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A B S T R A C T   

Objective: mTOR inhibitor-associated pneumonitis is common and often asymptomatic. We describe a waxing and 
waning pattern of pneumonitis observed on computed tomography (CT) scans of patients with renal cell carci
noma who were being treated with mTOR inhibitor molecular targeted therapy. 
Materials and methods: In this HIPAA-compliant, IRB-approved retrospective single-institution study, 25 renal cell 
carcinoma patients were identified who received single-therapy temsirolimus or everolimus between January 
2011 and June 2015 and who had chest CT scans available for review both before and after initiation of mTOR 
inhibitor treatment. A detailed review of the electronic medical record and serial chest CT examinations was 
performed. 
Results: Radiologic findings compatible with pneumonitis were identified in 13/25 (52%) patients on mTOR 
inhibitors in our study. Of the patients with CT findings of pneumonitis, 8/13 (62%) demonstrated a waxing and 
waning pattern; of whom 7 had clinical symptoms of pneumonitis. Of the 17 patients who received temsirolimus, 
9/17 (53%) developed radiologic findings compatible with pneumonitis and 4/9 (44%) developed a waxing and 
waning pattern. Of the 8 patients who received everolimus, 4/8 (50%) had radiologic findings compatible with 
pneumonitis and 4/4 (100%) developed a waxing and waning pattern. 
Conclusion: Waxing and waning is an unrecognized pattern of mTOR inhibitor-associated pneumonitis. Recog
nition of this pattern will promote clinical-radiologic concordance and may facilitate patient management.   

1. Introduction 

Knowledge of the toxicity profiles of molecular targeted therapies is 
important for identifying drug-related complications. Molecular tar
geted therapies halt production of specific enzymes or cellular proteins 
which sustain cell function. Toxicities occur when the targeted enzymes 
in normal cells cease to function and cell processes – e.g., cell repair, cell 
maintenance, or apoptosis – are interrupted. Some toxicities are 
asymptomatic and are detected only at the time of their radiologic 
presentation. In comparison, classic cytotoxic chemotherapy agents 
typically have toxicities that are symptomatic, cumulative, and often 
require cessation of therapy. 

One class of molecular targeted agents consists of mTOR (mamma
lian target of rapamycin) inhibitors, including temsirolimus and ever
olimus. mTOR is part of the P13K/AKT/mTOR intracellular signaling 

pathway, which regulates normal cell processes including protein syn
thesis, glucose metabolism, cellular migration, and cell survival [1]. 
Currently, mTOR inhibitors are FDA-approved for patients with 
advanced renal cell carcinoma; in addition, they have proven efficacy in 
other solid tumors including some breast cancers, nonfunctional 
neuroendocrine tumors, and subependymal giant-cell astrocytomas in 
tuberous sclerosis, and their applications are growing [2–5]. 

A well-known complication of mTOR inhibitors is pulmonary 
toxicity [6–11]. Symptoms of this non-infectious drug-related pneumo
nitis can range from asymptomatic to life-threatening. Because mTOR- 
pneumonitis can be asymptomatic or well-tolerated with mild to mod
erate symptoms, therapy is often continued if there is clinical benefit. In 
this setting, radiologists may first encounter this adverse event. 
Computed tomography (CT) findings may precede the development of 
clinical symptoms, with emergence of new CT findings identified on 
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routine examinations performed to monitor response to therapy [12]. 
Reported findings of mTOR inhibitor pulmonary toxicity include 
groundglass opacities, airspace consolidation, interlobular septal 
thickening and/or interstitial changes, traction bronchiectasis, and 
pleural effusion [8–11]. 

Here, we report an observational study with a waxing and waning 
pattern defined as new or progressive pulmonary findings and sponta
neous resolution of other pulmonary findings in the same scan interval, 
despite continuation of treatment on single-line mTOR inhibitor ther
apy. We describe and attempt to estimate the incidence of this waxing 
and waning pattern, which has not been previously characterized, for 
single-therapy temsirolimus or everolimus. We report our observation of 
the natural course of pneumonitis without intervention or drug 
discontinuation/dose reduction. 

2. Methods 

Our institutional review board approved this HIPAA-compliant study 
and waived the need for informed consent. 

2.1. Study population 

A retrospective search of the clinical database at our institution, a 
specialized cancer center, was performed to identify all patients with 
pathology proven renal cell carcinoma who had one of the following 
terms in the electronic medical record between January 2011 and July 
2015: temsirolimus, CCI-779 (initial drug name for temsirolimus), 
everolimus, or RAD001 (initial drug name for everolimus). Following 
this initial search, medical records were reviewed to identify eligible 
patients for this study. The inclusion criteria were: treatment with 
mTOR-inhibitor monotherapy for at least 6 weeks, available baseline 
chest CT, and at least 3 available chest CT scans after mTOR-inhibitor 

initiation. Patients were excluded if there were other factors that 
could explain resolution of pulmonary findings, such as dose reduction 
or interruption, or use of antibiotics or steroids (for any reason) during 
treatment. Lastly, patients with pre-existing interstitial disease or 
bronchial obstructing lesions were excluded as these could produce 
similar pulmonary CT findings as pneumonitis. 

