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62-year-old nonsmoking woman
Anamed M.B. presented with right

upper quadrant pain. An abdomi-
nal ultrasound revealed an incidental
finding of a large renal mass in her left
kidney. She underwent a hand-assisted
laparoscopic left nephrectomy for a
7.5 cm tumor (T2 [tumor more than 7 cm],
Fuhrman grade 3, clear-cell renal cell
carcinoma [RCC]) with negative surgical
margins; the renal vein was disease-free.
Postoperative care included routine sur-
veillance with computed tomography
(CT) scans of the chest, abdomen, and
pelvis every six months.

One year postnephrectomy, M.B. re-
turned with new left-side upper back
pain and mild fatigue. A chest CT scan
demonstrated a soft tissue mass in the
left lung apex with destruction of the
left posterior second rib and multiple
pulmonary lesions (1-2.5 cm). She was
started on sunitinib (daily dosing for
four weeks, followed by a two-week rest)
and a bisphosphonate. M.B. initially re-
sponded to therapy and achieved a 30%
tumor-size reduction. After 10 months,
however, she demonstrated progressive
disease with growing pulmonary and
liver lesions. Treatment was switched
to everolimus 10 mg per day according
to the National Comprehensive Can-
cer Network’s ([NCCN], 2010) clinical
practice guidelines, and M.B. had stable
disease following three months of treat-
ment.

At a regularly scheduled visit four
months after initiating everolimus, M.B.
presented with shortness of breath and
dry cough (gradually increasing over the
prior two weeks), oxygen saturation of
90% on room air, and a chest x-ray dem-
onstrating bilateral interstitial infiltrates.
She complained of worsening fatigue
that, combined with dyspnea, limited her
mobility. M.B. was afebrile and denied
having fever or chills. Everolimus was
withheld and she was admitted to the

hospital. A chest CT scan demonstrated
diffuse ground-glass opacities (see Fig-
ure 1). Pulmonary function tests revealed
diminished diffusing capacity of the
lungs. M.B. was treated empirically with
corticosteroids (prednisone 60 mg per
day) and oxygen. A pulmonary consult
was obtained, and a bronchoscopy with
cultures was performed to rule out infec-
tion. The pneumonitis grading criteria
within the National Cancer Institute’s
(2010) Common Terminology Criteria
for Adverse Events, version 4.0, is based
on the severity of symptoms, degree of
impact on activities of daily living, and
the type of intervention required. In this
case, a diagnosis of grade 3 noninfectious
pneumonitis was made.

After a three-day hospital stay, M.B.
was discharged on supplemental oxygen
and a steroid taper. Within a week, she
had no shortness of breath at rest and did
not require supplemental oxygen. Two
weeks after discharge, a chest radiograph
showed resolving opacities bilaterally;
her dyspnea and fatigue had returned
to baseline, and she had completed the
steroid taper. Everolimus was reintro-
duced at 5 mg per day following reso-
lution of pneumonitis to grade 1. M.B.
was scheduled for biweekly visits for
the first month after continuing therapy,
with monthly chest x-rays and blood
tests. Everolimus therapy was continued
for an additional three months without
evidence of recurrent pneumonitis until
restaging revealed progressive disease
with new liver lesions.

Noninfectious Pneumonitis

M.B. initiated everolimus 10 mg per
day after failing sunitinib, consistent
with the U.S. Food and Drug Adminis-
tration-approved dosing and indication
of everolimus (Novartis Pharmaceuticals
Corporation, 2009). Approval was based
on the phase Il RECORD-1 trial (Hudes,
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Figure 1. Chest Computed
Tomography Scan Showing
Diffuse Ground-Glass Opacities

Note. Image courtesy of Duke University
Medical Center. Used with permission.

2010) in which patients with metastatic
RCC treated with sunitinib or sorafenib
were randomized to receive everolimus
10 mg per day or placebo. Clinical benefit
was observed, with 67% of everolimus
recipients maintaining stable disease
(with one partial response) versus 32%
of placebo recipients, translating into a
highly significant difference in progres-
sion-free survival (4.9 versus 1.9 months;
p < 0.001) (Motzer et al., 2010). Stoma-
titis, infections, and asthenia or fatigue
were the most prominent toxicities when
considering all grades, including grade
3—4 events. Noninfectious pneumonitis
occurred in 14% of patients receiving
everolimus; 4% had grade 3 and no one
reported grade 4 events (Motzer et al.,
2010).

