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Abstract

Objectives We investigated the capacity of fluorodeoxyglucose (FDG) PET/CT features for stratifying probability of metastasis
for single-bone FDG lesions in non-small-cell lung cancer (NSCLC).

Methods Subjects were 118 newly diagnosed NSCLC patients with a solitary bone FDG lesion and no evidence of other distant
metastasis based on PET/CT, brain MRI, and contrast-enhanced chest CT. Bone lesion SUV ;. and CT findings, primary tumor
SUVax, clinical T stage, and N stage were analyzed.

Results The bone lesions were determined by biopsy, characteristic MRI findings and clinical follow-up to be metastatic in 33
(28.0%) and benign in 85 cases (72.0%). A cutoftf bone SUV ., 0f 4.3 showed good diagnostic performance (81.8% sensitivity,
84.7% specificity, and 83.9% accuracy), but there was considerable overlap. Bone lesion PET/CT features of SUV ., <2,
osteosclerotic rim or fracture correctly diagnosed 20/20 benign, while SUV .., > 10, soft-tissue mass or bone destruction cor-
rectly diagnosed 18/18 metastatic cases. In the remaining 80 cases, bone features of SUV . > 4.3 and osteolytic change, and
lung tumor features of SUV ., > 6.4, > T2 stage (n = 70), and > N1 stage (n = 43) favored metastasis. The presence of one or less
of these features correctly diagnosed 38/38 benign, while the presence of four or more features correctly diagnosed 5/5 metastatic
cases. The 37 cases with two or three features had either benign (n =27) or metastatic bone disease (n = 10).

Conclusion Combining bone lesion and lung tumor PET/CT features can help stratify risk of bone metastasis in these patients.
Key Points

* In NSCLC with a single-bone FDG lesion, lesion SUV,,,,. is useful for differential diagnosis.

* CT features of the single-bone FDG lesions provide additional diagnostic value.

* High NSCLC SUV,,,,., greater T stage, and FDG positive nodes also favor metastasis.
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Abbreviations ROC Receiver operating characteristic
AUC Area under the curve SUViax  Maximum standard uptake value
FDG '®F_fluorodeoxyglucose
MRI Magnetic resonance imaging
NSCLC Non-small-cell lung cancer Introduction
PET/CT Positron-emission tomography/computed
tomography Lung cancer is the most common cause of cancer-related

death worldwide [1]. Non-small-cell lung cancer (NSCLC)

most frequently metastasizes to bone [2], occurring in 30—
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systemic chemotherapy or symptom-based palliative ap-
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of bone metastases is important. Indeed, the recently revised
TNM staging system takes into account significant differences
in survival between single or multiple metastases, separately
categorizing these entities as M1b and Mlc disease, respec-
tively [9, 10].

Patients newly diagnosed with NSCLC frequently undergo
positron-emission tomography/computed tomography (PET/
CT) using "*F-fluorodeoxyglucose (FDG) for tumor staging.
PET/CT is also useful for detecting skeletal involvement and
predicting prognosis in NSCLC patients [11-15], but its diag-
nostic specificity remains relatively limited. As such, a large
portion of bone FDG uptakes turn out to be caused by benign
entities. Single-bone FDG lesions, which are commonly de-
tected, are particularly difficult to interpret compared to mul-
tiple lesions that make metastatic disease more likely [16].
Bone biopsy can confirm the nature of suspected bone lesions
but is invasive, and MRI can aid in bone lesion characteriza-
tion but at the expense of increased cost and time. It would,
therefore, be beneficial to be able to use PET/CT features to
stratify single-bone FDG lesions that are likely metastatic and
require further investigation and those that may be considered
benign and need not delay surgery. Previous studies in cancer
patients showed that FDG uptake measurements can help dis-
cern bones harboring metastatic disease [17]. Bone site [18]
and CT-based anatomical findings [19] might also provide
useful diagnostic information. In addition, PET/CT features
of'the primary tumor associated with rate of metastatic, includ-
ing FDG avidity [20] and tumor stage [21], could also be
useful.

