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Abstract

Purpose  'We investigated fluorine-18 fluorodeoxyglu-
cose positron emission tomography/computed tomography
(FDG PET/CT)-assessed metabolic tumor volume (MTV)
and total lesion glycolysis (TLG) as prognostic factors in
lung adenocarcinoma patients.

Methods This retrospective study included 106
patients (19 stage I/Il and 87 stage III/IV lung adeno-
carcinoma) who underwent FDG PET/CT before treat-
ment. Standardized uptake value (SUV), MTV, and TLG
(MTV x mean SUV) of each malignant lesion were
measured. Whole MTV and whole TLG were the sum-
mation of all the MTV and TLG values in each patient.
Survival analysis and FDG PET/CT parameters regarding
epidermal growth factor receptor (EGFR) gene mutation
status were evaluated.

Results Univariate survival analysis of stage III/IV
patients identified high whole MTV (>90), high whole
TLG (>600), and stage IV as significant predictors of poor
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progression-free survival. For overall survival, high whole
MTV (>90), high whole TLG (=600), EGFR mutation-
negative, and stage IV were significant poor prognostic
predictors. After multivariate survival analysis, high whole
MTV (P = 0.001), high whole TLG (P = 0.027), and stage
IV (P = 0.006) were independent predictors of poor pro-
gression-free survival. High whole MTV (P < 0.001), high
whole TLG (P = 0.001), and EGFR mutation-negative
(P = 0.001) were independent prognostic predictors for
poor overall survival. In a survival analysis of stage I/II
patients, none was an independent prognostic predictor. No
significant differences were found in FDG PET/CT param-
eters for EGFR mutation-negative and EGFR mutation-
positive patients.

Conclusions Assessment of MTV and TLG by FDG PET/
CT in advanced lung adenocarcinoma patients provides
useful information regarding prognosis.

Keywords Lung adenocarcinoma -
8F-fluorodeoxyglucose positron emission tomography/
computed tomography - Metabolic tumor volume - Total
lesion glycolysis - Prognosis

Introduction

Lung cancer is one of the most common cancers and a
main contributor to cancer-related deaths worldwide.
Despite cancer prevention, early detection, and treatment,
the majority of these patients are diagnosed in an advanced
stage at initial presentation, resulting in poor long-term
survival (Pirozynski 2006; Siegel and Naishadham 2012;
Soerjomataram et al. 2012).

The utility of fluorine-18 fluorodeoxyglucose positron
emission tomography/computed tomography (FDG PET/
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CT) for evaluating lung cancer has been validated (Lv
et al. 2011; Chao and Zhang 2012; Paul et al. 2012; Rav-
enel 2012). A number of studies have also used FDG PET/
CT to investigate the prognostic value of metabolic activity
in lung cancer (Downey et al. 2004; Vesselle et al. 2007;
Hoang et al. 2008; Agarwal et al. 2010). Most of these stud-
ies, however, used only the maximum standardized uptake
value (SUVmax) to measure tumor metabolic activity, and
their reported values were somewhat discordant. Nowa-
days, the metabolic tumor volume (MTV) and total lesion
glycolysis (TLG) are measurable by FDG PET/CT using an
automated contouring program. These values allow assess-
ment of the entire tumor burden and overall metabolic
activity. Tumor burden has been known to predict the prog-
nosis of several malignancies. For example, the predictive
role of tumor burden in patients with lymphoma regarding
survival and response to chemotherapy has been reported
(Jagannath et al. 1986; Gobbi et al. 2011). Additionally,
high tumor volume prior to neoadjuvant chemotherapy
for breast cancer has negative predictive value in regard to
response to treatment (Caudle et al. 2010). Thus, MTV and
TLG may provide better prognostic information than SUV-
max alone (Chen et al. 2012; Lim et al. 2012; Yoo et al.
2012).

With a clearer understanding of molecular biology, we
now know that patients with epidermal growth factor recep-
tor (EGFR) gene mutations in non-small cell lung cancer,
particularly adenocarcinoma, have a high response rate to
tyrosine kinase inhibitors (TKIs) such as gefitinib and erlo-
tinib (Kosaka et al. 2004; Lynch et al. 2004; Wang et al.
2012; Cufer et al. 2013). Because the EGFR mutation
is known to be associated with outcomes in patients with
lung cancer, FDG PET/CT might be expected to predict
the presence of this mutation (Huang et al. 2010; Na et al.
2010; Mak et al. 2011).

