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Interstitial lung disease (ILD) has been reported with the use of mammalian target of rapamycin inhibitors (mTORi). The clinical
and safety databases of three Phase III trials of everolimus in de novo kidney (A2309), heart (A2310), and liver (H2304) transplant
recipients (TxR) were searched using a standardized MedDRA query (SMQ) search for ILD followed by a case-by-case medical
evaluation. A literature search was conducted in MEDLINE and EMBASE. Out of the 1,473 de novo TxR receiving everolimus
in Phase III trials, everolimus-related ILD was confirmed in six cases (one kidney, four heart, and one liver TxR) representing
an incidence of 0.4%. Everolimus was discontinued in three of the four heart TxR, resulting in ILD improvement or resolution.
Outcome was fatal in the kidney TxR (in whom everolimus therapy was continued) and in the liver TxR despite everolimus
discontinuation. The literature review identified 57 publications on ILD in solid organ TxR receiving everolimus or sirolimus.
ILD presented months or years after mTORi initiation and symptoms were nonspecific and insidious. The event was more frequent
in patients with a late switch to mTORIi. In most cases, ILD was reversed after prompt mTORi discontinuation. ILD induced by

mTORIi is an uncommon and potentially fatal event warranting early recognition and drug discontinuation.

1. Introduction

Interstitial lung disease (ILD) constitutes a heterogeneous
group of noninfective lung disorders. Based on etiology, ILD
is categorized into nine main groups: idiopathic interstitial
pneumonia, connective tissue disease, smoking-related, vas-
culitis, granulomatous disease, environmental/occupational,
drug-induced, inherited, and others [1]. It is the most com-
mon form of drug-induced lung toxicity. Various drug classes
are known to cause ILD, including chemotherapy agents (e.g.,
bleomycin, cyclophosphamide, and chlorambucil), cardio-
vascular drugs (e.g., amiodarone, beta blockers, and statins),
anti-inflammatory drugs (e.g., sulfasalazine, gold salts, and
methotrexate), antimicrobial agents (e.g., nitrofurantoin and
amphotericin), and biological agents (e.g., etanercept and
infliximab) [2]. The clinical presentation is similar to that

of infectious pneumonia, with dyspnea being the most com-
mon symptom. Typical radiological findings include bilateral
reticular or reticulonodular opacities. Drug-induced ILD is
mainly diagnosed by exclusion of other causes and by a
thorough review of drug history, complemented by high-
resolution computed tomography (CT), bronchoscopy with
bronchoalveolar lavage, and bronchoscopic or surgical lung
biopsy. The histopathological findings associated with drug-
induced ILD are interstitial pneumonia, hypersensitivity
pneumonia, bronchiolitis obliterans organizing pneumonia,
and granulomatous pneumonitis. Early diagnosis is crucial
since delayed discontinuation of the suspected drug may lead
to a fatal outcome.

Diagnosing ILD is particularly challenging in transplant
recipients because the nonspecific symptoms of ILD may be
attributed to infectious conditions, which are common in this
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population and because patients are polymedicated. Mam-
malian target of rapamycin (mTOR) inhibitors are used
increasingly in solid organ transplantation due to their
synergistic effect with calcineurin inhibitors, which allows
for calcineurin inhibitor dose reduction, and their antipro-
liferative properties [3, 4]. Although occurrence of ILD has
been reported in patients receiving the mTOR inhibitors
everolimus and sirolimus [5, 6], the condition is uncommon
and thus is difficult to evaluate as an endpoint in random-
ized controlled trials. Published reports of mTOR inhibitor-
induced ILD largely comprise single cases or retrospective
analyses of patient cohorts which supply limited information
regarding diagnostic criteria and use varying terminology to
describe the condition. A larger data set based on consistent
criteria would provide useful information regarding the inci-
dence, management, and outcome of ILD in mTOR inhibitor-
treated patients.

We performed a systematic search of clinical and safety
data from three large Phase III clinical trials of everolimus
in de novo kidney, heart, and liver transplant recipients. The
studies, although conducted in different types of solid organ
transplantation, had many similarities with regard to study
design, observation period, and inclusion of a control group.
Furthermore, each trial applied stringent quality criteria to
obtain regulatory approval and registration of everolimus.
In addition, we performed a literature review of ILD cases
associated with everolimus or sirolimus to assess prevailing
clinical practice for the diagnosis and management of ILD in
solid organ transplant recipients.

2. Methods

2.1 ILD in Clinical Trials of Everolimus. We evaluated ILD
cases from adverse events reported during three prospective,
randomized, 24-month trials of everolimus designed to
evaluate the efficacy and safety of everolimus in de novo
kidney (A2309), heart (A2310), and liver transplant (H2304)
patients. The study designs and results have been reported
previously [7-9]. Of the 2,273 patients randomized in the
A2309 (n = 833), A2310 (n = 721), and H2304 (n = 719)
studies, 1,473 patients received everolimus either in com-
bination with reduced calcineurin inhibitor therapy or as
monotherapy.

In the A2309 study, patients were randomized to receive
everolimus 0.75mg b.i.d (target trough concentration [C,]
3-8ng/mL) or 1.5mg b.i.d. (C, 6-12ng/mL) with reduced-
dose cyclosporine, or mycophenolic acid (MPA, 1.44 g/day)
in combination with standard-dose cyclosporine. All patients
received induction with basiliximab. The first dose of study
drug was administered within 24 hours after transplantation.
In the A2310 study, patients were randomized to receive
everolimus 0.75mg b.i.d (C; 3-8 ng/mL) or 1.5 mg b.i.d (C,
6-12ng/mL) with reduced-dose cyclosporine or mycophe-
nolate mofetil (MMF) 3 g (1.5 mg b.i.d.) with standard-dose
cyclosporine within 72 hours of transplantation. Centers
chose from three induction strategies: (1) basiliximab 20 mg
administered on days 0 and 4 after transplant; (2) rabbit
antithymocyte globulin administered as per local practice,
starting on the day of transplantation; or (3) no induction. In
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TaBLE 1: Standardized MedDRA query terms for identifying poten-
tial cases of ILD from clinical and safety databases.