Hence, in this study, we investigated PET/CT features that
help characterize the nature of solitary FDG bone lesions in
otherwise metastasis-free NSCLC patients at initial staging,
and analyzed the ability of these features to differentiate met-
astatic from benign bone lesions.

Materials and methods
Study population

We retrospectively reviewed medical records of patients
who underwent FDG PET/CT for initial staging of newly
diagnosed NSCLC at our institute between Jan. 2013 and
Dec. 2014. Among these candidates, we selected 140 pa-
tients whose PET/CT report described a single bone lesion
with focal increased FDG uptake compared to adjacent
bones. None of the subjects had evidence of other distant
metastasis based on PET/CT, brain MRI, and contrast-
enhanced chest CT, which are routinely performed for
staging workup of NSCLC patients at our institute. Of
these, 6 subjects were excluded because they had history
of another prior malignancy, and a total of 134 patients
were finally enrolled. Among these, detailed further
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analysis was performed in 118 cases whose nature of the
single-bone FDG lesion was determined using our criteria
described below. The remaining 16 cases were excluded
from further analysis due to early loss to follow-up with-
out additional tests for final diagnosis. This retrospective
study was approved by our Institutional Review Board,
and the requirement for written consents was waived.

Final diagnosis of single-bone FDG lesions

Final diagnosis of the single-bone FDG lesions was based
on bone biopsy in 11 cases (9.3%). In the remaining 107
cases (90.7%), at least one of the following criteria had to
be met for diagnosis of metastasis: (1) magnetic resonance
imaging (MRI) including fat-suppressed short tau inver-
sion recovery sequences found to be highly consistent
with metastasis by a musculoskeletal radiology specialist
with at least 20 years of experience, and (2) disease pro-
gression on follow-up PET/CT at sites including the bone-
of-interest based on CT-measured size and PET-measured
FDG uptake.

Diagnosis of benign bone disease in the absence of biopsy
required that none of the above metastasis criteria were met
and that clinical and radiologic follow-up was uneventful for
at least 1 year.

FDG PET/CT imaging

All patients fasted for at least 6 h and had blood glucose
level <150 mg/ml at the time of PET/CT. Imaging was
performed 60 min after injection of 5 MBg/kg FDG with-
out intravenous or oral contrast on a Discovery LS (GE
Healthcare; n=36) or a Discovery STe PET/CT scanner
(GE Healthcare; n=2382). All patients were in a supine
position with their arms down. Continuous spiral CT
was performed with an 8-slice helical CT (140 keV; 40—
120 mA; Discovery LS; n=36) or with 16-slice helical
CT (140 keV; 30-170 mA; Discovery STe; n=82). The
CT scan data were collected using the following param-
eters: section width of 5 mm, and table feed of 5 mm
per rotation. No intravenous or oral contrast agents were
used. An emission scan was then performed from head
to thigh for 4 min per frame in 2-D mode with recon-
struction of attenuation-corrected PET images (4.3 x
4.3 x3.9 mm) using an ordered-subset expectation max-
imization algorithm (28 subsets, 2 iterations; Discovery
LS) or for 2.5 min per frame in 3-D mode with recon-
struction of attenuation-corrected PET images (3.9 x
3.9%x3.3 mm) using a 3-D ordered-subset expectation
maximization algorithm (20 subsets, 2 iterations;
Discovery STe).
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Analysis of PET/CT images

All PET images were analyzed by a single nuclear medicine
physician, who selected transaxial lung tumor and bone lesion
slices containing the highest visual FDG uptakes. Spherical
volumes-of-interest were manually placed on the lesions using
an Advantage Workstation 4.4 (GE Healthcare), and FDG
uptakes were measured as the maximum standardized uptake
value (SUV .0)-

The CT portion of PET/CT images were then assessed by a
radiologist and a nuclear medicine physician blinded to clin-
ical information using bone and soft-tissue windows. Through
consensus, general morphologic features of the bone lesions
were categorized as osteolytic, osteoblastic, mixed osteolytic/
osteoblastic, or no demonstrable anatomical change. The pres-
ence of fracture lines or callus formation was interpreted as
fracture. Specific CT findings included presence of an
osteosclerotic rim, soft-tissue mass, and bone destruction.

