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Abstract: This study aimed to elucidate whether the maximal stan-

dardized uptake value (SUVmax) of primary tumors in metabolic

imaging correlated with pathological or metastatic characteristics and

whether it was prognostic in stage IV nonsmall cell lung cancer

(NSCLC).

We retrospectively reviewed the medical records of 412 eligible

patients between June 2007 and January 2013. All enrolled patients

fulfilled the following criteria: they were newly diagnosed with stage IV

NSCLC without any previous treatment and had undergone a systemic

evaluation, including 18(F)-Fluoro-2-deoxyglucose positron emission

tomography/computed tomography, to assess synchronous metastatic

sites. Patient and tumor characteristics were analyzed, and clinical

correlations between SUVmax and metastatic features were investi-

gated.

The median age of the study population was 65 years (range, 30–

94), and 259 (62.9%) patients were male. The median SUVmax was

statistically higher in males, in tumors with squamous cell histology,

and in poorly differentiated tumors. Multivariate logistic regression

analysis revealed that SUVmax� 11.4 (top 30 percentiles) were sig-

nificantly correlated with positive lymph node status (odds ratio [OR]

3.473), abdomen/pelvis metastasis (OR 1.949), and the absence of bone

metastasis (OR 0.399) in the subgroup of nonsquamous NSCLC

(n¼ 343). In Kaplan–Meier survival analysis, overall survival was
o Young Lee, MD, g, MD,
Kim, MD, and Yeon Sil Kim, MD

The tumors with different SUVmax have distinctive metastatic and

biological features in stage IV NSCLC. The underlying mechanisms of

this unique metabolic biology need to be resolved in future studies.

(Medicine 94(32):e1304)

Abbreviations: 18(F)-FDG-PET = 18(F)-Fluoro-2-deoxyglucose

positron emission tomography, LN = lymph node, MRI = magnetic

resonance imaging, NSCLC = Nonsmall cell lung cancer, OS =

overall survival, SUVmax = maximal standardized uptake value,

TRU = terminal respiratory unit.

INTRODUCTION

18 (F )-Fluoro-2-deoxyglucose positron emission tom-
ography (18[F]-FDG-PET) has been widely used

to make therapeutic decisions, predict prognosis, and accurately
diagnose a number of malignancies in humans.1–6 The clinical
usefulness of 18(F)-FDG-PET in nonsmall cell lung cancer
(NSCLC) has been vigorously investigated from multiple points
of view.1–3,7,8 Yet, these studies have not agreed with one
another. Many previous studies explored the prognostic sig-
nificance of maximal standardized uptake value (SUVmax) in
diverse stages of lung cancer1,7,9,10: reporting an important
association between high SUVmax and poor prognosis,3,7–10

but a more recent study failed to demonstrate the similar
relationship.11 In an updated study of the meta-analysis of
21 studies,12 high SUVmax showed a poor prognostic value
compared with low SUVmax with an overall combined hazard
ratio (HR) of 2.08. However, different studies tested with
different stages and treatment factors, and their values in stage
IV NSCLC remain uncertain. The present study was performed
to examine whether the SUVmax in primary tumors is corre-
lated with pathological or metastatic characteristics and whether
it has a prognostic value in a retrospective review of 412
patients with stage IV NSCLC.

MATERIALS AND METHODS

Patient Population and Study Methods
We retrospectively analyzed advanced NSCLC patients

who had been enrolled in our lung cancer database registry
between June 2007 and January 2013. We obtained approval
from the Institutional Review Board of the Catholic Medical
Center Ethics Committee for this retrospective study. All the
enrolled patients were newly diagnosed with stage IV NSCLC13

and had no previous treatment for metastatic disease. The

he study were as follows: patients who
temic work-up, including 18(F)-FDG-
raphy (CT); patients who were not
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pathologically confirmed with NSCLC; and patients with no
evidence of metastatic disease. Based on these criteria, 412
patients were eligible for inclusion. All eligible patients under-
went systemic imaging, including 18(F)-FDG-PET/CT, CT of
the whole chest and abdomen, and magnetic resonance imaging
(MRI) or CT of the brain to evaluate synchronous metastatic
sites. MRI of the spine or Tc-99 m whole-body bone scans were
selectively performed to accurately localize skeletal metastatic
sites or for other clinical indications. In terms of central nervous
system imaging, MRI of the brain was preferentially conducted
to detect brain metastases. The smoking status (never smoker vs