The search criteria identified 52 unique patients eligible for the 
study, of whom we excluded 27 patients for the following reasons: 
mTOR inhibitor dose reduction or interruption (n = 13); use of antibi
otics or steroids during treatment (n = 9); and pre-existing interstitial 
disease or endobronchial lesion (n = 5). Thus, our study population 
consisted of 25 patients. 

2.2. Data collection 

Six radiologists subspecialized in oncologic body imaging were 
involved in chart review and data collection for this study. Electronic 
medical records were reviewed, including clinic notes, pulmonary con
sults, Common Terminology Criteria for Adverse Events charts, and 
toxicity recordings to search for exclusion criteria. New clinical symp
toms of unexplained dyspnea or dry cough were recorded when they 
occurred in the time between, or 1 month following, the available CT 
scans. 

Chest CT scans of each patient were independently reviewed by two 
radiologists. Discrepancies were adjudicated by a thoracic oncologic 
radiologist (AP). The baseline CT scan (CTb), prior to initiation of mTOR 
inhibitor therapy, was reviewed to evaluate for pre-existing interstitial 
disease or bronchial obstructing lesions. Up to 10 consecutive chest CT 
scans following the initiation of mTOR inhibitor therapy (CT1–10) were 
reviewed to evaluate for the following pulmonary findings: groundglass 
opacities, airspace consolidation, interlobular septal thickening and/or 
interstitial changes, traction bronchiectasis, and pleural effusion. A 

Fig. 1. Case 1: Patient developed new left anterior groundglass opacities (a); three months later, the same patient showed clearing of the anterior opacities and a new 
left posterior groundglass opacity (b). Another three months later, there were new consolidations in the right lower lung, with clearing of left lung (c). Three months 
later, improved right lower lobe consolidation, and increased consolidative and groundglass opacity in the right middle lobe (d). After two months, the patient 
showed overall improvement of the right lung with re-appearance of left anterior mixed opacity on follow up (e) while still on therapy. Clear baseline CT not shown. 
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waxing and waning pattern was defined by the presence of new pul
monary findings on at least two of the CT1–10 scans, with improved or 
resolved findings during the same scan interval. 

Electronic medical records were then reviewed again to confirm 
clinical suspicion of pneumonitis, within 1 month of a CT scan demon
strating findings of pneumonitis. Findings were deemed consistent with 
pneumonitis if both the CT findings and the clinical notes were 
compatible with pneumonitis during this time frame (Figs. 1 and 2). 

3. Results 

Our study population of 25 patients consisted of 7 women and 18 
men. The average age at the time of renal cell carcinoma diagnosis was 
61 years and average age at mTOR inhibitor treatment initiation was 63. 
All patients received monotherapy with either temsirolimus (n = 17) or 
everolimus (n = 8). 

Patients received chest CT scans at variable intervals, with 1–16 
weeks between chest CT scans. The majority had routine chest CT scans 
every 4–8 weeks for 16 weeks and then every 8–16 weeks thereafter. 
Additional CT scans were sometimes performed if a patient was 
symptomatic. 

Fig. 2. Case 2: Patient developed a new left lower lobe mixed consolidative and groundglass opacity (a) which improved on the next CT examination performed three 
months later (b). After another three months, the posterior left lower lobe airspace opacity continued to improve, with a new consolidation in the anterior left lower 
lobe (c). Yet another three months later, clearing of all airspace opacities (d) was shown while the patient was still on therapy. Clear baseline CT not shown. 

Table 1 
Table of the 13/25 patients with CT scans showing mTOR inhibitor-associated 
pneumonitis.   

# CT scans, 
including CTb 

Scan 
intervals 
(weeks)a 

First CT with 
pneumonitis 

First CT with 
waxing & waning  

1  10 8 CT 1 CT 2  
2  8 4–6, 

10–12 
CT 1 CT 3  

3  4 8, 12 CT 1 CT 3  
4  5 4, 8 CT 2 CT 3  
5  7 8 CT 4 CT 5  
6  5 8 CT 1   
7  6 8 CT 1 CT 2  
8  5 8, 12 CT 3   
9  5 8, CT 1 CT 3  
10  11 8, 12 CT 1 CT 2  
11  4 4, 8 CT 1   
12  6 4, 8 CT 3   
13  4 12, 8 CT 1 and CT 3  

CTb = baseline CT scan, prior to initiation of mTOR inhibitor therapy. 
a A comma indicates a change in scan interval between the first 16 weeks and 

after 16 weeks. 
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Thirteen patients had radiologic findings compatible with pneumo
nitis including: groundglass opacities (12/13), airspace consolidation 
(6/13), or interlobular septal thickening or interstitial changes (4/13). 
In addition to these parenchymal findings, 8 patients also had a pleural 
effusion. Most patients showed more than one pulmonary finding on 
chest CT. No CT showed traction bronchiectasis. Table 1 shows the 
timeframe of CT scans for the 13 patients with pneumonitis. 

