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Abstract
Purpose The objective of this study was to assess the
prognostic value of metabolic tumor burden on 2-deoxy-2[18F]fluoro-D-glucose (18F-FDG) positron emission tomography (PET)/CT measured with metabolic tumor volume
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(MTV) and total lesion glycolysis (TLG), independent of
Union Internationale Contra la Cancrum (UICC)/American
Joint Committee on Cancer (AJCC) tumor, node, and
metastasis (TNM) stage, in comparison with that of
standardized uptake value (SUV) in nonsurgical patients
with non-small cell lung cancer (NSCLC).
Methods This study retrospectively reviewed 169 consecutive
nonsurgical patients (78 men, 91 women, median age of
68 years) with newly diagnosed NSCLC who had pretreatment
18
F-FDG PET/CT scans. The 18F-FDG PET/CT scans were
performed in accordance with National Cancer Institute guidelines. The MTV of whole-body tumor (MTVWB), of primary
tumor (MTVT), of nodal metastases (MTVN), and of distant
metastases (MTVM); the TLG of whole-body tumor (TLGWB),
of primary tumor (TLGT), of nodal metastases (TLGN), and of
distant metastases (TLGM); the SUVmax of whole-body tumor
(SUVmaxWB), of primary tumor (SUVmaxT), of nodal metastases (SUVmaxN), and of distant metastases (SUVmaxM) as well
as the SUVmean of whole-body tumor (SUVmeanWB), of
primary tumor (SUVmeanT), of nodal metastases (SUVmeanN),
and of distant metastases (SUVmeanM) were measured with the
PETedge tool on a MIMvista workstation with manual
adjustment. The median follow-up among survivors was
35 months from the PET/CT (range 2–82 months). Statistical
methods included Kaplan-Meier curves, Cox regression, and
C-statistics.
Results There were a total of 139 deaths during follow-up.
Median overall survival (OS) was 10.9 months [95%
confidence interval (CI) 9.0–13.2 months]. The MTV was
statistically associated with OS. The hazard ratios (HR) for
1 unit increase of ln(MTVWB), √(MTVT), √(MTVN), and
√(MTVM) before/after adjusting for stage were: 1.47/1.43
(p<0.001/<0.001), 1.06/1.05 (p<0.001/<0.001), 1.11/1.10
(p<0.001/<0.001), and 1.04/1.03 (p=0.007/0.043), respec-
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tively. TLG had statistically significant associations with OS
with the HRs for 1 unit increase in ln(TLGWB), √(TLGT),
√(TLGN), and √(TLGM) before/after adjusting for stage
being 1.36/1.33 (p<0.001/<0.001), 1.02/1.02 (p=0.001/
0.002), 1.05/1.04 (p < 0.001/<0.001), and 1.02/1.02
(p=0.003/0.024), respectively. The ln(SUVmaxWB) and
√(SUVmaxN) were statistically associated with OS with the
corresponding HRs for a 1 unit increase before/after adjusting
for stage being 1.46/1.43 (p=0.013/0.024) and 1.22/1.16
(p=0.002/0.040). The √(SUVmeanN) was statistically associated with OS before and after adjusting for stage with HRs
for a 1 unit increase of 1.32 (p<0.001) and 1.24 (p=0.015),
respectively. The √(SUVmeanM) and √(SUVmaxM) were
statistically associated with OS before adjusting for stage
with HRs for a 1 unit increase of 1.26 (p=0.017) and 1.18
(p=0.007), respectively, but not after adjusting for stage
(p=0.127 and 0.056). There was no statistically significant
association between OS and √(SUVmaxT), ln(SUVmeanWB),
or √(SUVmeanT). There was low interobserver variability
among three radiologists with intraclass correlation coefficients (ICC) greater than 0.94 for SUVmaxWB, ln(MTVWB),
and ln(TLGWB). Interobserver variability was higher for
SUVmeanWB with an ICC of 0.806.
Conclusion Baseline metabolic tumor burdens at the level
of whole-body tumor, primary tumor, nodal metastasis, and
distant metastasis as measured with MTV and TLG on FDG
PET are prognostic measures independent of clinical stage
with low inter-observer variability and may be used to
further stratify nonsurgical patients with NSCLC. This
study also suggests MTV and TLG are better prognostic
measures than SUVmax and SUVmean. These results will
need to be validated in larger cohorts in a prospective study.
Keywords 18F-FDG . Non-small cell lung cancer . Tumor
burden . Metabolic tumor volume . Total lesion glycolysis

Introduction
Lung cancer is the most common cause of cancer death in
the world [1]. Lung cancer is the second most common
cancer in both men and women and number one cause of
cancer-related deaths in the USA. In the USA in 2010,
157,300 people were projected to die from lung cancer,
which is more than the number of deaths from colon and
rectal, breast, and prostate cancer combined [2]. Non-small
cell lung cancer (NSCLC) comprises 80–85% of all lung
cancer cases [3]. The treatment and prognosis of NSCLC
depend mainly upon the stage defined according to the
Union Internationale Contra la Cancrum (UICC)/American
Joint Committee on Cancer (AJCC) staging system [4, 5].
The stage based on the evaluation of the T, N, and M
components and the assignment of a stage grouping (I–IV)