Lee et al
ex-smoker or current smoker) was routinely evaluated at the

Patient and Tumor Characteristics
The patient and pathological tumor characteristics of the

412 patients are shown in Table 1. The median age of the study

TABLE 1. Patient and Pathological Tumor Characteristics
(N¼412)

Characteristics Patient No. (%)
first medical examination and was recorded in electronic
medical charts.

Review of Metabolic Imaging and Measurement
of SUVmax

The clinical findings of metastatic sites were reviewed by
specialized nuclear medicine physicians and radiologists.
Before 18(F)-FDG-PET/CT, all patients fasted for at least 6
hours, and a dose of 370 to 555 MBq of FDG was injected
intravenously. The CT data used for attenuation correction and
PET images were reconstructed with the standard ordered-
subset expectation maximization algorithm. The axial spatial
resolution was 4.5 mm in the center of the field of view.14 The
detailed acquisition process for the 18(F)-FDG-PET/CT images
was previously described.3 The calculation of SUV was carried
out using the standard correction for body weight and the
injected dose of FDG (SUV¼ radiotracer concentration/
[injected dose/body mass]). The SUVmax was defined as the
peak SUV of 1 pixel with the highest count within the tumor in
chest and was measured by placing regions of interest around
tumors on transaxial views. Accurate discrimination of meta-
static disease and reactive inflammatory changes was some-
times challenging. In this situation, symmetrical patterns, the
intensity of hot uptake areas, and the serial imaging results or
the SUV changes in metabolic imaging were used for exact
identification. Based on the metabolic imaging findings, we
categorized clinical lymph node (LN) status and metastatic
extent for this study. To identify clinical characteristics that
Age
Median (range) 65 (30–94)

<65 196 (47.7)
�65 215 (52.3)

Gender Male 259 (62.9)
Female 153 (37.1)

Smoking status Never smoker 164 (39.8)
Ever (FormerþCurrent)

smoker
232 (56.3)

Unknown 16 (3.9)
Histology Adenocarcinoma 302 (73.3)

Squamous cell carcinoma 69 (16.7)
Large cell carcinoma 16 (3.9)
Others 25 (6.1)

Tumor
differentiation

WD 35 (8.5)

MD 164 (39.8)
PD 137 (33.3)
Unknown 76 (18.4)
were correlated with high SUVmax, we compared variables
between the groups in the top rank 30 percentile of SUVmax and
the low rank 70 percentile of SUVmax.

Examination of Tumor Characteristics
We reviewed the histological type of tumor pathology and

the differentiation of histologic grading. All patients underwent
immunohistochemical staining to discriminate the histological
subtypes. The detailed histological subtype was categorized as
adenocarcinoma, squamous cell carcinoma, or large cell carci-
noma. The remaining tumors with no complete information on
specific histology other than NSCLC were categorized as other
types.

The categorization of the extent of metastatic tumor was
determined for each metastatic site. The synchronous metastatic
sites were scored based on the whole-body metastatic score as
previously described.15 In brief, metastatic sites were classified
into 7 groups as follows: abdomen/pelvis (including liver,
adrenal gland, LNs, and other abdominal or pelvic organs);

lung to lung or systemic lymphangitic spread; bone (skeletal
system); pleural and/or pericardial effusion; neck and/or axil-
lary LNs; other soft tissue; and brain. Total scores were
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calculated from 1 to 7 by summation of each involved region.
We further classified metastatic LN status as cN0, cN1, cN2,
and cN3 based on the 18(F)-FDG-PET/CT and chest CT. This
method was designed to assess whether the SUVmax correlated
with metastatic LN status.

