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Summary
Background Stereotactic body radiotherapy (SBRT) is a treatment option for early-stage inoperable primary lung
cancer. Here we report a thorough description of the prognostic value of pre-SBRT SUVmax for predicting the effi-
cacy of SBRT in early-stage lung adenocarcinoma.

Methods This is a retrospective study of consecutive cases of early-stage inoperable lung adenocarcinoma, staged
with PET-CT, treated with SBRT between 2007 and 17. Kaplan-Meier (KM) curves were used to assess overall sur-
vival and compare time to event between those with PET-CT SUVmax values ≤ 5.0 and those> 5. Fisher’s Exact tests
and the Mann-Whitney U were used to compare the patient and clinical data of those with SUVmax≤5.0 and >5.0,
and those with and without any failure.

Findings Amongst 50 lung carcinoma lesions, from 47 patients (34 (68%)-T1a or <T1b), estimated median overall
survival from the KM was 44.9 months (95% confidence interval 35.5−54.3). Five experienced a local failure, which
was inadequate for detecting differences between those with PET-CT SUVmax ≤5.0 and those >5 (p = 0.112). In
addition, 5 experienced a regional failure and 4 a distant failure. Higher PET-CT SUVmax values before SBRT were
associated with an increased risk of any failure (36% versus 0%, p = 0.0040 on Fisher’s Exact test) and faster time
to event (p = 0.010, log rank test). Both acute and late toxicities profile were acceptable.

Interpretation Patients with early-stage inoperable lung adenocarcinoma present good clinical outcomes when
treated with SBRT. We raised the hypothesis that the value of PET-CT SUVmax before SBRT may be an important
predictive factor in disease control.
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Introduction
Lung cancer has the highest incidence in the world, cor-
responding to 11.6% of the total cancer cases diagnosed
in 2018.1 Non-small cell lung cancer (NSCLC) repre-
sents 80% of all cases of lung cancer, with adenocarci-
noma being the most common NSCLC subtype (40
−50% of lung tumors).2,3 For patients with early staged
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Research in context

Evidence before this study

For patients with early staged lung cancer, who are
inoperable, stereotactic body (SBRT), is a well-estab-
lished treatment option. However, the prognostic value
of pre-SBRT SUVmax value in predicting the efficacy of
SBRT in early inoperable staged lung cancer patients
has not been broadly investigated, especially in Brazil.

Added value of this study

The current study is the first to report the prognostic
value of pre-SBRT SUVmax value in inoperable lung ade-
nocarcinoma treated with SBRT in Brazil. Our findings
suggest that patients with adenocarcinoma treated
with SBRT have good clinical outcomes. The study also
raised the hypothesis that the pre-SBRT PET-CT SUVmax
value has potential as a predictor of disease control.

Implications of all evidence available

The article highlights that new radiation technologies
are applicable outside high-income countries. It also
suggests a role for PET-CT SUVmax in predicting failure
post SBRT treatment. Finally, it provides benchmark
data for future studies in the region.
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(stage I and II) NSCLC, who are inoperable or who pres-
ent with multiple comorbidities and/or older age, ste-
reotactic body (SBRT) or stereotactic ablative
radiotherapy (SABR), is a well-established treatment
option.4,5

Previously a different case series reported on 54
elderly (median age 75 years) lung cancer patients
treated with SBRT.6 All patients were considered clini-
cally inoperable (mainly due to multiple comorbidities).
The results were comparable to those of the main pub-
lished series, with 90% of local control and 80% of
overall 2-year survival, respectively.6 Despite the rate of
local failure after SBRT being low, understanding the
histological and imaging characteristics of NSCLC have
become important for prognostic definition and man-
agement.

In the literature, multiple surgical series described
that local failure was lower in early-stage NSCLC
patients with adenocarcinoma when compared to other
histologies (squamous cell carcinoma or large cell).7−9

A meta-analysis including thirteen studies indicated
that both before-RT and after-RT primary lesion higher
Maximum Standard Uptake Values (SUVmax) seen on
the Positron emission tomography with 2-deoxy-2-[fluo-
rine-18]fluoro- D-glucose integrated with computed
tomography (FDG-PET-CT) can negatively impact the
outcome of patients with non-metastatic NSCLC treated
with RT.10 SUVmax integrates knowledge on metabolic
and biological activity of the tumour and has been used
as a prognostic marker in NSCLC. Some specialized
teams have endeavoured to describe the significance of
pre-SBRT SUVmax value in the setting of stage I-II
NSCLC.11 However, to our knowledge, there is a lack of
data reporting on lung adenocarcinoma alone.