We therefore investigated whether FDG PET/CT-deter-
mined parameters (SUVmax, MTV, TLG) can provide
prognostic information for patients with lung adenocarci-
noma. We also evaluated these FDG PET/CT parameters
for their ability to predict EGFR mutation.

Materials and methods
Patients

Our institutional review board approved this retrospec-
tive study. Patient consent was not required. The records
of patients with newly diagnosed lung adenocarcinoma
who underwent FDG PET/CT before treatment at our
center from August 2005 to May 2011 were reviewed. We
enrolled a total of 106 patients (43 women and 63 men;
age 64 £ 11 years) with lung adenocarcinoma who had
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no brain metastasis, no previously known history of can-
cer, and had undergone subsequent clinical follow-up at
our center. Because torso FDG PET/CT images were used
for the analysis of volume-based parameters, patients with
brain metastasis were excluded from the study.

All of the patients underwent bronchoscopy and con-
trast-enhanced CT of the chest and abdomen within
2 weeks of FDG PET/CT. All primary lung adenocarci-
nomas were confirmed by biopsy. Distant metastasis was
confirmed by histologic examination or by serial imaging
follow-up. Additional bone scintigraphy or magnetic reso-
nance imaging was performed to confirm the presence of
bone metastasis. The stage was determined using the sur-
gical specimen, except in those who received preopera-
tive neoadjuvant chemotherapy or did not undergo surgery
because of distant metastasis. All patients were staged
according to the 2010 American Joint Committee on Can-
cer staging manual 7th edition. Eastern Cooperative Oncol-
ogy Group (ECOG) performance status was recorded from
the patient’s medical record.

Treatment and clinical follow-up

After the pathologic diagnosis and initial staging evalu-
ation, surgery, chemotherapy, and/or radiotherapy was
offered to individual patients according to the type and
stage of tumor and their medical condition. Patients with
stage I or II lung adenocarcinoma underwent surgery, such
as sleeve resection, lobectomy, or pneumonectomy. Adju-
vant chemotherapy was performed in patients with stage
IB-IIB lung adenocarcinoma and a good performance sta-
tus. For patients with stage IIIA lung adenocarcinoma that
could be surgically excised, treatment consisted of surgery
followed by chemotherapy and/or radiation. Patients with
stage IIIA lung adenocarcinoma that could not be com-
pletely excised and patients with IIIB lung adenocarcinoma
underwent concurrent or sequential chemoradiation ther-
apy based on their general medical condition. In patients
with stage IV lung adenocarcinoma, combination chemo-
therapy with platinum doublets was the first-line treat-
ment. The chemotherapeutic response was evaluated by
contrast-enhanced CT after every two cycles of chemother-
apy according to the Response Evaluation Criteria in Solid
Tumors. Patients without tumor progression underwent fur-
ther therapy with the same regimen. Patients with progres-
sive disease underwent second-line treatment, including
the EGFR-TKIs (if EGFR mutation +), docetaxel, or pem-
etrexed. Some were given only supportive care. Follow-up
evaluation included a complete physical examination, bio-
chemical screening, and contrast-enhanced CT of the chest
and abdomen every 3—4 months. FDG PET/CT, bronchos-
copy, or bone scintigraphy was performed whenever clini-
cally indicated.
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FDG PET/CT imaging and analysis

All patients fasted for at least 6 h. Blood glucose concen-
trations were checked before the PET studies (<120 mg/dL
for nondiabetic patients and <200 mg/dL for diabetic
patients). Subjects in the resting state were given intra-
venous injections of FDG (4.8 MBqg/kg of body weight).
PET/CT images were acquired 60 min later using a GEM-
INI PET/CT scanner (Philips Medical Systems, Cleveland
OH, USA). The axes of both PET and CT systems were
mechanically aligned. CT was performed from the skull
base to the mid-thigh (without intravenous contrast) for
attenuation correction and anatomic localization using a
standardized protocol of 120 kV, 50 mA, tube-rotation time
0.75 s per rotation, pitch 1.5, and section thickness 5 mm.
Immediately after CT, PET images were acquired for
2.5 min per frame using a conventional three-dimensional
protocol.