Search terms

Acute interstitial pneumonitis Necrotizing bronchiolitis

Allergic granulomatous angiitis Obliterative bronchiolitis
Alveolar proteinosis Organizing pneumonia
Alveolar hemorrhage Pneumonitis
Alveolitis Progressive massive fibrosis
Allergic alveolitis Pulmonary fibrosis
Acute eosinophilic pneumonia Pulmonary necrosis
Chronic eosinophilic pneumonia ~ Pulmonary radiation injury
Diffuse alveolar damage Pulmonary toxicity
Eosinophilia myalgia syndrome Pulmonary vasculitis
Eosinophilic pneumonia Radiation alveolitis
Fibrosing alveolitis Radiation fibrosis—lung
Interstitial lung disease Radiation pneumonitis

Transfusion-related acute lung

Lung infiltration .
injury

Necrosis of bronchioles

the H2304 study, liver transplant recipients were randomized,
after a 30- (+5-) day run-in period with tacrolimus (+tMMF),
to everolimus (C, 3-8 ng/mL) with reduced tacrolimus (C,
3-5ng/mL) or everolimus (C, 6-10 ng/mL) with tacrolimus
withdrawal at month 4 or standard exposure tacrolimus
(Cy 6-10ng/mL). In all three studies, corticosteroids were
initiated at the time of transplantation and administered as
per local practice, with optional corticosteroid tapering after
six months in the H2304 study.

To identify cases of drug-induced ILD, the clinical and
safety study databases were first searched for adverse event
terms included in the standardized MedDRA query (SMQ)
search for ILD (Table 1). Each identified case was reviewed
by the study clinician and the medical safety expert for
medical history, clinical presentation, concurrent conditions,
concomitant medication, diagnostic test results, treatment,
and outcome of the event. Predefined criteria for exclusion of
drug-induced ILD were as follows: diagnosis of pulmonary
infection, response/resolution of event with antibiotics, mild
events with spontaneous resolution, diagnosis of other pul-
monary condition, off-study medication at the time of onset
of respiratory syndrome and insufficient information to
establish the etiology. Only cases qualified as drug-induced
ILD are presented and discussed in detail.

2.2. Literature Review. A literature search was conducted
in MEDLINE and EMBASE via the OVID platform using

» <.

the key words “interstitial lung disease;,” “ILD;” “interstitial
pneumonitis,” “pneumonitis,” and “alveolar proteinosis.” In
addition, key words for the two mTOR inhibitors everolimus
and sirolimus were used (“mTOR,” “m-TOR,” “everolimus,’
“Certican,” “RAD001,” “RAD 001, “RAD-001, “sirolimus,”
“rapamycin,” “Rapamune,” “AY 22989, “SILA 9268A, “WY-
090217 and “proliferation signal inhibitor”). English lan-
guage publications reporting information regarding diag-
nosis and/or clinical management of ILD in solid organ
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Safety population™
(N =2,255)

Clinical and safety database search using ILD SMQ

Search hits
(N = 30)
|
J J J
A2309 study A2310 study H2304 study
(kidney Tx) (heart Tx) (liver Tx)
(N =6) (N =19) (N =5)

Individual case review to confirm or exclude drug-induced ILD

Excluded (n = 5)
Infection (n = 4)

Miscoding (n = 1)

Excluded (n = 15)

Infection (n = 12)

RA(n=1)

Insufficient information (1 = 1)
Off-study medication (n = 1)

Excluded (n = 3)
Infection (n = 3)

Drug-induced ILD

cases (n =1)
EVR1.5mg(n=1)
EVR 3mg (n = 0)
MPA (n = 0)

Drug-induced ILD
cases (n = 4)

EVR 3mg (n = 3)
MMEF (n = 0)

EVR 1.5mg (n=1)

Drug-induced ILD
cases (n = 2)
EVR + rTAC (n = 0)
TAC-C(n=1)
TAC-WD (n = 1)

EVR: everolimus;

ILD: interstitial lung disease;

MPA: mycophenolic acid;

RA: rheumatoid arthritis;

SMQ: standardized MedDRA query;

Tx: transplantation

TAC-C: tacrolimus control;
r'TAC: reduced exposure tacrolimus;
TAC-WD: tacrolimus withdrawal;

*Safety population was defined as patients who received at least one dose of study drug and had >1 postbaseline safety assessment

FIGURE I: Clinical and safety database search flow diagram (studies A2309, A2310, and H2304).

transplant recipients were included. Conference abstracts,
review articles, commentaries, and publications that did not
report information on diagnosis or clinical management of
ILD were excluded. The literature search included references
up to May 2014.

3. Results

3.1. Cases of ILD in Clinical Trials of Everolimus. Applying
the SMQ search strategy to the entire study safety population
(including control patients), a total of 30 events were retrieved
from the clinical and safety databases (Figure 1). Following
detailed medical review, drug-induced ILD was excluded in
23 events on the basis of the predefined exclusion criteria.
Evidence of lung or systemic infection was found in 19 of
these events. The other four cases were excluded because
in one patient ILD was due to rheumatoid arthritis with
lung involvement, one event was erroneously coded as ILD
during database processing but was in fact a case of renal
interstitial fibrosis, one case had insufficient information
to permit accurate diagnosis, and one patient had stopped
study medication 168 days prior to diagnosis of ILD. The
remaining seven cases were determined to be drug-induced
ILD. Six were confirmed as everolimus-induced ILD (four
in heart transplant patients and one each in kidney and

liver transplant patients) and one case was identified in a
patient in the tacrolimus control arm of the liver transplant
study.

