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Despite the favorable prognosis of stage IA non–small cell lung cancer

(NSCLC), the disease recurs after complete surgical resection in 20%–

30% of patients. This study determined the prognostic value of vari-
ous metabolic parameters of 18F-FDG PET/CT in surgically resected

stage IA NSCLC. Methods: We retrospectively reviewed 248 patients

with stage IA NSCLC who underwent lobectomy and complete lymph

node dissection after PET/CT. A region of interest was drawn on the
primary lesion, and metabolic indices such as metabolic tumor vol-

ume, maximum standardized uptake value (SUVmax), and total lesion

glycolysis (TLG) were measured using an SUV cutoff of 2.5. Results:
The patients included 134 men and 114 women, and the mean age
was 63.03 ± 10.01 y; 129 were stage T1a (#2 cm) and 119 were T1b

(.2 cm). The median follow-up period was 36.6 mo. Recurrence took

place in 15 patients. The mean (±SD) SUVmax, metabolic tumor vol-
ume, and TLG were 4.55 ± 3.75, 5.92 ± 5.57, and 14.42 ± 17.35,

respectively. The cutoffs of SUVmax and TLG were 3.7 and 13.76,

respectively. The 5-y overall survival (OS) was 95.1% in low-SUVmax

patients and 82.2% in high-SUVmax patients (P 5 0.02). The 5-y OS
was 93.7% in low-TLG patients and 78.3% in high-TLG patients (P 5
0.01). On multivariate analysis, TLG was a risk factor for OS (hazard

ratio, 3.159; P 5 0.040), but SUVmax showed marginal significance

(P 5 0.064). The concordance index of the TLG model was 0.676
(95% CI, 0.541–0.812). Conclusion: TLG was a significant prognos-

tic factor for OS in patients with stage IA NSCLC.
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Lung cancer is the second most common cancer in both men
and women and the most common cause of cancer death in the
world (1). Non–small cell lung cancer (NSCLC) accounts for
80%–85% of all lung cancer cases. Oncologic treatment options

for NSCLC typically include surgery, radiation, and chemotherapy,
either alone or in combination. TNM stage has been considered the
primary prognostic factor in NSCLC. However, tumor- and patient-
specific factors vary even within the same disease stage, creating
a heterogeneous population of patients, each with an individual
prognosis that requires consideration of patient- and tumor-specific
factors for best estimation (2,3). Recently, the incidence of early-
stage NSCLC has increased as a result of the use of low-dose CT
for screening. However, despite having early-stage disease, up to
20%–30% of patients with stage IA NSCLC relapse after surgical
treatment. Therefore, other prognostic factors besides TNM stages
are needed to identify patients at high risk for recurrence, predict
prognosis, and recommend individualized adjuvant therapy (4).

18F-FDG PET relies on the fact that most neoplasms are highly
metabolically active and therefore can be detected on a background
of relatively less active normal tissues. When performed in addi-
tion to qualitative evaluation by visual inspection, 18F-FDG PET
can provide several semiquantitative measurements of radioactiv-
ity concentration in each tissue compartment, such as standardized
uptake value (SUV) (5). Maximum SUV (SUVmax) has been
reported as a prognostic factor in surgically treated NSCLC. How-
ever, a single highly metabolic focus may not accurately reflect the
metabolic activity of the whole tumor. To compensate for this
factor, volume-based parameters such as metabolic tumor volume
(MTV) and total lesion glycolysis (TLG) have been explored as
measures of the metabolic burden of the whole tumor. MTV indi-
cates the volume of metabolically active tumor, and TLG is the
product of mean SUVand MTV (6). Studies have shown that TLG
is a better index of patient prognosis than SUVmax in advanced
NSCLC (7–12). However, the prognostic role of volume-dependent
parameters in stage IA NSCLC has not been reported.
This study was conducted to document the prognostic role of

volume-based parameters in patients with stage IA NSCLC who
underwent lobectomy and mediastinal lymph node dissection.
Furthermore, the importance of volume-based parameters as a prog-
nostic factor was compared with that of the conventional PET
parameter, SUVmax.

MATERIALS AND METHODS

Materials

The institutional review board approved this retrospective study

(4-2014-590), and the requirement to obtain informed consent was
waived. A total of 248 patients who were confirmed to have pathologic

stage IA NSCLC after lobectomy and complete lymph node dissection
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in the Yonsei University College of Medicine between January 2006
and November 2011 were enrolled. We retrospectively reviewed the

medical records, PET data, and pathologic data. Chest CT, PET/CT,
bronchoscopy, and pulmonary function testing were performed pre-

operatively. Pure ground glass opacity lesions were excluded from this
analysis. Postoperatively, chest CT scans were obtained at 3-mo intervals

and PET/CT scans were obtained annually to detect recurrence. Local
recurrence was defined as that occurring on resection margins, such as

bronchial stumps or stapler lines. Regional recurrence was defined as

that occurring in the hilar or mediastinal lymph nodes, pleural cavity,
or ipsilateral lung. Distant recurrence was defined as that occurring

in the contralateral lung, brain, liver, adrenal glands, bone, or other
locations.