Here we report a thorough description of the prog-
nostic value of pre-SBRT SUVmax value on predicting
the efficacy of SBRT in early-stage lung adenocarci-
noma.
Methods
We performed a Research Ethics Board approved (REB
number HSL 2014-30 under the registry FYdM221) ret-
rospective study which was carried out in the radiother-
apy department of Hospital S�ırio-Libanês (S~ao Paulo,
SP, Brazil). We assessed consecutive lung cancer
patients treated between January 2007 and May 2017.
We included patients with (1) Biopsy-proven primary
lung adenocarcinoma; (2) staged as T1 or T2N0M0,
T3N0M0 (more than one lesion in the same lobe) or
T4N0M0 (more than one lesion involving lobes other
than the ipsilateral lung) according to the 8th edition of
the TNM of the International Union for Cancer Control
(UICC); (3) staged with FDG-PET-CT and CT (for better
T stage definition); (4) considered inoperable by a multi-
disciplinary team; (5) treated with SBRT. We excluded
patients with (1) tumors > 5 cm; (2) pulmonary metasta-
ses from other primary tumors; (3) diagnosis of idio-
pathic pulmonary fibrosis or (4) in treatment for
another cancer. The article was organised based on The
Strengthening the Reporting of Observational Studies
in Epidemiology (STROBE) recommendations.

Demographic, clinical, tumor-related and dosimetric
data were collected. Performance status was assessed
using the Eastern Cooperative Oncology Group (ECOG)
scale (ECOG-PS). Data on comorbidities and cause of
non-operability were also collected in addition to the pre
and post SBRT FDG-PET-CT SUVmax and the tumor
characteristics in CT scans.

To perform lung SBRT, a semi-rigid system for
patient positioning and immobilizing was developed
and piloted (2007) at our department. As of June 2012,
commercial accessories (BodyFIX; Elekta, Stockholm,
Sweden) were used for all treatments. All patients were
planned with a 3D conformal technique, using non-
coplanar fields. Treatment planning followed the proto-
cols of RTOG-0236 (NCT00087438) or RTOG-0813
(NCT00750269). Total dose and fractionation scheme
were defined considering the location of the tumor
(Figure 1- Imaging representation of the bronchial tree
zone), size and the best evidence available at the time of
treatment: most commonly, three fractions were used
for peripheral lesions and five for central lesions. The
dose delivery was performed through stereotactic coor-
dinates by means of using image guided radiotherapy
(IGRT) with cone beam computed tomography (CBCT),
www.thelancet.com Vol 11 Month July, 2022



Figure 1. Imaging representation of the bronchial tree zone. Bronchial tree zone (light pink) is defined by a 2 cm expansion around
the proximal bronchial tree (orange). The Bronchial tree zone was used to define central lesions (inside the light pink zone - green
lesions) or peripheral (outside the light pink zone - dark pink lesion).
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where not only the patient, but the internal tumor posi-
tion was evaluated immediately before SBRT. Full
description of our department planning, and treatment
scheme has been previously described.6
Endpoints
The study primary endpoint was to assess the prognos-
tic value of the pre-SBRT SUVmax value for predicting
local failure in early-stage lung adenocarcinoma treated
with SBRT. The SUVmax was categorized as ≤ 5.0 ver-
sus > 5.0 on the basis of a previous meta-analysis.10 Sec-
ondary outcomes included overall survival, incidence of
regional, distant, and any failure, and toxicity profile.
All outcomes were assessed from the date of the last
SBRT fraction to the last follow-up or death date.

