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Abstract

Objective: Investigate the spectrum of radiographic patterns of radiation pneumonitis (RP) in 

lung cancer patients and identify imaging markers for high-grade RP and RP-related death.

Methods: Eighty-two patients with lung cancer treated with conventional chest radiotherapy who 

had symptomatic RP were identified from the radiation oncology database. The imaging features 

of RP were studied for association with high-grade RP (Grade ≥3) and RP-related death (Grade 5).

Results: RP was Grade 2 in 60 (73%), Grade 3 in 15 (18%), and Grade 5 in 7 patients (9%). 

Lower performance status (p=0.04), squamous cell histology (p=0.03), and FEV1≤2 (p=0.009) 

were associated with high-grade pneumonitis. Older age (p=0.03) and squamous cell histology 
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(p=0.03) were associated with RP-related death. The CT findings included ground-glass and 

reticular opacities in all patients, with traction bronchiectasis in 77 (94%) and consolidation in 74 

(90%). The most common radiographic pattern of RP was cryptogenic organizing pneumonia 

(COP) pattern (n=54), followed by acute interstitial pneumonia (AIP)/acute respiratory distress 

syndrome (ARDS) pattern (n=10). Higher extent of lung involvement, diffuse distribution, and 

AIP/ARDS pattern were associated with high-grade pneumonitis and RP-related death. AIP/

ARDS pattern was a significant factor for high-grade pneumonitis (OR:12.62, p=0.01) in 

multivariable analyses adjusting for clinical variables.

Conclusion: COP pattern was the most common radiographic pattern for symptomatic RP in 

lung cancer patients. AIP/ARDS pattern was significantly associated with high-grade RP and RP-

related deaths, and was an independent marker for high-grade RP. The recognition of the 

radiographic patterns of RP can help to effectively contribute to patient management.
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INTRODUCTION

Radiation therapy has been used in oncology for more than a century and currently it plays 

an important role in the management of a wide variety of tumors1–3. For non-small cell lung 

cancer (NSCLC), radiation therapy is used as primary treatment in patients with 

unresectable disease or in poor surgical candidates, or as an adjuvant treatment for those 

with positive surgical margins4,5. Likewise, patients with limited stage small-cell lung 

cancer (SCLC) are treated with a combination of chemotherapy and radiotherapy6,7. 

Additionally, radiotherapy is also used for palliative management of metastases in lung 

cancer patients8.

Radiation-induced toxicity remains the biggest challenge to radiotherapy and the procedure 

has evolved over the years to minimize injury to non-target tissues9–11. Understandably, the 

organs immediately adjacent to the tumor receive higher radiation dose, and therefore 

radiation pneumonitis (RP) is the most common dose-limiting toxic effect in patients 

receiving chest radiotherapy for lung cancer12,13. Of the toxicity criteria used to evaluate RP, 

the Radiation Therapy Oncology Group (RTOG) criteria and the Common Terminology 

Criteria for Adverse Events (CTCAE) are most commonly used14–16. The CTCAE can be 

applied to evaluate adverse effects to any type of cancer therapy beyond radiotherapy, and 

thus provide more comparable grading across different treatments.

The incidence rates of symptomatic RP varies across different series with multiple factors, 

and in general this is less than 10%17,18. However, at least a certain degree of lung 

parenchymal changes are noted on computed tomography (CT) in majority of the patients 

after chest radiotherapy18–20, making it difficult to distinguish between clinically 

insignificant post radiation changes and clinically significant, symptomatic RP. A detailed 

imaging review focusing on a patient cohort with clinical diagnosis of symptomatic RP is 

needed to identify imaging features that are predictive of higher grade RP and RP-related 

death.
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The purpose of the present study is to investigate the spectrum of imaging features and 

radiographic patterns of RP in patients with lung cancer treated with high-dose radiation 

therapy, and identify imaging markers that are associated with high-grade RP and RP-related 

death.

MATERIALS AND METHODS

Patients

A total of 815 patients with lung cancer were treated with conventional chest radiotherapy 

between January 2005- January 2014 in the Radiation Oncology Data Repository at our 

institution. Among them, 82 patients were clinically diagnosed as having developed 

symptomatic radiation pneumonitis (CTCAE grade ≥2) and had chest CT scans at the time 

of diagnosis of radiation pneumonitis available for review, which were included in the study 

population of the present study. The medical record and the imaging studies of these patients 

were retrospectively reviewed with the Institution Review Board (IRB) approval in this 

Health Insurance Portability and Accountability Act (HIPAA) compliant study. Informed 

consent was waived by the IRB.

