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Abstract
Background: Targeted therapies are the standard treatment in patients with metastatic renal cell carcinoma (mRCC)

and are known to cause adverse pulmonary events. Organizing pneumonia (OP) with its various manifestations in

computed tomography (CT) has therefore lately received more attention.

Purpose: To describe the spectrum of CT patterns of OP in patients with mRCC receiving targeted therapies.

Material and Methods: Seventeen patients with known therapy-related OP were analyzed retrospectively by two

blinded radiologists in consensus. Images were scored according to OP patterns that have previously been described.

Additionally, the distribution and the predominant imaging pattern in each patient were determined.

Results: In our cohort, ground glass opacity was the most common imaging pattern (17/17, 100%) in patients with OP

followed by a reticular pattern (12/17, 71%), consolidations (10/17, 59%), nodules (7/17, 41%), crazy paving (5/17, 29%),

bronchi(ol)ectasis (4/17, 24%), focal mass (3/17, 18%), and reversed halo (1/17, 6%). The most common imaging pattern

was changing multifocal consolidations (8/17, 47%). A bronchocentric and a nodular pattern were found in four patients

(24%) each, a progressive fibrotic pattern in none patient, and reversed halo/atoll pattern in one (6%) case.

Conclusion: OP is the major differential diagnosis to be considered in patients with targeted therapies and pulmonary

changes. Knowledge of the variety of imaging findings can facilitate diagnosis.
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Introduction

Organizing pneumonia (OP) is a non-specific pathologic
pattern of the lung in response to injury and can occur
idiopathic and secondary. Common causes of secondary
OP are drugs, infections, immunologic disorders, and
inhalation of toxic substances (1,2). Although OP has
been well-known since the early 1970s, it has recently
moved more into the focus of interest due to the new
era of targeted therapies. Histologically it is often char-
acterized by intra-alveolar buds of granulation tissue
(2,3). The clinical presentation is unspecific and with
varying degrees of clinical severity ranging from no
symptoms to cough, fever, malaise, fatigue, and weight
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loss, or even death (3,4). The main features of OP on
chest computed tomography (CT) are airspace consoli-
dations and ground glass opacities (GGO), typically
with either a bilateral subpleural and basal or a peri-
bronchial distribution. Other manifestations of OP
include nodular and reticular patterns (5). Clinical
observation paired with radiological observations
mostly allows an appropriate diagnosis of an OP.

Targeted therapies are currently the standard treat-
ment in patients with metastatic renal cell carcinoma
(mRCC) (6). This type of treatment uses new drugs
that selectively attack specific types of cancer cells
blocking special biological and cytological features
involved in the growth and spread of cancer cells. The
two main modes of action of targeted agents aim dom-
inantly either at the vascular-endothelial-growth-factor
receptor (VEGFR), or the mammalian-target-of-
rapamycin (mTOR) signaling pathways. Sunitinib is a
VEGFR inhibitor which mainly blocks angiogenesis (6).
Temsirolimus and everolimus inhibit mTOR signaling
causing changes of cellular metabolism, transcription,
translation, proliferation, and angiogenesis (7).
Targeted therapy implies chronic drug exposure and
often causes unusual adverse effects like OP; this has
been described for patients treated with VEGFR inhibi-
tors (8–10) but particularly in patients receiving mTOR
inhibitors (8,11–13).

The aim of this retrospective study was to analyze
CT imaging features of OP in mRCC patients receiving
targeted therapies at our tertiary care center.

Material and Methods

Study design

This single-center study was approved by the internal
review board of Hannover Medical School (no.
1820-2013). Patients’ electronical medical charts were
retrospectively analyzed. Patient data were anonymized
and analyses were performed in concordance with the
Declaration of Helsinki in its latest revised version.

Patients with mRCC treated with sunitinib, everoli-
mus, or temsirolimus from January 2006 until
December 2009 at Hannover Medical School were
included as described before in a retrospective clinical
analysis not addressing the CT morphological find-
ings (8). Patients with OP were followed until August
2012. The patients received everolimus (10mg once a
day), temsirolimus (25mg i.v. weekly), or sunitinib
(50mg 4-2 schedule orally) after informed consent.
Dosing and dose reductions were conducted according
to the summary of product characteristics. CT was per-
formed according to local standards for routine tumor
assessment every two to three months or when clinically
indicated.

Clinical diagnosis of OP

Diagnosis of OP was made by the treating physician
(medical oncologist) in consensus with a pulmonolo-
gist. The diagnosis of OP was primarily based on pre-
senting symptoms (e.g. cough, dyspnea, fever) and the
clinical course. Further diagnostics, including sero-
logical, microbiological, and virological tests, ECG,
pulmonary function tests, bronchoscopy, and CT,
were performed according to institutional standards.
Bronchoalveolar lavage and transbronchial biopsy
were performed if clinically indicated. For the diagnosis
of a drug-induced interstitial lung disease, no other
reason than the therapy at risk had to be apparent as
the underlying cause, as previously described (8).

