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Abstract
Purpose Inflammatory FDG uptake in the lung (PET-pneumonitis) following curative-intent radiotherapy (RT)/chemo-RT
(CRT) in non-small cell lung cancer (NSCLC) can pose a challenge in FDG-PET/CT response assessment. The aim of this study
is to describe different patterns of PET-pneumonitis to guide the interpretation of FDG-PET/CT and investigate its association
with tumor response and overall survival (OS).
Methods Retrospective analysis was performed on 87 NSCLC patients in three prospective trials who were treated with radical
RT (n = 7) or CRT (n = 80), with baseline and post-treatment FDG-PET/CT. Visual criteria were performed for post-treatment
FDG-PET/CT response assessment. The grading of PET-pneumonitis was based on relative lung uptake intensity compared to
organs of reference and classified as per Deauville score from grade 1–5. Distribution patterns of PET-pneumonitis were defined
as follows: A) patchy/sub-pleural; B) diffuse (involving more than a segment); and C) peripheral (diffusely surrounding a
photopenic region).
Results Follow-up FDG-PET/CT scans were performed approximately 3 months (median, 89 days; interquartile range, 79–93)
after RT. Overall, PET-pneumonitis was present in 62/87 (71%) of patients, with Deauville 2 or 3 in 12/62 (19%) and 4 or 5 in 50/
62 (81%) of patients. The frequency of patterns A, B and C of PET-pneumonitis was 19/62 (31%), 20/62 (32%) and 23/62 (37%),
respectively. No association was found between grade or pattern of PET-pneumonitis and overall response at follow-up PET/CT
(p = 0.27 and p = 0.56, respectively). There was also no significant association between PET-pneumonitis and OS (hazard ratio
[HR], 1.3; 95% confidence interval [CI], 0.6–2.5; p = 0.45). Early FDG-PET/CT response assessment, however, was prognostic
for OS (HR, 1.7; 95% CI, 1.2–2.2; p < 0.001).
Conclusion PET-pneumonitis is common in early post-CRT/RT, but pattern recognition may assist in response assessment by
FDG-PET/CT. While FDG-PET/CT is a powerful tool for response assessment and prognostication, PET-pneumonitis does not
appear to confound early response assessment or to independently predict OS.

This article is part of the Topical Collection on Oncology – Chest

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s00259-019-04388-3) contains supplementary
material, which is available to authorized users.

* Amir Iravani
amir.iravani@petermac.org

1 Cancer Imaging, PeterMacCallumCancer Centre, 305 Grattan Street,
Melbourne, VIC 3000, Australia

2 Sir Peter MacCallum Department of Oncology, University of
Melbourne, Melbourne, VIC, Australia

3 Division of Radiation Oncology, Peter MacCallum Cancer Centre,
Melbourne, VIC, Australia

4 Department of Biostatistics and Clinical Trials, Peter MacCallum
Cancer Centre, Melbourne, VIC, Australia

5 Radiation Therapy, Peter MacCallum Cancer Centre,
Melbourne, VIC, Australia

6 Department of Medical Imaging and Radiation Sciences, Faculty of
Medicine and Dentistry, Monash University, Clayton, VIC, Australia

European Journal of Nuclear Medicine and Molecular Imaging (2019) 46:1869–1877
https://doi.org/10.1007/s00259-019-04388-3

http://crossmark.crossref.org/dialog/?doi=10.1007/s00259-019-04388-3&domain=pdf
http://orcid.org/0000-0002-1273-5835
https://doi.org/10.1007/s00259-019-04388-3
mailto:amir.iravani@petermac.org


Keywords PET-pneumonitis . Radiation pneumonitis . FDG-PET/CT . PET response assessment . Non-small cell lung cancer
(NSCLC)

Introduction

The implementation of hybrid imaging with 18F-
fluorodeoxyglucose positron emission tomography (FDG-
PET)/computed tomography (CT) has improved imaging ac-
curacy and has become an integral imaging modality for di-
agnosis and staging, but it is also increasingly used for re-
sponse assessment and prognostication following curative-
intent treatment of advanced non-small cell lung cancer
(NSCLC) patients [1, 2]. Early and accurate detection of re-
sistant disease is crucial to allow salvage therapy, particularly
with the emergence of targeted therapies and immunotherapy
[3]. Salvage surgery may also be possible in patients with
clearance of mediastinal lymphadenopathy by chemoradio-
therapy [4]. Stereotactic ablative body radiotherapy or surgery
may be appropriate for patients who attain local disease con-
trol, but have new oligometastasis [5]. Early follow-up of
patients can be challenging, however, as treatment-induced
inflammatory changes in the normal lung parenchyma (PET-
pneumonitis) after radiotherapy (RT) or concurrent chemora-
diotherapy (CRT) must be distinguished from residual disease
[6–8].

