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Thoracic Imaging of Non-Small Cell Lung Cancer Treated With
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Purpose: Treatment with anti-programmed death receptor-1 (PD-1) therapeutics can lead to unconventional responses and side effect profiles due to
their potentiating effects on the immune system. Here we evaluate the radiologic manifestations of anti-PD-1 therapy in the chest in patients with non-
small cell lung cancer (NSCLC) receiving anti-PD-1 therapy.
Materials and Methods: A retrospective review of real-world clinical practice was conducted of all the patients with NSCLC receiving anti-PD-1 therapy at
our institution between 2013 and 2016. All patients without adequate clinical or radiologic follow-up data in the electronic medical records were
excluded. Imaging examinations for all patients deemed by their thoracic oncologists to have radiologic pseudoprogression or therapy-associated
pneumonitis were reviewed by experienced thoracic radiologists.
Results: A total of 166 patients with NSCLC had available clinical and imaging data for retrospective review. Of these patients, 4 (2%) were considered to
have radiologic pseudoprogression, 3 of which manifested as increased tumor size and 1 of which manifested with new lesions. A total of 5 patients (3%)
were clinically deemed to have pneumonitis attributable to anti-PD-1 therapy, 4 of which had radiologic manifestations on computed tomography.
Conclusion: Radiologic pseudoprogression and drug-induced pneumonitis are uncommon but important manifestations of anti-PD-1 therapy on thoracic
imaging.

& 2018 Published by Elsevier Inc.
Introduction

Anti‐programmed‐death‐receptor‐1 (PD-1) therapeutics are
immune checkpoint inhibitors, a recently developed class of
anticancer therapeutics that have been designed to disrupt certain
immune regulatory interactions with an aim to boost immune
antitumor activity. These therapies have generated great interest
in the oncologic community since a proportion of patients with
advanced malignancies have shown remarkably durable responses
in a range of malignancies including non-small cell lung cancer
(NSCLC).1-12 However, immune checkpoint inhibitors can present a
significant challenge to the radiologist owing to their mode of
action. When successful, these drugs incite inflammation directed
toward the tumor, resulting in tumor cell death. This differs from
conventional chemotherapeutic drugs, which act directly on tumor
cells to impede growth.
doi.org/10.1067/j.cpradiol.2018.01.005
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When PD-1, expressed on the host immune cell, is allowed to
bind to programmed-death ligand 1 (PD-L1), often overexpressed
on tumors, the host immune functionality toward the antigenicity
of the tumor is dampened.13 Thus the PD-1 or PD-L1 checkpoint
protects the tumor from the host immune surveillance. Under
normal conditions, this immune checkpoint interaction serves
to maintain homeostasis and prevent autoimmunity by down-
modulating immune cell activation in response to antigen
presentation.14 The anti-PD-1 or anti-PD-L1 therapeutics represent
humanized antibodies tailored to disrupt the PD-1 or PD-L1
checkpoint will the goal of enabling the host immune system
to successfully destroy tumor. Currently, Food and Drug
Administration (FDA)-approved anti-PD-1 and anti-PD-L1 immune
checkpoint inhibitors include nivolumab (anti-PD-1), pembrolizu-
mab (anti-PD-1), and atezolizumab (anti-PD-L1).

The inflammatory action characteristic of immune checkpoint
inhibitors can result in unconventional imaging responses to
therapy. For example, initial tumor enlargement with subsequent
tumor regression, termed pseudoprogression, can be misinter-
preted as actual progression on reimaging.15-17 Immune check-
point inhibitors can also incite autoimmune-mediated
inflammation in normal tissues that can complicate image
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TABLE
Patient characteristics of patients treated with anti-PD1 agents for
non–small cell lung cancer (NSCLC)

n ¼ 166

Age, y (median, range) 66.5 (34-88)

Histology
Adenocarcinoma 122 (73%)
Squamous cell carcinoma 36 (22%)
Other NSCLC 8 (5%)

Immunotherapy agent
Nivolumab 132 (80%)
Pembrolizumab 34a (20%)

a One patient treated with pembrolizumab and ipilimumab
concurrently.
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interpretation, including pneumonitis,18 colitis, and sarcoid-like
reactions. Immune-related adverse events that are radiologically
evident have been reported to manifest in up to approximately
one-third of patients on immune checkpoint inhibitor therapy.19