[4] is the single most prognostic factor in predicting the
outcomes of patients with lung cancer [4, 6–8].
Other patient-specific factors such as age, pulmonary
function, and comorbidity may also alter the selection of
the treatment options. In early-stage NSCLC, surgical
resection remains the standard of care in fit patients. In
patients with unresectable, locally advanced, stage III
NSCLC, chemotherapy in combination with thoracic
radiation therapy is the standard of care. Systemic chemotherapy is the standard care for stage IV NSCLC [9].
Modern positron emission tomography (PET)/CT scanners
provide three-dimensional (3-D) metabolic volumetric
images. The metabolic tumor burden measurements including
metabolic tumor volume (MTV) [10, 11] and total lesion
glycolysis (TLG) of tumors [12] have been developed
because they incorporate both metabolic activity and tumor
volume. The MTV is the tumor volume on PET measured
with a segmentation technique [10, 11, 13, 14], while TLG
can be calculated by multiplying the mean standardized
uptake value (SUVmean) by the MTV [12]. Lee et al. found
that the baseline total body MTV measured semiautomatically is a statistically significant prognostic index and better
than SUVmax and SUVmean in the prediction of patient
outcome in 19 lung cancer patients [10]. In their recent study,
they expanded the cohort to 61 patients with NSCLC and
confirmed the significant association of high MTV with
decreased overall survival in the subgroup of patients who
were treated definitively [15].
Additionally, in multiple studies in other types of cancer,
the manual or semiautomatic measurement of the baseline
MTV has been shown to be better than the SUV in
predicting patients’ prognosis in small cell lung cancer [16],
head and neck cancer [17–19], esophageal cancer [20], and
thyroid cancer [21] in locally advanced stages with or
without metastasis. It has also been demonstrated that
baseline gross tumor volume, determined by manual
contouring on X-ray computed tomography (CT) images
as part of 3-D conformal radiation treatment planning,
predicts overall and cause-specific survival, as well as local
tumor control in NSCLC [22].
However, until now, NSCLC staging has been based
primarily on surgical resectability of the tumor; no
metabolic tumor burden or volumetric information has
been used from PET/CT in the AJCC TNM staging system
for NSCLC [4]. Only a one-dimensional measurement on
CT or magnetic resonance (MR) scans is required for the
primary tumor TNM staging and an existence decision,
defining whether any lymph node or metastasis is 2-deoxy2-[18F]fluoro-D-glucose (18F-FDG) positive, is required for
lymph nodes or distant metastases in this staging system.
This may be partly because the measurement of the MTV
manually or semiautomatically is time consuming and
therefore it is not clinically practical. It may be also
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because the usefulness of this time-consuming measurement has not been fully determined.
With the development of computer-aided diagnosis (CAD),
it should be possible to create software to semiautomatically
detect and quantify all tumors in the whole body and therefore
measure whole-body metabolic tumor burden efficiently [23].
However, since the development of such a sophisticated
CAD tool is a major undertaking, it is necessary to further
determine the prognostic value of the metabolic tumor
burden independent of simple TNM stage in a large patient
population with NSCLC. Here we measured the MTV of
whole-body tumor (MTVWB), primary tumor (MTVT), nodal
metastases (MTVN), distant metastases (MTVM); TLG of
whole-body tumor (TLGWB), primary tumor (TLGT), nodal
metastases (TLGN), and distant metastases (TLGM) semiautomatically with commercially available PET/CT software to
further determine the additive prognostic value of MTV and
TLG independent of tumor stage in 169 nonsurgical patients
with NSCLC. The prognostic value of the MTV and TLG
independent of the clinical TNM stage of the tumor was
compared with that of SUV measurements.

the surgery was recommended but was not performed. One
hundred forty patients had chemotherapy and/or radiation
therapy. The mean time between the PET/CT scan and start of
therapy was 4.9 weeks with a standard deviation of 5.7 weeks.
In the remaining 29 patients, neither chemotherapy nor
radiation therapy was performed. There were 35 patients with
adenocarcinoma, 1 patient with bronchioloalveolar carcinoma, 11 patients with large cell carcinoma, 39 patients with
squamous cell carcinoma, 1 patient with large cell neuroendocrine carcinoma, and 82 patients with NSCLC of a type that
was not further specified. They had been followed with CT of
the chest and abdomen at the University of Chicago at
irregular intervals of 1–6 months. These patients had been also
followed by our Cancer Registry semiannually. Their survival
status was determined through clinical follow-up and the
Social Security Death Index. Clinical follow-up and the
Illinois State Death Inquiry System were used to determine
the causes of death when possible.
Imaging protocols
PET/CT imaging