Two experienced nuclear medicine physicians
assessed the FDG PET/CT images. Any discrepancies
were resolved by consensus. All images were reviewed
on a workstation (Extended Brilliance Workspace,
Philips Healthcare). Volumetric regions of interest were
placed over areas of the malignant lesion. The SUV
was defined as the concentration of FDG divided by the
injected dose and normalized to the body weight of the
patient. SUVmax of the primary tumor (primary tumor
SUVmax) and the highest SUVmax on the torso images
(torso SUVmax) were obtained. The MTV (in millilit-
ers) was measured from attenuation-corrected torso FDG
PET/CT images by an SUV-based automated contouring
program (Fig. 1). Initially, the voxels with a threshold
of 40 % of the SUVmax in the volume of interest within
the contouring margin were incorporated to define the
tumor margin accurately. If the tumor margin was not
correctly defined, the SUVmax threshold was adjusted.
Whole MTV was calculated by adding up the MTVs of
all malignant lesions in each patient. The TLG was cal-
culated by multiplying the MTV of each lesion by the
corresponding average SUV determined in a selected
contouring volume of interest. Whole TLG was calcu-
lated by adding up the TLGs of all malignant lesions in
each patient.

Genetics

Genetic alterations were tested using tissue specimens
obtained by biopsy or surgical excision. In all of the cyto-
logic and histologic samples, DNA was extracted from
tumor cells that a pathologist microscopically scraped from
tumor-rich areas on archived slides. Both cells and tissues
were subjected to microdissection with a 26-gauge needle.
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Fig. 1 Measurement of metabolic tumor volume from FDG PET/CT
images by an SUV-based automated contouring program

EGFR mutations in exons 18, 19, 20, and 21 and K-RAS
mutations in codons 12, 13, and 61 were analyzed by the
pyrosequencing method.

Statistical analysis

The significance of the differences in FDG PET/CT param-
eters between the EGFR mutation-positive, K-RAS muta-
tion-positive, and wild-type gene groups was determined
using analysis of variance. Correlations between stage and
whole MTV or TLG were assessed with Pearson tests. For
survival analysis, the cutoff values for the categorization
of low and high primary tumor SUVmax, torso SUVmax,
whole MTYV, and whole TLG values were determined using
receiver operation characteristic (ROC) curve analysis. The
durations of tumor progression-free and overall survivals
were evaluated by survival analysis. Univariate analysis of
prognostic factors was performed using the Kaplan—-Meier
method, and the significance of differences between sur-
vival curves was tested with the log-rank test. Multivariate
survival analysis for independent prognostic factors was
performed using a Cox proportional hazards model that
included significant univariate variables. PASW statistics
version 17.0 for Windows (SPSS, Chicago IL, USA) was
used for the analyses. P < 0.05 was considered to indicate
significance.
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Table 1 Clinical characteristics of patients with lung adenocarci-
noma

Characteristic Value

Sex (male/female) 63/43

Mean age (range) 64 + 11 (36-86)
Smoker (—/+) 46/60

ECOG?* performance status (0/1/2/3/4) 25/63/13/4/1
Stage (/II/III/IV) 12/7/27/60
Mutation (EGFR/K-RAS/wild-type) 42/9/55

EGFR mutation in exon 18/19/20/21 1/28/1/12

# ECOG: Eastern Cooperative Oncology Group

Results
Patient characteristics and genetic analysis

The clinical characteristics of the patients are summa-
rized in Table 1. There was a predominance of patients
with advanced-stage disease. The stage of patients signifi-
cantly correlated with whole MTV (r = 0.44, P < 0.001)
and whole TLG (r = 0.41, P < 0.001). EGFR mutations
were found in 39.6 % (42/106) of patients. Among EGFR
mutation-positive patients, 1, 28, 1, and 12 patients showed
EGFR mutations in exons 18, 19, 20, and 21, respectively.
Among EGFR mutation-negative patients, 55 had the wild-
type gene and nine had a mutation in the K-RAS codon.
None of the FDG PET/CT parameters (SUVmax, MTYV,
TLG) were useful for identifying the EGFR mutation in
lung adenocarcinoma (Table 2).