18F-FDG PET/CT Protocol

All patients underwent routine 18F-FDG PET/CT on either a Dis-

covery 600 PET/CT scanner (GE Healthcare) or a Biograph TruePoint
40 PET/CT scanner (Siemens Medical Systems, CTI). The patients

fasted for at least 6 h, and glucose levels in the peripheral blood in all

patients were confirmed to be no more than 140 mg/dL before
18F-FDG injection. Approximately 5.5 MBq of 18F-FDG per kilogram

of body weight were administered intravenously 1 h before image
acquisition. After the initial low-dose CT (Discovery 600: 30 mA,

130 kVp; Biograph TruePoint 40: 36 mA, 120 kVp), standard PET
imaging from the neck to the proximal thighs with an acquisition time

of 3 min/bed position in 3-dimensional mode was performed. Images
were reconstructed using ordered-subset expectation maximization

(2 iterations, 20 subsets).
Images were reviewed by an experienced nuclear medicine

specialist using an AW 4.0 workstation (GE Healthcare). A volume
of interest was drawn on the primary lesion. The SUVmax of the

primary lesion was obtained and recorded. TLG of the primary lesion
was also obtained using an SUV cutoff of 2.5; if the volume of interest

was out of proportion to the lesion seen on CT, an isocontour with
variable threshold levels was used to best fit the contour of the lesion

on CT. TLG was calculated by multiplication of MTV (volume, cm3)
by mean SUV within the volume of interest. A representative example

of measuring and calculating TLG is shown in Figure 1. In Figure 1A,
a 2.2-cm adenocarcinoma in the right middle lung (T1b, stage IA)

showed mild uptake (SUVmax, 2.0; MTV, 7.3 cm3; TLG, 8.8). In
Figure 1B, a 2.7-cm adenocarcinoma in the right lower lung showed

intense uptake (SUVmax, 17.8; MTV, 7.4 cm3; TLG, 47.6).

Statistical Analysis

Statistical analysis was performed using the open-source statistical
software R (http://www.R-project.org). Clinical and pathologic

parameters were described as mean 6 SD for continuous variables
and frequency followed by percentage for categoric variables. The

correlation between SUVmax and TLG was calculated by the Pearson
correlation test. The primary endpoint was overall survival (OS),

which was measured from the date of operation to the date of death
from any cause or last clinical follow-up. The Kaplan–Meier method

and log-rank test were used to perform univariate survival analysis,
and the Cox proportional hazards model was used to identify inde-

pendent prognostic factors. A parameter was included in the Cox
proportional hazards model if the P value was less than 0.2 on the

log-rank test or if it was a previously proven risk factor. The maxstat
package for maximally selected rank statistics was used to detect the

optimal cutoff of each volume-dependent parameter. The survcomp
packages for performance assessment, calculation of concordance in-

dex, and comparison of several Cox proportional hazards models were
used for analyses (12,13). All tests were 2-sided, and the criterion for

significance was a P level of less than 0.05.

RESULTS

General Characteristics of Patients

The 248 patients included 134 men (54%) and 114 women
(46%), with a mean age of 63.036 10.01 y. The median follow-up
period was 36.6 mo (range, 1.2–87.5 mo). Regarding tumor stage,
129 (52%) were reported as T1a (#2 cm) and 119 (48%) as T1b

FIGURE 1. Representative examples of relationship between 18F-FDG

uptake and recurrence. (A) A 70-y-old woman was diagnosed with

adenocarcinoma (2.2 cm) in right middle lung (T1b, stage IA). Lesion

showed mild uptake (SUVmax, 2.0; MTV, 7.3 cm3; TLG, 8.8). Patient

survived follow-up period of 4.4 y without recurrence. (B) A 62-y-old

man was diagnosed with adenocarcinoma (2.7 cm) in right lower

lung (T1b, stage IA). Lesion showed intense uptake (SUVmax, 17.8;

MTV, 7.4 cm3; TLG, 47.6). Patient experienced recurrence 2.3 y after

operation.