Materials and methods
Patient recruitment
This study was approved by our hospital’s Institutional
Review Board and was compliant with the Health Insurance
Portability and Accountability Act. We conducted a retrospective review of the medical records of patients with
NSCLC. There were a total of 816 cases with NSCLC who
were diagnosed and treated in the University of Chicago
Medical Center from 1 January 2004 to 31 December 2007.
We identified the 169 consecutive nonsurgical patients with
NSCLC for this study from this retrospective database by
inclusion criteria. The inclusion criteria were as follows: (1) all
patients had a pre-therapy baseline PET/CT scan, (2) they had
no surgery, (3) they had no known brain metastasis (since our
whole-body PET/CT did not cover the whole brain), and (4)
they had no history or concurrent diagnosis of another type of
cancer. The purpose of the PET/CT scan for this group of
patients was to stage the disease or for the diagnosis of lung
lesions. There were 78 male and 91 female patients with a
median age of 68. There were 16 cases with stage I, 5 with
stage II, 56 with stage III, and 92 with stage IV NSCLC. The
reasons for not having surgery were: (1) contraindication for
surgery (6 patients with stage I, 2 patients with stage II, 5
patients with stage IIIA), (2) patient’s refusal to have surgery
(5 in stage I, 2 patients with stage IIIA), (3) not the first course
of treatment (5 in stage I, 3 patients with stage II, 21 patients
with stage IIIA), and (4) advanced disease (27 with stage IIIB
and 92 with stage IV NSCLC). In one patient with stage IIIA,

The baseline pretreatment 18F-FDG PET/CT scans were
performed in accordance with National Cancer Institute
guidelines [24] in all 169 patients. The 18F-FDG PET images
were obtained using a PET/CT scanner (Reveal HD, CTI,
Knoxville, TN, USA) equipped with high-resolution bismuth
germanate (BGO) detectors and a dual-slice CT scanner. The
patients fasted for at least 4 h before intravenous administration of 370–555 MBq of 18F-FDG. In addition, the serum
glucose levels were tested via finger stick sampling before
injection and found to be less than 200 mg/dl. A whole-body
unenhanced CT scan with no IV contrast administration was
performed first for PET attenuation correction. We used a
standard protocol for the CT with 130 kVp, 70–80 mAs, a
transaxial field of view 50 cm in diameter, a tube rotation
time of 0.8 s per rotation, and a pitch of 3.0. Sixty minutes
following injection of the 18F-FDG, a whole-body static PET
scan was acquired for about 30–35 min, starting at the thighs
and proceeding to the head. PET scans were obtained with an
acquisition time of 3–5 min per cradle position, with slice
overlap at the borders of the field of view to avoid artifacts.
The PET camera has a bed position length of 14.6 cm and a
transaxial field of view 66.6 cm in diameter. PET images
were reconstructed using the ordered subsets expectation
maximization (OSEM) iterative algorithm with 8 subsets, 2
iterations, and 128 × 128 pixels. The slice thickness was
2.4 mm, with 5 mm full-width at half-maximum (FWHM)
3-D Gaussian smoothing after reconstruction. We used the
3-D imaging mode with Fourier rebinning and model-based
scatter correction. Monthly concentration calibrations were
conducted using a 68Ge tub phantom.
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Measurement of tumor volume on PET/CT
The MTV and TLG, as well as the SUVmax and SUVmean,
of whole-body tumors were measured with the PETedge
tool of the MIMvista software (MIMvista Corp, Cleveland,
OH, USA) with manual adjustment (Fig. 1). The software
used a gradient-based tumor segmentation method [25]. In
comparison with manual and constant threshold methods in
a phantom study, the software was the most accurate and
consistent technique for the segmentation of tumors, with
less interobserver variation, and was the most robust for
varying imaging conditions [25].
This was done by two board certified radiologists with
PET/CT imaging experience, as well as familiarity with the
MIMvista software and our PACS system (iSite, Philips,
Cleveland, OH, USA). With the MIMvista PET software
and our PACS system, the first radiologist reviewed the
cases using the original PET/CT reports to determine the
location and extent of the tumor. She then used the PET
edge tool to draw the tumor contours. She indicated the
approximate center of the tumor. The volumes of interest
(VOIs) were drawn automatically using spatial derivatives
to locate tumor boundaries after the radiologist had
identified the major and minor axes of the tumor in one
plane. Manual adjustment of the estimated tumor surface
was often needed to include the entire tumor within the
margins of the VOIs. This was done visually by the reader
using a 2-D “ball” tool in the MIMvista contouring
software. She then saved the tumor contours she had drawn
on all the detected tumors as radiation therapy structure
(RTstruct) images and exported her PET measurement
results. The second radiologist reviewed the cases again
with the workstation running MIMvista software and our
PACS system. He then opened the RTstruct images saved by
the first radiologist to determine if he agreed with the first
radiologist’s reading. He made notes on the cases having
different tumor contours and/or locations or in cases he
thought there were additional tumors, or he thought some of
the lesions detected by the first reader were not tumor. The