The outcomes were defined as follows:

- Local failure: recurrence in a region of up to 1 cm
around the treated planning target volume (PTV)
which was defined in the presence of one of the fol-
lowing criteria: (1) CT scan with a mass pattern with
consolidation patterns increasing in size (cranial-
caudal growth on CT imaging ≥25%) without
inflammatory signs; and/or (2) FDG-PET-CT study
with increased SUVmax uptake in the lung lesion
over time (At least 1 PET CT, with 30 days or more
from SBRT). Biopsies were not performed due to
high risk of complication (elderly patient, inopera-
ble and with multiples comorbidities) or if patient
declined it.

- Regional failure: recurrence more than 1 cm away
from the PTV, within the parenchyma (same pul-
monary lobe) or central structures of the mediasti-
num.
www.thelancet.com Vol 11 Month July, 2022
- Distant failure: metastasis in contralateral lobe or
distant organs.

- Acute (≤ 6 months) and late (> 6 months) toxicities
were defined based on the Common Toxicity Crite-
ria for Adverse Events (CTCAE) v4.0 and by medical
evaluation.

- Any treatment failure: local, regional, or distant
failure

The study primary endpoint was to describe the
prognostic value of pre-SBRT SUVmax value on predict-
ing local failure in early-stage lung adenocarcinoma
treated with SBRT.
Statistical analysis
Descriptive analysis of patients and lung lesions was
performed. Categorical variables were summarized by
frequency and percentage and quantitative variables by
median with quartiles. Follow-up was defined as the
time from the end of the SBRT until the death or last
seen. Surviving patients were censored on the date of
the last chest image. Age, ECOG-PS, size of the lesion
in centimetres, duration of SBRT (time interval between
the first and last fraction of SBRT), pre and post SBRT
FDG-PET-CT SUVmax of ≤ 5.0 versus > 5.0,10 dosimet-
ric factors, BED10, and response to FDG-PET-CT SUV
max were assessed in two ways. Initially their associa-
tions with PET SUV ≤5.0 versus > 5.0 were assessed
using the Fisher’s Exact test (using a two-tailed probabil-
ity based on double the exact one-tailed probability) for
categorical and ordinal data, and the Mann-Whitney U
for continuous data. Then their association with any
failure (local, regional or distant) was assessed using the
3
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same methodology. The number of events was too small
for multivariable analysis. Kaplan-Meier curves with the
log rank test were used to compare survival time and
time to any failure for PET SUV ≤5.0 versus > 5.0. Sta-
tistical significance was established at p < 0.05 and no
adjustment was made for multiple comparisons. Statis-
tical analysis was performed using the Stata software,
version 13.0 (StataCorp, College Station, TX) and IBM
SPSS, version 27 (Armonk, NY, 2020).
Role of the funding source
There was no funding for this work.
Results
Between January 2007 and May 2017, 69 unique pul-
monary lesions from 65 patients were consecutively
treated with SBRT at our institution. Nineteen lesions
(18 (28%) patients) were excluded from this study for
being > 5 cm, metastatic or non-adenocarcinoma. The
final analysed cohort included 50 unique lung lesions
from 47 patients. All patients underwent initial staging
with CT and FDG-PET-CT while 23 (49%) patients had
FDG-PET-CT at follow up. Tables 1 and 2 describe
patients’ and lesions’ characteristics, respectively. The
majority (34 or 72%) of the patients were men, and age
ranged from 55 to 93 years (median 76 years, IQR 69-
82). Twenty-nine (62%) had an ECOG-PS of 1 and 20
N
(% total)

PET SUV M
N (%)

Total number of patients 47 (100) 19 (40)

Age in years (Median, quartiles) 75 (69-82) 80 (71-82)

ECOG PS

0

1

2

11 (23)

29 (62)

7 (15)

2 (18)

14 (48)

3 (43)

Gender

Male 34 (72) 16 (47)

Female 13 (28) 3 (23)

Comorbidities

Yes 40* (85) 15 (37)

No 7 (15) 4 (57)

Smoking History

Yes 37 (79) 12 (32)

No 10 (21) 7 (70)

Previous Cancer

Yes 22 (47) 10 (45)

No 25 (53) 9 (36)

Table 1: Clinical characteristics of patients with inoperable early stage
PET-CT.
* 20 − had multiple comorbidities

N = number; ECOG PS: Eastern Cooperative Oncology Group performance status.