In a recent study, we showed that both qualitative and
semiquantitative FDG-PET/CT response criteria provided
powerful early post-treatment predictive information [9].
Qualitative response assessment, however, showed a stronger
association with overall survival (OS) than did the two semi-
quantitative criteria: the European Organisation for Research
and Treatment of Cancer (EORTC) and PET Response
Criteria in Solid Tumors (PERCIST). We speculated that the
presence of PET-pneumonitis and difficulty in assigning the
residual tumor site in the presence of evolving changes in the
lung configuration may have interfered with semiquantitative
response assessment and resulted in lower predictive ability.
Response assessment is particularly challenging when there is
diffuse pneumonitis in the vicinity of the site of the primary
tumor. In 2004, we described the importance of pattern recog-
nition in differentiating post-radiation changes from residual
disease using standalone PET [6]. With technological ad-
vancements in PET imaging, the new generation of cameras
have higher sensitivity and spatial resolution, and offer addi-
tional opportunities for more accurate anatomical localization
of FDG uptake with contemporaneous CT. Furthermore, the
past decade has brought dramatic improvements in the plan-
ning and delivery of radiation treatments due to technical ad-
vancements in delivery tools, computing power, guidance im-
aging, and motion management [5]. This has led to highly
conformal radiation, creating sharper radiation dose gradients
and allowing for reduction of radiation dose to non-tumor

lung parenchyma, hence reducing the frequency of severe
pneumonitis while changing the pneumonitis distribution
and pattern [10].

In this manuscript, we describe common patterns of PET-
pneumonitis in relation to the metabolic changes in the prima-
ry tumor to guide physicians in more accurate interpretation of
PET/CT early after radical RT/CRT. The impact of the PET-
pneumonitis and its differing patterns on the response evalua-
tion and overall patient outcome were also analyzed.

Materials and methods

Patients

Between 2004 and 2016, three NSCLC prospective trials in-
cluded patients treated with definitive RT or CRT. Patients
eligible for this study had baseline and post-treatment FDG-
PET/CT imaging between 1.5 and 4 months after RT. All
patients were aged ≥18 years, had an Eastern Cooperative

Table 1 Patient and tumor characteristics

Variable Statistic Total (N = 87)

Age (years) Median [range] 68 [46–86]

Sex Female 30 (35%)

Male 57 (65%)

Stage at diagnosis I 7 (8%)

II 10 (11%)

IIIA 45 (52%)

IIIB 25 (29%)

Histology Adenocarcinoma 36 (41%)

Large cell 7 (8%)

NSCLC 13 (15%)

SCC 31 (36%)

Chemotherapy Concurrent 80 (92%)

No chemotherapy 7 (8%)

Chemotherapy type Carboplatin-Etoposide 1 (1%)

Carboplatin-Paclitaxel 45 (56%)

Carboplatin only 3 (3%)

Cisplatin-Etoposide 31 (39%)

RT dose 50–56 Gy 3 (3%)

60 Gy 84 (97%)

RT Technique 3D Conformal 80 (92%)

IMRT 7 (8%)

NSCLC, non-small cell lung cancer; SCC, squamous cell carcinoma; RT,
radiotherapy; 3D, three-dimensional; IMRT, intensity-modulated
radiotherapy
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Oncology Group (ECOG) performance status of 0–2 and had
a histologically or cytologically confirmed NSCLC (Table 1).
Approval to conduct this study was granted by our institution-
al ethics committee (PMCC 17/43R).