Image analysis

Chest CT scans performed at the time of diagnosis of radiation pneumonitis were reviewed 

in consensus by two thoracic radiologists (MN and HH, with 14 and 30 years of experience 

respectively). The radiologists were informed of the planning target volume (PTV) of the 

radiation and had access to a series of prior imaging and prior lung surgery details, if 

applicable. This was done to ensure correct demarcation of the radiation field and to 

distinguish radiation-related lung changes from preexisting lung abnormalities. However, the 

radiologists did not have access to the RP grades at the time of CT scoring.

Imaging features were scored according to the methods used in the prior studies of 

treatment-related pneumonitis in cancer patients21–24. The items of evaluation included: i) 

extent in terms of upper, middle and lower lungs using a 6-point scale (0: none, 1: 1–5%, 2: 

6–25%, 3: 26–50%, 4: 51–75%, 5: 76–100%); ii) distribution in terms of diffuse, peripheral, 

multifocal, focal, and geographic; iii) distribution in relation to the expected radiation field 

(1: definitely confined to the radiation field, 2: probably confined to the radiation field, 3: 

equivocal, 4: probably beyond the radiation field, 5: definitely beyond the radiation field); 

and iv) lobar involvement. The presence or absence of the specific CT findings including 

ground-glass opacities (GGO), reticular opacities, consolidation, centrilobular nodularity, 

traction bronchiectasis, and honeycombing was also recorded21–24. In each case, 

radiographic patterns of radiation pneumonitis were classified referring to ATS/ERS 

international multidisciplinary classification of interstitial pneumonias and the related 

conditions as described previously25,26 as 1) acute interstitial pneumonia (AIP)/acute 

respiratory distress syndrome (ARDS) pattern, 2) cryptogenic organizing pneumonia (COP) 

pattern, 3) non-specific interstitial pneumonia (NSIP) pattern, 4) hypersensitivity 

pneumonitis (HP) pattern, and 5) indistinguishable from post radiation changes21–24. 

Pneumonitis related to cancer treatment represents a manifestation of the lung’s responses to 

injury, and the lung’s response patterns to injuries demonstrate several radiographic patterns 
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on CT. These patterns are originally described in the setting of idiopathic interstitial 

pneumonias, however, can also be noted in the setting of interstitial lung diseases with 

underlying causes, and thus have been applied to describe treatment-related pneumonitis in 

cancer patients as previously published21–24,27,28.

Data analysis

Descriptive statistics were used to describe clinical characteristics and imaging features of 

radiation pneumonitis. Differences in distributions of categorical variables and continuous 

variables between patients with and without high-grade pneumonitis (defined as CTCAE 

grade ≥3) were evaluated using Fisher’s exact test and Wilcoxon rank-sum test, respectively. 

Logistic regression models were used to assess the associations between high-grade 

pneumonitis and clinical characteristics as well as imaging features. Covariates with p values 

less than 0.05 in the univariable analysis were included in the multivariable models. Among 

the imaging features, only AIP/ARDS pattern was included in the multivariable models as 

all other imaging characteristics were strongly associated with AIP/ARDS pattern. All p 
values were two-sided and a p value of less than 0.05 was considered significant.

RESULTS

Clinical characteristics of patients with radiation pneumonitis

Table 1 lists the demographics and clinical characteristics of the 82 patients with 

symptomatic RP, for all patients in the cohort, and according to the RP grades. Thirty-five 

patients were men and 47 were woman, with a median age of 68 years. Median time from 

the time of initiation of radiation therapy to RP was 4.2 months (interquartile range 3.0–5.6 

months). RP grade was Grade 2 in 60 (73%), Grade 3 in 15 (18%), and Grade 5 (lethal) in 7 

patients (9%).

Seven patients were treated with radiotherapy alone, whereas 75 patients also received 

chemotherapy prior to the development of RP, including induction chemotherapy alone 

(n=2), concurrent chemotherapy alone (n=32), adjuvant therapy alone (n=5), induction and 

concurrent therapy (n=7), concurrent and adjuvant therapy (n=25), and induction, concurrent 

plus adjuvant therapy (n=4). The induction regimen was platinum-based using carboplatin or 

cisplatin, in combination with etoposide, paclitaxel, or pemetrexed. Concurrent regimen was 

also platinum-based as in the induction therapy, except for one patient who received 

navelbine alone. The adjuvant regimen was similarly platinum-based for most patients, 

except for 5 patients who received paclitaxel or docetaxel single-agent therapy.