Fig. 1 Axial, sagittal, and coronal images from a PET scan of a
68-year-old woman with a new
diagnosis of NSCLC, showing
the measurements of maximum
and mean SUVs, MTV, and
TLG of tumors with the MIMvista PETedge tool

disagreements in the tumor detection and contours were
reconciled by both radiologists looking at the cases
together. Through discussion, the final consensus readings
were decided. Therefore the final tumor contours were
determined based on reader consensus and they were
determined using visual analysis. The resultant SUV and
volume values of all tumors in the body were exported to
an Excel spreadsheet. In this study, the SUVmax was
defined as SUVmax = maximum activity concentration in
the tumor/(injected dose/body weight). The SUVmean was
defined as the mean concentration of FDG in the tumor/
(injected dose/body weight). The output results included
SUVmax, SUVmean, MTV, and TLG of individual tumors.
The tumor location and whether the tumor was primary,
nodal, or a distant metastasis were determined by the
readers. The whole-body SUVmax (SUVmaxWB) was the
maximum SUVmax of all the tumors in the whole body. The
SUVmax of primary tumor (SUVmaxT) was the SUVmax of
all primary tumors. The SUVmaxN was the SUVmax of all
mediastinal, hilar, and supraclavicular nodal metastases.
The SUVmaxM was the SUVmax of distant metastases (M1
lesions). The whole-body SUVmean (SUVmeanWB) was the
mean SUVmean of all the tumors in the whole body. It was
calculated as SUVmeanWB = (TLGWB/MTVWB). The SUVmean
of primary tumor (SUVmeanT) is the SUVmean of all primary
tumors. The SUVmeanN is the SUVmean of all mediastinal,
hilar, and supraclavicular nodal metastases. The SUVmeanM is
the SUVmean of distant metastases (M1 lesions). By summing
the corresponding values for all lesions, the whole-body
MTV (MTVWB) and whole-body TLG (TLGWB) were
computed. The MTV of the primary tumor (MTVT),
mediastinal, hilar, and supraclavicular nodal metastases
(MTVN), and distant metastases (MTVM); and the TLG of
the primary tumor (TLGT), mediastinal, hilar, and supraclavicular nodal metastases (TLGN), and distant metastases
(TLGM) were also computed. These values of the above
consensus PET measurements were used in the survival
analyses described herein. For the evaluation of the interobserver variability of the SUVmaxWB, SUVmeanWB, MTVWB,
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and TLGWB, an additional two board certified radiologists
independently performed the above PET measurements in a
subgroup of 77 patients with stage I–III NSCLC with
reference of original PET/CT reports. Their data and the first
radiologist’s data from this subgroup of patients were used for
interobserver variability analysis. In order to determine the
amount of time needed to measure the MTV and TLG in the
whole body, we measured the time taken by one observer to
complete the PET tumor measurements in the 193 lesions of
the 77 patients with stage I–III NSCLC.
The UICC/AJCC staging system for NSCLC (6th
edition) [5] was used to stage patients. The clinical stage
of the disease was based on patient’s history, physical
examinations, chest X-ray, infused CT, and PET/CT taken
from his/her electronic medical charts. Brain MRI was done
if clinical symptoms suggested brain metastasis. If the
patients had mediastinoscopy, those findings superseded the
imaging findings in mediastinal nodal staging.
Statistical analysis
The distributions of MTV, TLG, SUVmean, and SUVmax
were skewed, so a natural logarithm or square root
transformation was applied and the transformed variables
were used in the analysis (some variables had legitimate
values of zero, so the square root transformation was
applied to them). Univariate and multivariate analyses
using Cox proportional hazards regression [26] were
performed for assessment of the relationship between initial
PET/CT measurements and overall survival (OS). The
multivariate models adjusted for stage (stage I + II vs III
vs IV). Models that adjusted for stage, age, and gender
(factors that might influence OS) were also fit, but
conclusions were similar in most cases so they are not
shown since whether the PET/CT measurements had
additional prognostic value compared to traditional staging
was of primary interest. The C-statistic [27] (higher values
indicating better discriminatory power) from the model
only including stage versus the models with stage + MTV
(or TLG etc.) was used to assess whether these new
measures provide additional information about survival
over and above what the long-established risk factor of
disease stage provides. OS was calculated from the date of
the initial PET/CT to death. The proportional hazards
assumption was tested using Schoenfeld residuals [28].
Kaplan-Meier curves [29] were constructed after creating
three roughly equal sized groups using tertiles of each PET/
CT measurement. Tertiles were used to define the three
groups for illustrative purposes only; this may not be the
optimum value for discrimination. The intraclass correlation coefficients (ICCs) were calculated based on randomeffects models treating both patient and observer as random
for the evaluation of interobserver variability [30].

A p value <0.05 was considered statistically significant.
Analyses were performed using Stata Version 11 (Stata
Corp, College Station, TX, USA).

