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ABSTRACT

To determine the relationship between '®F FDG PET/CT parameters of the primary tumor/nodal metastasis/distant metastasis and
overall survival (OS) of patients with newly diagnosed non-small cell lung cancer (NSCLC). Data from 159 patients with newly diag-
nosed NSCLC who underwent pretreatment 18F FDG PET/CT were analyzed. The SUVmax, SUVmean, the metabolic tumor volume
(MTV), and total lesion glycolysis (TLG) of the primary tumor, lymph node metastasis, and distant metastasis were measured. The total
MTV and total TLG were calculated. The optimal cut-off values of the ®F FDG PET/CT parameters were determined using receiver
operating characteristics curve analysis. Kaplan-Meier curves were used to determine OS. There were a total of 101 deaths during
the follow-up (range, 3.7-54.2 months). The median OS was 26.4 months for the entire group, 11.8 months for patients with metas-
tasis, and 41 months for patients with no metastasis (p< 0.001). In all patients (n= 159), nodal SUVmax (SUVmaxN), total TLG, and the
presence of distant metastasis were independent predictors. The 2-year OS for patients with TLG > 328 and TLG < 328 were 32%
and 80%, respectively. Independent predictors for OS were found as SUVmaxN in the group of patients with distant metastasis, and
SUVmax, MTV of the primary tumor (MTVT), and lymph node size (LNsize) in the group of patients without distant metastasis. '®F FDG
PET/CT may distinguish patients with high risk for poor prognosis in patients with and without metastasis.
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INTRODUCTION nosis are determined under the guidance of the
Union International Contra la Cancrum (UICC)/
American Joint Committee on Cancer (AJCC)
staging system, which is based on the anatomic
evaluation of the tumor (T), node (N), and metas-
tasis (M). Accurate staging is essential for proper
treatment.' Due to the lack of biologic information,
the differences in outcomes of similarly staged pa-
tients cannot be explained.

Lung cancer is the most common cause of cancer-
related mortality worldwide.! Non-small cell lung
cancer (NSCLC) constitutes approximately 80-
85% of all lung cancer cases. Despite the improve-
ments in treatment and imaging methods, lung can-
cer is associated with poor prognosis. Predicting
the prognosis of lung cancer is critically important
for treatment management.” Treatment and prog-
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Unfortunately, the TNM staging system does not
designate tumor-specific and patient-specific char-
acteristics in patients within the same stage of the
disease. As a result, patients in the same stage with
similar pathologic features have different treat-
ment outcomes and survival rates, despite receiv-
ing similar treatment.

8F FDG PET/CT has become the standard imaging
modality in nodule characterization, staging, treat-
ment planning, and treatment response assessment,
restaging at recurrence, and follow-up in patients
with lung cancer.>” The standardized uptake val-
ue (SUV) is the most commonly used method for
evaluating tumor glucose metabolism. In the litera-
ture, studies have reported the predictive and prog-
nostic values of SUVmax in patients with NSCLC
at the initial diagnosis and after treatment.®’ Some
authors showed that the pretreatment SUVmax was
an independent predictor of progression-free sur-
vival (PFS) and overall survival (OS) in patients
with NSCLC who received chemotherapy.'® On the
other hand, SUVmax, which is the measurement
of FDG activity of a single hot pixel in malignant
tissue, does not exactly represent the metabolic
characteristics of the malignancy. This inadequacy
becomes particularly substantial when the tumor
tissue shows heterogeneous FDG activity. Besides,
SUVmax value can change depending on the uptake
time, image noise, and methods used for attenua-
tion correction and reconstruction. Volume-based
BF FDG PET/CT parameters such as metabolic
tumor volume (MTV) and total lesion glycolysis
(TLG) have been suggested to represent the meta-
bolic tumor burden. Although SUVmax represents
the FDG activity of a single pixel, volume-based
F FDG PET/CT parameters evaluate FDG activ-
ity in malignant tissue as a whole. Initial metabolic
tumor burden was identified as a prognostic factor
for OS independent of clinical stage."

