
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Ulz. BB 9E 2 RROU—Z TR E LT EINE U, [E4#5(C The Cochrane Library, EH
5% Web TREL. FICIX B3NEXBIZH SN DI,

2 RRAO)—Z0TEP GFHR) -1 (TA) - 0 (&R - E) iA—L. hOEELBEOHNS 4
e U MR SR (CAUVE.

79 MAAN—EURWVWRX TH D TH 10 FEHI DR LAMEEFIZ SO 4 I]RICELT. B
EEROBRRTMRE U, Ffeo BRICBWLTSOU ARXDEZEEZIRET ULt EEMFES
B2 (MLSTS jAB8) DRERFHRXEUTHRRERTH DD, S/IIULARPERR(>HE1—TA— LA
&0 12 4 BhRIREDERESRB U,

LEa—bBIU—

ERLES R E U TIThNIE T LAMBEZNRE TS 0OU AREESDS >4 MutbEsEt
BUCBNT, —BEOMEEXETSRE-12 £ 2mI/B, BFEE1 £ 2ml/A. FVCDESETS
tRBE-11 £ 3ml/A, EFE8 £ 3mI/ATHHD. WITNEREIRETI/ILZBVWTERECSIT
DERBUEN RSN, T0h5, 20OU ARSI KD IFIREEE T Z 115 3 RS RSN,
ZF/=. Euro QOL visual analogue scale for QOL 8K FPI h—FI)LA AT DMEE(CHNTETS
TRECHUTIREHTERERNEZRDZ. CORBHBRCHNT. [REXIGEERARO—PE
PNFEUED 70% U T THDZEMSHNERED—DE SN, SEDM/KETE (IFNEEE N, 20O
ULAXDIERRSE(L 2 mg/day. BEREMSTRE(E 5-15ng/mL &Sz, 2D, 3 DOBREAZR
INCHNTE. RALZE LAM BE(CHIDS0OUARFEFINOY ARESIC K DTIREEEET
HE DR DV IIFIREEESEN RSNz, T 5 FRIOEERNRIACRS SNTER (ST 25
3, BRCSIFZSOVARDVERS (S OULRMP M5 TREG 5Sng/mL ki) Ok Y&
FNDd. Feo BREBVWTSOUARDEZREZ IR UL SRt EEMIFELER (MLSTS AiR)
D 12 N B FRBERE O T S HMEIRED 45%([CBNTR—IS5A > DO—HEHNFRUED 70% % B .
COESREBICBVWTEHELR 12 sABMRZELTLWEEEZ SN

LEEDIRE(CHR. 10 FEFILL EDRRA LAM EFIZET mMTOR AEREISS(CRAT S ATYTA vV
L E1—BRE OB LUARERS "SONSEEBROBREEIT DIz LAMIEEFIDHEITHRE LTz RCT
Tld. BESEROBEE T SURBICILLUTEREBTE, >N, grade 3 U ELOEEEEEROE
EIHEEICEREERORMN D2 Ve WINHDIRE(CIH VT mTOR SIS ED 3 BI E(CH
SNEBESRIE. ORX. TH. BR. 8L X>O—-/LIME. SERKEZ. LRERZSORHRE
iE, PURRODZE. BEfE. SIE. MRS TH o e, ORRDIEE (4 e 1 ICHUT 58~75%

—151—



EBE L MLSTSRER Tl 89% L (CRUVEE TROBNICBEBROEHEE L F LA EN Grade 1,
2 THolz. EERAEERE U CEHUERBSICOEERER. —1—ESXAF R, 2D
A IV AEDEXRB KGODAE. FDZEEREND I ANRILF)L RS, EiE sporadic LAM FEFID
SUBRRR(CKDIETNE 1 flERHOSNz. EERESFRE U CORIBMEMADIRE (FH SR,
—DOEREMIT(CH LT HRCT THIBMIRFZDOHIRAN 4 1 (17%) [CFRDH SN (LI N EAREE (FHkET)
2 MLSTSBER(CHUVT 2 BIICHES RS, 55 1 HIIZEEUREEZB. 1 FlERE, A PIEER

S51= %,
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Abstract

Background: In lymphangioleiomyomatosis (LAM), predicting lung disease progression
is essential for treatment planning, especially in patients treated with mammalian target
of rapamycin (mTOR) inhibitors. However, no previous Japanese studies have predicted
the reductions in pulmonary function seen in LAM.