Noninfectious pneumonitis is a class
effect of mammalian target of rapamycin
(mTOR) inhibitors, initially reported with
rapamyecin or sirolimus for antirejection
in organ transplantation recipients (Len-
non, Finan, FitzGerald, & McCormick,
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Table 1. Management Recommendations for Everolimus-Associated

Pneumonitis

Description

Intervention

Grade 1: Asymptomatic

Grade 2: Symptomatic, but
not interfering with activities
of daily living

No specific treatment

Consider corticosteroid therapy. Decrease everolimus
dose until the grade is 1 or lower, hold everolimus if
symptoms are troublesome and, if no recovery to grade 1

occurs within three weeks, discontinue everolimus.

Grade 3: Symptomatic,
interfering with activities of
daily living

Consider corticosteroid therapy. Hold everolimus until
recovery to grade 1 and restart the dose within two
weeks at reduced dose (5 mg per day) based on evi-

dence of clinical benefit.

Grade 4: Life-threatening,
ventilatory support indicated

Consider corticosteroid therapy and discontinue everoli-
mus treatment.

Note. Based on information from Hudes, 2010; National Cancer Institute, 2006; Novartis

Pharmaceuticals Corporation, 2009.

2001; Morelon et al., 2001), and more re-
cently with the newer rapamycin analogs
(e.g., temsirolimus, everolimus, ridafo-
rolimus) for treatment of cancer (Amato,
Jac, Giessinger, Saxena, & Willis, 2009;
Atkins et al., 2004; Bellmunt, Szczylik,
Feingold, Strahs, & Berkenblit, 2008; Du-
ran, Siu, et al., 2006; Motzer et al., 2010).
The incidence of pneumonitis in clini-
cal trials of mTOR inhibitor anticancer
monotherapy has been as low as 2% (in
a large, phase-III trial in advanced poor-
prognosis RCC), although it exceeded
30% in several series and approached
50% in a small, phase-II trial in metastatic
clear-cell RCC (Amato et al., 2009; Atkins
et al., 2004; Bellmunt et al., 2008; Duran,
Siu, et al., 2006; Motzer et al., 2010). The
wide range of incidences may reflect
differences in the frequency and type of
imaging studies performed or dosing
and duration of mTOR inhibitor therapy
(Sankhala et al., 2009). Typically pneumo-
nitis had been of grades 1-2 in severity
and reversible (Ellard et al., 2009), with
consistently low mortality rates.
Patients with preexisting pulmonary
dysfunction or poor performance sta-
tus have a heightened propensity for
developing pulmonary toxicity during
cancer-directed therapy (Vahid & Marik,
2008). The mechanism whereby mTOR
inhibitors induce noninfectious pneumo-
nitis has not yet been elucidated. Some
researchers have argued that mTOR
inhibitor-induced pneumonitis reflects
a cell-mediated autoimmune response
(Morelon et al., 2001); others have pro-
posed that it may represent a T-cell
mediated, delayed-type hypersensitivity
reaction (Pham et al., 2004). The impact
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of dose is likewise uncertain. Whereas
transplantation studies demonstrated dose
dependency for rapamycin-associated
pneumonitis (Morelon et al., 2001; Pham
et al., 2004), clinical experiences gener-
ally have not supported mTOR inhibitor-
induced noninfectious pneumonitis as
dose-related (Duran, Kortmansky;, et al.,
2006). The extent to which prior chest
radiation increases the risk of mTOR in-
hibitor-induced noninfectious pneumo-
nitis is unclear, although a clinical study
of patients with metastatic or recurrent
breast cancer suggests that it may be an
influencing factor (Ellard et al., 2009).

Challenges of Diagnosing
Pneumonitis

Given the inherently complex, often
multifactorial etiology of pulmonary
compromise in patients with cancer,
mTOR inhibitor-induced noninfectious
pneumonitis has substantial potential for
misdiagnosis (Sankhala et al., 2009). In
addition, the immunosuppressive prop-
erties of mTOR inhibitors (Thomson,
Turnquist, & Raimondi, 2009) predispose
patients to opportunistic infections and
add to the complexity of determin-
ing the cause of new-onset respiratory
symptoms. A diagnosis of noninfectious
pneumonitis should follow an exclusion-
ary approach and is ultimately based on
clinical judgment (Novartis Pharmaceu-
ticals Corporation, 2009).