Results
Median OS was 10.9 months [95% confidence interval (CI)
9.0–13.2 months]. Of the 169 patients, 97 died of the
NSCLC, 41 died of unknown causes, and 1 died of an
unrelated cause. The median follow-up was 35 months
(range 2–82 months) among the 30 survivors.
A summary of PET measurements, median OS, and OS
probabilities is shown in Table 1. Kaplan-Meier curves of OS
are provided for descriptive purposes in Figs. 2, 3, 4, 5, and
6. There was evidence of trends of worse survival with higher
values of MTV and TLG at the whole-body tumor burden,
primary tumor, nodal metastasis, and distant metastasis level
(weakest for MTVM). Such a trend was also seen for
SUVmaxN, SUVmaxM, SUVmeanN, and SUVmeanM and to a
lesser extent with SUVmaxWB. No such trend was seen for the
SUVmaxT, SUVmeanWB, and SUVmeanT (Table 1). In univariate
analyses (Table 2), there was a statistically significant
association of OS with clinical stage with a hazard ratio
(HR) of 1.91 for stage III cancer and HR of 2.15 for stage IV
cancer (p=0.034 and 0.009, respectively) as compared with
stage I+II cancer. Median OS was 18.6, 10.2, and 9.7 months
for stage I+II, stage III, and stage IV patients, respectively.
There was a statistically significant association of OS with
gender (p=0.030). There was no statistically significant
association between age and OS (p=0.812). In addition,
there was a statistically significant association between OS
and MTV. The HRs for 1 unit increase of ln(MTVWB),
√(MTVT), √(MTVN), and √(MTVM) were 1.47 (p<0.001),
1.06 (p<0.001), 1.11 (p<0.001), and 1.04 (p=0.007),
respectively. There was a statistically significant association
between OS and TLG. The HRs for 1 unit increase of
ln(TLGWB), √(TLGT), √(TLGN), and √(TLGM) were 1.36
(p<0.001), 1.02 (p=0.001), 1.05 (p<0.001), and 1.02 (p=
0.003), respectively. There was a statistically significant
association between OS and SUVmax. The HRs for 1 unit
increase of ln(SUVmaxWB), √(SUVmaxN), and √(SUVmaxM)
were 1.46 (p=0.013), 1.22 (p=0.002), and 1.18 (p=0.007),
respectively. The √(SUVmeanN) and √(SUVmeanM) were
significantly associated with OS, with HRs for a 1 unit
increase of 1.32 (p<0.001) and 1.26 (p=0.017), respectively.
There was no statistically significant association between OS
and the √(SUVmaxT), ln(SUVmeanWB), or √(SUVmeanT).
In multivariate analysis (Table 2), statistically significant
associations of OS with MTV remained after adjusting for
clinical stage of disease. The HRs for 1 unit increase of
ln(MTVWB), √(MTVT), √(MTVN), and √(MTVM) were
1.43 (p<0.001), 1.05 (p<0.001), 1.10 (p<0.001), and 1.03
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Table 1 OS based on stage, gender, age, and PET/CT measurements
in 169 nonsurgical cases with NSCLC
PET
measurement
Mean (SD)

Table 1 (continued)
PET
measurement
Mean (SD)

Survival
Median 2-year
3-year
(months) (proportion) (proportion)

Survival
Median 2-year
3-year
(months) (proportion) (proportion)

MTV
Total group

10.9

0.24

0.15

Stage

MTVWB

212.7 (247.9)

1st T, n=57

33.5 (21.0)

19.9

0.47

0.25

2nd T, n=56

134.9 (38.7)

10.0

0.16

0.14

473.0 (278.2)

6.6

0.08

0.05

I + II, n=21

18.6

0.48

0.31

III, n=56

10.2

0.16

0.16

IV, n=92

9.7

0.24

0.11

1st T, n=57

12.7 (7.9)

12.9

0.35

0.17

Female, n=91

12.9

0.28

0.20

2nd T, n=56

64.9 (27.0)

13.6

0.27

0.16

Male, n=78

9.5

0.20

0.09

3rd T, n=56

311.4 (209.0)

7.3

0.11

0.11

Gender

Age at PET

3rd T, n=56
MTVT

MTVN

66.6 (11.0)

129.0 (177.8)

34.6 (56.6)

1st T, n=60

54.7 (6.4)

11.7

0.22

0.18

1st T, n=57

0.1 (0.4)

16.3

0.37

0.23

2nd T, n=55

67.8 (2.8)

8.6

0.20

0.14

2nd T, n=56

11.5 (7.5)

10.2

0.23

0.11

3rd T, n=54

78.6 (4.4)

12.9

0.32

0.12

92.7 (67.2)

6.6

0.13

0.10

SUVmaxWB

10.8 (5.7)

1st T, n=57

5.8 (1.8)

13.9

0.31

0.22

2nd T, n=56

9.7 (1.0)

9.5

0.22

0.11

3rd T, n=56

16.9 (5.4)

9.9

0.19

0.12

SUVmaxT

3rd T, n=56
MTVM

SUVmax

1st T, n=84

0 (0)

13.9

0.29

0.17

2nd T, n=29

4.4 (2.8)

7.3

0.23

0.14

3rd T, n=56

142.1 (253.6)

9.7

0.18

0.14

TLG
TLGWB

9.5 (4.9)

47.8 (159.7)

832.2 (994.8)

1st T, n=57

4.6 (1.8)

13.6

0.29

0.22

1st T, n=57

107.3 (74.5)

17.4

0.44

0.20

2nd T, n=56

9.0 (0.9)

8.2

0.20

0.11

2nd T, n=56

504.0 (140.1)

9.0

0.19

0.19

3rd T, n=56

15.1 (3.5)