Methods: The data for 89 LAM patients who had undergone =3 spirometry tests and
whose data had been registered in the Japanese national database between October
2009 and March 2014 were analyzed after excluding patients who had undergone lung
transplants; mTOR inhibitor treatment; or treatment for pneumothorax or pleural
effusion during the study period. The rate of change (slope) in pulmonary function was
calculated, and its associations with clinical background factors were investigated.

Results: Among the whole study population, the median (quartiles) slope of the forced
expiratory volume in 1 second (FEV;) was -46.7 (-95.2; -15.0) mL/year. The patients
were divided into those who exhibited initial FEV; (% predicted) values of >70% (Group
A) and £70% (Group B). The median FEV; slopes of Groups A and B were -37.1 (-88.5;
14.0) mL/year and -59.2 (-114.7; -27.4) ml/year, respectively; i.e., FEV; fell at a
significantly faster rate in Group B than in Group A. In Group B, a weak positive
correlation was detected between age and the FEV; slope.

Conclusions: Young LAM patients whose initial FEV; (% predicted) values are <70%
tend to subsequently exhibit rapid reductions in their FEV; values, and hence, require
treatment. However, the FEV,; reduction rate varies markedly among individuals and
should be monitored in all cases.
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INTRODUCTION

Lymphangioleiomyomatosis (LAM) is a rare and slowly progressing lung disease
that almost exclusively affects adult females. It is characterized by neoplastic LAM cell
infiltration of the lungs and lymphatic system, and cystic destruction of the lungs.
Patients with advanced pulmonary dysfunction develop dyspnea on exertion and
respiratory failure. In addition, a high incidence of recurrent pneumothorax is seen from
the early stages of LAM, and extrapulmonary lesions, such as chylous effusions,
lymphangioleiomyoma, and angiomyolipoma, are considered to be characteristic
complications of the condition.

As the molecular pathology of LAM has been elucidated, various treatment
targets have attracted attention®>. Sirolimus, a mammalian target of rapamycin (mTOR)
inhibitor, has been demonstrated to prevent reductions in pulmonary function in patients
with LAM %8, It was approved as a pharmaceutical drug in 2014 and has started to be
used in clinical practice in Japan. However, no consensus has been reached regarding the
grade of pulmonary hypofunction at which sirolimus treatment should be initiated. The
risk/benefit ratio of sirolimus treatment including its effects and adverse reactions must
be investigated, but the speed of the decline in pulmonary function seen in LAM varies
among individuals®°, It is difficult to accurately predict this interindividual variation,
which in turn makes it more difficult to assess the benefits of particular agents.

In LAM, the LAM histological score (LHS) and the pathological grade of the
associated pulmonary cystic lesions have been reported to be prognostic factors %2,
and associations have been detected between abnormal pulmonary function, e.g.,
obstructive ventilatory impairment or a reduced pulmonary diffusion capacity, and the
LHS or the grade of pulmonary cystic lesions according to high-resolution computed
tomography (CT) ¥, At present, time-course monitoring of pulmonary function is the
most useful method for assessing the severity and progression of lung disease in LAM®S,

It has been reported that a younger age and a lower initial pulmonary function
are associated with a high mortality rate and a subsequent decline in pulmonary function
in LAM®2192% 1n addition, we previously reported that LAM patients who initially present
with dyspnea exhibit a lower survival rate than those who initially display
pneumothorax®!. However, pulmonary function has not been evaluated throughout the
course of LAM in any previous Japanese study. In this study, using the Japanese national
database of intractable diseases, we calculated the rate of change in pulmonary function
and investigated its associations with various clinical background factors and initial
pulmonary function test results in LAM.