The purpose of this study was to estimate incidence
and appearance of radiologic pseudoprogression and anti-PD-1
therapy-associated pneumonitis which can complicate interpreta-
tion of thoracic imaging in patients with NSCLC receiving anti-
PD-1 therapy for routine clinical management and to characterize
the nature of these changes.
Materials and Methods

Patient Chart Review

After obtaining institutional review board approval for this
study, all adult patients with a diagnosis of NSCLC that received
anti-PD-1 therapy at our institution between June 2013 and April
2016 were identified. The electronic medical records of these
patients were then reviewed to identify those patients diagnosed
with pneumonitis attributed to anti-PD-1 therapy. The computed
tomography (CT) imaging of patients with clinical evidence of
pneumonitis attributed to anti-PD-1 therapy were reviewed.
Clinical symptoms of pneumonitis, including the development of
shortness of breath, hypoxia, or cough, were considered to be
attributable to anti-PD-1 therapy when symptoms occurred fol-
lowing the start of anti-PD-1 therapy, there was no clinical
evidence of infection and symptoms improved on steroids or
termination of anti-PD-1 therapy. The real-world, clinical
FIG. 1. Radiologic pseudoprogression on CT manifesting as enlargement of the pr
adenocarcinoma of the lung with the primary tumor in the left lung apex started ni
baseline and 2, 4, and 6 months following the start of nivolumab. At 2 months of therapy,
subsequent tumor size decrease to 10% and 16% below baseline at 4 months and 6 mon
assessment of disease response at first reimaging, as determined
by their thoracic oncologist, was also recorded for all patients.
Patients were considered to have radiologic pseudoprogression
when tumors were increased in size, or new lesions were detected,
at first reimaging with subsequent decreased tumor burden at
second reimaging on sustained anti-PD-1 therapy. No clinical trial
tumor response criteria were used to quantify these changes since
this study sought to assess real-world clinical management of
NSCLC in the setting of immune checkpoint inhibition. Any
patients that did not have adequate clinical or imaging data were
excluded from the study.

Imaging Review

The CT examinations of patients identified as having anti-PD-1
therapy induced pneumonitis were reviewed by experienced
thoracic radiologists with a combined total of over 15 years of
experience. The timing, with respect to the start of therapy, and
appearance of changes on CT attributed to anti-PD-1 therapy
induced pneumonitis was recorded. The CT examinations of
patients with radiologic pseudoprogression were also reviewed
and the pattern of pseudoprogression noted (development of new
lesions or tumor enlargement).

Statistical Analysis

Excel Toolpak (ver 14.6.7) was used for statistical analysis of
data, including calculating means and Student’s t-tests.
Results

Patient Population

A total of 226 consecutive adult patients with NSCLC were
treated with an anti-PD-1 therapy agent, either nivolumab or
pembrolizumab, during the study period. Of these patients, 166
(Table) had adequate clinical and imaging data for review. Most
patients had adenocarcinoma of the lung (73%) and received
nivolumab (80%) for anti-PD-1 therapy.

Unconventional Patterns of Therapy Response in Patients With NSCLC
on Anti-PD1 Therapy

Tumor responses were considered an unconventional pattern
of response, or radiologic pseudoprogression, when tumor size
imary tumor while on nivolumab therapy. A 73-year-old female patient with
volumab as second-line therapy (arrows). Axial CT of the chest was obtained at
the left apical tumor increased by 26% in largest axial diameter. Reimaging revealed
ths of therapy, respectively.