We also evaluated whether PET/CT-based tumor stage of
individual patients might help discriminate benign from met-
astatic bone lesions. Primary lung tumors with the longest
diameter <3 cm on CT without evidence of adjacent organ
invasion or satellite nodules were categorized as T1. Lymph
nodes with uptake greater than the mediastinum were catego-
rized as FDG positive, unless they were accompanied by cal-
cification or attenuation greater than the aorta.

Statistical analyses

Significance of difference between groups was assessed by
Student’s ¢ tests or Pearson’s chi-square tests. Performance
was compared by receiver operating characteristic (ROC)
curves, and areas under the curve (AUC) were calculated
non-parametrically and compared by the method of Hanley
and McNeil [22]. Diagnostic sensitivity, specificity, and accu-
racy were calculated using standard formulas. All calculations
were performed with the SPSS (version 23.0; SPSS Inc.) and
MedCalc (version 15.5; MedCalc Software) statistical soft-
ware. P <0.05 was considered significant.

Results
Clinical characteristics of study subjects

Among 134 subjects enrolled, the nature of the single bone
lesion was determined using our criteria in 118 cases. These
cases underwent further analysis and are therefore the final
subjects of this study. Their clinical characteristics are sum-
marized in Table 1. Mean age was 63.0 +10.5 years and
70.3% were male. The lung tumor was adenocarcinoma in
71.2% and squamous cell carcinoma in 24.6%. The 16 en-
rolled cases that were not included for analysis because of

undetermined final diagnosis had similar age (65.4 +
7.2 years), gender (62.5% males), and histologic type
(68.8% adenocarcinomas and 31.2% squamous cell
carcinomas).

Final diagnosis of single-bone FDG lesions

All of the 118 subjects of our study had a single-bone FDG
lesion, leading to a total of 118 lesions. Thirty-three of these
lesions (28.0%) were determined to be metastatic by bone
biopsy (n = 8), highly consistent MRI (z = 13), or disease pro-
gression on follow-up (n = 12). Confirmation of metastasis by
bone biopsy included 3 rib lesions, 3 spine lesions, 1 pelvic
and 1 long bone lesion. Diagnosis of metastasis by highly
consistent MRI included 11 spine and 2 pelvic bone lesions.
Diagnosis of metastasis by disease progression included 5 rib
lesions, 4 spine lesions, and 1 lesion each in the pelvic bone,
sternum, and scapula. Confidence that these lesions represent-
ed true metastasis was supported by the fact that all of the
patients underwent palliative therapy for bone metastasis.
The remaining 85 bone FDG lesions in our subjects were
determined to be benign. In 78 cases, this was based on
follow-up PET/CT, bone scintigraphy, MRI, or CT that dem-
onstrated no findings of disease progression at the bone site
for more than 1 year (31.0 £ 12.7 months; range, 13 to
56 months). In the remaining 7 cases, diagnosis of benignity
was based on the absence of symptom/signs suggesting bone
metastasis for at least 20 months of clinical follow-up, al-
though follow-up imaging of the bone-of-interest was not
done (38.7 £+ 12.4 months; range, 20 to 54 months). Subjects
with metastatic and benign single-bone FDG lesions were not
different in age, gender, or primary tumor histologic type.