Survival Assessment
Because of the retrospective nature of the study, several

patients were lost to follow up from our institution. Thus, the
information on overall survival (OS) and the date of death were
retrieved from the database registry of our national institution
(National Cancer Center, Goyang, Korea). We could extract the
final status of all enrolled patients using this method.

Statistical Analyses
Statistical analyses were conducted using the SPSS statistics

(version 12; SPSS Inc, Chicago, IL). For categorical variables
(comparison between low and high SUVmax groups), differences
among groups were assessed using the Pearson x2 test. There was
a nonnormal distribution of SUVmax. Thus, nonparametric tests,
such as the Wilcoxon rank-sum test and Kruskal–Wallis test,
were used for continuous variables (comparison of median
SUVmax). To identify the significant factors associated with
the high SUVmax group, univariate and multivariate logistic
regression analyses were conducted. The Kaplan–Meier method
was carried out to compare survival outcomes using log-rank test.
All statistical analyses were based on 2-sided tests and considered
statistically significant if P< 0.05.

RESULTS

Medicine � Volume 94, Number 32, August 2015
MD¼moderate differentiated, PD¼ poorly differentiated, WD¼
well differentiated.
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population was 65 years (range, 30–94), and 62.9% were male.
The proportion of never smokers was 39.8%. The majority
(73.3%) of patients had an adenocarcinoma histology.

Metabolic and Metastatic Characteristics
The distribution of SUVmax and metastatic characteristics

is shown in Table 2. There was a nonnormal distribution of
SUVmax, and the median value was 8.9 (range, 1–40.4). The
median whole-body metastatic score was 2 (range, 1–6), and the
group with the low metastatic score (score 1–2) was composed
57.5% of the patients. Sixty-six (16%) patients had cN0 LN
status. Among the whole-body metastatic sites, pulmonary (lung
to lung/lymphangitic spread) and skeletal metastases were the
most common (58.7% and 56.1%, respectively).

Correlation Between SUVmax and Tumor
Characteristics

We explored the clinical correlation between SUVmax and
tumor characteristics. The results are shown in Table 3. In
nonparametric analyses, male sex (P¼ 0.001), ever smoker
(P¼ 0.001), squamous cell carcinoma (P< 0.001), and poorly
differentiated tumor (P¼ 0.01) had significantly higher
SUVmax.

Correlation Between SUVmax and Metastatic
Region

The results of the clinical correlation between SUVmax
and metastatic extent are shown in Table 3. In terms of meta-
static distribution, only the abdomen/pelvis metastasis
(P¼ 0.001) presented with a significantly higher SUVmax,
and the positive LN group (P¼ 0.058) showed a trend toward
higher SUVmax. The whole-body metastatic score and other
metastatic sites showed no significant difference. Among the
abdomen/pelvis metastases, liver metastasis had a significantly
higher SUVmax (P¼ 0.027).

Subgroup Analysis: Nonsquamous NSCLC
In our analysis (Table 3), we found that squamous cell
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carcinoma had a significantly higher SUVmax. Therefore, we
hypothesized that tumors with nonsquamous NSCLC might
have differential characteristics with respect to the SUVmax.