CT data acquisition and scoring

CT examinations were performed for evaluation of a
variety of clinical presentations in the internal radi-
ology department or externally. Internal CT examin-
ations were carried out with a 64-row MDCT
(Lightspeed VCT, GE Healthcare, Milwaukee, WI,
USA) or a 16-row MDCT (Lightspeed 16, GE
Healthcare); intravenous contrast medium was used if
necessary for proper assessment of the clinical indica-
tion. CT data were acquired using 120 kV, 100 mAs, a
rotation time of 0.8 s, and a pitch of 0.984, the slice
collimation during acquisition was 1.25. Axial
1.25mm slices with an interval of 1mm were recon-
structed. The field of view (FOV) was adapted to the
size of the patient’s lung. External CT examinations
were performed with varying protocols. Only CT exam-
inations performed in a time period� 30 days from the
date of organizing pneumonia diagnosis were included.

Retrospective evaluation of CT images was per-
formed in all patients with clinically diagnosed OP.
Consensus reading and scoring was carried out by
two chest radiologists (SD and TR), both with five
years of experience in thoracic CT. Pathological find-
ings other than pulmonary metastases were evaluated.
Images were scored for abnormalities associated with
drug-induced lung changes previously described in the
literature (e.g. consolidations, GGO, nodules, reversed
halo) on a scale from 0 (not present) to 2 (clearly pre-
sent); 1 was used, if the pattern was minimally present
and not dominant. Abnormalities were defined accord-
ing to the Fleischner Society nomenclature (14).
Additional features like micro and macro or sharp or
unsharp for nodules and the anatomic distribution
(subpleural, peribronchial, random) were also regis-
tered. Finally, the dominant imaging pattern was deter-
mined as ‘‘changing multifocal peripheral
consolidations,’’ ‘‘bronchocentric pattern,’’ ‘‘solitary
focal mass or nodule,’’ ‘‘nodular pattern,’’ ‘‘multiple
masses or larger nodules,’’ ‘‘progressive fibrotic
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pattern,’’ ‘‘perilobular pattern,’’ ‘‘band like pattern,’’
‘‘reversed halo/atoll pattern,’’ or ‘‘crazy paving’’
according to Roberton et al. (5).

Results

Characteristics of patients with OP during treatment
with targeted agents

During the observation period, 125 mRCC patients
were identified who received 205 courses of chemother-
apy (134 courses of sunitinib, 55 courses of everolimus,
and 16 courses of temsirolimus). Thereof, 20 cases of
OP were identified, reflecting an overall OP incidence of
10%. OP was most common with the mTOR inhibitor
everolimus (n¼ 14/55, 25%), while no OP was identi-
fied in patients treated with temsirolimus. Furthermore,
OP was also identified in patients treated with the
VEGF inhibitor sunitinib with a frequency of 3%
(n¼ 6/205). Median time between treatment initiation
and onset of OP was 3.6 months.

Of these 20 patients, CT examinations at the time of
OP diagnosis� 30 days were available in 18 patients;
one patient had to be excluded because of a severe
infection of the lung. Descriptive data of the 17 patients
analyzed in this study are given in Table 1.

The median age of the patients was 54 years (age
range, 32–84; 9 men, 8 women). All patients suffered
from mRCC; the time from primary diagnosis to
metastasis was 18.2 months (range, 0–156.6 months).
Four patients had been treated with sunitinib
(VEGFR inhibitor) and 13 with everolimus (mTOR
inhibitor). Bronchoalveolar lavage was available in
11/17 (65%) and transbronchial biopsies in 7/17
(41%) patients. These could exclude infectious disease
and lymphangiosis as differential diagnosis and results
were consistent with OP.

Radiological findings in mRCC patients with OP due
to targeted therapies

The median time between diagnosis of OP and CT
examination was 0 days (range, 0–24 days).

Consolidations (Figs. 1 and 2) were present in ten
patients (59%), six of these (60%) showed an air
bronchogram (Table 2, Fig. 1). All patients showed
GGO. Nodules were present in seven patients (41%),
four with predominantly macronodules and three
with micronodules, three with sharp margins and
four with unsharp margins. A focal mass was seen
in three patients (18%) and a reversed halo pattern in
one patient (6%) (Fig. 3). A reticular pattern was
present in 12 patients (71%), five (29%) displayed
crazy paving, none showed honeycombing.
Four patients (24%) had traction bronchiectasis or

bronchiolectasis and 11 (65%) presented with an
architectural distortion (Table 2). OP patients with
sunitinib had consolidations more often than those
with everolimus (100% versus 46%); nodules were
less frequent in patients with sunitinib (25% versus
46%). All other imaging features showed a similar
frequency (Table 2). Nevertheless, the number of
patients was too small for further statistical group
comparisons.