Among the clinical characteristics, poor performance status at diagnosis of lung cancer (PS 

of 2 or above; p=0.04), squamous cell histology (p=0.03), and FEV1 ≤2 (p=0.009) were 

associated with high-grade (Grade 3 or above) RP compared to Grade 2 RP. Older age 

(p=0.03) and squamous cell histology (p=0.03) were also associated with RP-related death 

(Grade 5) (Table 1).
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Imaging characteristics and radiographic patterns of symptomatic radiation pneumonitis

Table 2 summarizes the imaging characteristics and radiographic patterns of symptomatic 

RP, in the entire population and according to the RP grades. The distribution of the lung 

parenchymal findings of RP on CT was diffuse in 11 (13%), peripheral in 2 (2%), multifocal 

in 52 (63%), focal in 2 (2%) and geographic in 15 (18%) patients. The CT findings extended 

beyond the expected radiation field in 67 patients (82%) and were confined to the radiation 

field in 15 patients (18%). One patient had undergone right lower lobectomy, one had 

undergone right upper lobectomy and one had undergone left pneumonectomy. Both lungs 

were involved in 48 patients (59%) and all lobes were involved in 28 patients (34%). 

Specific CT findings of GGO and reticular opacities were noted in all patients, accompanied 

with traction bronchiectasis in 77 (94%) and consolidation in 74 (90%) patients.

Of the 67 patients with the RP findings extending beyond the expected radiation field, the 

most common radiographic pattern of RP was COP pattern with multifocal/focal distribution 

(n=54; 81%) (Figure 1), followed by AIP/ARDS pattern with diffuse distribution (n=10; 

15%) (Figure 2), while a few patients demonstrated NSIP pattern with peripheral distribution 

(n=2; 3%)(Figure 3) or HP pattern with diffuse distribution (n=1; 1%). In the remaining 15 

patients (18%), the changes of RP were confined to the radiation field with a typical 

geographic distribution and were indistinguishable from the expected post radiation changes 

without symptomatic complications.

The imaging findings associated with high-grade RP included a higher extent of lung 

involvement on CT (p=0.003), diffuse distribution (p<0.0001), and AIP/ARDS pattern 

(p=0.0003). Imaging findings associated with RP-related death included a higher extent of 

lung involvement on CT (p=0.0008), diffuse distribution (p=0.0003), all lobe involvement 

(p=0.006), and AIP/ARDS pattern (p=0.0002).

Univariable and multivariable analyses for factors associated with RP grades

To further analyze the clinical and imaging characteristics associated with high-grade RP, 

univariable and multivariable logistic regression analyses were performed (Tables 3 and 4). 

In the univariable analyses, the clinical characteristics associated with high-grade RP 

included older age (age >67; OR: 2.80, p=0.0504), lower performance status (PS 2 or 3; OR: 

6.44, p=0.04), squamous cell histology (OR: 3.29, p=0.02), and FEV1 ≤2 (OR: 4.41, 

p=0.008). Older age (OR: 6.86, p=0.08) and squamous cell histology (OR: 6.88, p=0.03) 

were also associated with pneumonitis-related death (Table 3). The imaging characteristics 

that are associated with high-grade RP included a higher extent of lung involvement (Extent 

≥10 using the sum of the extent scores of all three levels of the lungs for each patient; OR: 

5.22, p=0.002), diffuse distribution (OR: 20.07, p=0.004), and AIP/ARDS pattern (OR: 

16.57, p=0.0009). The imaging characteristics associated with RP-related death were higher 

extent (OR: 16.50, p=0.01), all lobe involvement (OR 14.45, p=0.02), diffuse distribution 

(OR: 28.75, p=0.003), and AIP/ARDS pattern (OR: 35.0, p=0.0002) (Table 4). In 7 patients 

with lethal RP, the median time between the CT diagnosis of RP to death was 3.0 weeks 

(range: 0.6 – 43.3 weeks).
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Multivariable analyses were performed for the association between AIP/ARDS pattern and 

high-grade RP, adjusting for clinical factors that were significant in the univariable analyses. 

Other imaging characteristics were not included in the multivariable analyses, as they were 

strongly associated with AIP/ARDS pattern. AIP/ARDS pattern remained as a significant 

risk factor for high-grade RP (OR: 12.62 [95%CI: 1.73 – 91.92], p=0.01), after adjusting for 

performance status (PS 2–3 vs. PS 0–1, OR: 3.94 [95%CI: 0.41, 37.49], p=0.23), squamous 

cell histology (OR: 1.98, [95%CI: 0.54 – 7.30], p=0.31), and FEV1 (FEV1 ≤2 vs. FEV>2, 

OR: 5.27 [95%CI: 1.25 –22.14], p=0.03).