Eight patients had radiologic findings demonstrating a waxing and 
waning pattern. Seven of these patients developed clinical symptoms 
including dyspnea (in 6 patients) and dry cough (in 7 patients). In the 8 
patients with a waxing and waning pattern, CT findings of pneumonitis 
was identified on average 9.9 weeks after mTOR initiation (range 
4.3–31.0 weeks, median 7.2). 

Of the patients who received temsirolimus, 9/17 (53%) developed 
radiologic findings compatible with pneumonitis and 4/9 (44%) devel
oped a waxing and waning pattern. Of the 8 patients who received 
everolimus, 4/8 (50%) had radiologic findings compatible with pneu
monitis and 4/4 (100%) developed a waxing and waning pattern. 

Pulmonary consultation was performed for 4 patients with pulmo
nary symptoms during the time frame of this study. Three were diag
nosed with progressive pulmonary metastatic disease. In one patient, 
pulmonary consultation confirmed the relationship of drug-associated 
pneumonitis with CT findings of pneumonitis. No patient had a 
bronchoscopy. 

Three of 25 patients ultimately discontinued the mTOR inhibitor for 
toxicity (1 pulmonary and 2 other). All 3 patients who discontinued the 
drug due to toxicity had clinical and radiologic findings compatible with 
pneumonitis, however a waxing and waning pattern was only seen in 
one patient with non-pulmonary toxicity. One patient discontinued the 
drug for an external reason (trauma). The remaining 21 patients dis
continued the drug for progression of disease. 

4. Discussion 

Pneumonitis is a known adverse event in patients receiving mTOR 
inhibitors and up to 50% of cases are symptomatic. Although clinical 
manifestations are typically mild to moderate, e.g., experiencing dys
pnea on exertion and dry cough, rare cases of death have been reported 
[7,8,13]. Toxicity can occur early (within days to weeks) or late (months 
to years) after treatment initiation. Radiologic findings of pneumonitis 
associated with mTOR therapy have been reported in up to 54% of pa
tients [6–8,12]. The radiologic patterns have been described in prior 
reports, with the most prevalent manifestations being groundglass 
opacities and patchy areas of consolidation. However, a variable 
appearance with “the patterns frequently changing over time” has been 
previously reported only once [8]. This single comment in a paper 
initially reporting pneumonitis with everolimus in 2010 was unnoticed 
until the writing of this paper. It therefore warrants repeating and 
clarification for purposeful application. 

In our study, we found evidence of pneumonitis in 52% (13/25) of 
patients who received mTOR inhibitors, of whom 62% (8/13) had a 
waxing and waning pattern on serial chest CT exams, with new or 
progressive findings appearing in the same scan interval while others 
spontaneously resolved, despite the continuation of treatment; this is 
32% (8/25) of our study population. This is a previously unrecognized 
and unique pattern of drug-induced pneumonitis. 

This study has several limitations. After applying our strict exclusion 
criteria to eliminate other possible explanations of a waxing and waning 
pattern, we identified only 25 patients who never received antibiotics, 
steroids, or dose reduction/interruption, and yet had enough CT imag
ing to follow over time. There were several patients who developed 
pulmonary findings but did not have sufficient follow-up imaging as per 
our inclusion criteria to prove a waxing and waning pattern, since it 
takes several scans to demonstrate this occurrence. 

This paper describes a unique chest CT pattern in renal cell carci
noma patients treated with mTOR inhibitors and describes the natural 

course of pneumonitis without intervention. mTOR inhibitor-associated 
pneumonitis can show a waxing and waning pattern over several CT 
scans, all of which occur while the patient remains on therapy without 
dose reduction or treatment with antibiotics or steroids. In our small – 
and highly-controlled – study population at a tertiary care cancer center, 
this characteristic pattern was seen in 32% of patients and persisted over 
the course of therapy. mTOR inhibitor-associated pneumonitis is seen in 
other patient populations as well, including patients with breast and 
neuroendocrine cancers [14–16]. 

It is likely that this CT pattern can be more broadly generalized 
beyond advanced renal cell carcinoma patients. We predict that studies 
of other populations, such as breast or neuroendocrine cancer patients, 
will confirm the waxing and waning pattern of mTOR inhibitor- 
associated pneumonitis which we have described, and that as the 
application of this drug expands, the waxing and waning effect will be 
seen and reported by radiologists on an increasing basis across radio
logical disciplines. 

Knowledge of this ongoing waxing and waning process of mTOR 
inhibitor-associated pneumonitis can help radiologists interpret and 
contextualize abnormal CT findings. Possible pulmonary toxicity related 
to mTOR-inhibitor therapy can be suggested, potentially avoiding 
further diagnostic workup and hopefully facilitating patient 
management. 

In conclusion, waxing and waning is an unrecognized characteristic 
pattern of mTOR-associated pneumonitis in patients with renal cell 
carcinoma, which can continue while patient remains on therapy. 
Recognition of this pattern promotes clinical-radiologic concordance. 
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