The predominant pattern (Table 3) was
characterized as changing multifocal peripheral con-
solidations in eight patients (47%, Fig. 1). In four
patients (24%) it was a bronchocentric pattern
(Fig. 2) and in a further four patients (24%) a nodu-
lar pattern. No patient showed a progressive fibrotic
pattern and one patient had a reversed halo pattern
(6%, Fig. 3).

The anatomical distribution of the different patterns
was random in most cases. The bronchocentric pattern
and the nodular pattern were mainly located peri-
bronchially. A subpleural distribution was seen in
patients with changing multifocal peripheral consolida-
tions or a progressive fibrotic pattern.

Table 1. Descriptive data for patients with OP in our study

cohort.

Parameter Number/median

Patients with OP (%) 20/125 (16)

OP patients included in analyses (n) 17/20

Median age at diagnosis of RCC

(years (range))

54 (32–84)

Median age at initiation of treatment

associated with OP (years (range))

62 (44–85)

Gender (n (%))

Male 9 (53)

Female 8 (47)

Histology of RCC

Clear cell 17 (100%)

MSKCC score

Low 4

Intermediate 6

High 0

Not evaluated 7

Median time from RCC diagnosis to

metastasis, median (months (range))

18.2 (0–156.6)

Therapy at onset of organizing pneumonia (n (%))

sunitinib (VEGFR inhibitor) 4/17 (24)

everolimus (mTOR inhibitor) 13/17 (76)

Median time between treatment initiation

and onset of OP (months (range))

3.6 (2.1–21.5)

MSKCC, Memorial Sloan-Kettering Cancer Center Score for Metastatic

Renal Cell Carcinoma.
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Discussion

The aim of the current study was to analyze CT ima-
ging patterns of OP in mRCC patients receiving

targeted therapy and to describe the variety of patterns
in CT. The most predominant features in our cohort
were GGO which were present in each patient.
Consolidations were also common and were detected
in 59% of patients. Consolidations and GGO have
already been described to be the most common patterns
in OP (15). Regarding various publications of the last
two decades summarized in Table 4 (16–28), consolida-
tions were described in about 70–100% and GGO in
about 60–100% of cases (Table 4) (16,19,21). Thus, in
our cohort consolidations were within the lower end of
previously published data (Table 4).

The distribution of findings has been described to be
predominantly peripheral and subpleural, referred to as
multifocal peripheral consolidations, or around the
bronchovascular structures, referred to as broncho-
centric pattern (5). In our study population, changing
multifocal peripheral consolidations were the predomin-
ant imaging pattern (47%, Fig. 1); this is in agreement
with previously published data (5). The consolidations
are typically changing in location over time. The distri-
bution is usually described as peripheral and basal but
there was also a study, which found an equal craniocau-
dal distribution (28) which is in accordance with our
results. The consolidations in our patient group mainly

Fig. 1. CT of a 56-year-old male patient with changing multifocal consolidation typical of OP at the time point of diagnosis (a). The

patient received the mTOR inhibitor everolimus for treatment of metastatic renal cell cancer. Typical are the adjacent ground glass

opacities and the air bronchogram. The follow-up studies three weeks (b) and ten weeks later (c) show an incomplete resolution of

the consolidation in the right upper lobe.

Fig. 2. A 49-year-old woman with a bronchocentric pattern of OP due to targeted therapy with sunitinib (VEGFR inhibitor). CT

shows multiple bilateral consolidations located along the bronchovascular bundles, some with surrounding ground glass opacities.

Table 2. CT pattern in patients with OP during targeted ther-

apy and their frequency in all patients with OP and separately for

those with sunitinib and everolimus treatment.

Pattern in CT

All patients

(n¼ 17)

Sunitinib

(n¼ 4)

Everolimus

(n¼ 13)

Consolidation 10 (59%) 4 (100%) 6 (46%)

Ground glass opacities 17 (100%) 4 (100%) 13 (100%)

Nodules 7 (41%) 1 (25%) 6 (46%)

Focal mass 3 (18%) 1 (25%) 2 (15%)

Radial bands 0 (0%) 0 (0%) 0 (0%)

Reversed halo 1 (6%) 0 (0%) 1 (8%)

Crazy paving 5 (29%) 1 (25%) 4 (31%)

Reticular pattern 12 (71%) 3 (75%) 9 (69%)

Architectural distortion 11 (65%) 3 (75%) 8 (62%)

Honeycombing 0 (0%) 0 (0%) 0 (0%)

Tration bronchi(ol)ectasis 3 (%) 0 (0%) 3 (23%)
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contained air bronchograms (60%) and some were asso-
ciated with areas of GGO which has previously been
described (3,28,29).