3.2. Case Descriptions of Everolimus-Induced ILD

3.2.1. Kidney Transplantation

Case 1. A 47-year-old man underwent living-related renal
transplantation for end-stage renal disease due to hyper-
tension and nephrosclerosis. He was randomized to receive
everolimus 1.5mg/d, with basiliximab induction, cyclos-
porine, and steroids. Eleven months later, he developed
mild intermittent dyspnea. The everolimus trough level was
5.3ng/mL. After two months, a bronchoscopic biopsy con-
firmed a diagnosis of pulmonary alveolar proteinosis. He
continued to receive everolimus. Four months after the initial
symptoms of dyspnea, the patient died of pneumonia and
sepsis.

3.2.2. Heart Transplantation

Case 1. A 65-year-old man underwent heart transplantation
due to coronary artery disease. He was randomized to
everolimus 3 mg/d, with basiliximab induction, cyclosporine,



and steroids. After 15 months, the patient was hospital-
ized with fever and persistent cough. The latest available
everolimus trough level (at month 12) was 11.9 ng/mL. Chest
X-ray demonstrated subtle opacities in the right lower lobe
and a CT scan suggested interstitial pneumonitis. A cardiac
biopsy ruled out rejection. He was treated with clotrimazole,
valganciclovir, and prednisone, with no response. Everolimus
was discontinued and he was switched to MME. Cyclosporine
was continued. Five days later, a second CT scan showed
marked interval clearing of previous interstitial densities at
the lung bases. The patient was discharged after one week
with his condition improving. The interstitial pneumonitis
was considered ongoing at month 24 when the study ended.

Case 2. A 54-year-old man underwent heart transplantation
due to coronary artery disease. He was randomized to
everolimus 3 mg/d with basiliximab induction, cyclosporine,
and steroids. Three months later, he was admitted with a
four-week history of progressive dyspnea. His everolimus
trough level was 8.9 ng/mL. Chest X-ray and CT scan were
suggestive of severe interstitial pneumonitis. Everolimus was
discontinued and he was switched to MMF and later to
azathioprine. Cyclosporine and steroids were continued. The
interstitial pneumonitis was considered to have resolved three
weeks after everolimus discontinuation.

Case 3. A 5l-year-old man underwent heart transplanta-
tion due to idiopathic cardiomyopathy. He was randomized
to everolimus 1.5mg/d with rabbit antithymocyte globulin
induction, cyclosporine, and steroids. Six months after trans-
plantation, the patient developed dyspnea. Chest X-ray and
CT scan showed no abnormalities. The everolimus trough
level was 7.4 ng/mL. The dyspnea resolved after a few days but
recurred three months later, requiring hospitalization. Car-
diac biopsy ruled out rejection. An echocardiogram showed
a left ventricular ejection fraction of 50-59%. The chest CT
scan revealed bilateral ground glass opacities suggestive of
interstitial pneumonitis. Everolimus was discontinued and
the patient was switched to MME. Cyclosporine and steroid
were continued. No information on the outcome of the event
was reported, but the patient was discharged from hospital
two days after the diagnosis and was alive when the study
ended.

Case 4. A 6l-year-old woman underwent heart transplanta-
tion due to coronary artery disease. She was randomized to
everolimus 3 mg/d with basiliximab induction, cyclosporine,
and steroids. Four weeks later, the investigator reported mild
ILD, potentially related to everolimus. The everolimus trough
level at that time was 10.4 ng/mL. However, no action was
taken and the patient completed the study on everolimus. The
event was considered ongoing at month 24 when the study
ended.

3.2.3. Liver Transplantation

Case 1. A 59-year-old man underwent liver transplantation
due to hepatitis C. He was randomized to everolimus with
tacrolimus withdrawal at month 4 and ongoing steroids.
Seven months later, the patient was hospitalized with fever
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References retrieved
n = 580

Nontrasplant references
n =396

Transplant-specific
references
n=184

References excluded n = 127
No ILD case reported (n = 19)
Conference abstracts (n = 35)
Non-English (n = 9)
Review/commentary (n = 39)
No information on diagnosis and
clinical management of ILD (n = 25)

References included in the
literature review
n=>57

ILD: Interstitial lung disease

FIGURE 2: Literature search flow diagram.

and suspicion of lung infection. Chest X-ray revealed pul-
monary infiltrate in the left lung. The trough everolimus level
was 11 ng/mL. His condition did not improve with broad-
spectrum antibiotic treatment. Bronchoscopy with bron-
choalveolar lavage showed nonspecific chronic inflammation
of the bronchial mucosa. No positive cultures were obtained.
Lung biopsy suggested ILD. Everolimus was discontinued
and the patient was switched to MME He was treated empir-
ically with amoxicillin-clavulanate and fluconazole. Four
weeks later his respiratory condition worsened, requiring
endotracheal intubation and drainage of left pleural effusion.
Seven weeks after the first admission with respiratory symp-
toms, the patient died due to respiratory failure and refractory
shock.

4. Literature Review

In total, 57 publications were assessed as relevant and were
included in the literature review (Figure 2). Of these, 45
publications provided detailed information on 68 cases of
ILD (41 kidney, 17 heart, and 10 liver transplant recipients),
as summarized in Table 2. The remaining 12 publications
comprised 11 which reported 95 cases of ILD but supplied
only limited information on individual events (Table 3) and
one letter to the editor reporting a high level of information
on 34 cases.

