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Background: 18F-FDG-positron emission tomography (PET)/computed tomography (CT) is a standard
for initial staging in patients with locally advanced stage III non-small cell lung cancer (NSCLC). We
evaluated a PET/CT staging score to characterize disease extension and patient outcome in this disease.
Methods: Ninety-nine consecutive patients with NSCLC stage IITA-B (UICC 7th edition), who underwent
18F-FDG-PET/CT before the start of chemoradiotherapy (CRT) were analyzed. Maximum standardized
uptake value of primary tumor (SUVmax_PT) and range between two most distant PET-positive (SUV
>2.5) lymph nodes in two directions were analyzed for their correlation with patient outcome. The vertical
distance was defined as A- and the horizontal as a B-line.

Results: According to the results of univariate analysis, score included the SUVmax_PT and horizontal
B-line, patients were divided into three risk subgroups: low, intermediate and high-risk subgroups.
Subgroups were defined as SUVmax_PT <8 and B-line <3.7 cm, SUVmax_PT >8 or B-line >3.7 ¢cm and
SUVmax_PT >8 plus B-line >3.7 cm, respectively. Twenty-eight (28%), 45 (46%) and 26 (26%) patients
were assigned to the low, intermediate and high-risk subgroup, respectively. Median event-free survival (EFS)
in low, intermediate and high-risk subgroups was 16 (95% CI: 7-25), 13 (95% CI: 12-15) and 10 (95% CL:
7-13) months (P=0.002, log-rank test). Median OS in the low, intermediate and high-risk subgroups was
40 (95% CI: 11-69), 23 (95% CI: 15-31) and 14 (95% CI: 13-14) months (P=0.0001, log-rank test). In the
multivariate analysis, SUV, B-line and PET/CT score were significantly associated with EFS [harard ratio
(HR) 2.12 (95% CI: 1.27-3.55) and intermediate risk FIR 2.01 (95% CI: 1.13-3.59), P=0.003] and OS [high-
risk HR 2.79 (95% CI: 1.16-4.55) and intermediate risk HR 2.30 (95% CI: 1.58-4.94), P=0.001].
Conclusions: A PET/CT score was developed for inoperable stage III NSCLC patients treated with CRT

and was an independent predictor of patient outcome in the single-center cohort.

Keywords: Chemoradiotherapy (CRT); combined modality therapy; positron emission tomography computed
tomography (PET-CT); survival rate
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Introduction

For patients with inoperable stage III non-small cell lung
cancer (NSCLC), concurrent chemoradiotherapy (CRT)
followed by consolidation therapy with PD-L1 inhibition is the
current standard of care (1). Exact T- and N-stage definition
is very important for the planning of multimodal treatment
and patient prognosis. Also an assessment tool for functional
impairment with Eastern cooperative oncology group (ECOG)
is a metric to characterize patient prognosis (2). Previous
prognostic scores have been proposed (3,4) and one of such
scores was developed by our group from patient- and tumor-
related factors (age, pack years, tumor-associated atelectasis
and histology) and predicted prognosis in inoperable stage II1
NSCLC patients (5).

Whole body 18F-FDG-positron emission tomography
(PET)/computed tomography (CT) is an established and
validated diagnostic tool for initial staging in stage I1I
NSCLC. FDG uptake is an indicator of tumor vitality that
is usually measured using standardized uptake values (SUV),
metabolic tumor volume (MTV) and total lesion glycolysis
(TLG). FDG uptake intensity correlated with overall
survival in different studies (6,7). Our previous data showed
that an initial primary tumor (PT) MTV and its changes in
the course and after completion of CRT has a prognostic
impact in inoperable stage III NSCLC (8). Moreover, in a
meta-analysis by Na ez /., high pre-treatment SUVmax_
PT was associated with poor outcome (9). Other studies
have also shown a correlation between tumor histology and
the SUV values in locally-advanced NSCLC (10,11).

