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Tumors develop multiple mechanisms to evade attack from 
the immune system. Understanding these immune evasion 
mechanisms is important for developing new strategies in 
cancer treatment. Immune checkpoint inhibitors targeting 
the PD-1/PD-L1 axis yield remarkably durable responses in 
multiple solid cancer, such as melanoma, non-small cell lung 
cancer (NSCLC), renal cell carcinoma, and urothelial cancer 
(1-4). Currently, agents that have been FDA approved 
for clinical use are pembrolizumab and nivolumab (PD-1 
inhibitors), atezolizumab, durvalumab, and avelumab (PD-
L1 inhibitors).

Immune checkpoint inhibitors induce inflammation 
towards the tumor, and make tumor cells to die. However, 
these agents can present great challenges to radiologists 
since their mode of action is distinct from conventional 
chemotherapeutic  agents ,  which direct ly  impede 
tumor cell growth. For example, immune checkpoint 
inhibitor treatment can lead to initial tumor enlargement 
with subsequent tumor regression, termed radiologic 
pseudoprogression, which can be misinterpreted as tumor 
progression on initial follow-up. Immune checkpoint 
inhibitors can also incite pneumonitis, sarcoid-like 
reactions, or other autoimmune reaction in normal tissues 
that can complicate image interpretation (5). Radiologically 
evident immune-related adverse events have been reported 
in up to approximately 30% of patients on immune 
checkpoint inhibitor therapy (2,6).

In the articles entitled “Thoracic Imaging of Non-
Small Cell Lung Cancer Treated with Anti-programmed 
Death Receptor-1 Therapy” (7)  and “Radiologic 
Pseudoprogression during Anti-PD-1 Therapy for 
Advanced Non-Small Cell Lung Cancer” (8) recently 
published in Current Problems in Diagnostic Radiology and 
Journal of Thoracic Oncology, respectively, by Hammer 
M, Katz S and colleagues. The authors retrospectively 
reviewed consecutive patients with NSCLC receiving anti-
PD-1 therapy at their institution between 2013 and 2016, 
and they evaluate the incidence and imaging findings of 
radiologic pseudoprogression and anti-PD-1 treatment-
induced pneumonitis. Radiologic pseudoprogression 
was determined when tumors showed enlargement or 
new lesions were detected at first follow-up CT and 
subsequent decrease in tumor burden at second follow-
up CT on sustained anti-PD-1 therapy. CT findings were 
also evaluated in patients with clinically evident anti-
PD-1 treatment-related pneumonitis (shortness of breath, 
hypoxia, or cough developing following the initiation of 
anti-PD-1 treatment, with no clinical evidence of infection, 
and symptoms improving with steroids or on termination of 
anti-PD-1 therapy).

A total of 166 adult patients with NSCLC (mean age:  
73 years, range: 34 to 88 years) who were treated with an 
anti-PD-1 drug [either nivolumab (80%) or pembrolizumab 
(20%)] were available for the analysis; most common 
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histology was adenocarcinoma of the lung (73%). According 
to RECIST 1.1, the overall response rate was 22% 
[complete response (n=4) and partial response (n=32)], and 
53% of patients (n=88) demonstrated progressive disease 
(PD) at first follow-up CT. Radiologic pseudoprogression 
was clinically suspected in 15 patients (9% of the cohort) 
because of clinical improvement despite imaging evidence 
of an increase in tumor burden; these patients sustained 
the immune checkpoint inhibitor therapy. Most of these 
patients confirmed as true progression on subsequent follow 
up. Only three patients (2% of the cohort) confirmed as 
radiologic pseudoprogression, with decrease in tumor 
burden on subsequent follow-up CT after 4–6 months of 
therapy. At first follow-up CT, 2 of the 3 cases of radiologic 
pseudoprogression manifested as enlargement of the 
primary tumor. And one patient demonstrated a decrease 
in size of the primary tumor with the development of new 
pulmonary lesions. One additional patient with stable 
disease according to RECIST 1.1 at the first follow-up CT 
manifested a subsequent 18% reduction in tumor burden at 
second follow-up, which suggest the pattern of radiologic 
pseudoprogression. 

Among a total of 5 patients (3%) who developed clinically 
significant anti-PD-1 therapy-induced pneumonitis, four 
patients had changes on CT obtained at 2–11 weeks of 
therapy (mean 8 weeks). In two patients, pneumonitis 
developed as peribronchial, peripheral, or subpleural 
patchy ground glass opacities. In two patients, pneumonitis 
manifested as consolidation in the region of concurrent 
or recent prior radiotherapy. In the literature, imaging 
findings of anti-PD-1 treatment-related pneumonitis 
include patterns of non-specific interstitial pneumonia 
(NSIP), organizing pneumonia, and diffuse alveolar 
damage, which are usually observed in the first 3 months 
of therapy, although some reports of delayed emergence of 
pneumonitis also have been reported (5,9-12). 

In the radiologic pseudoprogression have been observed 
in clinical trials with the incidence of 0–5% (13-16); the 
transient enlargement of baseline tumor burden and new 
lesions at first follow-up are associated with immune-
related response including development of edema and 
infiltrates of immune cells. Since the finding of radiologic 
pseudoprogression would have been classified prematurely 
as PD by conventional tumor response criteria (i.e., historic 
WHO or RECIST criteria), immune-related response 
criteria such as unidimensional immune-related response 
criteria (iRRC) and iRECIST have been developed 
(17,18). The unidimensional iRRC and iRECIST have an 

improved capacity to capture radiologic pseudoprogression 
than RECIST 1.1. In this study cohort, no patients were 
confirmed as having PD using iRRC and iRECIST at first 
follow-up CT. However, the assessment is delayed since 
these immune-related response criteria require suspected 
PD to be confirmed by subsequent follow-up imaging at 
least 1 month later. 

In summary, radiologic pseudoprogression occurred 
infrequently (2%) in NSCLC patients receiving anti-PD-1 
therapy. Radiologically evident anti-PD-1 therapy-induced 
pneumonitis was observed in 3% of this cohort, and the 
radiologic findings were either patchy ground glass opacities 
or consolidation in the region of concurrent or recent prior 
radiation therapy. 
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