In the 68 cases for which detailed information was pro-
vided, 13 occurred in patients receiving everolimus (six
kidney, six heart, and one liver transplant recipients) and 55 in
patients receiving sirolimus (35 kidney, 11 heart, and nine liver
transplant recipients). Both sirolimus and everolimus were
generally administered in combination with other immuno-
suppressive agents (calcineurin inhibitors, MME, and aza-
thioprine), with or without steroids. Median age was 58 years
(range 9 months-79 years) and the majority of patients were
males (41/68, 60%). The terms used to describe the ILD event



Journal of Transplantation

. qq.1 pue ured 1s3Yo pue 10Ad] [12]
POATOSY >%d d+Tds 1D ISeIIUOOUON ydnoo “edudsL(q spuotr9 spruowmnaud [ennsizu] d/0¢ G00C due) pue soJury
pasoxdury 98I d+ VsSD + VAN + TdS dd.L pue 1D y3noo pue eaudsLq — eruowmnaud JurziueSiQ /I [02] Z10T Te 30 AqIny
. 193] .
paaosay 2811 TS IDYH pPue YxXdD pue q8noo ‘woudsiq SYoaM ¢ spruownaud [ennsIu] W/¥9 [61] 8007 Te 30 ueeUERY]
£doosoypuoiq
droxdur "oST + + Snoo pue eauds4 s1eak Te 30 Ao1pe
P I 'a d + VAN + TdS pue s axy  re’P a € dvd d/6¥ [81] 010€ 'Te 32 Aoxrpe]
pasoxduy 28I d +DVL+ JNN + TIS 1D pue XD ySnoo pue esudsL(q s1eak 7 SIIUOWNaUJ /79
. £doosoypuoiq ToAY) [£1] €10T Te 30 Suenyy
pasoxduwy 2s1q d+OVL+HANNFTIS Loy puecqdnos woudsdq  SHUOW LI spruowmaug d/59
. JOAY
PaAOsY 2s1q d+VZV +TdS IOUHPURUXD oo cudnos woudsdq  HUOW L spruoumauq /€9
paajosay SI(T TS g4I pue IDYH eoudsA(q syuouwr 91 STITIOWNIUJ N/FS [91] $00T e 32 TepAer]
QATOSY 28I d +VsD + TdS Adossoypuoiq Snoo pue eauds{q syyuowr g1 d00g /6%
Pl ! PUE 1D XD v P q
Asdorq
aaoxduwy 28I d + JNIN + TdS Suny uado pue ured s3> s1eaAk 9 SIIUOWNIUJ /19 [s1] 10T ‘B 32 2uoddiig
P : onumoard pue eaudsAq i i
«doosoypuoiq ‘1D
JAJOSD ST ue ‘1) ¢ sishidowiay pue 1aa3y s1eak eruownaud Surzruedx
PpaA[osy 'a VZV +TdS d4.L pue LD X0 ySnoo ‘eoudsA [4 ! 121 (0] /19
PaA[osay 2SI d+VZV+DVL+TdS 99l pue 1D YXD eouds{(q sqjuowr § SHIUOWNAU J d/8% [¥1] 9007 T& 32 paleqyD
pasoxduy 281 d +DVL+ TdS gq.l pue ‘1D XD ySnoo pue eaudsiq SYIUOW ¢ STITUOWNIUJ /59
aroxdur ST dN + I ue sishdowsay uowr | uryjr eruownaud [ennsiau [€1] Te 30 ud
p I 'a + VSO + (uean(pe) TYS LOYH PUe YXO pue ygnon n TUgaEmMm el [enn I A/€v €1] €00C Te 32 U_YD
pasoxdw]  YAT 03 YoIIMS SPIOIAIS + VAN + TIS  LVD 189YD UXD eaudsd(q s1edk ¢'§ spruownaud [ennsIu] A/%9 [21] 6002 e 32 3[1eD
pasjosay 281 NN + TS LOYH pue yxD  ysnoo pue esudsiq sqpuowr 7 spruownaud [ennSINUT  IN/9S (11] 900€ 'Te 32 TedyuRg
. 10A9] )
PoaA[osy s1d d +OVL+TdS JLOYH Pue YXO pue ‘y3noo ‘eoudsi qiuowr [ eruowmoud aanen[yuy N/8% [01] 00T "[e 32 sanBrury
uonjejue[dsuer) Loupny
uoneniu
awodmnQ OIW Uonoy juswean) | sisouger(q swoydwids Sunuasaig NOIW A3orouruuiay, x9s/33y
Iayje owy,