The aim of present single-center analysis was to evaluate
the impact of pre-treatment SUVmax_PT and range between
two most distant PET-positive (SUV >2.5) lymph nodes in
two directions (vertical and horizontal) on patient survival in
a real-life inoperable stage III cohort. Hence, a new PET/
CT score that combines these parameters was proposed and
validated. To the best of our knowledge, no previous studies
have combined multiple imaging parameters.

Methods
Patients

A total of 99 consecutive patients with locally advanced
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NSCLC stage IITA-B (UICC 7™ edition) between 2011
and 2016, treated with curative intent CRT were enrolled.
All patients received initial staging including bronchoscopy
with biopsy, contrast-enhanced CT or MRI of the brain.
Histology yielded 49 adenocarcinomas (49.5%) and 50 non-
adenocarcinomas (50.5%). Patients with distance metastasis
on PET/CT and poor performance status (ECOG >1) were
excluded from this analysis. This study was approved by the
institutional review board.

CRT

All patients received platinum-based CRT (sequentially
or concurrently). Various chemotherapy regimens were
allowed. The majority of the cohort was treated with a
combination of cisplatin 20 mg/m’ body surface area on
days 1-4 and 50 mg/m’ oral vinorelbine on days 1, 8, 15 for
2 cycles.

A planning PET/CT was performed in the treatment
position for improved target volume definition (tumor and
affected lymph node regions). The description of target
volume definition was previously published (5,12). Forty
patients (40.4%) were treated with three-dimensional
conformal radiotherapy, whereas 59 patients (59.6%) with
intensity-modulated radiotherapy (IMRT). Treatment
was delivered by a multi-energy linear accelerator. Image-
guidance was performed with cone-beam CT several times
a week.

18F-FDG-PET/CT

Emission scans were initiated 60-90 minutes after
intravenous administration of 20 mg furosemide, 10-20 mg
butylscopolamine and 18F-FDG. The examination was
performed in the treatment position (patient’s arms
overhead, wingstep) on carbon fiber couch at the same
institution. After PET data collection, whole body CT scans
were performed after intravenous injection of 100-120 mL
iodized contrast. CT scans were also used to correct PET
attenuation. The weight adapted to the body weight
maximum SUV (SUVmax) of PT was determined. The
SUV measurements were created using automated software
in a 3D volume tool. (Hybrid Viewer 3D, Hermes Medical
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Figure 1 Definition of A- and B-line.

Table 1 Patient and treatment characteristics

Parameters N (%)
Sex
Male 62 (62.6)
Female 37 (37.4)
Age
Mean [range] 67 [43-88]
Histology
Adenocarcinoma 49 (49.5)
Adenocarcinoma with EGFR mutation 3(3.0)
Adenocarcinoma with wild-type EGFR 30 (30.3)
Squamous cell carcinoma 42 (42.4)
Others 8(8.1)

Endobronchial ultrasound

Yes 79 (79.8)

No 20 (20.2)
CRT

Concurrent 77 (77.8)

Platinum-based chemotherapy

Yes 67 (67.7)
No 32 (32.3)
Radiotherapy

Three-dimensional conformal radiation therapy 40 (40.4)

Intensity-modulated radiation therapy 59 (59.6)

CRT, chemoradiotherapy.
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Solutions, Stockholm, Sweden).

Lymph nodes with SUVmax >2.5 were indicated
for malignant potential (13,14) and selected for the
measurement of the two widest involved lymph nodes in
selected CT layers with optimal imaging of lymph nodes
in both directions. A-line was defined as the vertical
distance of the 2 most distant involved pet-positive
lymph nodes with SUVmax >2.5. B-line consisted of the
horizontal distance of the 2 most distant affected lymph
nodes (Figure I). The measurement was performed by two
experienced radiation oncologists and nuclear medicine
specialists.