Lesion site does not help differentiate metastatic
from benign single bone lesions

The distribution of the single-bone FDG lesions in our sub-
jects is shown in Table 2. Lesion site was most frequently the
spine (54.2%), followed by ribs (22.0%) and pelvic bone
(11.9%). Similarly, metastatic disease was most frequently
found in the spine (54.6%), followed by rib (24.2%) and pel-
vic bone (12.1%). The rate of metastasis was 28.1% for spine,
30.8% for rib, 28.6% for pelvis, and 11.1% for long bone.
Among other sites, 1 of 4 scapular lesions and 1 of 1 sternal
lesion were found to be metastatic. Overall, these findings
demonstrate that lesion site does not help differentiate meta-
static from benign bone lesions.

PET features that help differentiate metastatic
from benign bone disease

When FDG uptake of the bone lesions was measured,
SUV,,ax Was clearly greater for metastatic compared to
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Table 1 Characteristics of 118
NSCLC patients with a single-

Total (n=118) Metastasis (n=33) Benign (n=85) P

bone FDG lesion on PET/CT
Age (year; mean = SD)

Male gender

Histologic profile
Adenocarcinoma
Non-adenocarcinoma

Clinical PET stage
T stage (T1 vs. T2-4)
N stage (NO vs. N1-3)
Bone SUV,, o« (mean = SD)
Primary SUV ..« (mean + SD)

63.0£10.5 64.6+10.1 62.4+10.6 0.299%*
83 (70.3%) 22 (66.7%) 61 (71.8%) 0.586"
0.256"

84 (71.2%) 26 (78.8%) 58 (68.2%)

34 (28.8%) 7 (21.2%) 27 (31.8%)
48 vs.70 7 vs. 26 41 vs. 44 0.007"
75 vs. 43 10 vs. 23 65 vs. 20 0.0007
48+3.8 8.4+55 35+1.3 0.000%*
8.1£6.0 10.8+6.8 7.0+54 0.002%*

NSCLC non-small-cell lung cancer, SUV,,,, maximum standard uptake value, vs. versus

*t test;
"Pearson’s chi-square test

benign disease (8.4 +5.5 vs. 3.5+ 1.3, p<0.001; Fig. 1a).
All 9 bone lesions with SUV ., > 10.0 were metastatic,
and all 7 bone lesions with SUV ,,, <2.0 were benign.
The remaining 102 bone lesions with SUV ., between
2.0 and 10.0 could be either benign or metastatic. In par-
ticular, benign fractures could show SUV .. levels of up
to 9.8 and 8.5, respectively, for rib and spine lesions. On
the other hand, there were 4 metastatic bone lesions with
low SUV,,.x between 2.0 and 3.0.

ROC analysis of bone lesion SUV,,,, showed an AUC
of 0.853 (95% CI, 0.78-0.91; Fig. 1b). The best cutoff
SUV ax of 4.3 correctly identified 27/33 metastatic and
72/85 benign lesions, yielding 81.8% sensitivity, 84.7%
specificity, and 83.9% accuracy. This level of perfor-
mance was maintained throughout different bone lesion
sites, except for the ribs (62.5% sensitivity and 72.2%
specificity). SUV .« >4.3 of pelvic bone lesions showed
high specificity (100%) but low specificity (50%) for

metastasis (Table 2). Interestingly, the diagnostic perfor-
mance of SUV ., >4.3 was different according to prima-
ry tumor histology. Hence, sensitivity (85.2%), specificity
(96.3%), and accuracy (94.1%) were higher for non-
adenocarcinoma compared to adenocarcinoma (76.2%,
81.0%, and 75.0%, respectively; Table 2). Overall, how-
ever, differential diagnosis based on SUV,,,, alone was
associated with a significant number of misdiagnosed
cases. A representative case with benign bone disease de-
spite a high SUV ., and another case with metastatic
bone disease despite a low SUV,.. are illustrated in
Figs. 2 and 3, respectively.