TABLE 2. Metabolic and Metastatic Characteristics (N¼412)

Characteristics

SUVmax
Median (range) 8.9 (1–40.4)

Whole-body metastatic score
Median (range) 2 (1–6)

Low score (1–2): High s
Metastatic LN status cN0: cN1: cN2: c
Lung to lung/Lymphangitic Yes: No
Bone Yes: No
Abdomen/Pelvis Yes: No
Pleura/ Effusions Yes: No
Neck/Axilla Yes: No
Brain Yes: No
Other soft tissue Yes: No

LN¼ lymph node, SUVmax¼maximal standardized uptake value.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
SUVmax was classified into groups of the top 30 percentiles and
the low 70 percentiles. The cutoff of SUVmax for the top 30
percentile was 11.4. In a subgroup of nonsquamous NSCLC
(Table 4, n¼ 343), subpopulations with the top 30 percentiles of
SUVmax were more frequently found in patients with positive
metastatic LN status (P¼ 0.03) and abdomen/pelvis metastasis
(P¼ 0.001). In contrast, patients with bone metastases had a
significantly lower proportion of top 30 percentiles of SUVmax
(P¼ 0.027).

Identifying Clinical Factors Associated With High
SUVmax Group

To identify independent factors associated with high SUV-
max, we conducted univariate and multivariate logistic
regression analyses in the entire population (results not shown
in the table) and in the subgroup of nonsquamous NSCLC
(Table 5).

In the entire population of 412 patients, squamous cell
histology (P< 0.001), the absence of bone metastasis
(P¼ 0.006), and the presence of abdomen/pelvis metastasis
(P¼ 0.008) were significantly associated with the high SUV-
max group (top 30 percentile) in multivariate analysis.

We performed subgroup analysis of nonsquamous NSCLC
patients (n¼ 343, Table 5). In multivariate analysis, positive
metastatic LN status (P¼ 0.017), the presence of abdomen/
pelvis metastasis (P¼ 0.029), and the absence of skeletal
metastasis (P¼ 0.002) remained significant elements that pre-
dict high SUVmax. Among 3 metastatic distribution sites (LN,
bone, abdomen/pelvis), bone metastasis was the most signifi-
cantly correlated factor. The odds ratio for positive bone
metastasis was 0.399 (95% confidence interval [CI], 0.221–
0.721) in relation to the absence of bone metastasis.

The distribution of metastases among patients with non-
squamous NSCLC was divided into the following 4 groups:
both abdomen/pelvis and bone metastasis (n¼ 73, 21.3%);
abdomen/pelvis metastasis but not bone metastasis (n¼ 39,
11.4%); bone metastasis but not abdomen/pelvis metastasis
(n¼ 136, 39.7%); and neither abdomen/pelvis nor bone metas-
tasis (n¼ 95, 27.7%). The median SUVmax for each group

SUVmax and Metastases in Advanced NSCLC
was 8.5 (range, 4.2–29.8), 11.3 (range, 1.5–32.3), 8.3 (range,
1.8–29.4), and 7.8 (range, 1–22.6), respectively (P¼ 0.002,
Kruskal–Wallis test).

Patient No. (%)

core (3–6) 237 (57.5): 175 (42.5)
N3 66 (16): 31 (7.5): 142 (34.5): 173 (42)

242 (58.7): 170 (41.3)
231 (56.1): 181 (43.9)
138 (33.5): 274 (66.5)
192 (46.6): 220 (53.4)
47 (11.4): 365 (88.6)
120 (29.1): 292 (70.9)

11 (2.7): 401 (97.3)
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TABLE 3. Clinical Correlation Between SUVmax and Tumor Characteristics (N¼412)

Characteristics SUVmax (Median, Range) P

Age <65 8.6 (1–29.8) 0.074
�65 9.2 (1.4–40.4)

Sex Male 9.5 (1.1–40.4) 0.001
Female 8.3 (1–29.8)

Smoking status Never smoker 8.3 (1–29.8) 0.001
Ever (formerþ current) smoker 9.7 (1.1–40.4)

Histology Adenocarcinoma 8.3 (1–32.3) <0.001
Squamous cell carcinoma 12.1 (3.6–40.4)
Large cell carcinoma 9.4 (3.4–19.8)
Others 8.9 (1.1–29.4)

Tumor differentiation WD 7.1 (1.5–22.6) 0.01
MD 8.8 (1–25.5)
PD 9.8 (1.1–40.4)