In the Multicenter International Lymphangioleiomyomatosis Efficacy and Safety
of Sirolimus (MILES) trial®, in which sirolimus was demonstrated to be effective against
LAM, the subjects were patients who exhibited forced expiratory volume in 1 second
(FEV,) (% predicted) values of <70% after bronchodilator administration. Thus, an FEV;
(% predicted) value of <70% could be a useful index for determining the optimal time to
initiate treatment for LAM. In this study, we compared the pulmonary function
parameters and the rate of change in these parameters between patients with FEV; (%
predicted) values of >70% and <70%.
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METHODS
Intractable diseases database

In Japan, LAM was included in the National Research Project on Intractable
Diseases in October 2009, and as a result patients that were diagnosed with LAM were
able to receive medical subsidies. To receive the subsidies, patients are required to
submit an application form and a clinical research form (a questionnaire), the latter is
completed by their physicians, every year. The questionnaire includes questions about
the following items: age, gender, history of cigarette smoking, pregnancy/delivery, the
presence/absence of the menopause, the presence/absence of tuberous sclerosis,
symptoms, chest CT findings, abdominal imaging findings (ultrasonography, CT, or
magnetic resonance imaging [MRI]), the pathological findings of lung or lymph node
biopsies (including the results of immunostaining), the differentiation of LAM from other
cystic lung diseases (chronic obstructive pulmonary disease, Langerhans cell
histiocytosis, Birt-Hogg-Dubé syndrome, Sjogren’s syndrome-associated pulmonary
lesions, lymphocytic interstitial pneumonia, bullae/blebbing, amyloidosis, light-chain
deposition disease, and cyst-forming metastatic lung tumors), pulmonary function test
results (including the results of spirometry tests and data regarding the diffusing
capacity of the lungs for carbon monoxide [DLco]), and the treatments administered.
The results of tests other than chest CT are not essential, and findings are filled in when
a test has been performed. For patients who have not been pathologically diagnosed
with LAM, chest CT images are required, and the validity of the diagnosis is examined by
specialists. The certified contents of the questionnaires are entered into the database by
the administrative staff at each prefecture. The questionnaire data of 588 LAM patients
(1,396 questionnaires) that were registered between October 2009 and March 2014
were analyzed.

This study was approved by the institutional review board of The University of
Shinshu, which waived the requirement for patient informed consent because of the
anonymous nature of the data (permission number: 3024).

Patient selection and data

The data of 269 LAM patients for whom questionnaire data were registered 3 or
more times during the abovementioned registration period were extracted. The
presence/absence of spirometry results and the dates of any spirometry tests were
confirmed, and 133 LAM patients who had undergone 3 or more spirometry tests at
intervals of 6 months or longer were selected. However, patients that had undergone 1)
a lung transplant; 2) mTOR inhibitor treatment; or 3) thoracic drainage, pleurodesis,
surgery, or thoracic duct ligation during the registration period were excluded. As a
result, 89 LAM patients were included in the analysis.

We used the spirometric reference equations reported by the Japanese
Respiratory Society in 20012? and Nishida’s reference equations for pulmonary diffusing
capacity intended for Japanese® to calculate the predicted pulmonary function values.

Statistical analysis

The rate of change in pulmonary function was calculated using linear regression
in each case. The correlations between pairs of items were assessed using Kendall’s rank
correlation method. The Wilcoxon rank-sum test was used for comparisons between two
groups. Multivariate analysis was performed by carrying out multiple regression
analyses involving stratification factors. P-values of less than 0.05 were considered to
indicate statistical significance.
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RESULTS
Patient characteristics

The number of LAM patients that have registered for medical subsidies has been
reported by the Japanese Government every year since April 2010. In total, 1,886 LAM
patients registered for such subsidies between April 2010 and March 2014 (the mean
number of LAM patients registered annually was 472). The total number of LAM patients
registered in the Japanese national database of intractable diseases during the
abovementioned 4-year period was 1,252, and so the database registration rate was
66%.

The 89 LAM patients who met the inclusion, but not the exclusion, criteria
accounted for 15% of the 588 LAM patients registered in the Japanese national database
of intractable diseases. The clinical data extracted from the initial questionnaires of 567
patients (the whole group except the 21 patients that had undergone lung transplants)
and the 89 analyzed patients (the analysis set) are shown in Table 1.

Of the 567 patients, 310 (55%) had been pathologically diagnosed with LAM.
One hundred and forty-three patients (25%) were clinically diagnosed with the condition
based on their chest CT findings; the exclusion of other cystic lung diseases; and at least
one of the following clinical histories: tuberous sclerosis, abdominal
lymphangioleiomyoma, angiomyolipoma, chylothorax, or chylous ascites. The remaining
114 patients (20%) were clinically diagnosed with LAM based on their chest CT findings
and the exclusion of other cystic lung diseases. Of the 89 patients in the analysis set, 46
(52%) were pathologically diagnosed with LAM.