Survival analysis

The median survival for all patients was 20.2 months (range
1.5-76.6 months). At the time of the last follow-up, 35 of
106 patients had survived a minimum of 14.8 months of
clinical follow-up (median 27.6 months), and two patients
were lost to follow-up after 6.9 months and 14.5 months,
respectively. In 35 stage III/IV patients with EGFR muta-
tion, 34 patients received EGFR-TKIs as the second-line
treatment (97.1 %). The one patient who did not receive
EGFR-TKIs as the second-line treatment had an EGFR
mutation in exon 20. Seven stage I/II patients with EGFR
mutation did not receive EGFR-TKIs. Multiple lung

masses or nodules were found in 29 of 106 lung adenocar-
cinoma patients. In those cases, primary lung cancer could
not be differentiated from lung-to-lung metastasis. There-
fore, the prognostic values of lung MTV/TLG and meta-
static MTV/TLG could not be evaluated separately. For
survival analysis, the cutoff values for the categorization
of low and high primary tumor SUVmax, torso SUVmax,
whole MTYV, and whole TLG values were set at 12.5, 13.0,
90, and 600, respectively. Each cutoff value was selected
based on an ROC curve analysis of our data. Considering
the adverse effects of aggressive therapy, we chose a high-
specificity cutoff point.

Univariate survival analysis found that high whole MTV
(=90), high whole TLG (>600), advanced stage (>III),
and poor ECOG performance status (>2) were signifi-
cant predictors of poor progression-free survival. Univari-
ate survival analysis also showed that high whole MTV
(>90), high whole TLG (>600), EGFR mutation-negative,
advanced stage (>III), and poor ECOG performance status
(>2) were significant predictors of poor overall survival
(Table 3). Primary tumor SUVmax and torso SUVmax
were not significant predictors of either progression-free
or overall survival. Between patients with K-RAS muta-
tion and wild type, no significant prognostic difference was
found in either progression-free survival or overall survival.

Multivariate survival analysis indicated that high whole
MTV (=90), high whole TLG (>600), and advanced stage
(=III) were independent predictors of poor progression-
free survival. High whole MTV (>90), high whole TLG
(=600), EGFR mutation-negative, and advanced stage
(=III) were independent prognostic predictors of poor
overall survival (Table 4).

We performed the survival analyses of stage I/II and
stage III/IV patients separately. There were 19 stage I/II
and 87 stage III/IV patients.

For survival analysis of stage III/IV patients, the cut-
off values for the categorization of low and high primary
tumor SUVmax, torso SUVmax, whole MTYV, and whole
TLG values were set at 12.5, 13.0, 90, and 600, respec-
tively. Each cutoff value was selected based on an ROC
curve analysis of our data. Univariate survival analysis of
stage III/IV patients found that high whole MTV (>90),
high whole TLG (>600), and stage IV were significant
predictors of poor progression-free survival. Univariate sur-
vival analysis of stage III/IV patients also showed that high

Table 2 FDG PET/CT

. . EGFR mutation (+) K-RAS mutation (4) Wild-type gene P value
parameters regarding mutation
status in patients with lung Primary tumor SUVmax 8.6+ 4.7 83+3.1 91453 0.83
adenocarcinoma Torso SUVmax 8.8+ 4.7 92+36 9.9+59 0.60
Whole MTV 1453 £ 176.4 175.2 £ 293.9 126.8 £ 117.7  0.67
Whole TLG 565.3 + 678.5 527.7 + 685.5 546.1 £569.6  0.98
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Table 3 Upivariate analysis Variables No. of Progression-free survival Overall survival
of pr.ogressmn—free and overall patients . . . .
survival Median survival P value® Median survival P value®
time (months) time (months)
Smoker
- 46 7.6 0.636 29.9 0.461
+ 60 6.8 18.6
ECOG performance status
0/1 88 7.6 <0.001 30.2 0.011
2/3/4 18 5.0 10.3
Stage
v 19 47.8 <0.001 61.7 0.002
/v 87 5.7 17.9
Mutation
EGFR + 42 7.3 0.779 30.2 0.017
EGFR — 64 7.8 15.4
Primary tumor SUVmax
<12.5 79 7.7 0.594 29.8 0.237
>12.5 27 6.8 17.9
Torso SUVmax
<13 80 7.3 0.981 29.0 0.540
>13 26 7.1 21.4
Whole MTV
<90 53 17.0 <0.001 44.0 <0.001
>90 53 4.5 14.0
Whole TLG
' <600 69 13.2 <0.001 36.7 <0.001
e sl 0 5 a9
Table 4 Multivariate agalysis Variables Progression-free survival Overall survival
of progression-free survival and
overall survival Relative risk 95 % CI P value Relative risk 95 % CI P value
(exp. B) (exp. B)
Whole MTV >90 3.804 2.231-6.485 <0.001  4.066 2.287-7.230  <0.001
Whole TLG >600 2213 1.356-3.613  0.001 2.736 1.649-4.539  <0.001
EGFR mutation (—) - - - 2.382 1.411-4.021 0.001
Stage I11I/IV 3.066 1.467-6.409  0.003 2.949 1.202-7.234 0.018