Interestingly, the SUV ., of the primary lung tumor was
also significantly greater for patients whose bone lesions
were metastatic compared to benign (10.8 +6.8 vs. 7.0
5.4; p<0.002). ROC analysis of lung tumor SUV ., per-
formance for distinguishing metastasis showed an AUC of
0.677 (95% CI1, 0.59-0.76). The best cutoff SUV ., of 6.4

Table 2 Diagnostic accuracy of

SUV max cutoff according to Lesion Metastatic (%) TP TN FP FN SN (%) SP (%) Accuracy (%)
lesion site and tumor histology
Total 33/118 (28.0%) 27 72 13 6 81.8 84.7 83.9
Lesion site
Spine 18/64 (28.1%) 17 40 6 1 94.4 87.0 89.1
Rib 8/26 (30.8%) 5 13 5 3 62.5 72.2 69.2
Pelvis 4/14 (28.6%) 2 10 0 2 50.0 100.0 85.7
Long bone 1/9 (11.1%) 1 7 1 0 100.0 87.5 88.9
Others* 2/5 (40.0%) 2 2 1 0 100.0 66.7 80.0
Tumor histology
ADC 26/84 (31.0%) 16 47 11 5 76.2 81.0 75.0
Non-ADC 7/34 (20.6%) 6 26 1 1 85.7 96.3 94.1

TP true positive, TN true negative, FP false positive, FN false negative, SN sensitivity, SP specificity, ADC

adenocarcinoma

*Includes scapula and sternum
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Fig. 1 FDG uptake levels of single-bone FDG lesions and primary lung
tumors in 118 patients. a Dot plot depicting SUV . of single-bone FDG
lesions. All bone lesions with SUV .« <2 (dashed line) were benign,
whereas all with SUV ., > 10 (solid line) were metastatic. On the other
hand, SUV .« between 2 and 10 lacked sufficient specificity for

yielded 81.8% sensitivity, 57.7% specificity, and 64.4%
accuracy (Fig. 1b). This was in itself insufficient perfor-
mance, but we found that lower SUV,,,« (<4.3) bone le-
sions in patients with higher SUV ., (>6.4) lung tumors
were significantly more likely to be benign (32/37) com-
pared to their counterpart (52/81; p = 0.018). This indicated
that primary lung tumor SUV,,,« could be a useful PET
feature for bone FDG lesion differentiation.

In addition, the presence of FDG-positive thoracic lymph
nodes was also associated with a significantly greater likeli-
hood that the single bone lesion was metastatic compared to
their absence, indicating their potential usefulness for bone
lesion differentiation.

Fig. 2 Fusion PET/CT features of a 48-year old man with adenocarcino-
ma. a Initial PET/CT (transaxial) demonstrated a 4.4-cm right upper lobe
mass with high FDG uptake (SUV,,.x = 8.1). b A transaxial slice at the hip
level showed a discrete single bone lesion in the left proximal femur with
high FDG uptake (SUV ,.x =5.2) that suggested metastasis (top, arrow).

100-Specificity

100-Specificity

differential diagnosis. b ROC curve illustrating performance of bone le-
sion SUV .« (left) and primary lung tumor SUV ,,, (right) for discerning
benign and metastatic single bone lesions. Dotted lines indicate upper and
lower limit of 95% confidence intervals

CT features of single bone lesions useful
for differential diagnosis

We next assessed CT features of the bone FDG lesion that
could offer useful information for differential diagnosis. The
results showed that metastasis was favored by the presence of
osteolytic change (16/19, 84.2%; p = 0.000), soft-tissue mass
(11/11, 100%; p = 0.000), or bone destruction (15/15, 100%;
p=0.000; Table 3). Conversely, benign disease was favored
by the presence of fracture (9/9, 100%; p=0.060) or
osteosclerotic rim (7/7, 100%; p = 0.188; Table 3).