In this study, we investigated the relationship be-
tween metabolic and volume-based parameters of
8F FDG PET/CT and OS in patients with metastat-
ic and non-metastatic NSCLC. These parameters
were measured in the whole-body tumor burden,
primary tumor, each metastatic lymph node, and
distant metastases.
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PATIENTS and METHODS
Patient Selection

We retrospectively evaluated the medical records
of 219 patients with NSCLC who had undergone
baseline '®F FDG PET/CT before their initial ther-
apy between March 2014 and January 2016. Pa-
tients with brain metastasis were not included and
patients who were diagnosed as having another
type of cancer during follow-up were excluded.
All patients were staged according to the Ameri-
can Joint Committee on Cancer (AJCC) staging
manual, 7th Edition.! All procedures performed
in studies involving human participants were in
conducted in accordance with the ethical standards
of the institutional and national research commit-
tee and with the 1964 Helsinki Declaration and its
later amendments or comparable ethical standards.
The Clinical Research Ethics Committee in our
university faculty of medicine reviewed and ap-
proved this retrospective study (Decision number:
2019/07). The study was exempted from the need
for informed consent by the institutional review
board because this was a retrospective study where
the data were de-identified.

BE.FDG-PET Procedures

A positron emission/computed tomography (PET/
CT) scanner Biograph mCT (Siemens Health-
care, Erlangen, Germany) was used. After at least
6 hours of fasting, patients with a blood glucose
level of < 200 mg/dL were administered an FDG
injection at an approximate dose of 3.7 MBqg/kg.
After a median 64 minutes (min-max 51-87 min-
utes), imaging was performed of the patients in the
supine position with their arms up. PET imaging
was adjusted to 2 minutes per bed position. Low-
dose CT parameters: voltage, 120 kV; CARE dose
4D mA tube current; and slice thickness, 5.00 mm.

8F FDG PET/CT Analysis and Measurements: Sie-
mens Healthineers Syngo, via a VB30 workstation,
MM Oncology, post-processing unit was used for
the analyses. Two nuclear medicine physicians and
one radiologist who were unaware of the clinical
outcomes assessed the *F FDG PET/CT images.
A volume of interest (VOI) was drawn for each le-
sion, and then corrections were made according to
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the FDG uptake of the adjacent tissue. TLG was
obtained by multiplying the SUVmean and MTV of
the lesion. T-stage, nodal metastasis status (posi-
tive or negative) and distance metastasis status
(positive or negative) were noted. The SUVmax of
primary tumor (SUVmaxT), lymph node metastasis
(SUVmaxN), and distant metastasis (SUVmaxM);
the SUVmean of primary tumor (SUVmeanT),
lymph node metastasis (SUVmeanN); the metabolic
tumor volume (MTV) of primary tumor (MTVT),
nodal metastasis (MTVN), and distant metastasis
(MTVmMm); TLG of primary tumor (TLGT), nodal
metastasis (TLGN), distant metastasis (TLGM); the
total MTV (MTVT + MTVN + MTVM); the total
TLG (TLGT + TLGN + TLGM) and the primary
tumor CT volume were measured. The short axis
diameters (mm) of the largest metastatic lymph
nodes (LLNsize) were measured.

Statistical Analyses

For all patients, receiver operating characteristic
(ROC) statistics of 18F FDG PET/CT parameters
were estimated and threshold values providing
the optimal sensitivity and specificity were deter-
mined, and those with a p< 0.05 were included in
the analyses. Univariate and multivariate analyses
were performed using the Cox proportional haz-
ards regression model to assess the relationship be-
tween survival and "®F FDG PET/CT parameters.
Any variable with p< 0.2 in the univariate model
was included in the multivariate Cox proportion-
al hazards regression model. Curves for OS were
constructed using Kaplan-Meier survival analysis.
Differences between the groups were investigated
using the log-rank test. All statistical analyses were
performed using the SPSS version 18 software
(SPSS Inc., Chicago, IL), and a two-tailed p< 0.05
was considered significant.