10.2

0.24

0.12

3rd T, n=56

1898.1 (1089.2) 8.1

0.09

0.06

SUVmaxN

TLGT

5.0 (5.3)

529.5 (755.8)

1st T, n=57

0.2 (0.6)

15.9

0.37

0.22

1st T, n=57

40.3 (31.5)

13.9

0.37

0.19

2nd T, n=56

4.5 (1.1)

9.5

0.23

0.12

2nd T, n=56

248.1 (121.4)

10.2

0.23

0.15

3rd T, n=56

10.4 (5.4)

8.1

0.14

0.11

3rd T, n=56

1308.7 (884.5)

8.2

0.13

0.10

SUVmaxM

TLGN

3.5 (5.2)

128.8 (243.8)

1st T, n=84

0 (0)

13.9

0.29

0.17

1st T, n=57

0.3 (1.0)

15.5

0.37

0.23

2nd T, n=29

3.1 (1.0)

10.9

0.27

0.19

2nd T, n=56

32.6 (22.8)

10.9

0.25

0.11

3rd T, n=56

9.0 (5.8)

6.9

0.16

0.10

3rd T, n=56

355.7 (319.5)

6.8

0.11

0.11

TLGM

SUVmean

169.4 (571.9)

1st T, n=84

0 (0)

13.9

0.29

0.17

1st T, n=57

2.5 (0.5)

13.7

0.27

0.21

2nd T, n=29

10.3 (7.8)

9.0

0.26

0.17

2nd T, n=56

3.5 (0.3)

6.6

0.17

0.09

3rd T, n=56

505.7 (909.3)

9.0

0.16

0.12

3rd T, n=56

5.1 (1.4)

13.2

0.29

0.14

SUVmeanWB

SUVmeanT

3.7 (1.4)

3.6 (1.3)

1st T, n=57

2.3 (0.7)

12.7

0.28

0.21

2nd T, n=56

3.5 (0.3)

7.3

0.12

0.08

3rd T, n=56

5.1 (0.8)

14.0

0.33

0.16

SUVmeanN

2.6 (4.6)

1st T, n=57

0.1 (0.4)

15.9

0.37

0.22

2nd T, n=56

2.5 (0.3)

10.9

0.19

0.14

3rd T, n=56

5.2 (7.2)

7.3

0.17

0.09

SUVmeanM

1.5 (1.8)

1st T, n=84

0 (0)

13.9

0.29

0.17

2nd T, n=29

1.9 (0.6)

10.9

0.24

0.17

3rd T, n=56

3.7 (1.4)

6.9

0.17

0.11

T tertile, MTV metabolic tumor volume, MTVWB MTV of whole-body
tumor, MTVT MTV of primary tumor, MTVN MTV of nodal metastasis,
MTVM MTV of distant metastasis, SD standard deviation, SUVmax
maximum standardized uptake value, SUVmaxWB SUVmax of wholebody tumor, SUVmaxT SUVmax of primary tumor, SUVmaxN SUVmax of
nodal metastasis, SUVmaxM SUVmax of distant metastasis, SUVmean
mean standardized uptake value, SUVmeanWB SUVmean of whole-body
tumor, SUVmeanT SUVmean of primary tumor, SUVmeanN SUVmean of
nodal metastasis, SUVmeanM SUVmean of distant metastasis, TLG total
lesion glycolysis, TLGWB TLG of whole-body tumor, TLGT TLG of
primary tumor, TLGN TLG of nodal metastasis, TLGM TLG of distant
metastasis

(p=0.043), respectively. There were also statistically significant associations of OS with TLG. After adjusting for
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Fig. 2 Kaplan-Meier curves of OS after baseline PET/CT grouped
according to the clinical stages in 169 nonsurgical patients with stage
I–IV NSCLC. The solid line indicates the survival curve of the group
with stage I and II NSCLC. The dashed line indicates the survival
curve of the group with stage III NSCLC. The dotted line indicates the
survival curve of the group with stage IV NSCLC

stage, the HRs for 1 unit increase of ln(TLGWB), √(TLGT),
√(TLGN), and √(TLGM) were 1.33 (p<0.001), 1.02 (p=
0.002), 1.04 (p<0.001), and 1.02 (p=0.024), respectively.
The ln(SUVmaxWB), √(SUVmaxN), and √(SUVmeanN) were
significantly associated with OS with HRs for a 1 unit
increase, after adjusting for stage, of 1.43 (p=0.024), 1.16
(p=0.040), and 1.24 (p=0.015), respectively. The multivariate models that adjusted for stage, age, and gender resulted
in similar conclusions (data not shown). As further
Fig. 3 Kaplan-Meier curves of
OS after baseline PET/CT
grouped according to MTV
measurements in 169 nonsurgical patients with stage I–IV
NSCLC. The solid line indicates
the group with the values of
MTV in the bottom tertile. The
dashed line is the group with the
values in the middle tertile. The
dotted line indicates the group
with the values in the top tertile.
a Whole-body MTV. b MTV of
primary tumor. c MTV of nodal
metastases. d MTV of distant
metastases