A CT feature of the primary lung cancer that was helpful
was T2-T4 tumor stage, which was significantly more likely

b

However, the CT portion of the PET/CT images demonstrated osteoblastic
bone change with a peripheral sclerotic rim, which indicated benign bone
disease (bottom, arrow). Bone biopsy confirmed this lesion to harbor be-
nign reactive bone formation
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Fig. 3 Fusion PET/CT features of a 63-year-old man with adenocarcino-
ma. a Initial PET/CT (transaxial) demonstrated an 8-cm left lower lobe
mass with high FDG uptake (SUV ,.x=7.0). b A PET/CT slice at a
higher level showed a discrete focus of low FDG uptake (SUV . =

to be associated with metastatic bone lesion compared to T1
tumor stage.

Proposed diagnostic flow to combine PET/CT features
for differential diagnosis

Finally, we reclassified each single-bone FDG lesion using
PET/CT features found useful for differential diagnosis
(Fig. 4). Metastasis-specific bone lesion features of
SUVhax > 10.0, soft-tissue mass formation, or bone destruc-
tion correctly diagnosed metastasis in 18 lesions. Benignity-
specific bone lesion features of SUV ., <2.0, fracture, or
osteosclerotic rim correctly diagnosed no metastasis in 20

Table 3  Metastasis rate according to CT features of 118 single-bone
FDQG lesions
Bone lesion site Total Metastasis  Benign p
General feature
Osteolytic change 19 (16.1%) 16 (48.5%) 3 (3.5%) 0.000"
Osteoblastic change 33 (28.0%) 5 (15.2%) 28 (32.9%) 0.068*
Mixed change 13 (11.0%) 4 (124%) 9(10.6%) 0.755
No change 44 373%) 8 (242%) 36 (42.4%) 0.068%*
Fracture 9 (7.6%) 0 (0.0%) 9 (10.6%) 0.060
Specific feature
Osteosclerotic rim 7 (5.9%) 0 (0.0%) 7(82%) 0.188"
Soft-tissue mass 11 (93%) 11 (333%) 0(0.0%) 0.000"
Bone destruction 15(12.7%) 15(45.5%) 0 (0.0%) 0.000

*Pearson’s chi-square test
T Fisher’s exact test
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2.2) in the left second rib that was unaccompanied by bone change on
CT images (top, arrow). Follow-up PET/CT 6 months after receiving
curative lobectomy without further evaluation, the rib lesion showed dis-
ease progression, revealing that it had been metastatic (bottom, arrow)

lesions. The case illustrated in Fig. 2 showed a single bone
lesion in the proximal femur that had high FDG uptake
(SUV ax =5.2) but could be correctly classified as benign
by the presence of a discrete osteosclerotic rim.

The remaining 79 cases were evaluated for number of fea-
tures favoring metastasis; i.e., bone lesion SUV . > 4.3, lung
tumor SUV .« > 6.4, clinical T stage >T2, FDG-positive
lymph nodes, and osteolytic bone change. Among cases of
this group, all 38 subjects with one or less of these features
could be correctly diagnosed as having benign bone disease,
and all 5 subjects with 4 or more features could be correctly
diagnosed as having bone metastasis. The remaining 37 sub-
jects had two or three features and were found to have either
benign (n =27) or metastatic bone disease (n =10). The case
illustrated in Fig. 3 showed a single-rib lesion that had a low
SUVax of only 2.2, which might be easily interpreted as
benign. However, there were no benignity-specific PET/CT
features whereas there were two metastasis-favoring features,
and the lesion was later found to be metastatic.