RESULTS

Patient characteristics: The *F FGD PET/CT data
of 219 patients were evaluated retrospectively. A
total of 60 patients were excluded for different rea-
sons (29 patients with SCLC, 15 died with non-
malignancy, three patients had secondary malig-
nancies during follow-up [one patient had rectum
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Table 1. The characteristics of the patients (n= 159)
Characteristics n (%)
Total patients 159
Median age (Range) 66 (36-86)
Sex

Male 143 (90)

Female 16 (10)
Histologic type

Adenocarcinoma 79 (49.6)

Squamous cell carcinoma 74 (46.4)

Others 6(4)

T staging

T 14 (8.8)

T2 42 (26.4)

TS 35 (22.0)

T4 68 (42.8)
Nodal stage

NO 34 (21.4)

N1 17 (10.7)

N2 44 (27.7)

N3 64 (40.9)
M staging

MO 97 (61)

M1 62 (39)
TNM classified according to the American Joint Committee on Cancel
(AJCCO) staging system, which is based on the anatomic evaluation of
the tumor (T), node (N), and metastasis (M)

cancer, one patient had malignant melanoma, one
patient had larynx cancer] and 13 patients were lost
to follow-up). In total, 159 patients with NSCLC
were recruited for the study. The patients’ charac-
teristics are summarized in Table 1. A descriptive
analysis of the tumors is given in Table 2.

Survival Analysis

(a) All patients (n= 159): The median follow-up
was 26.5 [95%CI: 21.1- 30.3] months and 101
(63.5%) patients died during follow-up. The me-
dian OS was 26.4 (95% CI. 21.6-31.3) months.
The results of univariate and multivariate analy-
ses are shown in Table 3. Multivariate analysis
revealed that SUVmaxN (p< 0.001, HR= 2.873),
total TLG (p< 0.001 HR= 3.192), and distant me-
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Table 2. Descriptive analysis of the tumor

All Patients Metastatic Patients Non-metastatic Patients
Parameter Median Mean+SD Median Mean+SD  Median Mean+SD

(Min-max) (Min-max) (Min-max)

SUVmaxT 13.1 (2.4-37.5) 13.9+6.27 13.2 (4.2-37.4) 13.9+6.2 13.1 (2.4-37.5) 13.8+6.37
SUVmeanT 7.4 (2.5-21) 7.89+3.27 7.3 (2.5-21) 7.83+3.26 7.6 (2.6-18.5) 7.93+£3.29
MTVT 25 (0.45-424) 13.8+66.7 31.9 (2.6-424) 64.9+74.8 23.2 (0.45-326) 41.7+57.7
TLGT 202.5 (2.2-3381) 423+579 266.6 (11.7-3381) 579+750 194.88 (2.2-2226) 3231410
SUVmaxN 9.4 (2.1-48) 10.4+7.39 10.6 (2.1-28.1) 10.7+6.4 8.5 (2.3-48) 10.1+8.3
SUVmeanN 5.7 (1.6-29.7) 6.07+4.22 6.1(1.6-29.7 6.93+4.94 4.8(1.7-18) 5.26+3.24
LNsize 22 (7-48) 22.66+9.18 24 (7-41) 23.5+8.2 20 (7-48) 21.89+10
MTVN 12.2 (0.6-146) 22.1+£26.23 17 (0.7-146) 25.5+27.3 9.1 (0.6-127.6) 18.92+24.9
TLGN 63.36 (1.26-1192.5) 149.5+222.6 100 (1.44-1192) 176+255 33.8 (1.26-726) 124.3+186
SUVmaxM 9(1.5-31.3) 11.13£7.48 9(1.5-31.3) 11.1£7.5 -
MTVM 15 (1-413) 69.22+101.79 15 (1-413) 69.2+101.8 =
TLGM 85 (2-4754) 595+1095 81 (2-4754) 595+1106 -
Total TLG 386 (2.24-6297) 7721085 611 (33.3-6297) 1336+1472 247.8 (2.2-2518) 412+472.9
Total MTV 59.4 (0.45-625) 95.2+110 103.5 (15.2-625) 157.9+133.7  33.9(0.45-382.3) 55.2+67.35
CT volume 41.49 (0.51-1181) 81.44+£139.47 50.32 (2.85-1181) 105.6+171.2  28.5(0.51-676) 66+112.9
Abbreviations: MTVT= metabolic tumor volume (MTV) of primary tumor; MTVM= MTV of distant metastasis; MTVN= MTV of nodal metastasis;
SUVmaxM= SUVmax of distant metastasis; SUVmaxN= SUVmax of lymph node metastasis; SUVmaxT= SUVmax of primary tumor; SUVmeanN=
SUVmean of lymph node metastasis; SUVmeanT= SUVmean of primary tumor; TLGT= tumor lesion glycolysis (TLG) of primary tumor; TLGM= TLG
of distant metastasis; TLGN= of nodal metastasis; LNsize= the short axis diameters (mm) of the largest metastatic lymph node; CT volume= primary
tumor CT volume (cm?.