evidence of the prognostic value of the MTV and TLG
variables, the C-statistics (a measure of discriminatory
power) from the multivariate models including these measures
in addition to clinical stage were all larger than the C-statistic
of 0.55 for the model including stage only. The C-statistics for
the corresponding models which included the MTV or TLG
variables were also larger than those that included the
SUVmean or SUVmax variables, except for MTVM and
TLGM. A sensitivity analysis was performed by only
including the 140 patients who received chemotherapy and/
or radiation; results provided further evidence for the
prognostic value of MTV and TLG (Table 3).
The ICC for SUVmaxWB was 0.992 with 95% CI of
0.988–0.995. The ICC for SUVmeanWB was 0.806 with 95%
CI of 0.662–0.885. The ICC for ln(MTVWB) was 0.949
with 95% CI of 0.861–0.976. The ICC for ln(TLGWB) was
0.975 with 95% CI of 0.953–0.985. It took 7 h and 10 min
for one observer to complete the measurement of the 193
tumor lesions in the whole body in the 77 patients with
stage I–III NSCLC. On average, it took him 2.3 min to
complete the PET measurement on one lesion.

Discussion
In the present study, the MTV and TLG were prognostic
indices independent of the UICC/AJCC TNM stage at three
different levels (i.e., whole-body tumor burden, the primary
tumor, and nodal/distant metastasis) and, in most cases, had
more prognostic value than the corresponding SUVmax or
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Fig. 4 Kaplan-Meier curves of
OS after baseline PET/CT
grouped according to TLG
measurements in 169 nonsurgical patients with stage I–IV
NSCLC. The solid line indicates
the group with values of TLG in
the bottom tertile. The dashed
line is the group with the values
in the middle tertile. The dotted
line indicates the group with the
values in the top tertile. a
Whole-body TLG. b TLG of
primary tumor. c TLG of nodal
metastases. d TLG of distant
metastases
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SUVmean of the tumor. We did not find a statistically
significant association between OS and SUVmaxT, SUVmaxM,
SUVmeanWB, SUVmeanT, or SUVmeanM after adjusting for the
patient’s clinical stage. These findings are consistent with a
prior study by Lee et al. [10] that found a statistically
Fig. 5 Kaplan-Meier curves of
OS after baseline PET/CT
grouped according to SUVmax
measurements in 169 nonsurgical
patients with stage I–IV NSCLC.
The solid line indicates the group
with values of SUVmax in the
bottom tertile. The dashed line is
the group with the values in the
middle tertile. The dotted line
indicates the group with the
values in the top tertile. a Wholebody SUVmax. b SUVmax of
primary tumor. c SUVmax of
nodal metastases. d SUVmax of
distant metastases
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significant association between MTV and OS and
progression-free survival. However, the current study used
commercially available software in a larger patient population
with NSCLC. In Lee et al.’s first study, they used custom
software for the segmentation of the metabolically active
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Fig. 6 Kaplan-Meier curves of
OS after baseline PET/CT
grouped according to SUVmean
measurements in 169 nonsurgical
patients with stage I–IV NSCLC.
The solid line indicates the group
with values of SUVmean in the
bottom tertile. The dashed line is
the group with the values in the
middle tertile. The dotted line
indicates the group with the
values in the top tertile. a Wholebody SUVmean. b SUVmean of
primary tumor. c SUVmean of
nodal metastases. d SUVmean of
distant metastases
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tumor regions in 18 patients with NSCLC and 1 patient with
small cell lung cancer and found that the baseline total body
MTV measured semiautomatically was a statistically significant prognostic index and better than SUVmax and SUVmean
in the prediction of patient outcome [10]. Their recent study
with 61 patients with NSCLC confirmed the significant
association of high MTV with decreased overall survival in
the subgroup of patients who were treated definitively [15].
The clinical implication of these results are that PET may
give the ability to further stratify patients with the same stage
of NSCLC since many of the quantitative PET measures have
prognostic value independent of clinical stage.
The prognostic value of SUVmax independent of clinical
stage demonstrated in the current study is consistent with
prior studies [31–34]. The cumulative (Kaplan-Meier)
survival differences in patients at 2 and 3 years in the top
and bottom tertiles of SUVmaxWB were 12 and 10%,
respectively. The survival differences in patients at 2 and
3 years in the top and bottom tertiles of SUVmaxN were 23
and 11%, respectively (Table 1). The SUVmean of nodal
metastasis was also a prognostic index independent of
clinical stage. The survival differences in patients at 2 and
3 years in the top and bottom tertiles of SUVmeanN were 20
and 13%, respectively. In a prior study with a large patient
population (498 patients) reported by Davies et al. [32], the
cumulative (Kaplan-Meier) survival differences at 12, 18,
and 24 months between patients in the top and bottom
quintiles of SUVmax were 18, 33, and 24%, respectively.
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20