P-values are based on the Fisher’s Exact test, using double the exact one-tailed pro
(43%) had multiple comorbidities. Previous cancer was
reported by 22 (47%) patients. The most common
SBRT dose fractionation schedules used were: 18Gy x 3
fractions (28 lesions; 56%), 15Gy x 3 fractions (15
lesions; 30%), 10 Gy x 5 fractions (4 lesions; 8%) and 20
Gy x 3 fractions (4 lesions; 6%). The median total dose
(BED10) for the full cohort was 151.2 Gy (IQR 112.5
−151.2).

We also provided a comparison of patient character-
istics for those with PET SUV_max ≤ 5.0 versus those >
5.0 (n = 47, Table 1), and none differed significantly.
Table 2 provides the same comparison for lung lesions
(n = 50), and no lung lesion characteristics differed sig-
nificantly between the two groups. However, the rate of
PET-CT done at follow-up was higher for those with
PET SUV_max > 5 (p = 0.017).

The median follow-up for this cohort was 19.1
months (IQR 12.9−33.8). The estimated median overall
survival from the Kaplan-Meier curve was 44.9 months
(95% CI of 35.5−54.3). Figure 2 provides the survival
curves for the 19 patients with SUV_max ≤5.0 versus
the 28 with SUV_max > 5.0 and suggests that the two
groups are very similar in terms of overall survival (log
rank test p = 0.804). Over the total follow-up, we
observed 14 (30%) deaths, 6 (43%) being related to lung
cancer and 8 (57%) not related.

A total of 5 (5/50 lesions − 10%) local failures (all
presenting high risk features on CT) were observed. All
occurred within the 28 patients with SUV_max > 5.0,
ax ≤ 5.0 PET SUV Max > 5.0
N (%)

p-value

28 (60)

73 (68-83) 0.66

9 (82)

15 (52)

4 (57)

0.31

18 (53) 0.24

10 (77)

25 (63) 0.57

3 (43)

25 (68) 0.076

3 (30)

12 (55) 0.72

16 (64)

adenocarcinmoa of the lung treated with SBRT and staged with

bability, or the Mann-Whitney U (age).

www.thelancet.com Vol 11 Month July, 2022



N
(% total)

PET SUV Max ≤ 5.0
N (%)

PET SUV Max > 5.0
N (%)

p-value

Number of lesions 50 (100) 21 (42.0) 29 (58.0)

Tumor median max diameter in cm (quartiles) 2.1 (1.5-3.0) 2.1 (1.5-2.9) 2.0 (1.6-3.1) 0.85

T category

T1a 23 (46) 10 (44) 13 (57) 1.00

T1b 11 (22) 5 (46) 6 (55)

T1c 0 0 0

T2a 11 (22) 4 (36) 7 (64)

T2b 1 (2) 0 1 (100)

T3 4 (8) 2 (50) 2 (50)

Tumor location

Peripheral 39 (78) 16 (41) 23 (59) 1.00

Central 11 (22) 5 (46) 6 (55)

Tumor lobe

Superior 37 (74) 15 (41) 22 (60) 0.92

Middle 4 (8) 2 (50) 2 (50)

Inferior 9 (18) 4 (44) 5 (56)

Use of 4DCT (n=47, 19, 28)

Yes 23 (49) 10 (44) 13 (57) 0.77

No 24 (51) 9 (38) 15 (63)

Median total dose in BED10, Gy (quartiles) 151.2 (112.5-151.2) 151.2 (112.5-151.2) 151.2 (112.5-151.2) 0.32

Median number of fractions (quartiles) 3 (3-3) 3 (3-3) 3 (3-3) 0.48

Median treatment time days (quartiles) 8 (7-10) 8 (7-10) 8 (7-11) 0.92

PET-CT at follow up (n=47, 19, 28)

Yes 23 (49) 5 (22) 18 (78) 0.017

No 24 (51) 14 (58) 10 (42)

Table 2: Clinical lung lesions treated with SBRT and staged with PET-CT.
N = number; 4DCT = 4-dimension CT; BED = Biologically effective dose.

P-values are based on the Fisher’s Exact test using double the exact one-tailed probability, or the Mann-Whitney U (diameter, dose, fractions, treatment time).