whole MTV (>90), high whole TLG (>600), EGFR muta-
tion-negative, and stage IV were significant predictors of
poor overall survival (Table 5). The Kaplan—Meier survival
curves for progression-free survival of stage III/IV patients
according to whole MTV and whole TLG are shown in
Fig. 2. The Kaplan—Meier survival curves for overall sur-
vival of stage III/IV patients according to EGFR mutation,
whole MTYV, and whole TLG are shown in Fig. 3.
Multivariate survival analysis of stage III/IV patients
indicated that high whole MTV (>90), high whole TLG
(=600), and stage IV were independent predictors of poor
progression-free survival. High whole MTV (>90), high

whole TLG (>600), and EGFR mutation-negative were
independent prognostic predictors of poor overall survival
(Table 6). Representative examples from patients with
stage IV lung adenocarcinoma with a low and high whole
MTYV and whole TLG values are shown in Fig. 4.

For survival analysis of stage I/Il patients, the cut-
off values for the categorization of low and high primary
tumor SUVmax, torso SUVmax, whole MTYV, and whole
TLG values were set at 5.5, 5.5, 20, and 70, respectively.
Each cutoff value was selected based on an ROC curve
analysis of our data. Univariate survival analysis of stage
I/IT patients found that only a positive smoking history
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Table 5 Univariate survival

: X Variables No. of Progression-free survival Overall survival
analysis of stage III/IV patients patients : . . :
Median survival P value® Median survival P value®
time (months) time (months)
Smoker
— 36 6.8 0.776 24.5 0.311
+ 51 55 15.2
ECOG performance status
0/1 71 6.5 0.164 20.9 0.055
2/3/4 16 5.7 10.3
Stage
111 27 13.2 0.002 322 0.045
v 60 4.7 15.2
Mutation
EGFR + 35 6.8 0.876 299 0.002
EGFR — 52 5.4 11.9
Primary tumor SUVmax
<12.5 63 5.7 0.762 20.7 0.546
>12.5 24 6.8 16.4
Torso SUVmax
<13 63 5.5 0.902 17.9 0.941
>13 24 6.8 17.3
Whole MTV
<90 37 13.2 <0.001 36.7 <0.001
>90 50 44 13.8
Whole TLG
<600 51 8.6 0.003 30.4 <0.001
@ P value was obtained based 600 36 48 13.8
on the log-rank test -
i _Mei i 1.0 -
ot pogresontieesubal 0] —wholeMTv <%0 b 10 —— whole TLG < 600
(PFS) of stage IIVIV patients A O whole MTV 2 0 s} 0 whole TLG > 600
according to a whole MTV and i H
b whole TLG g 06 1 1 P <0.001 @ 061 f P=0.003
0.4 \ & 04 - i
4 H
0.2 ‘\ 0.2 1
0.0 T T T ) 0.0 T T T 1
0 20 40 60 80 0 20 40 60 80
Follow-up duration (months) Follow-up duration (months)
was a significant predictor of poor progression-free sur-  Discussion