Noninfectious pneumonitis should be
included in the differential diagnosis of
patients treated with mTOR inhibitors
presenting with nonspecific respiratory
symptoms (Novartis Pharmaceuticals

Corporation, 2009). Ruling out infec-
tious, malignant, and other treatment-
related etiologies is critical (Sankhala et
al., 2009), warranting a comprehensive
work-up that may include CT scans
or x-rays, pulmonary function tests
(e.g., spirometry, diffusion capacity,
room air oxygen saturation at rest), and
diagnostics to exclude infection (e.g.,
bronchoscopy, cultures). Considering
the potential confounding impact of
preexisting pulmonary abnormalities,
baseline lung imaging prior to institut-
ing mTOR inhibitor therapy and routine
pulmonary function testing has been
proposed to facilitate interpretation of
radiographic imaging performed in re-
sponse to treatment-emergent respiratory
symptoms (Sankhala et al., 2009).

The typical onset of mTOR inhibitor-
induced noninfectious pneumonitis has
been within 4-6 months of initiating
therapy (Duran, Kortmansky, et al., 2006;
Ellard et al., 2009; Pham et al., 2004), with
patients developing evidence of radio-
graphic changes with or without other
accompanying symptoms of pulmo-
nary compromise (e.g., pleural effusion,
hypoxia, cough, dyspnea, malaise) (Du-
ran, Kortmansky, et al., 2006; Sankhala
et al., 2009). Drug-induced noninfectious
pneumonitis also has been associated
with fever and fatigue (Champion et al.,
2006; Duran, Kortmansky, et al., 2006).
Based on a review of medical and ra-
diographic data for patients across two
clinical trials of temsirolimus focused on
characterizing noninfectious pneumoni-
tis, two different radiologic patterns were
apparent: ground-glass opacities with or
without diffuse interstitial disease and
lung parenchymal consolidation (Duran,
Kortmansky, et al., 2006).

Clinical Management

Drug-induced pneumonitis may fol-
low a relatively indolent course or pres-
ent as (or develop into) a rapidly progres-
sive, potentially fatal condition resulting
in acute respiratory distress syndrome
and respiratory failure (Vahid & Marik,
2008). To date, no specific management
guidelines exist for mTOR inhibitor-
induced noninfectious pneumonitis. The
extent of radiographic abnormalities and
symptom severity represent key factors
in determining the need for intervention
(i.e., interruption of mTOR inhibition,
implementation of corticosteroids, and
intensive supportive measures in severe
cases) (Novartis Pharmaceuticals Cor-
poration, 2009; Vahid & Marik, 2008).
Management recommendations based
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Before initiating mTOR-inhibitor therapy:

* Obtain complete medical history, with
an emphasis on pulmonary conditions.

e Perform a baseline chest x-ray or com-
puted tomography scan to document
pulmonary status if the patient has
respiratory symptoms prior to therapy.

* Remember that noninfectious pneu-
monitis can occur with or without signs
or symptoms and that, although rare, a
fatal outcome with noninfectious pneu-
monitis has been observed.

* Advise patients to promptly report any
new or worsening respiratory symptoms
(e.g., cough, shortness of breath).

* Note that onset generally occurs within
two to six months of initiating therapy.

In the event of symptoms suggestive of
noninfectious pneumonitis:

* The diagnosis of noninfectious pneu-
monitis is complicated and requires that
other diagnoses be ruled out, such as in-
fections, pulmonary thromboembolism,
alveolar hemorrhage, tumor progression,
and other medical conditions.

* Patients who develop radiologic changes
suggestive of noninfectious pneumonitis
and who have few symptoms may con-
tinue therapy without dose modification.

e If symptomatic noninfectious pneu-
monitis develops, consider consulting
a pulmonologist, treating with corti-
costeroids, and modifying treatment
using dose modification or interruption
guidelines.

mTOR—mammalian target of rapamycin

Figure 2. Key Points for
Nurses Treating Noninfectious
Pneumonitis

Note. Based on information from Hudes,
2010.

on the RECORD-1 trial and accumulated
clinical experience are summarized in
Table 1. Patients with radiologic evidence
of noninfectious pneumonitis, who are
asymptomatic or have few symptoms,
may continue everolimus without dose
adjustment (Novartis Pharmaceuticals
Corporation, 2009).