Whole-body metastatic score Low score (1–2) 9.2 (1–40.4) 0.228
High score (3–6) 8.5 (1.1–29.8)

Metastatic LN status cN0: cN1–3 7.9 (1.4–22.4)/9.1 (1–40.4) 0.058
cN0 7.9 (1.4–22.4) 0.192
cN1 8.4 (3.4–32.3)
cN2 9.1 (1.4–40.4)
cN3 9.1 (1–25.5)

Lung/lymphangitic spread 0.621
Yes/No 8.8 (1.5–29.8)/9 (1–40.4)

Bone 0.103
Yes/No 8.4 (1.8–29.8)/9.7 (1–40.4)

Abdomen/pelvis 0.001
Yes/No 10.2 (1.5–40.4)/8.5 (1–29.4)

Pleura/effusions 0.275
Yes/No 8.8 (1.4–40.4)/9.1 (1–32.3)

Neck/axilla 0.477
Yes/No 8.6 (1.1–21.2)/9 (1–40.4)

Brain 0.511
Yes/No 8.6 (1–20)/9 (1.4–40.4)

Other soft tissue 0.181
Yes/No 11.2 (1.1–14.4)/8.8 (1–40.4)

LN¼ lymph node, MD¼moderate differentiated, PD¼ poorly differentiated, SUVmax¼maximal standardized uptake value, WD¼well

Lee et al Medicine � Volume 94, Number 32, August 2015
Prognostic Value for Survival Estimation
To evaluate whether SUVmax could be an indicator of OS,

we performed survival analysis between the groups in the top 30
percentiles of SUVmax and the low 70 percentiles of SUVmax.
In Kaplan–Meier analysis, OS in the top 30 percentiles of
SUVmax was significantly lower than in the low 70 percentiles
of SUVmax (P< 0.001, HR 1.543, 95% CI 1.225–1.943;
Figure 1). The median estimated OS time was 7.4 and 12.1
months, respectively. When we performed survival analysis of
the 3 subgroups of SUVmax (cutoff values of 7.2 and 10.7), the
curves again showed a significant difference (P¼ 0.001). How-
ever, there was no significant survival difference between the
groups in the mid one-third of SUVmax and the low one-third of
SUVmax.

DISCUSSION

differentiated.
We designed this study to determine the clinical value of
SUVmax in metabolic imaging of advanced stage IV NSCLC.
The study population was composed of 412 stage IV NSCLC
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patients with available pretreatment information on 18(F)-FDG-
PET/CT SUVmax. The purpose of the study was to evaluate
whether tumors with high SUVmax present distinctive charac-
teristics with respect to the metastatic distribution, tumor
pathology, or OS. Our prior study has shown that metastatic
extent predicts survival outcome in stage IV nonsquamous cell
NSCLC.15 Despite the several limitations in the scoring system,
the categorization of metastatic extent correlated well with
survival. A previous study also showed a close correlation
between tumor marker values and whole-body metastatic
score.16 In addition, we examined the metastatic LN status to
evaluate the correlation between SUVmax and LN status in this
study. The SUVmax was significantly different based on the
sex, smoking status, histological subtype, tumor differentiation,
and several metastatic sites. However, there was no close
relationship to the whole-body metastatic score. Multivariate
analysis showed that high SUVmax (top 30 percentiles, �11.4)

was independently associated with squamous cell histology, the
absence of skeletal metastasis, and the presence of abdomen/
pelvis metastasis in the entire group. We hypothesized that there

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 4. Comparison of Metastatic Tumor Characteristics According to the SUVmax in Subgroups of Nonsquamous NSCLC
(n¼343, Top 30% of SUVmax vs Low 70% of SUVmax)

SUVmax

Characteristics Low 70 Percentile (%) Top 30 Percentile (%) P

Sex Male 146 (72.3) 56 (27.7) 0.175
Female 111 (78.7) 30 (21.3)

