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Mammalian target of rapamycin inhibitors (mTORi) are used to treat a variety of malignancies and have an
established role in organ transplantation. Interstitial lung disease (ILD) is one of the complications of mTORi and
is believed to be a class effect. 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. We report the case of a kidney

transplant recipient who developed ILD secondary to sirolimus and improved rapidly after switching to

everolimus.

1. Case report

A 67 your-old female patient with history of end stage renal disease,
most likely secondary to chronic glomerulonephritis. She underwent a
living unrelated kidney transplantation in July 1998. She received a
triple immunosuppressive regimen consisting of cyclosporine, azathio-
prine and prednisone. She had no history of rejection episodes and had
maintained excellent graft function with a serum creatinine (SCr) of
0.7-1 mg/dL and had no proteinuria.

In August 2016 she was diagnosed with aggressive diffuse large B cell
lymphoma, plasmablastic subtype involving the left nostril, stage 1AE.
As a result of the lymphoma her immunosuppressive agents were dis-
continued and she received lymphoma treatment with Etoposide,
Prednisone, Vincristine, Doxorubicin and cyclophosphamide.

In February 2017, after completion of chemotherapy she was started
on sirolimus 2mg daily. The level was maintained at 5-10 ng/ml. In July
2017, the patient presented with dry cough, fever and dyspnea on
exertion for six weeks. There was no hemoptysis. Chest radiograph
showed patchy infiltrates in the left lung.

Chest computed tomography scans (CT) revealed multiple patchy,
predominantly ground glass opacities scattered in a peri-
bronchovascular distribution throughout the lung fields bilaterally,
mainly involving the left upper and both lower lobes (Fig. 1). Broncho
alveolar fluid analysis revealed cloudy fluid with WBC 310/mm?, 10%
polymorphonuclears, 76% lymphocytes and 14% monocytes. The gram

stain was negative and so was the bacterial, viral and fungal culture.
After an exhaustive work-up to exclude infectious causes and other
pulmonary diseases, the diagnosis of sirolimus-associated pulmonary
toxicity was made. In November 2017, sirolimus was discontinued and
she was switched to everolimus at 0.75 mg twice daily. The level was
maintained at 4-8 ng/ml. Within one week the patient experienced
improvement in her symptoms and she was back to her baseline level of
activity after two months. A repeat chest CT scan revealed significant
decrease of the interstitial infiltrates (Fig. 2). Two years after conversion
to everolimus the patient has excellent graft function with a SCr of 1.0
mg/dL, no proteinuria, and no respiratory symptoms.

2. Discussion

Sirolimus, the first approved mammalian target of rapamycin in-
hibitor (mTORi) was introduced into clinical transplantation in the late
1990’s. Sirolimus may cause proteinuria, but unlike calcineurin in-
hibitors (CNIs), it is generally considered non-nephrotoxic. It has been
used alone or in combination therapy with low dose CNIs in several
settings to avoid nephrotoxicity, such as in cases of delayed graft func-
tion and chronic allograft nephropathy [1]. The main adverse effects of
sirolimus, beside infectious complications, are thrombocytopenia,
hyperlipidemia, stomatitis, development of proteinuria and delayed
wound healing. Pulmonary toxicity in the form of bronchiolitis oblit-
erans and interstitial lung disease (ILD), was recognized early after
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Fig. 1. Chest CT showing peribronchovascular ground glass opacities scattered throughout the lung fields.

Fig. 2. Repeat CT after switching to everolimus showing significant improvement.

introduction of sirolimus into clinical transplantation [2-4].

Similar to sirolimus, everolimus, another mTORi, exhibits anti-
proliferative properties. Everolimus was approved for the treatment of
postmenopausal women with advanced hormone receptor-positive,
HER2-negative breast cancer, neuroendocrine tumors of pancreatic
origin, advanced renal cell carcinoma after failure of treatment with
sunitinib or sorafenib, angiomyolipoma and tuberous sclerosis complex,
and subependymal giant cell astrocytoma. In 2010 the US Food and
Drug Administration approved the use of everolimus for prevention of
organ rejection in adult kidney transplant patients. Similar to sirolimus,
everolimus may cause and/or worsen preexisting proteinuria in renal
transplant recipients, but otherwise has a good renal safety profile [5].
Everolimus has been found to cause ILD among cancer patients and solid

organ transplant recipients [6-8]. 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. Similarly, Temsirolimus, another mTORi, has been
found to cause ILD among patients with metastatic renal carcinoma [9,
10]. Mostly, mTORi-induced ILD remains asymptomatic or mildly
symptomatic, but it can lead to severe morbidity and even mortality. The
diagnosis of mTORIi induced ILD is often difficult as clinical, radiological
and pathological features are nonspecific. Due to the nonspecific clinical
features of ILD, a broad differential diagnosis that includes opportunistic
infections and malignancies should be considered before the diagnosis of
ILD is made. To differentiate between ILD and infection, a thorough
diagnostic workup to rule out infectious processes and malignancies,
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often including broncho-alveolar lavage, with or without lung biopsy, is
indicated. The incidence rate of ILD associated with mTORIi in cancer
patients has been reported between 0.03 and 0.11 per patient [11,12].
Lack of uniform diagnostic criteria and active surveillance may explain
the variation in the reported incidence. The underlying mechanisms of
ILD by mTORIi remain uncertain. Two types of pulmonary toxicity have
been described: a lymphocytic pneumonitis without hemorrhage, and
alveolar hemorrhage without lymphocytic alveolitis [13]. Both dose
related direct toxicity, and immunological response have been proposed
[11]. Development of pneumonitis after insertion of everolimus eluting
coronary stents, where systemic exposure is very limited, supports the
notion that immunological processes play a major role in the develop-
ment of ILD [14].

It is reasonable to think that mTORi induced ILD is a class effect and
is not specific to one agent. However, resolution of ILD after switching
from sirolimus to everolimus has been reported in a few cases previously
[15,16]. Despite having a similar mechanism of action, both everolimus
and sirolimus have distinct pharmacokinetic, pharmacodynamic and
toxicodynamic properties. Everolimus is more hydrophilic because it has
an additional hydroxyethyl group at the C (40) of the molecule which
results in different tissue distribution, different affinities to drug trans-
porters and metabolizing enzymes, as well as differences in drug-target
protein interactions [17]. It is also more potent in terms of interaction
with the mTOR complex 2 than sirolimus [17]. Our case supports the
idea that in cases of sirolimus induced ILD, switching to everolimus is a
viable option in order to benefit from the antiproliferative effect of
mTORi and to avoid CNIs side effects.
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