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Background: Selection of the best treatment option for non-small cell lung cancer (NSCLC) depends on optimal initial
staging.

Objective: Evaluate the clinical impact of *F-FDG PET/CT on the management of Thai patients with NSCLC.

Material and Method: Twenty-four patients with NSCLC underwent FDG PET/CT for initial staging. The best treatment
options between pre- and post-FDG PET/CT staging were identified for each patient. Changes in treatment management
decisions and the diagnostic values (sensitivity, specificity, positive predictive value, negative predictive value, and accuracy)
of nodal and distant metastases were assessed.

Results: Pre-FDG PET/CT staging included five patients with stage 1A, four patients with stage IB, one patient with stage IIB,
three patients with stage I1IA, and 11 patients with stage 1V disease. A difference between pre- and post-FDG PET/CT
staging was noted in 10/24 patients (41.7%). FDG PET/CT examination resulted in upstaging in 7/24 patients (29%) and
downstaging in three patients (12.5%). The pre-FDG PET/CT staging was accurate in 14/24 patients (58.3%) while the
post-FDG PET/CT staging was accurate in 19/24 patients (79.2%). The treatment management decisions were changed in
5/24 patients (20.8%). FDG PET/CT prevented futile surgery in two patients.

Conclusion: FDG PET/CT has an important role in NSCLC staging. Additional PET/CT information could influence

therapeutic options and reduced unnecessary surgery in patients with metastatic disease.
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Contrast-enhanced chest CT is a standard
modality for the staging of non-small cell lung cancer
(NSCLC). However, it still has limited reliability
regarding mediastinal metastasis with a sensitivity and
specificity in detecting node metastasis of 52% and
69%, respectively?.

According to the National Comprehensive
Cancer Network, 2-deoxy-2-[18F]fluoro-D-glucose
positron emission tomography combined with
computed tomography (FDG PET/CT) is currently one
of imaging recommended for NSCLC staging. It is
superior to conventional imaging because of its
capability of providing metabolic and anatomical
information simultaneously. A meta-analysis has
shown that FDG PET has a superior sensitivity and
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specificity for metastatic node detection of 85%
and 90%, respectively when compared with 61% and
79%, respectively using contrast-enhanced CT®. For
integrated FDG PET/CT, a meta-analysis by Lv et al®
achieved pool weight FDG PET/CT sensitivity and
specificity of 73% and 92%, respectively with precise
diagnostic values in detecting the systemic involvement
of either osseous or extra-osseous metastases; thus,
the number of tests and invasive procedures required
in the evaluation of patients with NSCLC has been
reduced. However, FDG PET/CT has some limitations
in nodal staging. Additionally in Thailand, clinical
impact of FDG PET/CT for NSCLC has not been
studied.

The primary aim of the present study was
to investigate the impact of FDG PET/CT in newly
diagnosed NSCLC patients regarding changes in the
initial treatment planning suggested by conventional
staging methods. The secondary aim was evaluation
of the diagnostic accuracy of FDG PET/CT in the
detection of mediastinal nodes and distant metastasis.

J Med Assoc Thai Vol. 98 No. 10 2015



Material and Method
Patients

The prospective study was approved by the
Chulabhorn Institutional Review Board, and written
informed consents were obtained from all of the
patients. Patients with histopathological specimen-
proved NSCLC were enrolled. All patients underwent
FDG PET/CT for initial staging at the National
Cyclotron and PET Centre, Chulabhorn Hospital
between July 2013 and February 2014. Exclusion
criteria were diabetes mellitus, pregnancy, and breast
feeding. Diagnosis of the primary tumor was
histopathologically proven in all patients; the diagnosis
of lymph node involvement and distant metastasis was
based on histopathology and/or contrast-enhanced
CT imaging.

FDG PET/CT imaging procedures

Patients fasted for six hours before undergoing
FDG PET/CT using a Siemens/Biograph 16 scanner
in 3D mode. Plasma glucose level was determined and
imaging was performed 90 minutes after intravenous
injection of 5 MBq/kg FDG. Contrast-enhanced CT
was undertaken following the administration of
intravenous contrast media. Image acquisition was
performed from the skull base to the proximal thigh as
follows, three minutes per bed position, four iterations
and eight subsets, a matrix size of 168, zoom = 1, and
a Gaussian filter with full width at half maximum =
5.0.