Treatment and imaging

All patients were treated to 50–60 Gy three-dimensional con-
formal or intensity-modulated RT planning according to insti-
tutional guidelines. Tumor motion management was based on
an FDG-PET/CT planning scan [11] or a four-dimensional
(4D) planning CT scan. Concomitant chemotherapy, when
indicated, consisted of either cisplatin/etoposide, or
carboplatin/paclitaxel. All FDG-PET/CT scans were acquired
on an integrated PET/CTscanner including GEDiscovery LS,
GE Discovery STE (GE Medical Systems, Milwaukee, WI,
USA), or Biograph 16 (Siemens Medical Solutions, Erlangen,
Germany). Each baseline and post-treatment FDG-PET/CT
were performed on the same scanner utilizing a uniform ac-
quisition and processing protocol [11–13].

Response assessment

All analyses were performed using MIM software (MIM
5.4.4;MIM Software, Cleveland, OH, USA). For each patient,
on follow-up FDG-PET/CT, visual response evaluation
criteria (Peter Mac criteria) were categorized as follows: com-
plete metabolic response (CMR), no tumor uptake or activity
in the target tumor similar to that in the mediastinum; partial
metabolic response (PMR), any appreciable reduction in the
intensity or tumor volume/extent and residual FDG uptake
within target tumor greater than mediastinum; stable metabol-
ic disease (SMD), no appreciable change in the intensity or
volume/extent of FDG uptake in target tumor; or progressive
metabolic disease (PMD), appreciable increase in the intensity
or volume/extent of target tumor or new FDG-avid tumor
lesion. Response at the primary site and overall response
was assessed separately.

Assessment of PET-pneumonitis grade and pattern

PET-pneumonitis was assessed based on the relative intensity
(grade) and distribution (pattern) of uptake in the lung paren-
chyma. The grade of pneumonitis was defined and extrapolat-
ed from the reference organs used in the Deauville score as
follows: 1) no increased uptake above background, 2) in-
creased uptake above background but equal to or less than
mediastinum, 3) above mediastinum but equal to or less than
liver, 4) moderately above liver or 5) markedly above liver.

The patterns of PET-pneumonitis were classified as A)
subpleural/patchy: in this pattern, the areas of non-tumor lung
FDG uptake are separate from the lung tumor and located
either in a curvilinear shape in the subpleural/peri-fissural

distribution or in a small patch or patches randomly distribut-
ed within the lungs, B) diffuse, non-tumor lung FDG uptake
diffusely involving at least one segment of the lung. Diffuse
uptake either includes the primary tumor site or is located in its
vicinity; or C) peripheral, non-tumor lung FDG uptake
encircling an area of relatively lower intensity FDG uptake
or photopenia, which represents the primary tumor site
(Fig. 1). All assessments were the consensus of two experi-
enced nuclear medicine physicians blinded to the clinical
outcome.

Statistical methods

Overall survival was measured from the date of post-
treatment FDG-PET/CT to the date of death. Patients alive
at the last contact had their survival censored at that date. A
linear-by-linear test was used to assess the association be-
tween the PET-pneumonitis grade and overall response or
response at the primary site. Fisher’s exact test and the
Kruskal–Wallis test were used to assess the association be-
tween presence of PET-pneumonitis and overall response or
primary response, respectively. Cox proportional hazard
models and Kaplan–Meier methods were used in OS analy-
ses. All statistical analyses were performed in R 3.2.3 (R
Core Team, 2015; R: A language and environment for statis-
tical computing; R Foundation for Statistical Computing,
Vienna, Austria).

Results

Patients and response assessments

Eighty-seven NSCLC patients underwent FDG-PET/CT be-
fore and after radical RT (n = 7) or CRT (n = 80). Eighty-four
of 87 patients (97%) received 60 Gy (Table 1). As per usual
institutional practice, follow-up FDG-PET/CTscans were per-
formed 2–3 months (median, 89 days; interquartile range, 79–
93; range: 47–123) after RT. Of 87 patients, two had only
nodal disease with no assessable primary site. Primary re-
sponse in the 85 patients with assessable primary site were
as follows: 42/85 (49%) CMR, 40/85 (47%) PMR, 2/85
(2%) SMD and 1/85 (1%) PMD. Overall response assessment
was as follows: 30/87 (35%) CMR, 39/87(45%) PMR, 1/87
(1%) SMD and 17/87 (20%) PMD. The estimated median
follow-up was 49 months and the median survival, calculated
from the date of the follow-up FDG-PET/CT, was 28 months.
Early FDG-PET/CT overall response assessment was prog-
nostic for OS (hazard ratio [HR], 1.7; 95% confidence interval
[CI], 1.3–2.2; p < 0.001). For complete response analyses,
please refer to the prior publication by our group [9].
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Grade and pattern of PET-pneumonitis