The patients in the analysis set had undergone a mean of 3.2 pulmonary function
tests (range, 3-5 tests) over a mean period of 28 months (range, 13-48 months). The
frequency of the menopause (including spontaneous and hormone therapy-induced
menopauses) in the whole group was lower than the 95% confidence interval of the
estimate for the analysis set (Table 1). Since patients that were treated for
pneumothorax during the registration period were excluded from the analysis set, the
frequency of patients with a history of pneumothorax was much lower in the analysis set
than in the whole group. In the whole group, the median values of all of the pulmonary
function parameters were within the 95% confidence intervals of the estimates obtained
for the analysis set. '

Rate of change in pulmonary function

The rate of change (slope) in pulmonary function was determined by linear
regression of the pulmonary function test values of the 89 patients in the analysis set.
The median (quartiles) slope of forced vital capacity (FVC) was -20.0 (-79.3; 33.0)
mL/year, and that of FEV; was -46.7 (-95.2; -15.0) mL/year. No correlation was detected
between age or age at symptom onset and the slope of any pulmonary function
parameter. A weak positive correlation was detected between the time since symptom
onset and the DLco slope (measured value: r K=0.248, p=0.014; % predicted value: r
K=0.246, p=0.015). Thus, DLco tended to fall more slowly in the patients who had been
suffering with LAM for longer. Weak positive correlations were detected between the
menopause and the slopes of FVC (measured value: r K=0.211, p=0.024; % predicted
value: r K=0.218, p=0.019) and DLco (measured value: r K=0.315, p=0.007; %
predicted value: r K=0.302, p=0.009). Thus, the postmenopausal patients exhibited
slower reductions in FVC and DLco. When multiple regression analysis was performed
using age as an additional explanatory variable, the menopause was associated
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age-independently with the slopes of FVC (measured value: =0.271, p=0.026; %
predicted value: =0.270, p=0.027) and DLco (measured value: f=0.366, p=0.013; %
predicted value: f=0.349, p=0.019). However, when multiple regression analysis was
performed using the time since symptom onset or the initial value of each pulmonary
function parameter as an additional explanatory variable, the menopause was not
associated with the DLco slope. A weak positive correlation was detected between renal
angiomyolipoma and the slope of the FEV{/FVC ratio (r K=0.235, p=0.018), but when
multiple regression analysis was performed using tuberous sclerosis as an explanatory
variable, no such correlation was observed.

The FEV; (% predicted value) recorded in the initial questionnaire was weakly
positively correlated with the FEV1 slope (% predicted value) (r K=0.151, p=0.042).
Furthermore, the initial DLco (% predicted value) was weakly positively correlated with
the FEV; slope (% predicted value) (r K=0.219, p=0.009) and weakly inversely
correlated with the DLco slope (% predicted value) (r K=-0.196, p=0.033). Thus, FEV1
tended to fall more slowly in the patients with higher FEV; and DLco, and DLco tended to
fall more slowly in the patients with low DLco.

Comparison of pulmonary function test values and the rate of change between
patients that exhibited initial FEV; (% predicted value) values of >70% (Group
A) and =£70% (Group B)

The results for Groups A and B are shown in Table 2. No significant difference in
age or age at symptom onset was detected between the groups, but the time since
symptom onset was significantly longer in Group B. All of the examined pulmonary
function test parameters were significantly lower in Group B. Regarding the rate of
change in pulmonary function, the slopes for FVC (measured and % predicted values)
and FEV; (measured and % predicted values) were significantly lower in Group B;
however, none of the other parameters differed significantly between the groups.
Histograms of the distribution of the annual changes in FEV; (% predicted value) seen in
the two groups are shown in Fig. 1.

Relationships between age or initial pulmonary function and the rate of change
in pulmonary function in Groups A and B

No significant correlation was detected between age and the slope of any
pulmonary function parameter in the analysis set, as described above, but a weak
positive correlation was observed between age and the FEV1 slope in Group B (measured
value: r K=0.306, p=0.009; % predicted value: r K=0.278, p=0.017) (Fig. 2a). No
significant correlation was detected between onset age or the time since symptom onset
and the FEV1 slope in Group A or B. In addition, no significant correlation was noted
between the initial FEV1 and the FEV1 slope in Group A or B, but a weak positive
correlation was detected between these parameters in the analysis set, as described
above (Fig. 2b).

