
Abstract. Background/Aim: Radiological evaluation after
stereotactic-body-radiotherapy (SBRT) for non-small-cell
lung carcinoma (NSCLC) is often difficult due to lung
radiation-induced image modifications on computed
tomographic (CT) scan. The aim of this study was to
evaluate positron-emission tomography–computed
tomography (PET-CT) using fluorodeoxyglucose after SBRT
in primary lung cancer. Patients and Methods: Eighteen
patients with histologically proven NSCLC were treated with
SBRT. All had PET-CT evaluations before treatment, at 2 to
3 months and at 1 year post SBRT during the follow-up.
Results: Early PET-CT in 12/18 patients who did not
experience local failure did not show any progression. No
conclusion could be drawn in four cases because early PET-
CT was disturbed by inflammatory reaction. Early PET-CT
was not predictive of late outcome for two patients, as it
showed a significant response followed by disease
progression on late evaluation. Conclusion: Early PET
response appears to correlate with local control at 1 year
post SBRT.

Stereotactic body radiotherapy (SBRT) in early-stage non-
small-cell lung carcinoma (NSCLC) has increased over the
past years. SBRT is an effective treatment (1) and could be an
alternative to surgery for early-stage T1-T2 disease (2).
Recommendations for the follow-up of early stages following
SBRT include monitoring every 6 months for 2-3 years and

chest computed tomography (CT) (3). Radiological evaluation
is based on Response Evaluation Criteria in Solid Tumors
(RECIST) criteria (4). However, numerous studies have
criticized the use of RECIST criteria for radiological
evaluation after SBRT because of radiation-induced
modifications in the treatment fields (5, 6) due to
inflammation and fibrosis. The use of biopsies to assess local
relapse could be reduced by better radiological discrimination.
For this purpose, studies have tried to assess the predictive

impact of positron-emission tomography–computed
tomography (PET-CT) for response evaluation of NSCLC
after high-dose radiotherapy. Indeed, it has been observed that
metabolic changes in tumor were more significant than
anatomical changes 12 weeks after SBRT (7). PET after SBRT
has been explored with different timings in monocentric series
(8-13). The use of PET is hampered by frequent metabolic
modifications on images after SBRT (in 62% at 6 months)
(14), therefore some teams (15, 16) claim that PET should be
interpreted with caution for 2 years after SBRT and may only
be used in case of relapse suspicion according to European
Society of Medical Oncology guidelines (3) and the algorithm
proposed by Huang et al. (14).
Nevertheless, it has been observed that these modifications

appear between 3 and 6 months after SBRT for acute
reactions and may persist with low metabolic activity up to 2
years for late effects. This study examined metabolic response
using early PET, performed earlier than 6 months after SBRT,
as an early surrogate of treatment response. 

Patients and Methods

Patients and treatment. The study was approved by the local Ethic
Committee (number 2017-005) and 18 patients were included
between February 2013 and October 2014. Pre-treatment evaluation
included medical history, clinical examination, tumor histology and
18F-fluorodeoxy-glucose (FDG) PET-CT. Patients did not undergo
any prior radiation therapy. They were treated with SBRT, using 3D
conformational radiotherapy technique. They all had a histologically
proven diagnosis. Ten patients were diagnosed with adenocarcinoma
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and eight with squamous-cell carcinoma. The median age of patients
at treatment time was 75.5 years (range=55-85 years) (Table I).

Patients were immobilized before each treatment session with a
vacuum pillow and abdominal compression. A scanner-guided
simulation was performed with the construction of a maximum-
intensity projection. The internal target volume was delineated on
the maximum-intensity projection reconstruction. The planning
target volume (PTV) was constructed by adding 0.3 cm in the axial
plane and 0.5 cm in the longitudinal plane. They all had an
identical delivered dose of 48Gy in six fractions of 8 Gy and a
median duration of treatment of 9 days. Dose was prescribed to the
82-90% isodose to allow PTV coverage. Lung lesions had a median
size of 19.5 mm and median CTV and PTV were 12 cm3 and 37.4
cm3, respectively. All patients underwent PET-CT 1 to 2 months
before the treatment and had the same examination sequentially
after the therapy, which was reviewed by the same nuclear
physician for the study. 

FDG-PET-CT follow-up and analysis. Fasting blood glucose level
was detained before PET-CT to ensure reliable results. After 
3.5 MBq/kg of FDG was injected, 45 to 90 min was allowed for
uptake. A non-contrast CT scan was acquired from the base of the
skull through the inguinal region, followed by a 3D emission scan
of the same area. 

A minimum of two PET-CTs were required during the follow-up:
one early 2 to 3 months after SBRT and the second 12 months after
treatment. The maximum standardized uptake value (SUVmax) of
the tumor bed and lung background noise (SUVbgn) were listed. A
ratio between those two values of 1 (range=0.75-1.25) was defined
as inflammatory reaction, leading to uninterpretable results. No
threshold was defined for SUVmax. Local control was defined as an
SUVmax reduction or stabilization, and local failure as an increase
in SUVmax by over 50% from the baseline, with an increase in the
size of the lesion.

Results

Median follow-up was 28 months (range=16-38 months).
Two patients experienced local relapse in the treated volume
after SBRT. Before treatment, the median SUVmax was 8.9
(range=2.2-29). On first evaluation according to early PEC-
CT, a metabolic response, judged as SUVmax decrease, was
noted for 13 patients (72.2%). Two out of these 13 patients
developed local failure at the second PET-CT examination.
One patient had a metabolic progression on early PET-CT
but achieved a metabolic response at the second evaluation
at 12 months. Four patients were considered as being non-
evaluable on first PET-CT scan due to inflammatory
reactions. These four patients had a low pretreatment FDG
tumor uptake with low SUVmax (median SUVmax=3.1) as
compared to the patients whose SUVmax decreased (median
SUVmax=12) Results are presented in Table II. 