Statistics

Statistical analysis was performed using software of SPSS
statistics 25 (IBM, New York, USA). The median follow-
up achieved 17.2 (range: 2.2-92.1) months. Kaplan-
Meier analyses were used to compare survival curves for
the subgroups according to the SUVmax, vertical A- and
horizontal B-lines. A receiver-operating characteristic
(ROC) curve analysis was performed to define the best cut-
off of SUVmax as well as vertical A- and horizontal B-lines
in terms of overall survival. For the multivariate analysis,
Cox regression model was used. All variables with P<0.1
(log-rank test) from previous analysis (age, pack years,
tumor-associated atelectasis and histology) with this end
point on univariate analysis were included in a multivariate
cox regression analysis.

Results
Patient and treatment characteristics

A summary of patient and treatment characteristics
is provided in Table 1. Of the 99 patients treated, 62
(62.6%) were men and 37 (37.4%) were women. The
median age was 67 (range, 43-88) years. The median
radiation dose was 60 (range, 45-70) Gy. The median
interval between PET/CT and start of CRT was 12
(range, 0-67) days.

There was a significant positive relationship between: PT
SUV and gross tumor volume, P<0.01; N stage and the sum
of vertical A- and horizontal B-line, P<0.01; N stage and the
horizontal B-line, P<0.01. In these patients no correlation
could be found between SUVmax, vertical A- or horizontal
B-line and histology.
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SUVmax_PT

The mean SUVmax_PT was 11.6 (range, 0-41). The
optimal cut-off value of pre-treatment SUVmax_PT was
8 based on the ROC analysis. The sensitivity, specificity and
AUC using this cut-off values achieved 72%, 64% and 0.74
respectively. Among patients with SUVmax_PT >8, median
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cut-offs. Horizontal B-line cut-off >3.7 cm was significantly
associated with worse survival compared to the rest of the
treated cohort. The sensitivity, specificity and AUC using
this cut-off values were 52%, 85% and 0.63 respectively.
The median OS was 30 months when horizontal B-line <
3.7 cm vs. 16.3 months when horizontal B-line >3.7 cm
(P<0.01, log-rank test).

OS was 19 months (95% CI: 15-23.2) vs. 40 months (95% CI:

9.8-70.2) in patients < SUVmax 8 (P<0.0001, log-rank test).
The median event-free survival (EFS) was 11.6 months

(95% CI: 8.6-14.5) in the SUVmax >8 group and 16 months

(95% CI: 13.9-17.8) in patients < SUVmax 8 (P<0.058, log-

rank test).

Vertical (A-) and borizontal (B-) lines (involved lymph

node distribution)

Vertikal A-line had no impact on overall survival at different

Table 2 Definition of new 18F-FDG-PET/CT staging score for

inoperable stage III NSCLC patients treated with CRT

Evaluation of 18F-FDG PET-CT score

The score was developed on the basis of PET parameters
correlated with OS on univariate analysis and included the
SUVmax_PT and horizontal B-line. The patients were
divided into 3 subgroups (Table 2). Low risk subgroup
(0 points) included patients with SUVmax_PT <8 and
horizontal B-line <3.7 (n=28, 28%). Forty-five patients
(46%) had 1 point (intermediate risk) and 26 patients (26%)
had 2 points (high-risk).

Median OS in the low, intermediate and high-risk
subgroups was 40 (95% CI: 11-69), 23 (95% CI: 15-31)
and 14 (95% CI: 13-14) months, respectively (P=0.0001,

log-rank test) (Figure 2). The 2-year OS rates were 70%

Parameters Risk group Point(s)
SUVmax =8; B-line =3.7 cm Low risk 0
Intermediate risk 1
High-risk 2

for low, 47% and 15% for intermediate and high-risk
subgroups. The estimated 3-year OS rates were 52%, 24%,
and 4% in the low, intermediate and high-risk patients,
respectively.

PET, positron emission tomography; CT, computed tomography;
NSCLC, non-small cell lung cancer; CRT, chemoradiotherapy;

SUV, standardized uptake value.
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EFS was also significantly superior in the low (16 months)
compared to intermediate (13 months) and high-risk
patients (10 months) (P=0.002, log-rank test) (Figure 3). A

PET/CT staging score
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Figure 2 OS according to PET/CT staging score (P<0.001, log-rank test). PET, positron emission tomography; CT, computed tomography.
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Figure 3 EFS according to PET/CT staging score (P=0.002, log-rank test). EFS, event-free survival; PET, positron emission tomography;

CT, computed tomography.