Percentages may total to 101 due to rounding.

Note that two values are at the patient level (Use of 4DCT and PET-CT at Follow-up, n = 47) rather than the lesion.

Figure 2. Overall survival curve for early-stage adenocarcinoma of the lung staged with PET-CT and treated with SBRT.
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Figure 3. Kaplan-Meier Curve for time to Failure, comparing SUV_max ≤ 5.0 to those > 5.0.
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although the numbers were insufficient to demonstrate
a statistically significant difference (p = 0.112). In addi-
tion, there were 5 (5/47 per patient − 11%) regional fail-
ures, 4 distant failures (4/47 per patient − 8%), being 1
liver and peritoneum, 1 liver and bone; 1 liver; 1 liver
and brain, and 10 (10/47 per patient − 21%) any failures
observed. Figure 3 provides the KM curve for time to
any failure for the 19 patients with SUV_max ≤5.0 ver-
sus the 28 with SUV_max > 5.0. None of those with
SUV_max ≤5.0 experienced a failure over the follow-up
period, while 10 of 28 with SUV_max > 5.0 did
(p = 0.010, log rank test).

Four (8%) out of the 47 patients received systemic
therapy at regional or distant failure. The characteristics
of the five patients/lesions who developed local failure
are as follow: (1) T1a, BED10 100 Gy (5 fractions),
peripheral; (2) T2a, BED10 100 Gy (5 fractions), periph-
eral; (3) T1b, BED10 151.2 Gy, (3 fractions), peripheral;
(4) T1b, BED10 112.5 Gy, (3 fractions), Central; (4) T2a,
BED10 112.5 Gy,(3 fractions), peripheral.

Among 47 patients assessed for acute toxicities, 18
(38%) grade 1 or 2 acute toxicities were identified. The
reported toxicities were 12 (24%) grade 1 pneumonitis
(asymptomatic - diagnosis by image only), 5 (10%) grade
2 pneumonitis (symptomatic, but without the need for
supplemental oxygen) and 1 (2%) grade 2 chest pain
(moderate pain, limiting daily activities). Additionally,
we observed 1 (2%) grade 3 pneumonitis (severe respira-
tory symptoms that limit daily activities in which the
use of oxygen is recommended), for which the patient
required hospitalization due to concomitant pneumonia
(both resolved) and 1 (2%) grade 4 skin dermatitis (skin
necrosis or full thickness dermis ulceration) for which
the patient needed local treatment with resolution of
the dermatitis. Among 47 patients assessed for late tox-
icities, 6 (13%) grade 1 or 2 late toxicities were observed,
4 (8%) representing grade 1 chest pain (mild pain with-
out impacting daily activities) and 2 (4%) reporting
grade 1 and 2 pneumonitis, respectively. No rib frac-
tures were identified.

Thirty-four (68%) lesions from 23 (49%) patients
were evaluated with FDG-PET-CT at diagnosis and dur-
ing follow-up (when presenting with CT features favour-
ing recurrence). The median time for the first FDG-
PET-CT at follow-up ranged from 4.0 to 9.0 months,
with a median of 5.5 (IQR 4.6−6.8). The median FDG-
PET-CT SUV max at diagnosis was 5.6 (IQR 3.4−8.0)
and at follow-up, 3.1 (IQR 1.5−4.9). The median SUV
max reduction was 44% (IQR 39−64%). For the 5
(10%) lesions with local failure, the median SUV max
reduction was 17% (IQR 16−19%) while the median
SUV max for the lesions with no failure was 58% (IQR
56−62%). No lesion with SUV max at diagnosis ≤ 5.0
evolved with local, regional, or distant failure.