DISCUSSION

We analyzed the rate of change in pulmonary function seen in LAM patients using
the Japanese national database of intractable diseases, which was started in October
2009. The mean reduction in FEV; in LAM patients has been reported to range from
60-118 mL/year'®?%2%25 In the MILES trial, which examined LAM patients that exhibited
FEV; (% predicted value) values of £70% after bronchodilator administration, the mean
reduction in FEV; seen over the course of the study in the placebo group was 134
mL/year6. In contrast, the mean reduction in FEV; was relatively small in our study; the
mean reductions in FEV; in the analysis set and Group B were 58 mL/year and 95
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mL/year, respectively. Since all patients that had been diagnosed with LAM were
included in the National Research Project on Intractable Diseases regardless of the
severity of their condition, our study might have included more data for patients with
relatively mild LAM than previous studies. In addition, the low numbers of patients that
were treated for pneumothorax during the observation period or suffered respiratory
failure, in whom periodic pulmonary function tests are difficult, might also have affected
our results.

One noteworthy finding of the present study was that Group B exhibited a
significantly higher FEV1 reduction rate than Group A. In addition, a positive correlation
was detected between age and the FEV; slope in Group B. Therefore, young LAM patients
that exhibit FEV; (% predicted value) values of <70% are likely to display rapid
reductions in FEV; in the future. In these patients, since the main effect of sirolimus on
LAM is to prevent reductions in lung function®’, it is necessary to monitor disease
progression at regular intervals and to consider the early stage treatment with a mTOR
inhibitor. However, the FEV; reduction rate varies markedly among individuals. The
actual onset time of LAM is often unclear, and the time taken to reach a specific (low)
pulmonary function level varies among individuals. Therefore, in LAM it is necessary to
regularly assess the degree of any changes in pulmonary function, even in elderly
patients and those with relatively high FEV; values.

Regarding the weak positive age-independent correlations detected between the
menopause and the slopes of FVC and DLco, the menopause was associated with the
longer time since symptom onset (data not shown), which can lead to slower reduction
in DLco, and when multiple regression analysis was performed using the time since
symptom onset as an explanatory variable, no association between the menopause and
the DLco slope was detected. Furthermore, the inclusion of patients who were receiving
hormone therapy, which can lead to low initial pulmonary function values (data not
shown) might have influenced our results, and when multiple regression analysis was
performed using the initial pulmonary function as an explanatory variable, no
association between the menopause and the DLco slope was detected. These
relationships need to be examined in a study involving a greater number of subjects.
Oprescu et al. reported that, in addition to age, angiomyolipoma was also an
independent favorable prognostic factor in LAM*°, In our analysis, renal angiomyolipoma,
but not all forms of angiomyolipoma, displayed a weak positive correlation with the slope
of the FEV1/FVC ratio; however, tuberous sclerosis might have acted as a confounding
factor, and so the clinical significance of angiomyolipoma remains unclear.

The pulmonary function abnormalities that are most frequently associated with
LAM are obstructive ventilatory impairment and a reduction in pulmonary diffusion
capacity. In case series studies conducted in the 1990s, 35-51% of LAM patients
exhibited obstructive ventilatory impairment, while the incidence of reduced pulmonary
diffusion capacity was even higher (about 80%)26,27. In later studies, the incidences of
these conditions were found to be 52-58 and 53-87%, respectively**?>28, It is not
appropriate to compare the above findings with those obtained in the present study
because the analysis set included patients for whom no pulmonary diffusion capacity
measurements were recorded, but the median (% predicted value) values obtained in
the present study suggested that the reduction in DLco progressed more markedly than
the reductions in FEV1 or the FEV1/FVC ratio. In reports by Taveira-DaSilva et al. and
Lazor et al., the frequency of subsequent FEV1 reductions was higher among the patients
with low initial pulmonary diffusion capacities®®%, and a similar tendency was noted in
our study. Further investigations are necessary to determine whether it is possible to
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predict LAM progression at an early stage by measuring pulmonary diffusion capacity.