“[DIBIS 9INJRIN UT PAYIIULpT s310dar ased Jo Arewrwung :g 414V],



Journal of Transplantation

Adoosoypuoiq I0A9) [1€]
POATOSY UOBIE ON aAd pue yx> pue ‘ySnoo “esudsiq sqpuow e d00d /95 £00C 9pED) pUB OUdLIE))
Asdorq
pasoxduuy 81d VSO +TdS 21dodsodeioyy ue QMMMOMWMM%% sqpuow e mMM_M%HMQMMMw d/es IRE awzaghwwﬂ
e 2 a Jewonuen 0T e P n
Asdorq
paaosay I8I(T JNIN + TIS Areuowrnd pue eoudsd(g s1eaf ¥ SIIUOWNIUJ /ST [62] 6002 Te 32 ySurg
“doosoypuoiq ‘1D
. Kex-x 3590 .
pasoxduuy s1q d +OVL +TdS dd.L SOIeTUT [eI2)eIg sypuow 1 snruownaud [ennsiayuy A/1S [82] $00T Te 39 33724S
pasoxdu] 28I d +TdS . Hu%mﬁﬁwﬁwvs pue ﬁmwo_ww% dsiq — aseasIp Sun| [ennsIau] /6L [£Z] 900 'Te 32 pelles
pasordwiy | AT 03 YOUMS JNIN + TS qd.L — — snjoaAe dn4ooydwiy IN/S9
spruownaud
posoxdwp YA 03 Y2IMS AN + TS q9.L ToA3) pue ysnop — [EnnSIAUI 18Iy A/1S
£doosoypuoiq
pasoxduy AT 03 YoIMS JNIN + TdS U WX swoydwAs Lreuowng — spruownaud o1319[y N/€9
VAN + AT [92] 9007 Te 12 wyay
pasoxdwy  £q pamo[[o} VAN JNIN + TIS Kdoosoypuoig ySnoo pue esuds{(q — SURII[QO STI[OA]Y 1/SS
+ ¥SD 01 YoIMS
- . soyenyur Areuownd
pasoxdwp YA 03 YoyMS d+VZV +TdS q4.L pue (LD YXO pue 1243] ‘esudsi (] - spruownau g /19
pasoxduy 281 JVL + TIS pue HMMW N¥Xo  pue .Mw%%oﬂ%%% Aq syjuowr £y1o1%0) ATRUOWNG 1/SS
. dd.L .
pasoxduy 28I(T d + VSD 950p MO[ + TYS PUT LOMH UXO 10493 pue eaudsAq SYIUOW G'7 £yo1x03 Lreuowng K6 (621 5007 ¢ 10 weyq
saordu sl i £sdoiq a3pom SyeaMS JIu . £ ‘
p I 1q d + DV, 250p-mo[ + TS DUE I WX DU S ‘eoudshq SYIUOW G°7 J101X0) ATreuowng d/LS
. Adoosoypuoiq ured pue 359D oA .
PaA[osy osiq Sp1o1a)s + JININ + THS puE 10 UXD 43N0 “eoudsA(y s1eak ¢ dvd d/¥¢ [¥Z] L0OT Te 32 0S01paqd
poaafosay o8I d + IANN + TdS LO PUBYIXD eaudsiq syuowr spuownau g W/¥S [€2] 7007 Te 32 YedeN
pasoxduy 281 dIN + DV + TdS 1D pue YxDd eaudsA(g s1e3A 7 spruownaud [ennsiauy d/7F
pasoxduuy osIq dIN + TdS 1D puB ¥XO pue .swhwww@amm Aq SYeaM T spruownaud [ennsIau] /29
paaosay 28I dIN + ININ + TS pue FMMW 00 y3noo pue eoudsLq SYeaMm 7 sy1j0aATe onAdoydwA IN/L9 [22] £00T T8 12 QIeIOl
pasoxduy 2SI(] dIN + T9S da.L pue 1D YXD  I10Ad) pue edudsi(q $oaM 9 spruownaud [ennsIauy /19
uonenIul
awodmnQ OIW uonoy juawean) S| sisouger(] swoydwids Sunuasaig O Iw A3orouruuiay, x9s/33y
Io)e QuI],

‘panunuoy)) g 414V],



Journal of Transplantation

“2SIp

yeaqg pue pa1 80(] d + I + TdS axXo ssansip A1ojexdsay skep ([ spruownaud [ennsIauy /S [2¥] 00T Te 32 ONuey
paA[osay 281(] VsD + TdS IDYUH “UXD 10A9) pue eauds{q syluow g Sutmp SHIUOWNaU N/6S [1¥] 900¢ 'Te 32 Inowrer]
: Apoarssardorg i
Adoosoypuoiq stsfydoway .
qleaq — d + VAN + TdS PUE L WXD) pue or0) ‘woudsiq SooM 7 Ayorxoy Lreuowrng /%9 [0%] S00T ‘Te 32 ueaLren)
pasoxduy RN el ININ + TdS IDYH 9IXD y3noo pue 1043 SYIUOU spruownaud [ennsIu] N/SS
pasoxduug 281 NN + TS IO¥HPURAXD .gwhw%w@a dskq oW ol snruownaud [ennsiauy /29 [6€]
. ured )sayp pue T4 800 '[e 32 anbn-epIen
pasoxduy Is1q JNN + TdS IDYH pue ¥XD «qBno> woudsiq syjuowr spruownaud [ennsIauy N/OL
paajosay 281(] d + AN + TdS 1094 10A9j pue ySno)H 1eaf 61 spruownaud [ennsIauy N/S9
Kouarorgnsur
paajosay 2SI d+ AN + T4S IDYH pue ¥XO Aaoyentdsar syjuowr ¢ snruownaud [ennsIauy /99
pue ySnoH [8€] 900¢ Te 32 opedpPea
pasoxduwy 81T d+IANN +VSD+TIS  IDYH PueYXD  ySnoo pue eoudsiq s1eak ¢ spruownaud [ennsIauy N/8S
paAjosay os1q d+ VSO +TdS IOYHPURAXD .gw%%w@a% (q ~ Swuowe snruownau g W/LY 9007 MO pue :Nw
uonejue[dsuer) 1edr]
Aouamorynsur
. qq.L K10yerrdsar pue [og]
PIA[0STY d d+ VAN +¥dAd pue ‘IDYH YXD  ‘UOHEINJEsIp JeoIy} sdep ¢ spiowmatd W/0g 10T T8 39 BYSMONNS
3108 “10A9] “edudsA (]
. £doosoypuoiq ToAY) .
pasoxduy as1q SPIOIIS + VAN HUAT ooy pueginos woudskq  SPUON T spruownoud rennsIaL /0L [S€E] 010 T8 39 Zo[pzuoD
paaosay 28I SpIoIaIs + JININ + AT g4l pue IDYH  ySnoo pue esudsiq SoaM 9 spruownaud [ennsIagu] /65 0107 o 10 mxwioﬁmwﬂm
saoxdu ) - JOAY) " spruownaud .
P I as1q YAT 4L PYE LD UXD iy cu8nos eoudsdq 104 T AamsuosiadAgy /AL [€€] 6002 Te 32 191an0g
. £sdoiq 193] spruownaud [z€]
pasoidu > INN + AL Sunypue 1D YXD pue Ydnoo ‘eouds{q spuont e [eo1Sojooewreyq W/Ls 8007 Te 30 NIpUBXI[Y
uonenur
awodnQ YO IW UondYy juawyean) S| stsouger(y swoydwids Sunussarg O w A3orouruiay, xas/a8y
Io)je QWI],

