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ABSTRACT

Objective: To evaluate the effect of metabolic tumor volume (MTV) and total lesion glycolysis (TLG) values of the primary tumor
measured by preoperative positron emission tomography/computed tomography (FDG-PET/CT) on survival in patients with oper-
ated non-small cell lung cancer (NSCLC).

Study Design: Cohort study.

Place and Duration of Study: Recep Tayyip Erdogan University, Faculty of Medicine, Department of Medical Oncology from
January 2017 to June 2020, Turkey.

Methodology: Patients with operated NSCLC were reviewed retrospectively. Metabolic parameters of FDG-PET/CT such as patho-
logical tumor features, type of operation, MTV/TLG values, and whether they received adjuvant therapy were evaluated. Disease-
free survival (DFS) and overall survival (OS) times were calculated.

Results: Most of the 77 patients (96.1%) were male. The mean age is 64+8 years. Lobectomy was performed in 66 (85.7%)
patients, and pneumonectomy was performed in 11 (14.3%) patients. The mean tumor diameter was 3.7+2.015cm. Squamous
cell carcinoma was detected in 37 patients (48.1%) and adenocarcinoma in 35 patients (45.5%). Thirty-eight patients (49.4%)
received adjuvant chemotherapy. SUVmax, MTV, and TLG values of the primary tumor were high in patients under 65 years of
age and with a tumor diameter of =3cm. DFS was nine months (4.5-18), and OS was 19 months (11-29). The 2-year survival rate
was 75.6%. It was observed that patients with adenocarcinoma relapsed more frequently, which negatively affected survival
(p=0.023, and p=0.024 respectively). High MTV (p=0.01) and TLG (p=0.015) values were associated with poor prognosis.
Conclusion: NSCLC is a heterogeneous disease, and survival is affected by many factors. Our study showed that the subtype of
adenocarcinoma and high MTV and TLG values of the primary tumor are poor prognostic factors in operated early-stage lung

cancers.
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INTRODUCTION

Just about a third of lung cancer, which is the most important
causeof cancer-related mortality, canbe detectedatanearly-s-
tage. The primary treatment for early stage non-small cell lung
cancer (NSCLC) is surgery.' Despite this, the disease recurs in
55-70% of patients. Factors such as TNM staging, histological
type, smoking, comorbidities, ECOG performance status, and
receiving treatmentaffectthe prognosis.
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Despite being at the same stage, survival times and response
rates to treatment may differ in some patients.** Many studies
suggestthat TNM usedin staging does not always give accurate
results,andthussurvivalisaffected by manytumorsand patien-
t-specific heterogeneous factors.*

Fluorodeoxyglucose positron emission tomography/computed
tomography (18F-FDG-PET/CT) is an imaging method that is
becomingincreasingly commonall overthe world in the staging
of many cancers, based on the FDG uptake of metabolically
activecells. Itallows scanning the whole body ina single session
and is most commonly used in oncology practice. It has been
frequently used to evaluate lung cancer diagnosis, staging,
restaging, and treatment response andisincluded in the guide-
lines.” While maximum standard uptake value (SUVmax)
reflects the metabolic status of the tumor, metabolic tumor
volume (MTV) and total lesion glycolysis (TLG) are parameters
that reflect both metabolic and volumetric status.’ It has been
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reported that high MTV and TLG levels in lung cancer may be
prognostic factorsin stipulating disease-free survival (DFS) and
overall survival (0S).” Despite advances in diagnosis and treat-
ment modalities, the 5-year survival rate is 50%, even in
patients who underwent surgery.® It is crucial to determine the
prognostic factors that can predict patients with a high risk of
relapse in early-stage NSCLC patients, where survival has not
yetbeenbroughttothedesiredlevels.’

In this study, it was aimed to appreciate the effect of metabolic
parameters of FDG-PET/CT such as SUVmax, MTV, and TLG of
the primary tumor on survival in patients with early-stage
NSCLCwhohadundergonesurgery.