The main limitation of our study was the use of a database in which substantial
amounts of relevant questionnaire data had not been registered or were missing. Thus,
the rate of change in pulmonary function was predicted from data for a limited humber
of patients. Nevertheless, the questionnaires were input into the database by the staff in
each prefecture, probably at random, and there was no marked difference in pulmonary
function data between the whole group and the analysis set. Another limitation was the
use of test data obtained at multiple institutions. Spirometry tests are usually performed
in the absence of bronchodilators; thus, our study protocol differs from that employed
during the MILES trial®. Concerning patient selection, the exclusion of patients with
concomitant pleural effusion or pneumothorax was not complete, and the influence of
bronchodilator treatment should also be considered. An analysis of the accumulated data
that takes these factors into consideration is required in future.
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Table 1: Clinical characteristics of 567 LAM patients (all LAM patients from the
database except those that had undergone lung transplants) and the 89 LAM
patients included in the analysis (analysis set) based on their initial
questionnaires*

Whole group Analysis set
(n=567) (n=89)
Age (initial questionnaire), yr 40 (35; 47) 44 (37; 50)
Age at symptom onset, yr 36 (29; 41) 37 (30; 46)
Years since symptom onset 4 (1, 8) 5 (2; 9)
Clinical features, % (no.t)
Tuberous sclerosis complex 19.8 (105/529) 14.6 (13/89)
Post-menopausal# 33.5 (172/514) 44.6 (37/83)
8
Hormone therapy 19.8 (105/530) 23.3 (20/86)
History of pneumothorax** 53.1  (207/390) 41.3 (26/63)
Pleural effusion 12.0 (57/475) 10.5 (8/76)
Angiomyolipoma 44.0 (197/448) 37.0 (27/73)
Abdominal lymphangioleiomyoma 33.1 (144/435) 43.1 (31/72)
Continuous oxygen therapy 19.6 (111/567) 16.9 (15/89)
mTOR inhibitor treatment 3.5 (20/567) 0 (0/89)
Pulmonary functiontt
FVC, L (2.30; 3.17) 2.80 (2.32; 3.24)
FVC, % predicted value 2.74 (n=423) 95.0 (81.7; 107.8)
92.9 (78.3; 104.4)
(n=423)
FEV, L (1.27; 2.35) 1.93 (1.48; 2.38)
FEV,, % predicted value 1.88 (n=425) 75.9 (59.6; 95.8)
74.2 (51.3; 93.0)
: (n=425)
Ratio of FEV; to FVC 21.0 (49.9; 81.4) 72.0 (56.6; 80.6)
) (n=421)
DLco, ml/min/mmHg (8.2; 14.9) 11.5 (8.5; 14.4)
DLco, % predicted value 11.3 (n=308) 50.8 (n=70)
49.4 (36.3; 67.8) (41.0; 68.7)
(n=308) (n=70)
DLco/VA, ml/min/mmHg/L (2.2; 4.3) 3.3 (2.3; 4.2)
DLco/Va, % predicted value 3.3 (n=318) 59.9 (n=73)
58.6 (38.6; 75.7) (43.9; 74.7)
(n=318) (n=73)

*Data are presented as median (quartiles) values, unless noted otherwise. FVC: forced vital
capacity, FEV;: forced expiratory volume in 1 second, DLco: diffusing capacity for carbon
monoxide, DLco/VA: ratio of DLCO to alveolar volume

TSome patients were missing data for some items. The denominator indicates the number of
patients for whom data were available.

FPatients treated with hormone therapy were included.

§Outside of the 95% confidence interval of the estimated value for the analysis set.

**Since the presence/absence of a history of pneumothorax was only investigated in the patients
making new applications, we did not have any information about this topic for patients whose
initial questionnaire data were not registered. Therefore, the denominators for this parameter
were lower than those for the other items.