vival (P = 0.033). Univariate survival analysis of stage
I/IT patients also showed that high whole MTV (>20,
P = 0.001), high whole TLG (=70, P = 0.001), high pri-
mary tumor SUVmax (>5.5, P = 0.005), and high torso
SUVmax (=5.5, P = 0.005) were significant predictors of
poor overall survival. However, multivariate survival analy-
sis of stage I/II patients suggested that none of the predic-
tors of overall survival was an independent predictor of a
poor prognosis.
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New diagnostic and treatment strategies are essential to
improve survival rates for lung cancer. The variation in
lung cancer survival is multifactorial. Stage at presentation,
performance status, and genomic patterns seem to have an
influence on the outcome for patients with lung cancer. A
method for selecting patients who have a better prognosis
could influence treatment decisions and potentially reduce
therapeutic toxicity. It could ultimately improve survival.
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Fig. 3 Kaplan—Meier analysis of overall survival (OS) of stage III/IV patients according to a EGFR mutation, b whole MTV, and ¢ whole TLG

Table 6 Multivariate survival

. : Variables Progression-free survival Overall survival
analysis of stage III/IV patients
Relative risk 95 % CI P value Relative risk 95 % CI P value
(exp. B) (exp. B)
Whole MTV >90 2.977 1.558-5.688  0.001 3.183 1.662-6.094  <0.001
Whole TLG >600 1.844 1.073-3.170  0.027 2.468 1.417-4.298 0.001
EGFR mutation (—) - - - 2.507 1.448-4.341 0.001
Stage IV 2.394 1.288-4.447  0.006 1.549 0.835-2.876 0.165
a =
. '
. -
< :

Fig. 4 FDG PET/CT in patients with stage IV lung adenocarcinoma.
a A 59-year-old man with low whole MTV (62.6) and whole TLG
(452.9). Progression-free survival was 24.3 months, and overall sur-

FDG PET/CT is a promising imaging modality that pro-
vides complementary prognostic information in contrast
to conventional methods. The extent of FDG uptake has
been suggested to correlate with tumor aggressiveness in
various malignancies (Marom et al. 1999; Patz et al. 2000;
Putora et al. 2013; Kitagawa et al. 2003; Higashi et al.
2005; Are et al. 2007; Garin et al. 2009). We found that
whole MTV and whole TLG showed a significant correla-
tion with stage and were independent prognostic predictors
of both progression-free and overall survival. Therefore, it

vival was 44.0 months. b A 50-year-old man with high whole MTV
(458.5) and whole TLG (1,782.1). Progression-free survival was
4.8 months, and overall survival was 10.3 months

is possible that whole MTV and whole TLG are related to
tumor aggressiveness. However, since pathologic diagno-
ses were confirmed by needle biopsy only in most of the
advanced cases, we could not investigate the association
with histological aggressiveness.

Our results suggest that whole MTV and whole TLG
were more valuable as predictors of prognosis in patients
with stage III/IV lung adenocarcinoma than in patients
with stage I/Il lung adenocarcinoma. In this study, high
whole MTV (>90) and high whole TLG (>600) were
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independent negative predictors of both progression-free
and overall survival in patients with stage III/IV lung ade-
nocarcinoma. However, in survival analysis of patients with
stage I/II lung adenocarcinoma, no independent predictor
was identified. This may simply attributable to the small
number of stage I/II patients. Some previous studies have
reported that MTV or TLG of primary tumor had a signifi-
cant prognostic value in patients with operable lung can-
cer (Kim et al. 2012; Lin et al. 2012). Additional studies on
patients with earlier-stage disease should clarify the role of
these measurements in this population.

For overall survival analysis of stage III/IV patients,
high whole MTV (>90), high whole TLG (>600), and
EGFR mutation-negative were independent prognostic
predictors, but stage was not. In this study, all stage III/
IV patients with EGFR mutations, except one patient with
EGFR mutation in exon 20, received EGFR-TKIs for sec-
ond-line chemotherapy. The high response rate of lung ade-
nocarcinoma with EGFR mutation to TKIs is well known.
Therefore, in stage III/IV lung adenocarcinoma patients,
high whole MTV (>90), high whole TLG (>600), and the
EGFR mutation-negative were better prognostic predictors
of poor overall survival than stage.