The results of univariate analyses performed to
explore factors related to any failure (local, regional, and
distant) are shown in Table 3. The FDG-PET-CT SUV
max value at diagnosis was associated with a signifi-
cantly higher rate of failure (36% versus 0%,
p = 0.0040).
Discussion
Our results reinforce that the use of SBRT for the treat-
ment of inoperable early-stage adenocarcinoma of the
lung in elderly patients is safe and effective. SBRT pro-
vides prolonged median survival, with low 12-month
failure rates. Our primary outcome, number of local
www.thelancet.com Vol 11 Month July, 2022



No Failure
n = 37

Failure
n = 10

Indicative
p-value*

Gender Male

Female

ECOG 0 or 1

2+

Median age (quartiles)

Smoking history

Median tumour size cm (quartiles)

Tumor lobe Superior

Non superior

Tumor location Peripheral

Central

Use of 4DCT No

Yes

PET SUV_max ≤5.0

> 5.0

Median total dose in BED10, Gy (quartiles)

Median SBRT time in days (quartiles)

Median interval between SBRT and PET assessment,

months (quartiles)

27 (79)

10 (77)

30 (77)

7 (88)

78 (69-83)

8 (80)

29 (78)

2.0 (1.5-3.1)

28 (78)

9 (82)

29 (78)

8 (80)

17 (71)

20 (87)

19 (100)

18 (64)

151 (113- 109)

8 (7-9)

5.5 (4.3-6.8)

n = 22

7 (21)

3 (23)

9 (23)

1 (13)

73 (67-82)

2 (20)

8 (22)

2.2 (1.8-3.2)

8 (22)

2 (18)

8 (22)

2 (20)

7 (29)

3 (13)

0 (0)

10 (36)

151 (109-158)

11 (7-14)

5.3 (4.9-7.3)

n = 10

1.00

0.90

0.49

1.00

0.79

1.00

1.00

0.32

0.0040

0.88

0.052

0.814

Table 3: Factors associated with any failure (local, regional or distant) for PET-CT staged lung adenocarcinoma treated with SBRT. Values
are reported as frequencies (%) and medians (quartiles).
HR =Hazard ratio; IC = confidence interval; ref = reference category; ECOG PS = Eastern Cooperative Oncology Group performance status; 4DCT = 4-dimension

CT; BED = Biologically Effective Dose.

* P-value is listed as indicative since length of risk of failure will differ between patients, and hence the strict assumptions for the standard tests are not sat-

isfied.

P-values are based on the Fisher’s Exact test using a two-tailed probability based on double the exact one-tailed probability), and the Mann-Whitney U, also

based on double the exact one-tailed probability.

Articles
failures (5), was too low to demonstrate any statistically
significant findings. However, when combined with the
regional and distant failures, we were able to report a
potential association between the pre-SBRT FDG-PET-
CT SUVmax value SBRT and any failure (p = 0.003),
particularly since there were no failures in the 19
patients with SUV max below 5 at diagnosis.

Our survival rates finding are important and encour-
aging. In our study the estimated median OS was 44.9
months which is better than prospective studies such as
RTOG 0236, with a median OS of 36 months and
RTOG 0813, with a median OS of 38 months; but lower
when compared to RTOG 0915, with a median OS of 55
months (arm treated with 48 Gy in 4 fractions),
respectively.12−14 It is important to highlight that the
patients included in our study presented with adeno-
carcinoma, a median age of 76 years, 85% had at
least one clinical comorbidity, 40% were considered
inoperable and a minority received systemic therapy.
Thus, we believe that the discrepancy in median OS
when compared to the RTOG studies may be related
to patient selection, systemic therapy at the time of
failure and percentage of adenocarcinoma included
(percentage of adenocarcinoma included: RTOG
0236 − 39%, RTOG 0813 − 35%, RTOG 0915 −
58% (longest survival).12−14
www.thelancet.com Vol 11 Month July, 2022
In the present study we reported 8 (16%; total 50
lesions) local failure and 18 (38%; total 47 patients) any
failure events. According to a recent literature review of
patients with stage I-II NSCLC treated with SBRT,
locoregional recurrence rates are between 0% and 18%,
and distant recurrence rates are between 17% and 34%
in the first 2 years, which is consistent with our
results.15 When we compare our results with the Cleve-
land Clinic retrospective series that compared local fail-
ure of squamous-type NSCLC versus adenocarcinoma,
we noticed that the incidence of local failure was higher
in our study, 16% in 2 years versus 8.7% for the adeno-
carcinoma group of the Cleveland Clinic study.16 The
reported difference in local control is probably related to
patient’s selection and criteria for local failure defini-
tion. In the Cleveland Clinic study, local failure was
defined by radiographic progression on CT followed by
at least one FDG-PET-CT examination.16 If failure was
defined by imaging, biopsy of the lesion was performed
and post biopsy, only 40.3% actually had local recur-
rence. In our study, local failures were defined by CT in
most cases, only 50% of patients underwent FDG-PET-
CT at follow-up, and confirmatory biopsies were not per-
formed.