TABLE 1
General Characteristics of Patients

Variable Data

Age (y) 63.03 ± 10.01

Sex (M/F) 134 (54.0%)/114 (46.0%)

FEV1 (%)/FVC (%) 97.32 ± 26.86/88.81 ± 23.55

Smoking history (pack-years) 14.79 ± 25.83

Dissected lymph nodes 21.50 ± 9.38

T stage

#2 cm 129 (52.0%)

2–3 cm 119 (48.0%)

Postoperative morbidity 17 (6.8%)

Postoperative mortality 0

Pathologic findings

Adenocarcinoma 197 (79.4%)

Nonadenocarcinoma 51 (20.6%)

Differentiation

Well differentiated 188 (75.8%)

Moderately differentiated 41 (16.5%)

Poorly differentiated 19 (7.7%)

Lymphovascular invasion 24 (9.6%)

Qualitative data are expressed as numbers, followed by

percentages in parentheses; continuous data are expressed as

mean ± SD.
FEV1 5 forced expiratory volume at end of first second;

FVC 5 forced vital capacity.
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(.2 cm to #3 cm). The mean number of dissected lymph nodes
was 21.50 6 9.38. The general characteristics of the patients are
shown in Table 1.
Among the 248 patients, the mean SUVmax was 4.55 6 3.75,

the mean MTV was 5.92 6 5.57, and the mean TLG was 14.42 6
17.35. SUVmax and TLG showed a positive correlation, with
a Pearson correlation coefficient of 0.522 (P , 0.001). On the
basis of maximally selected rank statistics, the optimal cutoffs
for SUVmax and TLG were 3.7 and 13.76, respectively; 121
patients (48.8%) showed an SUVmax above 3.7, and 83 (33.5%)
showed TLG above 13.76. The patients were divided into 2 groups
based on the results of maximally selected rank statistics: high
SUVmax (.3.7, n 5 121, 48.8%) versus low SUVmax (#3.7,
n 5 127, 51.2%) and high TLG (.13.76, n 5 83, 33.5%) versus
low TLG (#13.76, n 5 165, 66.5%).

Patterns of Recurrence and Survival Analysis

Recurrence was reported in 15 patients (6.05%) as follows: 1 case
of local recurrence (bronchial stump), 4 cases of regional recurrence
(1 pleural seeding, 1 mediastinal lymph node, and 2 ipsilateral
lung), and 10 cases of distant recurrence (3 contralateral lung,
2 brain, 2 bone, 2 neck node, and 1 spine).
According to the Kaplan survival model, the 5-y OS was 88.4%

and 5-y disease-free survival was 83.2% in all patients (Fig. 2).
The 5-y OS was 95.1% in low-SUVmax patients compared with
82.2% in high-SUVmax patients (P 5 0.02; Fig. 3A) and was
93.7% in low-TLG patients compared with 78.3% in high-TLG
patients (P 5 0.01; Fig. 3B).

Risk Factors for OS and Comparison of Concordance Index

In univariate analysis, old age, the male sex, larger tumor size, the
presence of adenocarcinoma, high SUVmax, and high TLG were risk

factors for OS (Table 2). On the basis of the
univariate analysis results, 3 different multi-
variate Cox proportional hazards models
were established to compare the predictive
power of each PET parameter. For model 1,
which excluded the PET parameters, age
(hazard ratio [HR], 1.085) and adenocarci-
noma (HR, 0.370) were risk factors for OS.
For model 2, which included SUVmax and
tumor size in the analysis, age (HR, 1.083)
was the only risk factor for OS, although
SUVmax showed marginal significance. For
model 3, which included TLG and MTV
instead of SUVmax and tumor size because

TLG included information on tumor size, age (HR, 1.079) and
TLG (HR, 3.159) were risk factors for OS.
The concordance index was calculated for each Cox pro-

portional hazards model. The concordance indices of models
1, 2, and 3 were 0.663 (95% CI, 0.525–0.801), 0.668 (95% CI,
0.528–0.807), and 0.676 (95% CI, 0.541–0.812), respectively
(Table 2). The concordance indices of the TLG model (model 3)
and the SUVmax model (model 2) were superior to that of the
tumor size model (model 1 vs. model 2, P 5 0.006; model 1 vs.
model 3, P 5 0.005). Although the TLG model showed a higher
concordance index than the SUVmax model, the difference was not
statistically significant (P 5 0.306).