We also found that SUVmax was not a significant pre-
dictor of prognosis. Previous reports suggested that the
SUVmax of FDG PET/CT showed a correlation with tumor
doubling time and survival in patients with early-stage non-
small cell lung cancer (Marom et al. 1999; Patz et al. 2000;
Downey et al. 2004). However, in patients with advanced-
stage non-small cell lung cancer, the SUVmax of FDG
PET/CT did not have a significant relation with survival
(Hoang et al. 2008). Our results support those reports as we
had a predominance of patients with advanced-stage dis-
ease in this study.

Epidermal growth factor receptor mutations have pro-
found value for patients with lung cancer because they
can help determine individualized treatment. FDG uptake
has been reported to predict the presence of EGFR muta-
tions (Huang et al. 2010; Na et al. 2010; Mak et al. 2011).
Early studies, however, reported somewhat discordant val-
ues when SUVmax was used for predicting the presence of
EGFR mutations. Huang et al. showed that patients with
a high SUVmax were likely to have EGFR mutations,
whereas other studies have demonstrated that low SUVmax
or SUVmax normalized to the SUV of blood in the pulmo-
nary artery correlated with EGFR mutations. A recently
published report concluded that FDG uptake was not corre-
lated with EGFR mutations (Putora et al. 2013). We found
no significant differences in FDG PET/CT parameters
(SUVmax, MTV, TLG) between patients who were EGFR
mutation-positive and those who were EGFR mutation-
negative. The FDG PET/CT parameters were also not sig-
nificantly different between the EGFR mutation-positive
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group, the K-RAS mutation-positive group, and the wild-
type gene group. Therefore, we suggest that FDG PET/CT
parameters, including SUVmax, MTV, and TLG, may not
be useful for predicting the presence of EGFR mutations.

K-RAS mutations are observed at a lower frequency
among Asians compared with whites. K-RAS mutations
are also found at a lower frequency in never smokers.
The presence of K-RAS mutation is considered a marker
of poor prognosis and a predictive marker of EGFR-TKIs
benefit (Roberts et al. 2010; Roberts and Stinchcombe
2013). Therefore, as with EGFR mutations, we had the
clinical question as to whether K-RAS mutations had an
association with FDG PET parameters and whether there
was a difference in prognosis according to K-RAS muta-
tions. However, the frequency of K-RAS mutation was low
in this study (8.5 %, 9/106), and no statistical significance
was found.

Our study has several limitations. First and most nota-
bly, it was a retrospective review with a limited follow-up
period. However, because most of the included patients had
a stage III or IV lung adenocarcinoma (87/106, 82.1 %) and
a predominance of patients who survived were followed for
more than 2 years (24/35, 68.6 %), it is unlikely that the
conclusions of the current study would change significantly
with longer follow-up. Second, although the histopathol-
ogy of all of the primary tumors was evaluated, we did not
have histological confirmation of all lymph nodes or distant
metastases. Such validation by conventional imaging meth-
ods and serial follow-up could cause imprecise estimation
of the whole MTV and whole TLG. We may have included
inflammatory lesions or excluded FDG non-avid malignant
lesions. Third, because of insurance coverage in Korea,
EGFR-TKIs were not available for first-line treatment, but
as second-line treatment for the majority of patients who
had EGFR mutation-positive lung adenocarcinoma. Previ-
ous studies demonstrated that patients receiving EGFR-
TKIs as first-line treatment for EGFR mutation-positive
non-small cell lung cancer had a significantly longer pro-
gression-free survival than those with standard doublet
chemotherapy (Mok et al. 2009; Maemondo et al. 2010;
Mitsudomi et al. 2010). This may be the reason why EGFR
mutation status was an independent prognostic predictor
for overall survival only—not for progression-free survival.

In conclusion, high whole MTV and whole TLG
assessed on FDG PET/CT images are independent prog-
nostic factors for poor progression-free and poor over-
all survival in patients with stage III/IV lung adenocarci-
noma. Furthermore, in stage III/IV lung adenocarcinoma
patients, whole MTV, whole TLG, and the presence of
EGFR mutation are more accurate prognostic predictors of
overall survival than stage. However, the role of FDG PET/
CT parameters, including MTV and TLG, for predicting
EGFR mutation status in lung adenocarcinoma is limited.
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Therefore, assessment of MTV and TLG by FDG PET/CT
provides potentially useful information regarding prognosis
in patients with advanced lung adenocarcinoma.
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