‘panunuo)) g A14V]J,



Journal of Transplantation

*fsdo1q [erypuoIqsuer) ‘g [, SNUWI[0IdR) V., SNWI[OIIS “TYS IopIosip aanerdjjordoyduwdy yuerdsuenysod ‘q11d ‘sisourajord rejoaafe
Areuownd gyq uojostupaid ¢ 1oyqryut urofureder jo joSre) uerewrwrewr ‘g Jw duofostupardidyow A rejousydoofur ‘yJA {meyowr ajejousydoosfur JNA ‘AyderSouroy paynduroo wonnjosar ySy ‘LOYH
(SNUWIT[O0I2AD “Y A PANUNUOISIP “2s1(] ‘ArI-X 3153 YXD ‘Ayderdowro) payndwod 1) ourtodsop4d ysp AyderSouro) [erxe payndwoo 1y eruowrnaud SurziueSio sueidnqo snroryouoiq gO O Qutidoryjeze ‘yzy
‘sniuoumaud 18 1a[re Sutsdejor 01 anp panUUOISIP YAH |, ‘UOHEIUE[dSUEI] 19AT] PUE [2MOq [[EWS paurquio)) , ‘uonejueldsuen Sun|-1reap,

Asdorq Suny
paAosay 28I SPIOI2S + JININ + V89 3O rexsydirad pue eoudsA(q SYIUOW 7 SUBII[QO STHOIYOUOI] /€9 [#S] 010T Te 30 Joperyds
uononpar asimdals + YAT | .
£doosoypuoiq 1D
. JOAY .
PaAJOsY asiq SIo1a)s + AN + TS IOPUCHXD iy unos woudsdq  SPUOWE  smwowmoud ennsiur - N/Z9 [€5] £00T Te 12 Zo12d
paajosay 28I SPIOIAIS + YZV + TIS 1D pue gxD ySnoo pue eoudsiq syuowr g SOIUOWNIUJ W/6¥ [2S] 1002 ‘Te 32 uouuaT
- AyangsuastodAy
paafosay RNq| d+VZV +TdS g4I pue 1D YXD Ydnoo pue eaudsq SYoaM ¢ Arevourng d/¢L [16] 9007 Te 32 prEMOL]
pasoxduy O8I d+DVL+ TdS IDYH Pue YXD  ySnoo pue eoudsdq syjuouI / £yo1x0) Areuowng A/Ypuow 6
pasoxduy 281(q d +DVIL + TiS IDYH Pue XD  YSnoo pue eaudsLq SyIuowW g Ayorxo) Areuowrng a/z [0¢] ,£00T Te 12 21dnn
) I0AY
pasoxduy 81 d + VAN + TS IOPURAXO i ynoo woudshq S PUOW L€ Lyorxoy Arevowng N/09
) £sdoiq I0A9) [6%] 600T Te 30 suedea
paajosay ISI(T SPIOId)S + VS + TYS Sun| pue 10 WXD  PuT oo eudsiq syjuowr g Ayorxoy Lreuowrng N/SS
(871
paajosay AT 03 YoMms Adexoygouowr TYS XD 1049y pue eaudsA(q SYIUOW 6 SHIUOWNIUJ /29 £002 ‘¢ 10 Su0wI§ (]
aroxdur el UORTIURUOSIP puv Asdorq Buny eoudsk syjuowr DAW:W“MMﬂoHMM u Te 30 INZJIA
p I I Sunade yso M Tig  wado pue 10 UXD a 0 6 Jewof d/8 [£¥] €00T e 32 zyAy
[ennsIau]
uorjejuerdsuer) I0ATT
pasoxdwy SI(T d+VSD+VZV +IAT I1D9H eoudsA(q SYIuoW 9 SOIUOWNIUJ /09
UOnNISUIAI
I mmo> wm&o ST S Adoasoyouoiq sishdoway sypuow SHIUOWNI,
Yye 9post a A NN VSO AT oo pue eoudsi(] qruow ¢ 3t d /89
puos3§ [9%] 600€ T& 32 UONO
‘paroxduuy
aaoxduy 28I d + JNN + VD + JAH Adosoypuoiq eoudsiq SYooMm ¢ SIIuOWNauJ /TS
P ) pue LD UXO E o
aaoxduwr *38T ue ured 5oy oprmad syjuour eruownaud Jurzrueds
% I 'a VZV +4Ad d4.L PUB IXO pue 9aa2) YSnon) q [4 I 121 (0] N/99
ured 3sad [s¥] 8007 T8 10 oysodxy
pasoxduy 28I(] d+VZV +3dAd dd4.1 pue D YXD onunod pue Toad) syuow § eruournaud SurzruediQ /S
Uydnoo “eauds{ (g
aaordur ST swoyduids — SUBII}I[QO SIH[OIYOUOI ‘e 19 prae
P I el d + JNIN +¥AT LOYH Kxojendsax pue 12454 M[qO sBIoryouoIg W/1L [¥¥] L00T Te 32 praeq
) qaq.lL UOT}OLI)SAT UOT)OUNJ spruownaud/eruowmoaud (7]
paoiduwy 1 d+Tds pue IOYH YXD  Sunj pue eoudsLq puow T Gurziuedio W/ee ,£00T T8 19 SWEIIMIIN
uonenIuI
awoomQ TYOLW uonoy juawjeaI} S| sisouger(y swoydwifs Junuasaig IO W A3orouruaay, X9s/33y
Io)je oy,