Age <65 138 (78.4) 38 (21.6) 0.127
�65 119 (71.3) 48 (28.7)

Metastatic LN status cN0 46 (86.8) 7 (13.2) 0.03
cNþ 211 (72.8) 79 (27.2)

Bone No 91 (68.4) 42 (31.6) 0.027
Yes 166 (79) 44 (21)

Lung/lymphangitic spread No 95 (73.1) 35 (26.9) 0.537
Yes 162 (76.1) 51 (23.9)

Pleura/effusions No 129 (71.7) 51 (28.3) 0.143
Yes 128 (78.5) 35 (21.5)

Abdomen/pelvis No 186 (80.5) 45 (19.5) 0.001
Yes 71 (63.4) 41 (36.6)

Axilla/neck No 223 (74.3) 77 (25.7) 0.503
Yes 34 (79.1) 9 (20.9)

Other soft tissue No 251 (75.4) 82 (24.6) 0.269
Yes 6 (60) 4 (40)

Brain No 177 (76.3) 55 (22.4) 0.399
Yes 80 (72.1) 31 (27.9)

LN¼ lymph node, SUVmax¼maximal standardized uptake value.

TABLE 5. Logistic Regression Analysis for Identifying Significant Factors Associated With High SUVmax (�11.4, Top Rank 30%) in
Subgroups of Nonsquamous NSCLC

Characteristics

Univariate Multivariate

OR (95% CI)P P

Sex Male 0.176
Female

Age <65 0.128
�65

Smoking status Never 0.08
Ever

Tumor differentiation WD–MD 0.048 0.163 1
PD 1.514 (0.845–2.711)

Metastatic LN status cN0 0.035 0.017 1
cNþ 3.473 (1.252–9.63)

Bone No 0.028 0.002 1
Yes 0.399 (0.221–0.721)

Lung/lymphangitic spread No 0.537
Yes

Pleura/effusions No 0.144
Yes

Abdomen/pelvis No 0.001 0.029 1
Yes 1.949 (1.072–3.544)

Axilla/neck No 0.504
Yes

Other soft tissue No 0.278
Yes

Brain No 0.399
Yes

LN¼ lymph node, MD¼moderate differentiated, PD¼ poorly differentiated, SUVmax¼maximal standardized uptake value, WD¼well
differentiated.

Medicine � Volume 94, Number 32, August 2015 SUVmax and Metastases in Advanced NSCLC
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FIGURE 1. Kaplan–Meier overall survival curves. (A) Overall survival of the top 30 (�11.4) versus the low 70 percentiles (<11.4) of
3 (�
e v
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might exist unique characteristics in the high SUVmax group in
accordance with the different histological types and performed a
subgroup analysis of nonsquamous NSCLC. The presence of
abdomen/pelvis metastasis and the absence of skeletal metas-
tasis again demonstrated an independent association with high
SUVmax. In addition, metastatic LN status was also positively
correlated with high SUVmax. In terms of survival outcome, the
group with high SUVmax had a significantly poorer OS
duration. Based on the study results, we identified a strong
predictive value of high SUVmax for specific metastatic spread
and a prognostic value for OS.

We initially hypothesized that tumors with high SUVmax
would have aggressive oncologic features because many prior
studies have shown poor prognosis in tumors with high SUV-
max. Although the whole-body metastatic score had no corre-
lation with SUVmax, unfavorable metastatic sites such as
abdomen/pelvis metastasis or positive LN status in lung cancer
were found to have an independent association with high
SUVmax in the nonsquamous NSCLC subgroup. Importantly,
a strong association between the absence of bone metastasis and
high SUVmax was detected.

With respect to the OS time, our study supports a strong
prognostic value of SUVmax in stage IV NSCLC. Although a
significant association between squamous histology and high
SUVmax was observed, nonsquamous cell tumors with
high SUVmax also had several adverse tumor characteristics.
Therefore, tumors with high SUVmax may have unique and
independent unfavorable tumor features irrespective of the
histological subtypes.