40
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There are several limitations of this study. Firstly, the
measurement of all tumors in the body is time consuming.
Hopefully this problem will be solved with computer-aided
programs. In fact, the recent publication by Lee et al. [15]
used open source software developed in their institution.
With their software, they semiautomatically quantified the
whole-body MTV efficiently and reduced interobserver
variability. With their software the user interaction was
limited to visually identifying the hypermetabolic foci on
PET maximum intensity projection images, leaving the
tedious segmentation step to their automatic program.
Secondly, we could not perform disease-specific survival
analysis because 29.5% (41/139) of the deaths of patients in
the study group had unknown causes of death. However,
NSCLC is a deadly cancer, especially for nonsurgical
patients. The 5-year OS rate of patients with stage IV
NSCLC is only about 1–8% dependent on whether the
metastasis is distant or intrathoracic, respectively [35]. The
vast majority of the nonsurgical NSCLC patients should
have died of the cancer. Therefore, OS would be expected
to be quite close to the disease-specific survival.
Conclusion
Baseline metabolic tumor burdens at the levels: (1) wholebody tumor, (2) primary tumor, (3) nodal metastasis, and
(4) distant metastasis as measured with MTV and TLG on
18
F-FDG PET/CT are prognostic measures independent of
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Table 2 Association of OS with
stage, gender, age, and PET/CT
measurements in 169 nonsurgical patients with NSCLC
Stage (C-statistic =0.55)
I+II
III
IV
Gender
Female
Male
Age at PET (years)
SUVmax
ln(SUVmaxWB)

CI confidence interval, HR hazard ratio, C-statistic Gönen and
Heller’s K concordance measure, ln natural log, √ square
root; other abbreviations are as
in Table 1
a

Adjusted for stage

√(SUVmaxT)
√(SUVmaxN)
√(SUVmaxM)
SUVmean
ln(SUVmeanWB)
√(SUVmeanT)
√(SUVmeanN)
√(SUVmeanM)
MTV
ln(MTVWB)
√(MTVT)
√(MTVN)
√(MTVM)
TLG
ln(TLGWB)
√(TLGT)
√(TLGN)
√(TLGM)

Table 3 Associations with OS
in 140 nonsurgical patients with
NSCLC who received chemotherapy and/or radiation

HR (95% CI)

p value

Reference
1.91 (1.05–3.49)
2.15 (1.21–3.80)

0.034
0.009

Reference
1.45 (1.04–2.03)
1.00 (0.98–1.01)

0.030
0.812

a

Adjusted for stage

p value

C-statistic

0.013

1.43 (1.05–1.96)

0.024

0.58

1.18 (0.98–1.41)
1.22 (1.08–1.38)
1.18 (1.05–1.34)

0.083
0.002
0.007

1.19 (0.99–1.44)
1.16 (1.01–1.33)
1.16 (1.00–1.35)

0.069
0.040
0.056

0.57
0.58
0.58

1.48
1.27
1.32
1.26

(0.96–2.29)
(0.85–1.90)
(1.13–1.54)
(1.04–1.53)

0.079
0.248
<0.001
0.017

1.39
1.22
1.24
1.20

(0.88–2.20)
(0.81–1.83)
(1.04–1.48)
(0.95–1.53)

0.158
0.343
0.015
0.127

0.56
0.56
0.58
0.57

1.47 (1.27–1.71)
1.06 (1.03–1.09)
1.11 (1.07–1.16)
1.04 (1.01–1.07)

<0.001
<0.001
<0.001
0.007

1.43
1.05
1.10
1.03

(1.23–1.68)
(1.03–1.08)
(1.05–1.15)
(1.00–1.06)

<0.001
<0.001
<0.001
0.043

0.63
0.61
0.62
0.57

1.36
1.02
1.05
1.02

<0.001
0.001
<0.001
0.003

1.33
1.02
1.04
1.02

(1.16–1.52)
(1.01–1.03)
(1.02–1.06)
(1.00–1.04)

<0.001
0.002
<0.001
0.024

0.62
0.59
0.61
0.57

HR (95% CI)

p value

C-statistic

(1.20–1.55)
(1.01–1.03)
(1.03–1.07)
(1.01–1.04)

Multivariate analysisa

Univariate analysis
HR (95% CI)

IV
SUVmax
ln(SUVmaxWB)
SUVmean
ln(SUVmeanWB)
MTV
ln(MTVWB)
TLG
ln(TLGWB)

HR (95% CI)

1.46 (1.08–1.98)

Stage (C-statistic=0.53)
I+II
Reference
III
1.80 (0.92–3.52)

The abbreviations are as in
Tables 1 and 2

Multivariate analysisa

Univariate analysis

p value

0.087

1.83 (0.97–3.48)

0.064

1.32 (0.93–1.88)

0.125

1.34 (0.94–1.91)

0.112

0.56

1.23 (0.73–2.07)

0.434

1.24 (0.73–2.10)

0.433

0.54

1.44 (1.21–1.72)

<0.001

1.41 (1.17–1.70)

<0.001

0.61

1.33 (1.14–1.55)

<0.001

1.30 (1.11–1.52)

0.001

0.60
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clinical stage in nonsurgical patients with NSCLC with low
inter-observer variability. The metabolic tumor burden may be
used to further stratify nonsurgical patients with NSCLC. This
study also suggests MTV and TLG are better prognostic
measures than SUVmax and SUVmean. These results will need
to be validated in larger cohorts in a prospective study.
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