Discussion

In this study, we evaluated patients with newly diagnosed
NSCLC to investigate the usefulness of PET/CT features to
differentiate single-bone FDG lesions caused by metastasis from
benign causes. The final diagnosis was determined by bone
biopsy or clinical follow-up with imaging studies including bone
scintigraphy, CT, PET/CT, and MRI. Although bone scintigra-
phy has low sensitivity for lytic bone metastases, it has been
reported to have a high sensitivity of 87% for detecting metas-
tasis [12]. Furthermore, the use of multiple imaging techniques
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+ Osteolytic bone change

<1 feature : Benign (n, 38)

> 4 features : Metastasis (n, 5)

2, 3 features : Benign (n, 27)

Metastasis (n, 10)

Fig. 4 Flowchart for differential diagnosis of single-bone FDG lesions in 118 newly diagnosed NSCLC patients. Using this method, PET/CT features
correctly recognized 25 metastatic and 56 benign bone lesions. Only 37 bone lesions remained that required further evaluation for differentiation

compensated for the limitations of each modality alone. The
final diagnosis thus reached showed that only 28% of the bone
lesions in our population were metastatic. This verifies the lim-
ited cost-effectiveness to perform bone biopsy or MRI for all
such lesions. Our study demonstrates that PET/CT features can
help assess the risk of metastatic disease and stratify patients that
require further evaluation of the bone lesion and those that can
undergo treatment of the lung cancer without delay.

The first clue we looked at was bone site. In our subjects,
FDG bone lesions that were metastatic occurred most fre-
quently in the spine, followed by the ribs and pelvis. This is
consistent with the pattern of bone metastasis for NSCLC
patients previously reported by Sugiura et al [8] and more
recently by Zhou et al [23]. However, benign bone lesions in
our subjects occurred in a rather similar distribution. Thus,
bone site was not useful for discerning the nature of single
bone lesions.

Lesion SUV,,,,« has been proposed useful for separating
malignant from benign disease. In our subjects, a cutoff
SUVax 0f 4.3 provided relatively good sensitivity and spec-
ificity for discerning bone metastasis. This level of accuracy
was maintained for lesions of all bone sites, except for rib
lesions that showed 69.2% accuracy. Based on SUV,,,,, there
were 5 false positive rib lesions. Two rib fractures had
SUV hax levels exceeding 4.5, which is consistent with previ-
ous reports of rib fractures with high FDG uptake that can be
mistaken for metastatic disease [24]. Vertebral compression
fracture was also a benign cause for high bone lesion SUV .

Although bone lesion SUV,,,, displayed relatively good
diagnostic performance in our study, it is well known that
moderate SUV,,, levels have limited value for lesion charac-
terization. This is because many benign causes including gran-
ulomatous and inflammatory lesions can also take up FDG in

levels that overlap considerably with those of malignant tu-
mors. In the bone, healing fractures and histiocytic or giant
cell-containing benign lesions can have increased FDG uptake
that mimics osseous metastasis [25, 26]. Therefore, it should
be noted that the SUV,,,, threshold suggested by this study as
well as by previous studies [27] actually have limited differ-
ential power for discerning malignant from benign bone le-
sions. Our results further indicate that caution is required for
interpreting rib lesions as well as interpreting single bone le-
sions of lung adenocarcinoma patients based on bone lesion
SUV max, Which showed lower diagnostic performance. The
latter is likely contributed by the known lower FDG avidity
of lung adenocarcinoma cells [28, 29].

Overall, using a cutoff bone lesion SUV .« of 4.3
alone would have misclassified 6 metastatic lesions as
benign (Fig. 4). Alternatively, using SUV .« thresholds
of >10.0 and <2.0, respectively, could discern metastatic
and benign bone lesions in a perfect manner. This left 102
bone lesions that required additional PET/CT features to
aid in differential diagnosis.