‘panunuoy)) g 414V],



Journal of Transplantation 9
TABLE 3: Summary of publications with limited case-by-case information.

Reference Patients with ILD mTORi Action mTORi Outcome

Kidney transplantation
Baas et al. 2014 [55] 13 EVR Disc. Recovered
Bertolini et al. 2011 [56] 1 EVR Not stated Not stated
Champion et al. 2006 [57] 24 SRL Disc. Recovered
Errasti et al. 2010 [5] 8 SRL (n=3)and EVR (n=5) Disc. Recovered
Lee et al. 2012 [58] 12 SRL Dose red. (4) and disc. (8) Resolved
Morelon et al. 2000 [59] 3 SRL Disc. Resolved
Morelon et al. 2001 [60] 8" SRL Dose red. (1) and disc. (7) Resolved
Rodriguez-Moreno et al. 2009 [6] 6 SRL (n=1) and EVR (n=5) Disc. Recovered
Weiner et al. 2007 [61] 1 SRL Dose red. (6) and disc. (5) Resolved

Liver transplantation
Morecos et al. 2012 [62] 5 SRL Disc. Resolved
Roberts et al. 2007 [63] 4 SRL Disc. Resolved

*Includes 3 cases described in Morelon 2000 [59] publication.

EVR, everolimus; Disc., discontinued; ILD, interstitial lung disease; mTORi, mammalian target of rapamycin inhibitor; SRL, sirolimus.

included pneumonitis, interstitial pneumonitis, organizing
pneumonia, lymphocytic pneumonitis, lymphocytic alveoli-
tis, pulmonary alveolar proteinosis, infiltrative pneumonia,
alveolitis obliterans, allergic pneumonitis, interstitial gran-
ulomatous pneumonitis, and bronchiolitis obliterans. There
was a wide variation in the time to ILD diagnosis after mTOR
inhibitor initiation, ranging from as early as 5 days to six
years (median four months). The most common presenting
symptom was dyspnea. Other common presenting symptoms
were cough and fever. Diagnosis was usually made based
on chest X-ray and high-resolution CT scan. Biopsy, most
commonly transbronchial, was used to diagnose ILD in
around half of the cases.

Empirical antibiotics were administered in approximately
57% of the patients, with use of antifungal and antiviral
treatment reported in a few patients. In most cases, testing
of bronchoalveolar lavage for infectious agents was negative.
In 31 of the 68 cases, steroids were administered to treat ILD.
Discontinuation of mTOR inhibitor therapy led to resolution
or improvement in 58 cases (85%). Of note, in one heart
transplant recipient, ILD improved after everolimus discon-
tinuation but recurred when everolimus was reinstituted
[46]. In two heart transplant patients receiving sirolimus,
the ILD was fatal [40, 42]. In both cases, respiratory distress
developed and progressed rapidly after the start of sirolimus
therapy. In seven cases, sirolimus was replaced by everolimus,
which resulted in clinical improvement in all but one patient
who had lymphocytic alveolitis and developed relapsing
allergic pneumonitis after switching to everolimus [26]. In
one kidney transplant recipient, ILD resolved after treatment
with methylprednisolone despite continuing everolimus [31].
The letter to the editor by Singer et al. summarized 34 cases
(32 kidney, one heart, and one liver transplant recipient)
of interstitial pneumonitis associated with sirolimus [64].
These 34 instances also included the three cases reported
by Morelon et al. [59], summarized in Table 3. In eight of
the 34 cases, pneumonitis improved after sirolimus was
discontinued. A fatal outcome was reported for four patients;

the outcome in the remaining cases is not stated. Table 3
summarizes 11 publications that reported limited information
on ILD in 95 mTOR inhibitor-treated patients (86 kidney
and nine liver transplant recipients). As in the detailed case
reports, ILD improved or resolved after mTOR inhibitor
discontinuation or dose reduction.

5. Discussion

The diagnosis of drug-induced ILD remains challenging. The
condition frequently remains unrecognized until the point at
which pulmonary damage has become irreversible. Infections
are the most frequent confounding factor, mimicking the
clinical presentation of ILD and potentially superimposing
changes on drug-induced damage to the lungs. A full under-
standing of drug-induced ILD is also hampered by a lack
of standardized terminology, as demonstrated by the variety
of terms used to describe the event in the published reports
identified in our literature search.