Discussion

The present study has characterized the spectrum of imaging findings and radiographic 

patterns of symptomatic RP that has been clinically diagnosed in patients with lung cancer 

treated with conventional chest radiotherapy, and identified imaging markers for high-grade 

RP and RP-related death. The AIP/ARDS pattern on chest CT is predictive for both high-

grade RP and RP-related death, and was an independent marker for high-grade RP after 

adjusting for other significant clinical variables. The results of the study call for awareness 

of the radiographic patterns of RP, which can help to predict the clinical severity and 

outcome of RP and to contribute to optimize patient management.

Among the clinical characteristics, older age, lower performance status, squamous cell 

histology and FEV1 ≤2 were associated with high-grade RP, and older age and squamous 

cell histology were also associated with RP-related death. Patients with lower performance 

status due to neoplastic disease or other co-morbidities understandably have a lesser ability 

to tolerate additional lung injury, and therefore are at an increased risk of developing higher 

grade symptomatic RP or lethal RP. In our study, patients with performance status of 2 or 3 

had 6.4 times increased risk of developing high-grade RP compared to those with 

performance status of 0 or 1. Likewise, FEV1 ≤2 was also associated with increased risk of 

high-grade RP. The result is similar to that seen by Robnett et al where patients with lower 

performance status had 7.8 times increased risk of severe RP, and no patient with FEV1>2 

developed high-grade pneumonitis29. The older age of greater than 67 years was associated 

with an increased risk of both high-grade RP and RP-related death (OR 2.8 and 6.86, 

respectively), which is similar to the study by Kharofa et al that showed the age greater than 

70 years was associated with increased risk of grade ≥3 pneumonitis30. The association of 

squamous cell histology with high-grade and lethal pneumonitis as seen in our study may be 

related to the fact that patients with squamous cell carcinoma of the lung are more likely to 

be elderly and smokers with a worse overall prognosis31,32. Unlike earlier studies12,33, we 

did not find a significant association between mean lung dose and RP grades, which may be 

due to a small number of patients, but could also be related to the fact that we focused on 

patients with symptomatic RP, and did not include asymptomatic RP with imaging 

abnormalities alone. History of chronic obstructive pulmonary disease also did not increase 

risk of severe RP, as previously reported by Kasymjanova et al34. Only two patients had a 

positive history for pulmonary fibrosis and thus the variable was insignificant as a risk factor 

for RP in the present cohort.
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The detailed evaluation of the CT findings of symptomatic RP demonstrated that the CT 

findings extend beyond the expected radiation field in majority of the patients (82%), which 

may be an important indicator when making radiological diagnosis of RP. However, the 

remaining patients (18%) had CT findings that are confined to the expected radiation field in 

a geographic distribution that is indistinguishable from the post radiation changes, which 

highlights the limitation of the imaging assessment alone for the diagnosis of RP and 

emphasizes the multidisciplinary approach for the entity. Among those with CT findings 

beyond the radiation field, COP pattern which is characterized by multifocal consolidative 

and GGO was the most frequent radiographic pattern, and was seen in 81% of patients. 

Multiple prior articles have also described organizing pneumonia as a common 

manifestation of RP35–38. It is also well known that organizing pneumonia is the most 

common manifestation of lung injury to a wide variety of insults including radiation 

pneumonitis39–41.

Among the imaging features, the higher extent of lung involvement on CT, diffuse 

distribution, and AIP/ARDS pattern were associated with both high-grade RP and lethal RP. 

Among these factors, AIP/ARDS pattern had the highest odds of 16.57 for high-grade RP, 

and 35.0 for lethal RP. Several previously reported cases of high-grade and lethal RP have 

described similar imaging findings of extensive, diffuse, consolidative and ground glass 

opacities in both lungs, associated with reticular opacities and traction bronchiectasis42–44. 

These observations suggest that, as the severity of radiation pneumonitis increases, its effects 

evolve from localized lung injury to a more extensive inflammatory response manifesting as 

extensive pulmonary opacities45–48. Moreover, after adjusting for other significant clinical 

factors on multivariable analysis, the AIP/ARDS pattern remained as a significant predictor 

for high-grade RP with 12.6 times increased risk, indicating the importance of the 

recognition of this radiographic pattern when assessing the chest CT scans in patients treated 

with chest radiotherapy.

It is also interesting to note the similarity of the findings in our study to that of multiple prior 

studies on drug-related pneumonitis21,23,24,49,50. For example, a prior study of the imaging 

of PD-1 inhibitor-related pneumonitis reported that 65% of the patients demonstrated COP 

pattern. AIP/ARDS pattern was also associated with high-grade pneumonitis23,49. Likewise, 

two prior studies on mTOR inhibitor-related pneumonitis showed that COP pattern is the 

most common radiographic pattern, noted in up to 70% of the patients21,24. These 

observations further confirm that pneumonitis is a manifestation of lung’s response to injury, 

including radiation and anti-cancer agents22.