The cutoff values of SUVmax have been different among
other prior studies. Some studies9,17 (SUVmax 10 and 9) found
that the median SUVmax was prognostic but not in another
study11 (SUVmax 11.1). Other studies18–20 used the best cutoff
values (SUVmax 15 and 11) or the value conventionally used in
previous studies (SUVmax 10), and revealed prognostic sig-
nificance. However, the enrolled advanced stages (mixed III or
IV) and treatment factors were different. Although the median
SUVmax (8.9) also separated the OS curves (log-rank test,
P¼ 0.018), the cutoff value of 11.4 (top 30 percentile) per-
formed better to predict the separation of curves (log-rank test,

SUVmax (log-rank test, P<0.001). (B) Overall survival of the top 1/
(log-rank test, P¼0.001). SUVmax¼maximal standardized uptak
P< 0.001) in our study.
Nguyen et al21 reported that FDG uptake is more valuable

than glucose transporter type 1 (GLUT-1) or Ki-67 expression
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in terms of predicting prognosis in resected NSCLC patients.
They concluded that FDG uptake is the most valuable prognostic
indicator of tumor recurrence. Primary tumor FDG uptake was an
independent predictive factor for regional LN metastasis in
patients with NSCLC in a study by Li et al,22 who examined
80 NSCLC patients undergoing surgical LN staging procedures.
In this study, there was a significant correlation between the
SUVmax of the primary tumor and the pathologic N stage, and the
results were concordant with ours. Chiu et al2 examined 152 lung
adenocarcinoma patients, and found a significant difference in
SUVmax among the different histological subtypes, even within
the adenocarcinoma. Tumors that were solid and predominantly
adenocarcinoma and non-terminal respiratory unit (TRU) type
adenocarcinoma had significantly higher SUVmax, and GLUT-1
expression was statistically higher in non-TRU type tumors with a
solid growth pattern.

There have been no clinical studies that explored the
relationship between distinctive metastatic characteristics and
SUVmax. Many previous trials only focused on the prognostic
or predictive value of SUVmax, not on unique features at the
time of diagnosis. The results in the present study that indicates
poor OS outcome with high SUVmax are concordant with
previous reports.7,23 The main strengths of this study are the
homogeneous cohorts with stage IV NSCLC and the precise
analysis for metastatic characterization. Although specific
therapeutic details and an independent value predictive of
OS could not be determined because of the retrospective nature
of the study, we demonstrated a strong association between high
SUVmax and poor outcome based on statistical analysis.

A limitation of the categorization of whole-body meta-
static score is that the scoring system was based only on
metastatic regions, not the exact entire tumor burden in each
subregion. The metastatic LN status and other metastatic sites
were assessed according to the clinical findings of metabolic
imaging studies. When accurate discrimination of primary
tumors was challenging, we used the highest value of SUVmax
measured from tumors in the thorax. In addition, the shorter
survival rate in the high SUVmax group could be affected by the
clinical decision of medical oncologist rather than the unique
prognostic power of SUVmax (because of the selection bias of

10.7), mid 1/3 (�7.2 and<10.7), and low 1/3 of SUVmax (<7.2)
alue.
treatment factors caused by SUVmax).
In conclusion, tumors with high SUVmax in advanced

NSCLC had a strong correlation with squamous cell histology

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



and adverse metastatic characteristics in a subgroup of non-
squamous NSCLC. The study results that stage IV nonsqua-
mous cell tumors with high SUVmax were independently
associated with abdomen/pelvis metastasis, positive LN sta-
tus, and the absence of bone metastasis appear to be novel
findings. We also observed that tumors with high SUVmax
had a significantly detrimental effect on OS. The tumors with
different SUVmax may have distinctive metastatic and bio-
logical features, and further studies are necessary to demon-
strate the underlying mechanisms of biology in metabolic
imaging.
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