METHODOLOGY

Before starting the study, ethical approval was obtained from
the Ethics Committee of Recep Tayyip Erdogan University
Faculty of Medicine (Date: 24.06.2020, no: 2020/122). The
study was managed according to the Helsinki principles. NSCLC
patients with operated who applied to the Medical Oncology
outpatient clinic of the University Hospital between 2017 to
2020 were evaluated retrospectively. Patients aged >18 years
with preoperative FDG-PET/CT images and who had undergone
surgery for first-line treatment of the primary tumor were
included in the study. Patients with synchronous or metachro-
nous tumors, stage IV disease, and those who did not undergo
preoperative FDG-PET/CT imaging, receiving neoadjuvant
therapy priortoinitial FDG-PET/CT scan were excluded from the
study. Clinical features of the patients, tumor location, histo-
pathological subtype of NSCLC, date of diagnosis, type of opera-
tion, two-dimensional tumor diameter on FDG-PET/CT scan,
visceral pleural invasion, presence of perineural invasion (PNI)
and lymphovascular invasion (LVI), pathological tumor grade,
preoperative SUVmax, SUVmean, MTV and TLG values of the
primary tumor on the FDG-PET/CT scanning, whether they
received adjuvant treatment after the surgery, and whether
they developed recurrence during the follow-up of the patients
were recorded. DFS was calculated as the time from diagnosis
torecurrence, and OS was calculated as the time from diagnosis
todeathorlastfollow-up.

At least 6 hours of fasting was requested from the patients
before the FDG injection. The fasting blood glucose levels of all
the patients were <200 mg/dL before scanning. Approximately
220-370 MBq dose of 18F-FDG was given intravenously to the
patients. An oral contrast agent was given to all patients. The
patients were subjected to the FDG-PET/CT (Siemens Biograph
mCT, 20 slices) with 3D mode and TOF features, following a
resting period of 50-70 minutes in the waiting room. Images
were obtained from the head to the upper thigh region. A low
dose CT scan was collected atan average of 120 kV and 50 mAs
for attenuation correction of FDG-PET images. The FDG-PET
acquisition was obtained at the rate of 2 minutes per bed posi-
tion. All FDG-PET/CT images of the patients were re-evaluated
by nuclear medicine physician a board-certified. SUVmax,
SUVmean, MTV, TLG values were calculated automatically in
the software program in the primary tumor plotted volume of

interest (VOI) area. No measurements were made to the lymph
nodes. The threshold value used in MTV calculation was taken
as 40% of SUVmax and above, and metabolically active tumor
volume wascalculated.

IBM © SPSS program version 20 was used for the analyses. In
thestudy, descriptive datawereshownasnand %valuesin cate-
gorical data and median [(IQR: Interquartile range (25-75
percentile values)] values in continuous data. Chi-square and
Fisher tests were used to compare categorical data. Whether
the data were normally distributed or not was evaluated with
the Kolmogorov-Smirnov test. Mann-Whitney U-test and
Kruskal Wallis tests were used for data that did not show normal
distribution. Spearman and Pearson correlation analyses were
used for correlation analysis. The Kaplan Meier test was used in
the survival analysis of the patients, while the factors affecting
the survival time were evaluated with the Cox regression anal-
ysis. P<0.05 was accepted for statistical significance in all
analyzes.

RESULTS

A total of 77 patients mean age 64.3+8 with surgery history of
lung cancer, most of whom were male 74 (96.1%) and 3 (3.9%)
were female were included in the study. When the difference in
the metabolic parameters of the primary tumor between the
patients with and without recurrence was examined, it was found
that MTV, and TLG values were higher in patients with recur-
rence. However, SUVmax-SUV mean values were similar in both
groups, and no significant difference was found. Demographic
andclinical data of all patientsaccording torecurrence statusare
summarisedinTablel.

Right upper and middle lobectomy to 28 patients (36.4%), left
upper lobectomy to 18 (23.4%) patients, right lower lobectomy
to 12 (15.6%) patients, the left lower lobectomy to 8 (10.4%)
patients was performed. Pneumonectomy was performed on 11
(14.3%) patients. While 30 patients (39%) were Stage 1, 25
patients (32.5%) were Stage 2 and 22 patients (28.6%) were
Stage 3. No statistically significant difference was determined
when metabolic parameters of FDG-PET/CT (SUVmax,
SUVmean, MTV, TLG) were analyzed according to stages. Recur-
rence was detected in 15 patients (19.5%), and metastasis was
found in 18 patients (23.4%). It was observed that 39 patients
(50.6%) received adjuvant chemotherapy, 7 (9.1%) patients
received adjuvant chemotherapy and radiotherapy, and 31
patients (40.3%) did not receive adjuvant therapy.