The bronchocentric pattern is characterized by con-
solidations forming conspicuous cuffs around larger
bronchovascular bundles (5). We found this pattern
to be predominant in four patients (24 %) (Fig. 2).
This is in accordance with Roberton et al., who
reported the bronchocentric pattern to be observed in
up to one-third of patients (5). Lower lobe predomin-
ance was described in a part of the patients. Co-exis-
tence with subpleural consolidations, GGO, and a
nodular pattern has been reported (25).

We found nodules in 41% and a predominant nodu-
lar pattern in 24% of cases. In previous studies, nodules
were reported to be frequent in patients with OP and
occurred in about 15–70% (Table 4); a predominant
nodular pattern has been described in up to 30% of
patients (21). Morphology is heterogeneous and a dis-
tinction for size (micronodular �4mm, macronodular),
and margins (sharp, unsharp) can be made. The differ-
entiation to nodules of other cause might be difficult

especially in patients with pulmonary metastases and
bronchiolitis. In this situation, the clinical presentation
and the appearance of the nodules may help; e.g. an ill-
defined micronodular pattern with centrilobular distri-
bution more likely resembles an exudative bronchiolitis
and is a less common manifestation of OP (29). The
most common appearance in patients with OP is lesions
with an irregular or spiculated margin (30).

The progressive fibrotic pattern shows basal reticu-
lation and architectural distortion. It typically co-exists
with, or follows, regions of consolidation or GGO (5).
In the literature, this pattern was less frequent com-
pared to changing multifocal peripheral consolidations
and the bronchocentric pattern and occurred in up to
one-quarter of patients (28). In our study, the progres-
sive fibrotic pattern was predominant in none patient.
The time point of CT might be crucial for the diagnosis
since the progressive fibrosis probably develops over
time and occurs as predominant pattern at a later
stage which we did not evaluate in our study.

The atoll or reversed halo pattern is rare, but has
been regularly described in patients with OP. Originally

Fig. 3. Reversed halo pattern (also referred to as atoll-sign) in a 50-year-old woman who received everolimus for treatment of renal

cell cancer. CT shows a classic reversed halo pattern with focal area of GGO surrounded by a ring of consolidation (a). The finding

resolved within four months as shown by the follow-up CT (b).

Table 3. Predominant pattern in patients with OP during targeted therapy, their frequency and predominant anatomical distribution

in all patients with OP and separately for those with sunitinib and everolimus treatment.

Predominant pattern All patients (n¼ 17) Distribution

Sunitinib

(n¼ 4)

Everolimus

(n¼ 13)

Changing multifocal peripheral consolidations 8 (47%) Random 4

Subpleural 2

2 (50%) 6 (46%)

Bronchocentric 4 (24%) Peribronchial 3

Random 1

2 (50%) 2 (15%)

Progressive fibrotic pattern 0 0 0

Nodular pattern 4 (24%) Peribronchial 3

Subpleural 1

0 (0%) 4 (31%)

Reversed halo/Atoll pattern 1 (6%) Random 1 0 (0%) 1 (8%)
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the reversed halo pattern was regarded as relatively spe-
cific for OP, but since its first description it has also
been described in numerous other conditions including
granulomatosis with polyangiitis and infectious disease
(31,32). We found the reversed halo sign in a single
patient with OP (6%) (Fig. 3).

Further patterns like a solitary focal mass or nodule,
multiple masses or larger nodules, a perilobular pat-
tern, the band like pattern or crazy paving have been
less frequently described in patients with OP and were
not observed in our study group.

The major limitation of our study is the small
number of patients (n¼ 17) reflecting a single center
experience, and possibly a selection bias due to the
retrospective analysis and the limitation on patients
receiving a CT in clinical routine. However, OP is not
very frequent and not always evaluated by CT. Most
studies on this topic are based on a limited number of
cases. Our results may therefore contribute to an over-
all assessment of radiological pattern in OP.

To determine the predominant pattern can be diffi-
cult, especially without longitudinal analysis and if
there is co-existence of different imaging features.
Furthermore, pre-existing pulmonary changes like
metastases, lymphangiosis, or pneumonia make it diffi-
cult or even impossible to determine OP-related lung
changes, if there is no previous imaging analysis. This

and the high variability of appearance in CT may con-
tribute to the varying published data for imaging pat-
terns of OP. Thus, our study contributes to the further
characterization of imaging features in patients with
OP in the specific context of targeted therapies.

In conclusion, CT imaging features of OP in patients
with targeted therapy show a high variability even
though GGO and consolidations are seen in the major-
ity of cases in our cohort. OP is the major differential
diagnosis to be considered in patients with targeted
therapy and pulmonary changes. Knowledge of the
variability of imaging findings presented in this paper
can facilitate diagnosis.
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