mTOR inhibitors are a well-recognized cause of ILD.
More cases of ILD have been reported with sirolimus than
with everolimus in the literature, possibly due to earlier
introduction and wider use of sirolimus, especially in kidney
transplant recipients. Although ILD is considered to be a
class effect of mTOR inhibitors, cases have been described
in which symptoms improved or resolved when the patient
was switched from sirolimus to everolimus [12, 26, 48]. This
difference in toxicity between the two mTOR inhibitors has
been linked to the more hydrophilic nature of everolimus
[12, 26, 48]. Although the underlying mechanism leading to
ILD in patients receiving mTOR inhibitors is not fully clari-
fied, dose-dependent toxicity, T cell-mediated delayed-type
hypersensitivity reaction, and idiosyncratic cell-mediated
autoimmune response have been suggested as potential
mechanisms [10, 21, 25, 40, 51, 60]. Morelon et al. suggested
that both immune-mediated and direct toxicity may con-
tribute to the development of ILD [60]. Dose-dependency of
the effect remains controversial, since ILD has been reported
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in patients exposed to high, low, or within-target trough levels
of everolimus and sirolimus [10, 16, 22, 25, 32, 42, 44, 45,
47, 53]. Evidence in favor of dose dependency comes from
the oncology setting, where higher doses are used. In the
pivotal Phase III clinical trials of everolimus (at a dose of
10 mg/day) in patients with advanced renal cell carcinoma,
pancreatic neuroendocrine tumors, and hormone receptor
positive breast cancer, pneumonitis was reported in 14%, 17%,
and 12% of patients, respectively [65-67].

In the setting of solid organ transplantation, single-center
studies have reported sirolimus-induced ILD in up to 16.7%
of patients [57, 58, 61]. The incidence appears to be higher
with late switch to sirolimus than with de novo use [22,
57, 61]. In addition to late switch, higher age, male gender,
hypervolemia, allograft dysfunction, loading dose, high dose
and high trough levels of sirolimus, and a prior increase in
sirolimus dose or trough levels have been proposed as risk
factors for the development of sirolimus-induced ILD [22,
40, 42]. For everolimus, single-center studies have reported
ILD in up to 4.3% of patients [5, 6]. A recently published
multicenter, retrospective, and case-cohort substudy of a
randomized trial in renal transplant, recipients reported
everolimus-induced ILD in 12.7% of patients (13/102). High
incidence of ILD in this study could be partly explained by
the combination of higher trough levels of everolimus (9.2,
10.8, and 14.5ng/mL at 1, 6, and 12 months, resp.) than the
recommended levels (3-8 ng/mL) and a higher incidence of
underlying pulmonary disease at baseline in patients who
developed ILD compared to those who did not. Importantly,
everolimus discontinuation led to recovery from ILD in all
the cases [55].

Our analysis of data from three large controlled clinical
trials of everolimus in solid organ transplantation found the
incidence of everolimus-related ILD to be 0.4% (six cases out
of 1,473 patients). Of the six everolimus-related ILD cases,
four occurred in heart transplant recipients with one each
in kidney and liver transplant recipients. Of note, no cases
of drug-related ILD were found in the cyclosporine/MPA
control arms in the kidney and heart transplant studies,
whereas one case of drug-related ILD was observed in the
tacrolimus control arm in the liver transplant study (H2304).
Across the three trials, the time to onset of symptoms
was highly variable, ranging from four weeks to 15 months
after the start of everolimus therapy, similar to the cases
identified from the literature review. Dyspnea was the most
common presenting symptom, consistent with the majority
of published reports. Biopsy is considered the gold standard
for diagnosis of ILD but, with the development of new
imaging techniques, biopsy appears to have been reserved
for cases in which diagnosis was uncertain after noninvasive
techniques had been exhausted. In the three everolimus
trials, CT scan was the most common diagnostic method,
although a diagnostic biopsy was carried out in two of
the six cases. Everolimus trough levels were within the
protocol specified range in all the cases. Notably, four of
the six ILD cases were reported in patients in the higher
everolimus dose arm with an exposure to everolimus above
the currently approved 3-8ng/mL. Among the six cases
identified in our analysis, ILD was fatal in two patients,
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confirming its life-threatening nature. The deaths occurred in
one kidney transplant recipient in whom everolimus was not
discontinued after diagnosis of ILD and one liver transplant
recipient in whom a superimposed infection complicated the
outcome despite everolimus discontinuation. Our analysis
confirms the importance of prompt discontinuation of mMTOR
inhibitor therapy as soon as ILD is diagnosed. In three
of four ILD cases in which everolimus was discontinued,
ILD resolved or improved. This is further supported by the
results of the literature search, which showed resolution or
improvement in the majority of the ILD cases after mTOR
inhibitor discontinuation.

The key strengths of our analysis are (1) a large safety
database of prospectively collected information from ran-
domized registration trials with uniform data requirements,
(2) the search by SMQ terms for ILD, which is sufficiently
wide to identify all potential cases of ILD while excluding
terms referring to infectious lung events such as “infectious
pneumonia’ and “pulmonary infections,” and (3) the sys-
tematic case-by-case evaluation with prospectively defined
criteria for exclusion of events other than drug-induced ILD.
This approach may explain the lower incidence of ILD cases
identified in these trials compared to the incidence reported
by others. We acknowledge the limitations of our evaluation,
including the fact that ILD detection was not a predefined
objective of the studies, the potential bias of adverse event
reporting by investigators in these open-label studies, and the
point that medical assessment of the ILD cases was entirely
dependent on the extent of information reported by the study
investigators which, in some cases, was incomplete.

In conclusion, our research reinforces the complex and
potentially fatal nature of mTOR inhibitor-induced ILD and
highlights the need to include drug-induced ILD in the
differential diagnosis of pulmonary conditions in transplant
recipients receiving mTOR inhibitor therapy. A thorough
evaluation by trained physicians to ascertain the diagnosis of
drug-induced toxicity is recommended. Given the availability
of immunosuppressive treatment options and the potential
reversibility of the event, early diagnosis and rapid interven-
tion to reduce or discontinue mTOR inhibitor therapy are key
to the management of drug-induced ILD.
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