When the relationship between metabolic tumor parameters
and age, tumor diameter, presence, and the number of the
metastatic lymph node are examined; SUVmax and TLG were
negatively correlated with age (r=-0.261, p=0.022; r=-0.224,
p=0.064, respectively), SUVmax, MTV, and TLG were positively
correlated with tumor diameter (r=0.340, p=0.002; r=0.676,
p<0.001, r=0.699, p=<0.001, respectively). It was observed
that only TLG was positively correlated with the total number of
metastatic lymph nodes (r=0.243, p=0.048). There was no
significant correlation between the presence of metastatic
lymph nodes and metabolic tumor parameters (Table II).
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Table I: Demographic and clinical characteristics of patients.

Recurrence or

No Recurrence or

Total (%) metastasis (% metastasis (%
n=77(100) n= 24 (31.2§ : n= 53 (es.sg ) i
Age (mean or median) 64.28+7.9 60.5 (55.5-68.5) 66 (60-70) 0.176°
Gender
Male 74 (96.1) 22 (91.6) 52 (98.1) 0228
Female 3(3.9) 2(8.3) 1(1.8) ’
Histopathological Subgroup
Adenocarcinoma 35(38.9) 16 (66.6) 19 (35.8)
Squamous Cell Carcinoma 37 (48.0) 7(29.1) 30 (56.6) b
Others 5 (6.5) 1(4.1) 4(7.5) 0.023
Tumor size (mm, median) 37 (10-90) 35.5(10-85) 38 (15-90) 0.741°
Lemphovascular invasion, n:76
(+) 23 (30.2) 5(20.8) 18 (34.6) 0.224¢
(-) 53 (69.7) 19 (79.1) 34 (65.3) '
Perineural invasion, n:73
(+) 17 (23.2) 3(13.0) 14 (28.0) 0.160°
(-) 56 (76.7) 20 (86.9) 36 (72.0) '
Surgical margin, n:76
(+) 6(7.9) 3(13.0) 3(5.6) 0.359¢
(-) 70 (92.1) 20 (86.9) 50 (94.3) '
Plevral invasion, n:75
(+) 31 (41.3) 8 (34.7) 23 (44.2) 0.444¢
(-) 44 (58.7) 15 (65.2) 29 (55.7) '
Metabolic parameters of primary tumor
gﬂngrf’?;g';gi” 12 (8.1-17.8) 12.1(8.7-17.7) 12.0 (8.1-19.3) 0.939°
MTV (cm?, median) 7.7 (5.0-11.1) 7.7 (4.5-11.0) .7 (5-11.5) 0.722°
TLG (g m’edian) 12.3 (4.9-32.1) 14.8 (6.1-51.6) 11.5 (4.1-31.3) 0.390°
! 107.3 (25.5-312.2) 102.9 (29.8-396.3) 107.9 (23.3-249.8) 0.703°
Type of Surgery
Lobectomy 66 (85.7) 22 (91.6) 44 (83.0) 0.265°
Pneumonectomy 11 (14.2) 2 (8.3) 9(16.9) '
Adjuvant Treatment
Yes (CT/CT+RT)* 46 (59.7) 16 (66.6) 30 (56.6) 0.404¢
No 31 (40.3) 8(33.3) 23 (43.3) '
Overall Survival (0OS) (month) 19 (11-29) 37.2 (26.2-48.1) 87.6 (76.5-98.7) 0.003*

IQR: Interquartile range (25-75 percentile values), °Mann Whitney U-test, *Fisher test, °Ki kare test, °Kaplan-Meier test *Recurrence or metastasis status could
not be determined in 3 patients who underwent lobectomy **CT: Chemotherapy, RT: Radiotherapy.

Table II: Correlation between metabolic tumor parameters with age, tumor diameter, presence of lymph node metastases, and number of

metastatic lymph nodes.