tastasis status (p< 0.001, HR= 6.717) were inde-
pendent predictors for OS. Patients were divided
into two groups as having a total TLG less than 328
and total TLG equal to or greater than 328 (sen-
sitivity: 81.2%, specificity: 84.5%, AUC = 0.881
p< 0.001). The 2-year OS for the group of patients
with a total TLG < 328 and TLG = 328 were 80%
and 32%, respectively. The Kaplan-Meier curves
for total TLG, SUVmaxN (with a cut-off value of
7.8, sensitivity: 64.1% specificity: 64.7%, AUC=
0.670, p< 0.001), and distant metastasis status are
given in Figure 1. We found high inter-correlation
(multicollinearity) between total MTV and total
TLG values (correlation matrix of regression coef-
ficient > 0.6), thus total MTV was excluded and
only total TLG was counted in the multivariate cox
regression model.

(b) Patients with distant metastasis (n= 62): The
median OS was 11.8 (95% CI: 8.7-15.0) months

UHOD ~Number: 3 Volume: 30 Year: 2020

in patients with distant metastasis. The results of
univariate and multivariate analyses of distant me-
tastases are shown in Table 4. Only SUVmaxN was
established as an independent predictor for OS in
the multivariate analysis (p= 0.013, HR=1.080).
The Kaplan-Meier analysis of SUVmax with the
cut-off as 7.8 is shown in Figure 2.

(c¢) Patients with no distant metastasis (n= 97): The
median OS was 41 (95% CI: 37.8-44.1) months
in patients without distant metastasis. Data for the
univariate and multivariate analyses of these pa-
tients are given in Table 5. SUVmaxT (p= 0.046,
HR= 1.068), MTVT (p= 0.004, HR= 1.009), and
LNsize (p= 0.009, HR= 1.057) were independent
predictors in the multivariate analysis. When the
patients were grouped as MTVT = 23.1 cm® and
< 23.1 (sensitivity: 80% specificity: 72% AUC=
0.822 p< 0.001), the 3-year OS was 33% and 80%,
respectively (Figure 3).
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in the multivariate analysis

Table 3. Summary of univariate and multivariate analyses (n= 159). As a result of univariate analysis, all parameters were included

Univariate Analyses

Multivariate Analyses

Variable p value Hazard 95% CI p value Hazard 95% CI
Ratio Ratio

LNsize (mm) > 20 0.010 1.761 1.148-2.7 0.567 0.741 0.266-2.064
MTVN (cm?) > 10 0.007 1.807 1.178-2.771 0.098 0.530 0.250-1.125
SUVmeanN > 4.7 0.002 2.108 1.321-3.363 0.163 2174 0.730-6.476
TLGN > 33.8 0.002 2.278 1.450-3.581 0.975 0.983 0.334-2.890
MTVT (cm®) > 19.3 < 0.001 2.960 1.876- 4.671 0.371 1.367 0.689-2.711
SUVmaxT > 13.2 0.074 1.431 0.966-2.120 0.687 1.167 0.5650-2.478
SUVmeanT > 8.3 0.055 1.478 0.992-2.201 0.126 1.835 0.843-3.993
TLGT > 193.4 < 0.001 2.934 1.906-4.518 0.188 0.584 0.263-1.300
SUVmaxN > 7.8 0.008 1.983 1.261- 2.964 < 0.001 2.873 1.657-4.979
Total MTV (cm?) > 32 < 0.001 7.295 3.964- 13.424  * * *