Overall, PET-pneumonitis was present in 62/87 (71%) of pa-
tients. There was no significant difference between the num-
ber of days from the completion of RT to follow-up PET/CT
in patients with or without PET-pneumonitis, 86.8 days (95%
CI, 83.2–90.5) and 83.3 days (95%CI, 75.9–90.7), respective-
ly (p = 0.38).

Of the patients with PET-pneumonitis, 12/62 (19%) had
Deauville 2–3 and 50/62 (81%) Deauville 4–5. The frequency
of the patterns of PET-pneumonitis was as follows: pattern A,
19/62 (31%); pattern B, 20/62 (32%) and pattern C, 23/62
(37%). The proportion of patients with PET-pneumonitis
was 11/18 (61%) in patients with PMD or SMD, 27/39
(69%) in PMR and 24/30 (80%) in CMR. Figure 2 provides
three representative cases with a diffuse and peripheral pattern
of PET-pneumonitis on early follow-up FDG-PET/CT and its
relation to the metabolic response at the primary site.

PET-pneumonitis versus overall response
and response at the primary site

There was no clear association between grade of PET-
pneumonitis and the depth of response at the primary site
(p = 0.067) (Table 2). Similarly, no association was found be-
tween the pattern of PET-pneumonitis and response at the
primary site (supplementary table 1). There was no association
between grade or pattern of PET-pneumonitis and overall

response at early follow-up PET/CT (supplementary table 2
and 3).

PET-pneumonitis versus overall survival

There is no evidence that the presence of PET-pneumonitis on
early follow-up FDG-PET/CT is associated with OS of the
patients (HR, 1.3; 95% CI, 0.6–2.5; p = 0.49. Similarly, no
association was found between the grade or pattern of PET-
pneumonitis and OS (Table 3). Figure 3 demonstrates
Kaplan–Meier curves in patients with or without PET-
pneumonitis and their survival by different patterns of PET-
pneumonitis.

Discussion

In this study, the presence of PET-pneumonitis on early FDG-
PET/CT was not associated with OS of patients with NSCLC
treated with RT/CRT. This result is consistent with the previ-
ously published study by our group in 2004 [6], in which
standalone PET images were used for response assessment
and grading of radiation-induced toxicity in non-tumor tissues.
PET-pneumonitis usually begins early after radiation and
reaches its peak less than 3 months after RT completion [14],
a timeline which corresponds to typical response assessment in
NSCLC after RT/CRT. Reassuringly, our study showed early
FDG-PET/CT response remains prognostic for OS and, as we
previously found with standalone FDG-PET, the utility of
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FDG-PET/CT for response assessment was not confounded by
post-radiotherapy changes. This is important especially with the
increasing evidence of efficacy of adjuvant immunotherapy
[15] and salvage treatments [16], allowing for a personalized,
risk-adapted approach based on accurate early response assess-
ment after CRTwhich may improve patient outcomes.

It is important to note that the tumor response and non-
tumor lung tissue response (PET-pneumonitis) to radiation
are likely time-dependent phenomena [2, 14]. Some variation
was noticed in the timing of post-treatment scanning (range:
47–123 days), although the interquartile range was rather

narrow (79–93 days). To ascertain whether the timing of
post-treatment PET influenced the detection of PET-pneumo-
nitis, this was compared in patients with or without PET-pneu-
monitis. Interestingly, the time interval was not significantly
different, 86.8 days and 83.3 days in patients with or without
PET-pneumonitis, respectively (p = 0.38). Despite this possi-
ble confounding factor, we did not find a temporal relationship
between the metabolic response in the tumor and the PET-
pneumonitis at any time point in a given individual patient
and more importantly the presence the latter did not appear
to impact the response assessment.