Presence of metastatic Tatal metastatic lymph

Age Tumor size Ivmph nodes nodes

Rho P Rho P Rho p Rho p
SUVmax -0.261 0.022 0.340 0.002 0.222 0.054 0.039 0.740
MTV (cm’) -0.175 0.151 0.676 <0.001 0.018 0.882 0.180 0.145
TLG (g) -0.224 0.064 0.699 <0.001 0.080 0.515 0.243 0.048

* Sperman korelasyon analizi; **SUVmax: Maximum standart uptake value, MTV: Metabolic tumor volmue, TLG: Total lesion glycolysis.

When the survival times were examined, the OS was 19
months (11-29), and the DFS was 9 months (4.5-18). In the
follow-ups, 23 patients (29.9%) dead. No significant correla-
tion was observed between the metabolic parameters of
the primary tumor and the development of recurrence or
metastasis. It was observed that patients with the adenocar-
cinoma histological subtype relapsed or metastasized more
frequently than other histological types (p=0.023). OS was

lower in patients with adenocarcinoma histology who devel-
oped recurrence or metastasis than in other histologic

Wﬁes p=0.024; Figure 1).
en recurrence veIoped in patients who had more than

six lymph nodes removed during the operation, it was
determined that they lived longer than those who had less
than six lymph nodes removed (82.4 vs. 28.3 months
p=0.016).

Table IlI: Multivariate analyses of clinicopathological and metabolic parameters of FDG-PET/CT predictive of prognosis.
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HR Model A (%95 GA)

Model B (%95 GA)

Lower Upper HR Lower Upper

Age 1.08 0.97 1.20 0.166 1.09 0.99 1.21 0.093
Gender (male) 1.00 0.14 7.31 0.998

SUVmax 1.30 0.81 2.09 0.285

SUVmean 0.55 0.24 1.26 0.156 0.82 0.67 1.02 0.069
MTV (cm’) 0.93 0.88 0.99 0.014 0.94 0.90 0.99 0.010
TLG (g) 1.01 1.00 1.02 0.022 1.01 1.00 1.01 0.015
Grade-1 (Reference)

Grade-2 0.02 0.00 0.17 0.000 0.05 0.01 0.29 0.001
Grade-3 0.18 0.02 1.74 0.138 0.30 0.06 1.43 0.131
Recurrence or metastases 12.40 2.98 51.55 0.001 7.00 2.15 22.84 0.001
Visceral pleural invasion (+) 2.20 0.61 7.96 0.228

Surgical margin (+) 0.32 0.05 2.02 0.225

*Model A: model consisting of all the variables to be corrected, Model B: Optimal model; **SUVmax: Maximum standard uptake value, SUVmean: Mean standard
uptake value, MTV: Metabolic tumor volume, TLG: Total lesion glycolysis, HR: Hazard Ratio.
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Figure 1: Distribution of tumor histology by survival time for recur-
rence or metastasis.

The 2-year survival rate was found to be 75.6%. A decrease in
0S was observed in patients who developed recurrence (37.2
months) compared to patients who did not (87.6 months)
(p=0.003, Figure 2). In patients who developed metastases,
the OS was found to be 30.8 months, and it was found to be
significantly lower than others (75.5 months) (p=0.001).

It was revealed that the overall survival of stage 1 patients
was longer than stage 2 and 3 (p=0.046, Figure 2). It was
observed that men who developed metastases lived longer
than women (73.6 vs. 11 months p=0.011). Survival was
numerically lower in patients with visceral pleura invasion,
PNI, LVI, and >3 lymph nodes, but no statistically significant
difference was determined. In the linear regression analysis,
the factors that most affected survival was the development
of metastasis and advanced stage, respectively (p<0.014,
and p=0.022).
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Figure 2: (A) Distribution of survival time by stage (B) Distribution of
recurrence or metastasis by overall survival time.

Prognostic factors of the disease were analysed using Cox-re-
gression analyses. High MTV (p=0.014, and p=0.01) and
TLG (p=0.022; and p=0.015) values of primary tumor on
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preoperative FDG-PET/CT, presence of Grade 2 disease
(p<0.001; and p=0.001), development of recurrence
(p=0.001; and p=0.001) were determined as factors
affecting the prognosis negatively. Parameters that indepen-
dently affect OS in the COX regression analysis are shown in
Table lll.