FIG. 2. Radiologic pseudoprogression on CT manifesting as new lesions while on nivolumab therapy. A 68-year-old female with a history of prior right upper lobectomy and
radiation therapy for adenocarcinoma of the lung began second-line therapy with nivolumab for metastatic disease, which included pulmonary parenchymal metastasis.
Unenhanced CT of the chest was performed at baseline and 2, 4 and 12 months following the start of therapy with nivolumab. CT at 2 months after the initiation of
nivolumab revealed new and larger pulmonary nodules (arrows) and was interpreted radiologically as progression. Subsequent CT performed at 4 and 6 months (data not
shown) of therapy revealed near resolution of the pulmonary metastases. These findings remained stable at 12 months of therapy. Of note, CT at 4 months reveals faint
ground glass opacities favored to represent pneumonitis related to nivolumab therapy.
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was initially increased in size or developed new lesions followed
by decreased tumor burden on subsequent imaging.17 Of the 166
patients with NSCLC, the majority demonstrated a conventional
pattern of response to therapy with a total 39 patients (23%)
considered partial or complete responders at first reimaging, with
the remainder (75%) deemed stable or progressive disease. By
comparison, a total of 4 patients (2%) demonstrated radiologic
pseudoprogression at first reimaging (median ¼ 2 months of
therapy, range: 1-3 months), which was followed by improvement
in tumor burden on subsequent reimaging at 4-6 months of
therapy (mean ¼ 4 months). For 3 of the 4 patients, this
unconventional pattern of tumor response to anti-PD-1 therapy
manifested as enlargement of the primary tumor (Fig 1). One of
the 4 patients initially manifested numerous new and increased in
FIG. 3. Sarcoid-like drug reaction in a NSCLC patient on pembrolizumab. A 73-year-old
oligometastatic disease developed new bilateral hilar lymphadenopathy (thick arrows)
adenopathy increased in size and was accompanied by new perilymphatic nodularity (
continued since the patient was doing well clinically and by 7 months of therapy (data n
and were completely resolved by 1 year of therapy with pembrolizumab.
size subcentimeter solid appearing metastatic pulmonary nodules
at reimaging at 2 months of anti-PD-1 therapy followed by
regression of these nodules at 4 months of therapy (Fig 2).

In addition to radiologic pseudoprogression, one patient man-
ifested a sarcoid-like like drug reaction to anti-PD-1 therapy with
development of new mediastinal and hilar lymphadenopathy and
perilymphatic nodularity (Fig 3), which manifested at reimaging at
2 months of therapy and resolved by 12 months of therapy.

Patterns of Anti-PD-1 Therapy-Induced Pneumonitis in Patients With
NSCLC

Of the 166 patients with NSCLC reviewed in this study,
5 patients (3%) developed clinically significant pneumonitis that
male with squamous cell carcinoma status post lobectomy followed by resected
at reimaging at 2 months of pembrolizumab therapy. At 4 months of therapy, this
thin arrows), which was suspicious for lymphangitic carcinomatosis. Therapy was
ot shown), both the adenopathy and perilymphatic nodules had begun to decrease



FIG. 4. Pneumonitis manifesting as ground glass opacities at 2 weeks of therapy with nivolumab. 40 year-old male patient with poorly differentiated metastatic lung cancer
was started on second-line therapy with nivolumab with multiple metastatic pulmonary nodules (arrow) at baseline. At 2 weeks of therapy, the patient developed dyspnea
and CT of the chest revealed bilateral patchy peribronchial ground glass opacities. Symptoms were rapidly improved on high-dose steroids, and nivolumab therapy was
discontinued.
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was attributed to anti-PD-1 therapy. A total of 4 of the 5 patients
had changes seen on CT obtained at the time that patients were
symptomatic, occurring at 2-11 weeks of therapy (mean ¼
8 weeks). In 2 patients, pneumonitis manifested as patchy ground
glass opacities which occurred in either a peribronchial distribu-
tion (Fig 4) or in a peripheral, subpleural distribution (Fig 5). In 2
patients, anti-PD-1 associated pneumonitis manifested as overly
robust consolidation in the region of radiation therapy in patients
receiving concurrent or recent prior radiation (Fig 6) therapy.
FIG. 5. Pneumonitis manifesting as ground glass opacities at 2 months following the sta
adenocarcinoma of the lung started nivolumab for second-line therapy for metastatic di
hypoxic, requiring hospitalization. The symptoms were attributed to drug toxicity and im
3 months of nivolumab therapy (B) and revealed development of bilateral pulmonary gro
pulmonary metastasis (m). Nivolumab was subsequently discontinued due to pneumon
Discussion

Immune checkpoint inhibitors present unique challenges to
imaging since they act on the tumor by potentiating the immune
system rather than by directly inhibiting tumor growth through
cytotoxic effects, typical of conventional chemotherapeutics. As a
result, therapy with these agents may result in unconventional
patterns of tumor response and induce inflammation in normal
tissues, which may affect imaging. Here, we sought to determine
rt of nivolumab. A 60-year-old female with prior history of left upper lobectomy for
sease to the lungs. At 2 months of therapy, the patient became short of breath and
proved on high-dose steroids. CT of the chest was performed at baseline (A) and at
und glass opacities (star) in a peripheral distribution with decrease in the size of the
itis, and the patient developed evidence of new metastatic disease (not shown).