2-year EFS rate in the low risk was 32% wvs. 0% in high-risk
patients.

On multivariate Cox regression analysis, SUVmax_
PT <8 and horizontal B-line <3.7 cm were significantly
associated with OS [P=0.001, HR 3.06 (1.61-5.81) and
P=0.002, HR 2.38 (1.36-4.16), respectively] and EFS
[P=0.03, HR 1.91 (1.06-3.43) and P=0.04, HR 1.99 (1.02-
3.87), respectively]. In addition, PET staging score was
also an important variable and was a strong predictor of
superior OS and EFS (P=0.001 and P=0.003, respectively)
(Table 3).

18F-FDG-PET/CT score and histology

After stratification for histopathological tumor features,
patients were divided into subgroups according to the
PET-CT score. In the non-adenocarcinoma cohort, the
analysis showed that patients with low risk had significantly
longer overall survival than intermediate and high-risk
(39 vs. 18 months, respectively, P=0.045). However, the
subgroups showed only a trend for improved EFS (P=0.09).
In contrast, OS and EFS differences among patients with
adenocarcinoma were highly significant (P<0.0001 and
P<0.001, respectively). The estimated median OS was not
reached in the low-risk patients with adenocarcinoma.
Median OS for the adenocarcinoma high-risk patients was
only 12 (range, 10-14) months.

© Translational Lung Cancer Research. All rights reserved.

Discussion

Inoperable stage III NSCLC represents a heterogeneous
disease based on total tumor volume and extension. These
factors strongly influence multimodal treatment strategies
and patient prognosis (15,16). Tumor extension has also a
significant impact on the definition of treated (irradiated)
volume and corresponding treatment toxicity (17,18).

An important role of 18F-FDG-PET/CT for initial
staging and response characterization in locally-advanced
NSCLC has been extensively described. Based on our
data, initial PT-MV was defined as an important survival
predictor (17). Patients with higher PT-MV (563 cm?)
before the start of multimodal treatment had significantly
worse long-term outcome. Regarding the tumor response
assessment after CRT, PT-MV reduction of at least 80%
was necessary to significantly improve patient outcome (8).
Furthermore, the last publication from the ACRIN 6668/
RTOG 0235 trial showed that TLG at 175 and MTV
at 35 cm’® were cutoff values for the definition of patient
prognosis after completion of multimodal treatment (19).
Furthermore, SUVmax_PT was also reported as a predictor
of patient outcome in stage III NSCLC treated with
CRT. Different SUVmax_PT cut-off values have been
investigated (20). Kumasaka et 2/. showed that SUVmax_
PT above the median of 9.7 significantly affects patient
overall survival (HR 2.24, 95% CI: 1.29-3.88, P<0.01) (21).
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Table 3 Univariate und multivariate analysis
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Univariate Multivariate
Parameters
HR (95% CI) P value HR (95% ClI) P value
Overall survival
Age >60 years 3.13 (13.16-25.44) 0.02 1.40 (0.76-2.55) 0.277
Sex (male) 2.40 (12.18-21.62) 0.007 1.55 (0.88-2.75) 0.132
Pack years =20 2.25 (14.69-23.51) 0.015 2.52 (1.19-5.32) 0.015
Tumor-associated atelectasis 4.59 (0-17.79) 0.004 3.42 (1.62-7.25) 0.001
Histology (non-adenocarcinoma) 1.83 (14.62-21.78) 0.011 0.94 (0.55-1.63) 0.835
SUVmax =8 2.10 (14.98-23.22) <0.0001 3.06 (1.61-5.81) 0.001
A-line =3.8 cm 2.48 (15.95-25.65) 0.232
B-line =3.7 cm 2.85(10.72-21.88) 0.001 2.38 (1.36-4.16) 0.002
PET-score 0.001 0.001
2 points 4.20 (14.95-31.25) 2.79 (1.16-4.55)
1 point 0.19 (13.43-14.18) 2.30 (1.58-4.94)
EFS
Age >60 years 0.94 (11.37-15.03) 0.80
Sex (male) 1.44 (9.93-15.57) 0.51
Pack years =20 0.58 (11.08-14.42) 0.65
Tumor-associated atelectasis 3.21 (0-12.57) 0.05 2.08 (0.98-4.41) 0.06
Histology (non-adenocarcinoma) 1.22 (9.30-14.09) 0.06 1.00 (0.62-1.62) 0.99
SUVmax =8 1.63 (0.98-2.70) 0.060 1.84 (1.06-3.22) 0.03
A-line =3.8 cm 1.60 (1.03-2.49) 0.039 1.36 (0.74-2.48) 0.32
B-line =3.7 cm 2.21 (1.40-3.49) 0.001 1.89 (1.00-3.58) 0.05
PET-score 0.002 0.003
2 points 1.65 (6.55-13.03) 2.12 (1.27-3.55)
1 point 0.86 (11.51-14.89) 2.01(1.13-3.59)