On late evaluation 1 year following SBRT, 61% of
the patients (11/18) had a decrease in their SUVmax, while
27.7% (5/18) had no modification of SUVmax compared to
early PET-CT. Two patients with an initial decrease of
SUVmax on early PET-CT experienced local recurrence.

Discussion
In this series, we observed that evaluation with PET after
SBRT, for NSCLC led to reliable interpretation when carried
out between 2 and 3 months after treatment. According to
our results, early PET-CT evaluation following lung SBRT
was predictive of late evaluation for 11/18 patients who did
not experience local failure as their early PET-CT did not
indicate progression. In four cases no conclusion could be
drawn because early and late PET-CT was disturbed by
inflammatory reactions. Early PET-CT was not predictive of
late outcome for three patients: one experienced an increased
SUVmax on the first imaging which decreased on the late
PET examination; in contrast, two had an early decrease of
SUVmax and an increase of SUVmax on the following PET-
CT 1 year after SBRT completion. 
This study has several limitations due to its retrospective

design and the small number of patients included. Since most
patients with stage 1 lung carcinoma are often referred to
surgery, only patients unfit for lung surgery are treated with
SBRT. We did not include patients treated for oligometastatic
disease to the lung, which comprise the major proportion of
SBRT treatments, because of patient heterogeneity and
systemic treatments that could interfere with PET-CT
response. Nevertheless, our population was homogeneous for
the technique of SBRT, prescribed dose to the tumor volume
and PET-CT acquisition and interpretation. The SBRT
technique (17) and dose level (18) were reported to influence
metabolic images, leading to difficulty to applying
observations made by others.
We used the SUVmax, which is the most commonly used

in other series and the most reproducible (19), as an
evaluation criterion. Interpretation and comparison of SUV
values is difficult, depending on technical, biological and
physical parameters (20). Although an SUVmax of 5 is
frequently proposed as a threshold (14, 21), no extrapolation
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Table I. Baseline patient characteristics.

Characteristic                                                                     N=18

Male/female, n                                                                    14/4
Median age (range), years                                           75.5 (55-85)
Median SUVmax (range)                                              8.9 (2.2-29)
Tumor stage*, n                                                                      
   T1a, N0                                                                              10
   T1b, N0                                                                              7
   T2a, N0                                                                               1
Median tumor diameter (range), mm                          19.5 (6-40)
Pathology, n                                                                            
   Adenocarcinoma                                                               10
   Squamous-cell carcinoma                                                  8

*TNM 7th edition.



can be made from data of other centers because of different
technical parameters (22, 23).
The four patients with uninterpretable results in our

patient set had a low initial SUVmax (<5). This was also
reported in a study of patients treated with hypofractionated
SBRT (11); these authors concluded that patients with low
pre-SBRT SUVmax were more likely to experience initial 2-
week rises in SUVmax, while patients with high pre-SBRT
SUVmax commonly had a decline in SUVmax 2 weeks post
treatment.
Two other studies evaluated early PET-CT 3 months after

SBRT (13,24). In the largest series of 132 patients, residual
uptake of more than 5 at 12 weeks after treatment signified
increased risk of local failure (13). Median pre-SBRT
SUVmax of 7.65 (range=1.9-58.4) was similar to that for our
population. Three patients in our study had an early SUVmax
of more than 5 and did not experience any local recurrence;
of these three patients, two had more than 2-fold reduction
of their SUVmax, mentioned as being significant in another
study of 82 patients with early-stage NSCLC treated with
SBRT (24).
New approaches such as qualitative imagery are under

investigation (29, 30) and new tracers such as fluoro-L-
thymidine are being developed for detecting tumor
proliferation with less sensitivity to inflammation.

Conclusion

According to these results, the metabolic response after
SBRT is likely to be fast. Early PET-CT response, defined at
a drop/stabilization in the SUVmax by 2 to 3 months, appears
to correlate with local control. The predictive nature of this
response on the local cancer control needs to be confirmed
in larger studies and with longer follow-up.
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Table II. Details per patient of pretreatment, early and late positron-emission tomography–computed tomography (PET-CT) evaluation results.

                                                                                                         PET-CT time point                                                  

Patient no.                           Pretreatment                                        Early (2-3 months)                                 Late (11-14 months)

                             SUVmax                   SUVbgn                    SUVmax                      SUVbgn                    SUVmax                 SUVbgn                    Result
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8                                29                            0.9                           12.3                             1.8                            2.7                           1                             LC
9                               21.3                           1.2                            5.1                              0.6                            1.7                         2.3                           LC
10                              3.2                            0.9                              5                               5.1                            3.6                         3.6                            IR
11                             17.5                           0.9                            3.4                              1.2                            1.6                           2                             LC
12                              7.3                            0.8                            5.6                              1.9                            5.2                         2.4                            IR
13                              23                            0.9                           10.5                             1.4                              2                           0.9                           LC
14                              12                            0.8                            5.1                              1.3                            2.0                         1.6                           LC
15                              17                            1.1                            3.5                              0.9                            3.4                         1.3                           LC
16                              9.8                            0.7                            2.8                              1.5                            1.6                         2.6                           LC
17                             20.6                           0.9                            4.5                              1.6                            2.4                         1.6                           LC
18                               8                             0.5                            3.2                              1.2                           10.5                        0.9                           LF

SUVmax: Maximum standardized uptake value; SUVbgn: standardized uptake value background noise; LC: local control; LF: local failure; IR:
inflammatory reaction.
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