DISCUSSION

Lung cancer is the leading cause of cancer-related deaths in
the world, and the 5-year survival rate is below 20% when all
stages are taken into account.® FDG-PET/CT, which has been
used in the diagnosis, staging, and treatment response eval-
uation in lung cancer in recent years, provides information
about tissue metabolism and standard cross-sectional
methods." MTV and TLG parameters obtained in FDG-PET/CT
scans show metabolic tumor volume and tumor metabolic
activity in three dimensions.® The contribution of metabolic
parameters of FDG-PET/CT to estimate prognosis in various
cancer types has been investigated. SUVmax is associated
with tumor size in many studies, and it is a poor prognostic
marker in some studies.>*'* MTV, and TLG are prognostic
parameters that predict survival better than SUVmax." A
meta-analysis conducted in 2016 showed that high SUVmax,
MTV and TLG values estimated the risk of relapse or death’.
The conflicting results on the SUVmax parameter can be
attributed to the fact that it is affected by many factors
(patient's weight, plasma glucose level, patient
preparation).”

Tumor size is one of the factors affecting prognosis. It was
thought that metabolic tumor parameters would increase
with high tumor diameter and predict survival, but this was
shown in some studies but not others.”*** This study also
showed a relationship between metabolic parameters of
FDG-PET/CT and increased tumor diameter. As the tumor
volume increases, MTV and TLG will inevitably increase if
necrosis has not developed. In addition, it has been reported
that there are different metabolic involvement among histo-
logical types of the tumor.>**** In this study, no relationship
was found between histological subtypes and metabolic
parameters, but it was found that patients with adenocarci-
noma had a more aggressive course. Aggressive course due
to histology has also been observed in some studies in the
literature.™ It is known that metabolic parameters of FDG-
PET/CT increase as the stage increases.” It has been shown
that level of metabolic parameters of FDG-PET/CT was
increased, especially in the T stage. In these patients with
40.3% T1 and 34.8% lymph node involvement, it is thought
that the N stage may have determined the stage, and as a
result, there is no relationship between the level of
metabolic parameters of FDG-PET/CT and the stage of the
disease.

The prognostic contribution of MTV has been demonstrated in
many studies.”*® Even in early-stage patients, 18F-FDG-PET/CT
is important in terms of identifying the high-risk patient

group.’ TLG, which is considered the ideal parameter of viable
tumor metabolism, is an independent prognostic factor for
both 0S and progression-free survival in patients with NSCLC."”
High TLG was related with decreased OS in patients with oper-
ated lung adenocarcinoma.® High MTV and TLG values nega-
tively affect survival regardless of histology, grade, stage, and
operation type in this study.

It has been shown that metabolic parameters of FDG-PET/CT
can also be used to evaluate treatment response in patients
receiving chemotherapy and radiotherapy.”® Lung cancer is a
heterogeneous group, and it is thought that many biological,
molecular, and clinical factors affect the course of the tumor.
As a result of advances in technology and treatments
(immunotherapy and targeted therapies) in the future, it is
hoped that patients with lung cancer will be caught early, high-
-risk groups will be identified, and survival will be extended
with effective treatments.

The limited number of clients and the brief follow-up period
were the factors limiting our study. Our advantages were that
the study was conducted in a single-center, patient prepara-
tion stage before FDG-PET/CT, waiting time and FDG doses
were standard, each patient was taken with the same FDG-
PET/CT device, and a single nuclear medicine specialist re-eval-
uated all patients after the study was designed.

CONCLUSION

In early-stage NSCLC patients, MTV and TLG values, which can
predict clinical course, recurrence, and even prognosis, can be
obtained with FDG-PET/CT scanning while performing initial
staging. Indication of these metabolic parameters, which can
be obtained in all FDG-PET/CT examinations without extra cost
and effort, will guide the clinician in post-operative patient
management. Thus, it is hoped to prolong survival with close
follow-up and effective treatments by identifying high-risk
patients even at diagnosis.
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