Fig. 2 Top row, diffuse PET-pneumonitis with focal activity above pneu-
monitis at the primary tumor, indicating residual disease. Middle row,
diffuse PET-pneumonitis with the indistinguishable primary site from
surrounding pneumonitis, indicating likely inflammatory change but

requires further follow-up. Bottom row, peripheral PET-pneumonitis with
relative photopenia at the primary tumor, indicating a response to
treatment

Table 2 Response at the primary tumor site by grade of PET-pneumonitis

Grade of PET pneumonitisπ Visual PET response at the primary site Total

CMR PMR SMD PMD

1 10 (40.0%) 13 (52.0%) 1 (4.0%) 1 (4.0%) 25

2 2 (40.0%) 2 (40.0%) 1 (20.0%) 0 (0.0%) 5

3 3 (42.9%) 4 (57.1%) 0 (0.0%) 0 (0.0%) 7

4 22 (59.5%) 15 (40.5%) 0 (0.0%) 0 (0.0%) 37

5 5 (45.5%) 6 (54.5%) 0 (0.0%) 0 (0.0%) 11

Total 42 (49.4%) 40 (47.1%) 2 (2.4%) 1 (1.2%) 85*

Linear-by-linear p value = 0.067

*Two out of 87 patients were not assessable for response at the primary site
πGrade of pneumonitis is defined by Deauville score 1 to 5

CMR, complete metabolic response; PMR, partial metabolic response; SMD, stable metabolic disease; PMD, progressive metabolic disease
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There has been increasing interest in whether
radiation-induced inflammatory change may impact the
response in the tumor. While radiation has direct cyto-
toxic effects on cancer cells, it is now well established
that RT can generate an anti-tumor immune response
through effects on the tumor microenvironment via a
variety of mechanisms [17, 18]. Synergistic effect of
consolidative immunotherapy on improvement outcome
following RT has been demonstrated in NSCLC [15,
19]. In addition, biomarker studies have shown an in-
crease in pro-inflammatory cytokines in NSCLC patients
during and after RT, which is also associated with pul-
monary FDG uptake [20, 21]. The extent to which tumor
and normal tissue react to RT, however, depends on mul-
tiple factors including altered interactions between the
tumor microenvironment including hypoxia, tumor mi-
crovasculature, and the complex role of immune reaction
and release of immune mediators (cytokines), which may
need to be better understood [22].

A limited number of studies have investigated the relation-
ship between the PET-detected inflammatory change and re-
sponse in the tumor. In a study by Jahangiri et al., a semiquan-
titative approach was used to measure the global lung meta-
bolic activity on FDG-PET/CT, almost 3 months after photon
or proton RT in 39 patients with NSCLC [23]. In this study,
radiation-induced inflammation was quantified by subtraction
of the tumor metabolic activity from the global lung FDG
uptake. The authors reported that while tumor metabolic pa-
rameters decreased following RT, non-tumor lung inflamma-
tory FDG uptake increased in the cohort who underwent pho-
ton RT. Formal tumor response assessment and treatment out-
comewas beyond the scope of that study. In 2004, a study was
published by our group in 73 patients with NSCLC who were
treated with RT, using standalone FDG-PET for response as-
sessment [6]. We reported that increased FDG uptake in nor-
mal tissues was associated with a greater likelihood of com-
plete or partial tumor response. Surprisingly, in the current
study, we did not find an association between tumor response

Table 3 Overall survival by grade and pattern of PET-pneumonitis

Variable Level N Deaths Unadjusted Adjusted*

HR p value HR p value

PET-pneumonitis No 25 13 – 0.828 – 0.493
Yes 62 37 1.1 (0.6–2.0) 1.3 (0.6–2.5)

PET-pneumonitis gradeπ Per 1 increase in grade 87 50 1.0 (0.8–1.2) 0.823 1.0 (0.8–1.3) 0.824

Pattern of PET-pneumonitis No pneumonitis 25 13 – 0.996 – 0.650

Patchy 19 10 1.0 (0.5–2.4) 1.1 (0.5– 2.7)

Diffuse 20 13 1.1 (0.5–2.4) 1.1 (0.5– 2.6)

Peripheral 23 14 1.1 (0.5–2.3) 1.7 (0.7–3.9)