TtPulmonary function data other than spirometry test results in the analysis set could not be
collected from some patients, and the number of patients for whom data were available is shown
in parentheses.
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Table 2: Pulmonary function according to the initial questionnaire and the
annual rate of change in pulmonary function in patients with FEV; (%
predicted) values of >70% (Group A) and <70% (Group B)*

Group A Group B P-valu
(n=52) (n=37) e
Age (initial questionnaire), yr 43 (36.8; 49.3) 45 (38; 51) 0.494
Age at symptom onset, yr 38 (31.8; 46.5) 36 (29; 43.5) 0.220
Years since symptom onset 4 (1; 7) 7 (3; 13.5) 0.007
Initial pulmonary function
FVC, L 3.08 (2.69; 3.38) 2.32  (2.07; 2.73) <0.00
FVC, % predicted value 102. (90.3; 112.3) 82.4 (70.4; 94.9) 1
7 <0.00
1
FEV,, L 2.31 (2.03; 2.62) 1.38 (0.97; 1.58) <0.00
FEV:, % predicted value 92.6 (81.3; 104.8) 57.3 (44.5; 62.3) 1
<0.00
1
Ratio of FEV; to FVC 78.1 (72.2; 81.7) 53.3 (44.1; 63.6) <0.00
1
DLco, ml/min/mmHgt 12.9 (10.3; 15.4) 9.4 (7.2; 11.6) 0.003
DLco, % predicted valuet 56.9 (n=47) 44.4 (n=23) 0.003
(46.5; 69.7) (32.7; 50.0)
(n=47) (n=23)
DLco/VA, ml/min/mmHg/Lt 3.5 (2.8; 4.3) 2.7 (1.9; 3.3) 0.005
DLco/VA, % predicted valuet 60.8 (n=47) 48.0 (n=26) 0.007
(49.2; 77.8) (33.7;, 61.4)
(n=47) (n=26)
Rate of the annual change in
pulmonary function
FVC, ml -7.4 (-51.2; 47.0) -49 (-130.7; 16.2) 0.025
FVC, % predicted value 0.7 (-0.9 2 3) -0.9 (-4.4; 1.2) 0.013
FEV:, ml -37.1 (-88 5 14.0) -59.2 (-114.7; 0.048
FEV:, % predicted value -0.4 (-2.5; 1.3) 2.1 -27.4) 0.005
(-3.9; -0.6)
Ratio of FEV1 to FVC -1.2  (-2.1; -0.1) -1.4  (-3.9; -0.1) 0.279
DLco, ml/min/mmHgt -0.3 (-0.8; 0.1) -0.3 (-0.6; 0.3) 0.836
DLco, % predicted valuet -1.0 (n=39) -1.2 (n=19) 0.888
(-3.2; 0.6) (-2.5; 1.3)
(n= 39) (n=19)
DLco/VA, mi/min/mmHg/Lt -0.03 (-0.1; 0.07) -0.01 (-0.1; 0.06) 0.762
DLco/VA, % predicted valuet -0.3 (n=41) 0.01 (n=22) 0.753
(-1.8; 1.8) (-2.0; 1.1)
(n=41) (n=22)
* Data are presented as median (quartiles) values. FVC: forced vital capacity, FEV;: forced

expiratory volume in 1 second, DLco: diffusing capacity for carbon monoxide, DLco/VA: ratio of

DLco to alveolar volume

The annual rate of change in pulmonary function was determined by linear regression of the
results of pulmonary function tests, which were performed a mean of 3.2 times (range, 3-5 times)
in the 89 patients over a mean period of 28 months (range, 13-48 months). P-values were
calculated using the Wilcoxon rank-sum test.
tSince patients whose pulmonary diffusion capacities were not measured were included in the
analysis set, the number of patients for whom data were available is shown in parentheses.
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Figure legends

Figure 1. Histograms of the distributions of the annual change in FEV; (% predicted
value) in the patients with initial FEV; (% predicted value) values of >70% (Group A) and
<70% (Group B)

The annual rate of change in FEV; (% predicted value) was significantly lower in
Group B than in Group A. In the histograms, the patient frequency distribution showed a
greater shift towards negative annual changes in FEV; (% predicted value) in Group B
than in Group A.
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Figure 2. Relationships between age or the initial FEV; (% predicted value) and the
annual rate of change in FEV; (% predicted value) in Groups A and B

(b) A weak positive correlation was detected between age and the FEV; slope in Group B
(% predicted value: r K=0.278, p=0.017). (b) No significant correlation was observed
between FEV; (%predicted value) and the rate of the subsequent change in FEV; in
Group A or B, but a weak positive correlation was observed in the analysis set (r K=0.151,
p=0.042).
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