When outlining the known risks and
benefits of mTOR inhibitor therapy to
patients, potential compromising respi-
ratory and immunologic effects should
be discussed with the goal of promoting
early detection. The potentially seri-
ous but generally manageable nature
of noninfectious pneumonitis should
be explained, as should the benefits of
vigilance (see Figure 2). The importance
of prompt reporting of any new or wors-
ening respiratory symptoms cannot be
overstated and should be emphasized for

patients and caregivers, not only at the
onset of therapy but also during routine
follow-up.
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Clinical Highlights: Noninfectious Pneumonitis and mTOR Inhibitors

Definition

Noninfectious pneumonitis is a class
effect of the mammalian target of ra-
pamycin (mTOR) inhibitors (e.g., tem-
sirolimus, everolimus, ridaforolimus)
undergoing extensive evaluation for
treatment of cancer (Duran, Kortman-
sky, et al., 2006; Duran, Siu, et al., 2006;
Ellard et al., 2009). The incidence of
pneumonitis in published clinical tri-
als of mTOR inhibition as anticancer
monotherapy has been reported to be
as low as 2% and as high as 50%; events
typically have been of grades 1 or 2 in
severity and reversible, with consis-
tently low mortality rates.

The pneumonitis grading criteria
within the National Cancer Institute’s
(2010) Common Terminology Criteria
for Adverse Events, version 4.0, is
based on the severity of symptoms,
degree of impact on activities of daily
living, and the type of intervention re-
quired. Typical onset of mTOR inhibitor-
induced noninfectious pneumonitis has
been within 4-6 months of initiating
therapy, with patients developing
evidence of radiographic changes with
or without other accompanying signs
and symptoms of pulmonary compro-
mise (Duran, Kortmansky, et al., 2006;
Duran, Siu, et al., 2006; Ellard et al.,
2009; Pham et al., 2004; Sankhala et al.,
2009). Drug-induced pneumonitis may
follow a relatively indolent course or
present as, or develop into, a rapidly
progressive, potentially fatal condition
resulting in acute respiratory distress
syndrome (grade 4 severity) and respi-
ratory failure (Vahid & Marik, 2008).

Pathophysiology

The underlying cause of noninfec-
tious pneumonitis has not yet been
determined. Proposed mechanisms
whereby mTOR inhibitors induce non-
infectious pneumonitis include drug-
induced cell-mediated autoimmune
response (Morelon et al., 2001) or a T-cell
mediated, delayed-type hypersensitivity
reaction (Pham et al., 2004). The impact
of dose on the development of this
complication is likewise uncertain. Al-
though studies in organ transplantation
settings demonstrated dose dependency
for rapamycin-associated pneumonitis
(Morelon et al., 2001; Pham et al., 2004),
clinical experiences with the rapamycin
analogs in patients with cancer have

found that mTOR inhibitor-induced
noninfectious pneumonitis is not a dose-
related phenomenon (Duran, Kortman-
sky, et al., 2006). A clinical study in pa-
tients with metastatic or recurrent breast
cancer suggested that chest radiation
may be an influencing factor (Ellard et
al., 2009), although the extent to which
prior radiation to the chest increases the
risk is unknown.

Treatment

As with drug-induced pneumonitis
irrespective of the causative treat-
ment type, the extent of radiographic
abnormalities and the severity and de-
bilitating nature of symptoms represent
the key factors for driving decisions
regarding the need for intervention
(Novartis Pharmaceuticals Corpora-
tion, 2009; Vahid & Marik, 2008). Man-
agement recommendations based on
the RECORD-1 trial protocol and the
accumulated clinical experience from
patients treated with mTOR inhibitors
are dependent on severity (Hudes,
2010; Novartis Pharmaceuticals Corpo-
ration, 2009). According to everolimus’
approved prescribing information,
patients with radiologic evidence of
noninfectious pneumonitis who are
asymptomatic or have few symptoms
may continue everolimus therapy
without dose adjustment (Novartis
Pharmaceuticals Corporation, 2009).
Interruption of mTOR inhibitor and
corticosteroid therapy should be con-
sidered if symptoms are moderate or
severe; after recovery, treatment may
be reinitiated at 5 mg per day. If no
recovery to grade 1 or lower occurs
within three weeks, treatment should
be discontinued. For grade 4 noninfec-
tious pneumonitis, treatment discon-
tinuation is recommended.

Nursing Implications

Before initiating mTOR inhibitor
therapy, a complete medical history,
with an emphasis on pulmonary con-
ditions, should be obtained. Patients
with a history of pulmonary condi-
tions should be carefully monitored,
and patients should be advised to
promptly report any new or worsening
respiratory symptoms. When outlin-
ing the known risks and benefits of
mTOR inhibitor therapy from a patient
education perspective, the potential

compromising respiratory and immune
system effects are a fundamental area
of discussion, with the overarching
goal of promoting early detection in
the interval between follow-up visits.
The potentially serious but generally
manageable nature of noninfectious
pneumonitis should be explained, as
should the benefits of vigilance on the
part of the patient and caregivers.
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