PET, positron emission tomography; EFS, event-free survival; SUV, standardized uptake value.

Analysis of 139 stage III NSCLC patients revealed an
SUVmax_PT of 8.47 as a prognostic factor (22). The mean
survival times of patients with SUVmax_PT >8.47 was only
15.9 vs. 32 months for the rest of the treated cohort.

On the basis of previous data and the present results,
a PET/CT score was developed for patients with good
performance status treated with CRT. This score includes
SUVmax_PT as a metabolic parameter characterizing tumor
vitality and growth as well as B-line (horizontal distribution)
as an important characteristic of the metabolically active
involved lymph node compartments. Both factors included

© Translational Lung Cancer Research. All rights reserved.

in the present score were shown to have a significant impact
on patient survival in the uni- and multivariate analyses.
According to the cumulative point number (0 to 2), the
score was able to identify three different risk subgroups.
Relevant survival differences could be demonstrated between
patients with low, intermediate and high-risk, respectively.
Especially long-term patient outcome, i.e., estimated 3-year
OS rates, was significantly different between subgroups:
from 52 in low to only 4% in the high-risk patients. Also,
an estimated 2-year EFS rate of 32% in the low-risk versus
0% in high-risk patients. According to the presented score,
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low risk patients had the most favorable prognosis with a
median survival of 40 months. In contrast high-risk patients
demonstrated a dismal outcome in spite of good initial
performance status and completed CRT. High-risk patients
might mostly benefit from the individualization of the
current multimodal approach. In this setting, intensification
of combined treatment with chemo- and/or immunotherapy
induction as well as the role of concurrent and sequential
immune checkpoint inhibition require new studies.

The subgroup analysis demonstrated the special value
of the PET-CT score for patients with adenocarcinoma.
According to our score, the 2-year OS rate in low risk
patients was 70% vs. only 8% in high-risk patients.. As a
result, this PET-CT score reliably identifies adenocarcinoma
patients with a very poor outcome after CRT.

Important limitations of the present analysis are its
retrospective and single-center design. Therefore, an
independent validation in an external cohort is ongoing.
In addition, PET emission scans were initiated 60 to 90
minutes after tracer injection. It is well known that SUV
values increase over time after injection, so the involved
nodes may be influenced depending on the time of
scanning. False positive lymph nodes may explain the fact
that in the subgroup analysis, the scoring system performed
worse in SCC patients.

Conclusions

A PET/CT score for inoperable stage III NSCLC
treated with CRT has been developed to estimate patient
prognosis. The score includes two parameters: SUVmax_
PT and horizontal B-line, characterizing PT vitality and
growth as well as metabolically active involved lymph node
compartments. This score was shown to be an independent
prognostic factor in a single-center cohort and might be
considered together with patient and treatment related
factors for further optimization of multimodal therapy.
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