Additional information useful for lesion characterization
can be provided by the CT portion of PET/CT studies. For
example, Strobel et al found that CT findings were useful for
recognizing FDG-avid bone lesions caused by benign fibrous
dysplasia or aneurysmal bone cysts [30]. We also observed CT
features that could add diagnostic value over SUV measure-
ments alone. First, the presence of soft-tissue mass formation
or bone destruction was characteristic of metastatic disease.
The feature of osteolytic change also significantly favored
metastasis, although it was also shown in some benign lesions.
On the other hand, the presence of an osteosclerotic rim or
fracture characterized benignity, as previously described [24,
31]. Interpreting these CT features as signs of benignity
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regardless of FDG avidity reduced the number of false posi-
tive cases compared to using SUV ., alone. Although bone
lesion size is also an interesting potential factor to consider,
this was not included for analysis in this study because a
considerable number of bone lesions were not accompanied
by measurable anatomic change. Furthermore, the non-
enhanced CT portion of PET/CT images is not ideal for mea-
suring bone lesion size, while MRI was performed in only a
portion of our subjects (n =23).

In addition to bone lesion features, PET/CT can also assess
primary tumor and lymph node features related to the proba-
bility of distant metastasis, including tumor stage and FDG
avidity that represent cancer aggressiveness. A previous study
reported that primary tumor SUV correlates with presence of
distant metastases in a manner independent of tumor size [32].
Another study in patients with T1-stage NSCLC suggested
primary tumor FDG uptake as a potential indicator of distant
metastasis [33]. This is not surprising since increased FDG
uptake in lung cancer represents heightened metabolic activity
that is strongly associated with tumor aggressiveness and
lymphovascular invasion, early steps necessary for nodal
and distant metastasis [34-36]. Furthermore FDG uptake of
lymph nodes is also known to correlate with distant metastasis
[37]. In our study, we confirmed that greater lung cancer FDG
uptake, higher clinical T stage, and FDG-positive lymph
nodes were associated with greater likelihood metastatic bone
disease. In patients with primary lung tumors with high FDG
uptake, bone lesions could be metastatic even at T1 and NO
stage. In these patients, however, bone lesions with low FDG
uptake were not likely to be metastatic.

We finally stratified the probability of metastasis for single
FDG bone lesions using SUV,,,.x (>10.0 or <2.0) in combi-
nation with other PET/CT features. CT features including
soft-tissue mass formation, bone destruction, fracture, and
osteosclerotic rim correctly classified 18 metastatic and 20
benign lesions. In the remaining patients, five PET/CT fea-
tures that significantly favored bone metastasis were higher
bone lesion SUV ., higher lung tumor SUV ..., greater T2
stage, FDG-positive intrathoracic lymph nodes, and osteolytic
bone change. Of these, bone FDG lesions with one or less of
these features were all benign, and those with four or more of
these features were all metastatic. Finally, only 37 bone le-
sions had two or three of these features and required further
examination because they could be either metastatic or
benign.

A limitation of our study is its retrospective design. Final
diagnosis was based not only on biopsy but also on imaging
studies and clinical follow-up. However, all bone lesions deter-
mined to be metastatic by MRI were evaluated by a full series
of imaging sequences including fat-suppressed short tau inver-
sion recovery that is recognized to have high diagnostic accu-
racy [38, 39]. Furthermore, all of these patients were clinically
judged by their attending physician to have metastatic disease
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in the bone-of-interest and underwent palliative treatment. As
for the diagnosis of benignity, our criteria of 1 year or more of
uneventful follow-up is widely considered sufficient evidence.
Finally, the use of two different PET/CT scanners is a potential
source for instrumentation variability. However, we confirmed
that there was no difference (p =0.980) of mean bone lesion
SUVax between subjects imaged by LS (SUV ax, 4.8 £3.3)
and STe scanners (SUV,.x, 4.8 £4.0).

Conclusions

Single-bone FDG lesions detected by PET/CT in newly diag-
nosed NSCLC patients can be difficult to interpret. This study
demonstrates that bone lesion SUV ., helps discern metasta-
sis from benign disease, but with significant overlap remain-
ing. Combining other PET/CT features of the bone lesion and
lung tumor provides additional diagnostic value over SUV .«
measurements alone, which can be used to stratify patients
likely to harbor bone metastasis and those with benign bone
conditions.
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