Due to the previous points, we may have overesti-
mated our local failures, as we know from the Cleveland
7



Articles

8

Clinic study that 59.7% of the cases considered local fail-
ures by image were false positives. However, when we
analyzed the pre-SBRT FDG-PET-CT SUVmax value,
this proved to be an interesting parameter of prognosti-
cation on our cohort. No patients with pre-SBRT FDG-
PET-CT SUV max ≤ 5.0 developed local, regional or dis-
tant failure.

A systematic review, involving 13 studies, showed
that both the pre-RT SUVmax and the post-RT SUV
max can predict outcomes in patients with NSCLC
treated with radiotherapy.10 The study also showed that
patients with higher values of pre-RT SUVmax (> 5.0)
usually have worse overall survival and reduced local
control.10 Additionally, some studies reported on the
correlation of residual SUV uptake 3 months after
SBRT and increased risk of local failure.17,18

To our knowledge, when investigating the use of
SBRT for early-stage lung disease and FDG-PET-CT we
have 2 main published studies, however, none evaluated
adenocarcinoma alone. First, the Memorial Sloan Ket-
tering Cancer Center study included 219 stage I NSCLC
lesions treated with SBRT and showed that SUVmax >
3.0 is associated with worse outcomes in overall sur-
vival, local failure and regional failure.11 Second, the
Mayo Clinic study which included 282 consecutive
patients (99 adenocarcinoma) with early-stage NSCLC,
showed that Pre-SBRT FDG-PET-CT SUV max value
(continuous) was associated with the risk of any failure
(p = 0.02) but not with local failure only (p = 0.69).19

The results of these two studies are in accordance with
our study findings and demonstrate the prognostic
importance of pre-SBRT FDG-PET-CT.

Regarding treatment related toxicity, our study
showed that grade 1 pneumonitis (asymptomatic) was
the most frequent acute adverse event (12 or 24% of the
treated lesions). In the literature, acute grade 1 pneumo-
nitis is described in 30−70% of cases treated with
SBRT.20 Grade 2 pneumonitis (symptomatic, but with-
out the need for oxygen) was found in 10% of our cases,
which is in accordance with published literature
(around 10%). As less frequent acute toxicities, we
observed 1 (2%) case of grade 2 chest pain (rate
described in the literature around 6−10%), 1 (2%) case
of grade 3 pneumonitis, which was justified by an over-
lapping lung infection (rate described in the literature
around 3−5%) and 1 (2%) case of grade 4 skin toxicity
(rare event in the literature, < 3%).20 Regarding late tox-
icities, we observed only grades 1 and 2 toxicities (6 or
12% of the cases), which is in line with the percentages
reported in the literature.20

Although the findings reported here are important,
our study has limitations that should be discussed and
these include its retrospective design, limited sample
size, limited number of patients who underwent FDG-
PET-CT during follow-up and low statistical power for
comparison between groups. Ideally this analysis would
involve competing risks (mortality and failure) but the
sample size and event size were too small for reliable
estimates. Another limitation is the absence of confir-
matory biopsy for local recurrence, but this is justifiable
as we are reporting on a cohort of elderly inoperable
and with multiple comorbidities patients who either
were at high risk of patient or declined a biopsy. The
lack of biopsy is not a major weakness due to the fact
that CT evaluation is recognized in the literature as stan-
dard practice for follow up and failure definition. In
addition, PET-CT is used for cases presenting with
high-risk features of failure on the CT.
Conclusion
Patients with inoperable, early-stage adenocarcinoma of
the lung showed good outcomes (low failure rates and
prolonged survival) when treated with SBRT. FDG-PET-
CT SUVmax value (≤ 5.0) was associated with better
outcomes (i.e no failure). The incidence of both acute
and late toxicities was low and acceptable. Larger pro-
spective multi-center trials are required for validating
our findings.
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