Total TLG > 328 < 0.001 6.575 3.912-11.051 < 0.001 3.192 1.732-5.883
Nodal metastasis status < 0.001 4.043 2.085-8.033 0.973 1.159 0.240-1.761
Distance metastasis status < 0.001 7.629 4.986-11.673 < 0.001 6.717 4.034-8.712

Abbreviations: Cl= confidence interval;

(*) We found high inter-correlation (multicollinearity) between total MTV and total TLG values (correlation matrix of regression coefficient >0.6), thus total
MTV was excluded and only total TLG was counted in the multivariate cox regression model

DISCUSSION

Despite aggressive multimodal treatment regimes,
the prognosis of lung cancer is still unsatisfactory.
Therefore, it is important to determine prognostic
factors in order to improve lung cancer survival
rates. In our study, we evaluated the metabolic and
volumetric parameters of 18F FDG PET/CT for

each primary tumor, metastatic lymph node, and
metastatic lesion, and investigated parameters that
were independent predictors for worse OS in pa-
tients with NSCLC.

Lymph node metastasis status and metabolic and
volumetric measurements of involved lymph
nodes (SUVmaxN, MTVN, TLGN) were previously
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Figure 1. (A) Kaplan-Meier curves for total lesion glycolysis with the cut-off as 328, (B) maximum standardized uptake value of lymph
node metastasis with the cut-off as 7.8, and (C) distant metastasis status
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Table 4. Univariate and multivariate analyses for distant metastatic group (n= 62)
(*) Indicates parameters included in multivariate analysis

Univariate Analyses Multivariate Analyses
Variable p value Hazard Ratio 95% CI P value Hazard Ratio 95% CI
CT volume 0.362 1.001 0.999-1.002 - - -
SUVmaxT 0.013* 1.053 1.011-1.096 0.646 1.018 0.944-1.097
SUVmeanT 0.233 1.011 0.993-1.029 - - -
MTVT 0.216 1.002 0.999-1.006 - - -
TLGT 0.069 * 1.000 1.000-1.000 0.743 1.000 0.999-1.001
L Nsize 0.372 1.016 0.985-1.048 = = =
MTVN 0.830 1.001 0.993-1.009 - - -
SUVmaxN 0.002 * 1.069 1.025-1.114 0.013 1.080 1.016-1.149
TLGN 0.014* 1.001 1.000-1.002 0.305 0.999 0.997-1.001
SUVmaxM 0.014* 1.043 1.008-1.079 0.601 0.987 0.939-1.037
MTVM <0.001 * 1.007 1.000-1.010 0.206 1.005 0.997-1.012
TLGM < 0.001 * 1.001 1.000-1.001 0.097 1.000 1.000-1.001
Total MTV 0.001 * 1.004 1.002-1.006 0.944 1.000 0.994-1.006
Total TLG <0.001 * 1.001 1.000-1.001 0.917 1.000 0.989-1.003

reported predictors of OS.'*! Prior studies showed
that the volume of metastatic mediastinal lymph
nodes was associated with recurrence as well as
survival.'>!* In a prospective study with 73 patients,
a lymph node volume greater than 10.6 cm® was
associated with an increased locoregional recur-

rence rate (p< 0.001) and decreased OS (p= 0.04)
following neoadjuvant chemoradiation therapy in
patients with stage IIIA-IIIB NSCLC.!> Nwogu
et al. showed that lower ratios of positive lymph
nodes (LNs) were associated with better survival
after NSCLC resection independent of age, sex,
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Figure 2. Kaplan-Meier curves for maximum standardized up-
take value of lymph node metastasis with the cut-off as 7.8 in
patients with TNM stage M1
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Figure 3. Kaplan-Meier curves for metabolic tumor volume
of primary tumor with the cut-off as 23.1 in patients with no
distant metastasis
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Table 5. Univariate and multivariate analyses for the non-distant metastatic group (n= 97) (*) Indicates parameters included in
multivariate analysis