FIG. 6. Severe pneumonitis following concurrent radiation therapy while on nivolumab therapy. A 64-year-old female with adenocarcinoma of the lung metastatic to the
right pleura, started on nivolumab as second-line therapy with concurrent radiation therapy to the lower right chest for palliation of chest wall pain. At 3 months of therapy
with nivolumab, the patient developed a worsening cough and became increasingly short of breath which improved but was not well-controlled by high-dose steroids. CT
chest was obtained at baseline (A) and at 4 months (B) and 6 months (C) of therapy with nivolumab. At 4 months, the CT demonstrated new dense consolidation in the
distribution of the radiation portal in keeping with radiation pneumonitis which increased by 6 months of therapy. Nivolumab was finally discontinued at 6 months of
therapy due to refractory symptoms of pneumonitis.
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the appearance and incidence of these potentially confounding
radiologic manifestations of anti-PD-1 therapy on thoracic imaging
follow-up of patients with NSCLC.

Radiologic pseudoprogression is characterized by initial tumor
enlargement or development of new lesions followed by eventual
tumor regression on sustained therapy. In our study of real-world
clinical practice, radiologic pseudoprogression occurred in 2% of
patients with NSCLC receiving immune checkpoint inhibitors and
primarily manifested as an increase in the size of the primary
malignancy rather than the development of new lesions. Our
observed rate of 2% radiologic pseudoprogression is in the range
of the reported rate of 0%-6% for pseudoprogression in anti-PD-1
therapy for NSCLC in clinical trials.1,12,16,20,21 Although uncommon,
radiologic pseudoprogression can be a significant confounder to
radiologic interpretation, typically manifesting at first reimaging at
2-3 months of therapy. In this study, all patients with radiologic
pseudoprogression revealed subsequent decreased tumor burden
by second reimaging at 4-6 months of therapy.

To more accurately quantify treatment response for patients
receiving immune checkpoint inhibitors on clinical trials, several
new immune tumor response criteria have been proposed includ-
ing the immune-related response criteria,15,17 unidimensional
immune-related response criteria22 and iRECIST.23 For the purpose
of this study, our goal was to examine the incidence of anti-PD-1
therapy-associated radiologic pseudoprogression and pneumonitis
in NSCLC in a real-world clinical setting. As such we did not
measure progression or response using clinical trial response
criteria but rather by assessment by the thoracic oncologist. In
future studies, we plan to examine the performance of the
immune response criteria in the setting of suspected radiologic
progression since there is evidence to suggest that these immune
response criteria may have an advantage in more accurately
classifying progressive disease in the setting of immune check-
point inhibition.21

In our experience, radiologically evident anti-PD-1 therapy-
associated pneumonitis was observed in 3% of patients with
NSCLC. These rates are similar to the reported literature where
the incidence of anti-PD-1 associated pneumonitis was reported to
be 2%-7%,4,12,24-26 which typically presents with dyspnea and
cough often accompanied by fever and chest pain. In our experi-
ence, anti-PD-1 therapy-associated pneumonitis manifested as
either patchy ground glass opacities or as an overly robust
pneumonitis in response to concurrent or recent prior radiation
therapy. These results are in keeping with the findings of a study of
20 patients with nivolumab-induced pneumonitis by Nishino
et al18,27 who described patterns of organizing pneumonia and
non-specific interstitial pneumonia (NSIP) in these patients. In
addition, there are a number of case reports and small case series
similarly reporting anti-PD-1 therapy-associated pneumonitis
manifesting as ground glass,28-30 sometimes in a peripheral dis-
tribution suggestive of organizing pneumonia, consolidation-pre-
dominant28,30-34 in keeping with organizing pneumonia, and, less
commonly, as a diffuse alveolar damage pattern.24,31 In this study,
all 4 cases of radiologically evident, anti-PD-1 associated, clinically
significant pneumonitis occurred within the first 3 months of
therapy, which appears consistent with the timing of the appear-
ance of anti-PD-1 therapy-induced pneumonitis reported in the
literature,27,28 although there have been some reports of delayed
emergence of pneumonitis associated with these agents.35

In conclusion, immune checkpoint inhibitors are emerging as an
important new therapy for the treatment of solid malignancies,
including NSCLC. As these agents work by stimulating the immune
system, rather than producing direct cytotoxic effects, tumors may
respond in an unconventional pattern, and imaging interpretation
can be complicated by manifestations of immune-related adverse
effects. In our experience, these unconventional responses to therapy
are uncommon on imaging of anti-PD-1 therapy response in NSCLC,
but represent an important potential confounder to therapeutic
response assessment and radiologists should be aware of these
features when interpreting restaging scans in these patients.
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