The spectrum of imaging features and radiographic patterns of RP characterized in the 

present study also has implications on the toxicity assessment from emerging anti-cancer 

therapy using a combination of radiotherapy and immune-checkpoint inhibitor therapy. The 

recently concluded PACIFIC trial reported significant survival benefits of consolidation 

therapy using PD-L1 inhibitor, durvalumab, in patients with stage III NSCLC treated with 

platinum-based chemoradiotherapy51,52. In this trial, pneumonitis, including both drug-

related pneumonitis and RP, was noted in 33.9% patients receiving durvalumab and was the 

most frequent adverse effect leading to discontinuation of therapy51. The detailed 

description of RP in lung cancer patients treated with conventional radiotherapy forms a 
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basis to further understand pneumonitis in patients receiving combination therapy with 

radiation and immune-checkpoint inhibitors, which is a new area of clinical challenges and 

discoveries with emerging biomarkers53.

The limitations of the study include a retrospective nature in patients treated at a single 

institution and the relatively small number of lethal RP. However, we identified the 

radiographic patterns that are associated with high-grade RP using the comprehensive 

clinical and imaging data in the patients with symptomatic RP identified in the consecutive 

radiation oncology database. Given a small number of lethal RP, multivariable analyses for 

the risk factors of RP-related death were not performed. The study focused on symptomatic 

RP (Grade ≥2), and did not include Grade 1 RP, because the diagnosis of Grade 1 

pneumonitis exclusively depends on radiographic findings, which is extremely challenging 

in the setting of chest radiotherapy that is almost always associated with a certain degree of 

lung parenchymal changes on imaging. Identification of early radiographic makers of high-

grade RP is an important next step to optimize patient management and mitigate the 

consequence of RP, however, the availability of diagnostic chest CT prior to the development 

of RP is limited and variable in this retrospective cohort. This important question needs to be 

further addressed in a cohort with prospective study design.

In conclusion, symptomatic RP in lung cancer patients demonstrated several characteristic 

radiographic patterns, with COP pattern being the most common. AIP/ARDS pattern should 

raise a concern for high-grade RP and potentially lethal RP. The observations in the present 

study can be applied to detect, evaluate, and monitor RP in patients treated with chest 

radiotherapy, and also can form a basis for further studies of pneumonitis from combination 

radiotherapy and immune-checkpoint inhibitor therapy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Highlight

• Radiographic patterns of symptomatic radiation pneumonitis (RP) were 

characterized

• AIP/ARDS pattern is a predictive marker for high-grade RP and RP-related 

death

• Radiographic patterns of RP help to predict the clinical severity and outcome
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Figure 1. 
Cryptogenic organizing pneumonia (COP) pattern of radiation pneumonitis (grade 2) in a 

63-year-old male with non-small cell lung carcinoma, treated with chest radiotherapy using 

3-dimensional conformal radiotherapy (3DCRT). Axial chest computed tomography (CT) at 

the time of symptomatic radiation pneumonitis demonstrated multifocal patchy ground glass 

and reticular opacities in the left lung (arrows), representing a radiographic COP pattern. 

The patient presented with shortness of breath and wheeze which responded to steroid 

therapy.
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Figure 2. 
Acute interstitial pneumonia/Acute respiratory distress syndrome (AIP/ARDS) pattern of 

radiation pneumonitis (grade 5) in an 83-year-old male with non-small cell lung carcinoma, 

treated with chest radiotherapy using combined 3DCRT and intensity modulated 

radiotherapy (IMRT). Axial (A) and coronal (B) chest CT at the time of symptomatic 

radiation pneumonitis demonstrated extensive ground glass and reticular opacities 

throughout both lungs, with a few interspersed areas of consolidative opacities, traction 

bronchiectasis and loss of lung volumes, representing a radiographic AIP/ARDS pattern. 

The patient needed hospitalization for worsening hypoxia and passed away 2 weeks later 

despite supportive care.
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Figure 3. 
Nonspecific interstitial pneumonia (NSIP) pattern of radiation pneumonitis (grade 2) in a 74-

year-old female with non-small cell lung carcinoma, treated with chest radiotherapy using 

3DCRT. Axial CT at the time of symptomatic radiation pneumonitis demonstrated ground 

glass and reticular opacities in a peripheral distribution in both lungs (arrows), representing a 

radiographic NSIP pattern. The patient presented with cough and shortness of breath that 

responded to steroid therapy.
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