Univariate Analyses Multivariate Analyses
Variable p value Hazard Ratio 95% CI p value Hazard Ratio 95% CI
Nodal status 0.018* 2.677 1.185-6.046 0.916 1.087 0.229-5.156
CT volume <0.001 * 1.004 1.002-1.006 0.769 0.999 0.995-1.004
SUVmaxT 0.096 * 1.039 0.993-1.086 0.046 1.068 1.003-1.083
SUVmeanT 0.219 1.055 0.969-1.149 = = =
MTVT <0.001 * 1.009 1.006-1.012 0.004 1.009 1.006-1.012
TLGT <0.001 * 1.001 1.001-1.001 0.166 0.999 0.997-1.001-
LNsize 0.002 * 1.057 1.020-1.095 0.009 1.057 1.020-1.095
MTVN 0.001 * 1.019 1.007-1.031 0.574 0.990 0.954-1.026
SUVmaxN 0.179* 1.021 0.990-1.053 0.267 0.954 0.878-1.037-
TLGN 0.012* 1.002 1.000-1.003 0.268 1.003 0.997-1.010
Total MTV <0.001 * 1.009 1.006-1.012 0.640 0.997 0.990-1.030
Total TLG <0.001 * 1.001 1.001-1.001 0.112 1.001 0.987-1.003

grade, tumor size, and disease stage.'* Nappi et al.
showed that the metabolic activity of metastatic
Ilymph nodes was related to OS and PFS, also that
lymph node metastasis status was associated with
poor outcomes, irrespective of SUVmaxT." In
our study, the metabolic activity and diameter of
lymph nodes were independent predictors of OS,
and these findings were in congruence with the lit-
erature in this respect.

Our study revealed that total TLG was an inde-
pendent predictor for OS. The 2-year OS of pa-
tients with TLG = 328 and TLG < 328 were 32%
and 80%, respectively. Several previous studies re-
ported the prognostic significance of TLG in lung
cancer.'®!® The multivariate analysis showed that
metastasis status was the most significant inde-
pendent predictor for worse OS (HR= 6.717). To
exclude the prognostic effect of metastasis status in
the non-metastatic group, the patients were divided
into two groups in terms of metastasis status.

In the non-metastatic patient group (n= 97), SUV-
maxT, MTVT, and LNsize were found to be predic-
tors of OS independent of age, T stage, N stage,
and other F FDG PET/CT parameters. When
the effect of distant metastasis was excluded, the
volume-based parameters of the primary tumor
and lymph nodes reached statistical significance.
Moreover, we found that the enlarged lymph nodes
were significantly associated with poorer progno-

168

sis; the larger the lymph nodes, the worse was the
outcome in the non-metastatic patient group, in
agreement with prior literature.'*>!

Multivariate analysis of the volumetric/metabolic
parameters in the distant metastatic patients (n=
62) revealed that SUVmaxN was the only signifi-
cant independent predictor value, which was also
a statistically significant predictor for OS when all
patients were analyzed. To our knowledge, very
few studies have evaluated the association of SUV
and OS in mediastinal lymph nodes. Okereke et al.
investigated the prognostic value of the parameters
in the primary tumor and mediastinal lymph nodes
of the patients with NSCLC and reported that high-
er values of SUV in lymph nodes were associated
with poorer OS rates, in line with our study, which
showed that SUV was associated with worse OS.?

As a consequence, SUVmaxN, total TLG, and dis-
tant metastasis may be used to further stratify the
risk of patients with NSCLC. The prognostic value
of 8F FDG PET/CT parameters varies in patients
with and without metastatic NSCLC. SUVmaxN
in the metastatic patient group, and SUVmaxT,
MTVT, and ND in the non-metastatic group were
found to be independent prognostic factors. The
prognostic significance of SUVmax and/or the di-
ameter of the mediastinal lymph node in both
groups was remarkable.
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Our study had some limitations. The patients in the
same stage did not receive the same treatment pro-
tocols. Some patients underwent surgery, whereas
others were treated non-surgically. We intended to
evaluate the PFS rates in addition to OS rates of
the patients. Unfortunately, not all patients were
treated and/or followed up in single oncology cent-
er. Thus we were unable to acquire accurate recur-
rence data of the patients.

In conclusion, volumetric and metabolic param-
eters of '®F FDG PET/CT can distinguish patients
with NSCLC with or without metastasis who have
a poor prognosis.
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