N, number of patients; HR, hazard ratio

*Adjusted by PMCC response (ordinal), stage and chemotherapy
πPET-pneumonitis grade is defined by Deauville score 1 to 5
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and pattern of PET-pneumonitis. This was despite using the
rather similar definition of different patterns of PET-pneumo-
nitis. We also graded the PET-pneumonitis based on its rela-
tive intensity to organs of reference, with a higher score indi-
cating higher metabolic activity. However, on linear-by-linear
association, this did not yield a statistically significant corre-
lation with tumor response. Although not completely under-
stood, potential reasons for this outcome may be explained, at
least partly, by the advances in PET cameras with higher sen-
sitivity and resolution of newer generation PET/CT cameras
compared to standalone PET, which may allow detection of
more subtle degrees of PET-pneumonitis. There have also
been significant technological advances in radiotherapy ad-
ministration over the last decade that may have altered the
relationship between dose delivered into the tumor and the
surrounding lung. Multiple studies have shown the RT tech-
nique may influence the normal lung response on FDG-PET
[24, 25]. Even though the 3D conformal RT was the predom-
inant technique in our cohort, in recent years the number of
fields has increased due to the use of CT planning and the
weight of each radiation field are better optimized to achieve
better conformality. In further studies, however, it would im-
portant to evaluate the effect of treatment volumes and dosi-
metric parameters on PET-pneumonitis grade and pattern.

The other potential explanation and limitations of this study
were the relatively low number of patients with SMD or PMD
compared to other categories of response. Only 3/87 patients
had SMD or PMD at the primary site, indicating the efficacy
of modern regimens for local disease control. However, 18/87
patients had SMD or PMD in overall response assessment,
indicating a higher proportion of more distant failure.
Together these factors may have underpowered statistical
analysis in these subgroups and may have contributed to the
lack of association between tumor response and PET-pneumo-
nitis. However, the association between metabolic inflamma-
tory change and tumor response may need to further be
reassessed in studies with a larger cohort of patients.

In a recent study using the same cohort of patients, we
showed that the visual criteria were superior to semiquantita-
tive criteria in distinguishing the responders [9]. We speculat-
ed that the lower discriminative ability of the semiquantitative
criteria could be explained by the confounding impact of PET-
pneumonitis on standardized uptake value (SUV) measure-
ments. The qualitative visual analysis of PET images is still
the principal methodology used for the response assessment in
clinical practice. Visual assessment is dependent upon the
contrast between metabolic activity in the tumor and back-
ground activity as well as pattern distribution of FDG activity.
By categorizing the PET-pneumonitis distribution patterns,
independent of metabolic changes at the primary site of the
tumor, we have tried to provide a visual framework to facili-
tate more accurate interpretation of FDG-PET/CT images. We
recognize that the diffuse pattern of PET-pneumonitis poses a

significant interpretational challenge, especially when it incor-
porates the primary tumor or is localized in its proximity,
which leads to lower tumor-to-background ratio. In some
cases, tumor-to-background ratio, albeit lower, may still be
appreciable. As depicted in Fig. 2 (top and bottom row), the
relative intensity of the treated primary tumor site compared to
pneumonitis has created a perceptible tumor-to-background
contrast sufficient to identify both the residual and responding
tumor, compared to the surrounding inflammatory change.
Loss of tumor to background contrast could also be seen
(Fig. 2 middle row), which may pose a significant interpreta-
tional challenge. Although in our experience this may be an
inflammatory change in the lungs, a further confirmatory
study may be warranted. In addition, pattern recognition can
be implemented in semiquantitative response criteria through
machine-learning [26]. Incorporation of pattern recognition in
semiquantitative criteria may be of even more importance as
strict application of the semiquantitative measurements is
challenging due to difficulty in the accurate assignment of
the region of interest and image co-registration in evolving
alteration of the lung configuration following RT/CRT.

Conclusions

PET-detected pneumonitis is common in early post-CRT/RT,
but with careful visual assessment, recognizing the different
patterns of PET-pneumonitis, the impact on response assess-
ment is minimal. While FDG-PET/CT post-CRT/RT in
NSCLC is a powerful tool for response assessment and prog-
nostication, the presence of PET-pneumonitis appears not to
be associated with early response or OS.
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