DISCUSSION

This study demonstrated that high TLG was related to poor OS
in our patients with surgically resected stage IA NSCLC. As far as
we know, this study was the first to analyze the influence of
volume-dependent parameters of PET/CT as risk factors for OS in
stage IA NSCLC.
Although SUV is recognized as a PET parameter related to

survival in surgically treated NSCLC, SUV has several important
limitations. First, the SUV depends largely on many biologic
factors (body weight, serum glucose level) and technologic
factors (interscanner variability, image reconstruction method).
Second, SUVmax does not take the volume of the tumor lesion into
account, and this limitation may be significant because tumor
volume is a well-known prognostic determinant (11). Third,
SUV measures a single highly metabolic focus that may not
accurately reflect the metabolic activity of the whole tumor. To
overcome these limitations of SUV, MTV and TLG have been
studied as prognostic factors for NSCLC (7,8,10,14,15). Another

advantage of TLG and MTV over SUV is
that multiple lesions can be summed to
determine the metabolic tumor burden
in multiple sites. These lesions can also
be categorized according to TNM stage,
detemining metabolic tumor burden
according to stage. A recent paper by
Liao et al. has shown that MTV and
TLG grouped according to TNM stage
were prognostic of patient survival inde-
pendent of clinical stage (10). Other
studies have confirmed that TLG and
MTVare better indices of patient survival
than SUVmax or mean SUV (7,8,10,14,15).
Previous studies focused primarily on

FIGURE 2. (A) OS in all patients. (B) Disease-free survival in all patients.

FIGURE 3. (A) OS curves according to SUVmax. (B) OS curves according to TLG.
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advanced-stage disease, and few studies have reported the role
of volume-based parameters in early-stage NSCLC. Hyun et al.
evaluated preoperative MTV and TLG in 529 patients with
early-stage (stages I and II) NSCLC that was treated surgically
(9). In multivariate analyses, MTV and TLG were significantly
associated with an increased risk of recurrence and death, in-
dependent of histology, tumor stage, and type of surgery. SUV-

max was not a significant prognostic factor in their report. They
also analyzed the outcomes of 299 patients with stage I NSCLC
as a subset analysis and showed that MTV and TLG were addi-
tional significant risk factors in stage I NSCLC. Melloni et al.
analyzed 99 patients with surgically treated stage I NSCLC and
reported that TLG seemed to be an accurate prognostic factor
for recurrence (11).
In this study, we analyzed only stage IA NSCLC to evaluate

the prognostic influence of volume-dependent parameters. Our
data indicated that TLG was the only significant risk factor for
OS, although SUVmax showed marginal significance as a prog-
nostic factor. Among the volume-dependent parameters, TLG
was a prognostic factor but MTV was not. These results are
consistent with the previous report by Melloni et al. (11). The
advantage of this study over previous studies lies in the use of the
concordance index of several Cox proportional hazards models
to compare the importance of PET parameters as a prognostic
factor. Concordance in survival analysis is defined as the prob-
ability of agreement for any 2 randomly chosen patients such
that the patient with the shorter survival time has the larger risk
score and a value of 1 indicates perfect agreement (16,17). The
concordance index of the TLG model was higher than that of
other models, implying that the TLG model may predict survival
most precisely.
Our analysis of stage IA NSCLC has important implications in

clinical situations. First, it may enable risk stratification among
patients with stage IA NSCLC. Despite the early stage of disease,
approximately 20%–30% of these patients experience recurrence
during the follow-up, and this recurrence is related to poor OS. It
may be beneficial to further postoperatively treat patients who
have stage IA NSCLC and high TLG because high TLG is related
to poor OS after surgical treatment. Therefore, it may be possible

to tailor individualized therapy for stage IA lung cancer, although
a large-scale prospective study is needed to confirm our results.
Another application of TLG in stage IA NSCLC lies in the extent
of surgery. Generally, anatomic resection such as lobectomy and
mediastinal lymph node dissection is standard surgical treatment
in lung cancer surgery, even in early-stage disease. Recently, sub-
lobar resection such as segmentectomy or wedge resection has
been applied in cases of early-stage lung cancer (,2 cm in size
or with ground glass opacity) as a clinical trial. Patients with stage
IA NSCLC with high TLG may have a higher risk of recurrence
than patients with low TLG; therefore, the application of sublobar
resection should be avoided. The level of TLG may therefore be
an indication of sublobar resection in clinical situations.
This study has the limitation that we initially hypothesized that

TLG may show better predictive performance than SUVmax. Even
though the concordance index of the TLG model was slightly
higher than that of SUVmax, the difference was not statistically
significant. This may be because the small size of the stage IA
NSCLC lesions means that they are influenced by partial-volume
effects to a greater extent than larger lesions (18). On the other
hand, our analysis may be considered a more reliable correlation
study between the metabolic activity of small tumors and progno-
sis because we reduced size variability by selecting only stage IA
patients. Analysis of a larger number of patients is needed to
confirm whether TLG shows better predictive power. Despite
these limitations, to our knowledge this study is the first analysis
of surgically resected stage IA NSCLC.

CONCLUSION

High TLG was shown to be a risk factor for OS in patients with
surgically treated stage IA NSCLC. Patients with high TLG should
be closely observed for recurrence and may benefit from adjuvant
therapy. Additionally, high TLG in stage IA NSCLC may be a
relative contraindication for sublobar resection in early lung cancer.
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