Data analysis

PET/CT results were analyzed by two
independent experienced nuclear medicine physicians
blinded to the clinical and imaging information
obtained from contrast-enhanced chest CT, conventional
imaging, and histopathological analysis at the time of
review. The visual analyses regarding areas of non-
physiologically increased uptake were defined as
malignant lesions by consensus.

Determination of disease stage and treatment
Staging was performed according to the
seventh edition of the American Joint Committee on
Cancer staging system®. Each patient was assigned
to pre-FDG PET/CT staging based on conventional
staging information including clinical data, physical
examination, histopathology, contrast-enhanced
CT, brain MRI and bone scans. After FDG PET/CT,
post-FDG PET/CT staging was performed in all
patients. The pre- and post-FDG PET/CT staging was
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undertaken within one week of each other. The
difference between pre- and post-FDG PET/CT
staging, including distinctive treatment options such
as curative surgery, concurrent chemoradiotherapy,
neoadjuvant therapy, and palliation were identified in
all patients.

Reference standard

Histopathological diagnosis was used as
the reference standard. Because the histological
confirmation of all metastatic lesions was not
technically feasible, lesions showing focally increased
tracer uptake beyond the physiological range together
with a corresponding CT abnormality were also
defined as true positive sites of malignancy. In case of
PET positive but CT negative or PET negative but
CT positive, we carried out clinical, radiological, and
analytical follow-up for one year. We considered that
there was benign lesion when there was clinical and
radiological stability in the follow-up after one year.

Statistical analysis

The sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV), and
accuracy of FDG PET/CT in the assessment of nodal
metastasis and distant metastases were calculated. A
p-value of <0.05 was considered as being statistically
significant.

Results

Twenty-four patients were included. Patient
characteristics were shown in Table 1. The details of
pre- and post-FDG PET/CT staging for each patient
were summarized in Table 2.

Initial staging

The number of patients in pre- and post-FDG
PET/CT staging were shown in Table 3. The post-FDG
PET/CT staging differed from the pre-FDG PET/CT
staging in 10 patients (41.7%), seven patients (29%)
were upstaged, and three (12.5%) were downstaged.
The pre-FDG PET/CT staging was correct in 14 patients
(58.3%) while post-FDG PET/CT staging was correct
in 19 patients (79.2%; p-value =0.125). Of 10 patients
with discordant pre- and post-FDG PET/CT staging,
FDG PET/CT accurately upstaged six patients (60%)
and downstaged one patient (10%). Incorrect FDG
PET/CT upstaging and downstaging was observed
in one (1%) and two (2%) patients, respectively.
Fig. 1 and 2 were examples of accurate upstaged and
downstaged FDG PET/CT, respectively.
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Table 1. Patient characteristics

Table 2. Details of pre- and post-FDG PET/CT staging

Patient characteristics Number (%)
Sex
Male 11 (45.8)
Female 13 (54.2)
Age (years)
Mean 61.4
Range 44-74
Histology
Adenocarcinoma 21 (87.5)
Squamous cell carcinoma 2(8.3)
Bronchioloalveolar carcinoma 1(4.2)
Pre-FDG PET/CT staging
1A 5(20.8)
IB 4(16.7)
A 0(0)
1B 1(4.2)
A 3(12.5)
1B 0(0)
v 11 (45.8)

FDG PET/CT = fluoro-D-glucose positron emission tomography/
computed tomography

Detection of nodal metastasis

Pre-FDG PET/CT staging with contrast-
enhanced CT revealed 16 patients with NO, four with
N2, and four with N3 stages. Pathology was confirmed
in seven patients. The sensitivity, specificity, PPV, NPV,
and accuracy of FDG PET/CT were 33.3%, 75%,
50%, 60%, and 57.1%, respectively, on a per-patient
basis. The contrast-enhanced CT showed sensitivity,
specificity, PPV, NPV, and accuracy were 0%, 75%,
0%, 50%, and 42.9%, respectively, on a per-patient
basis. There was no significant difference in detecting
nodal metastasis between FDG PET/CT and contrast-
enhanced CT (p-value = 1.00). The post-FDG PET/CT
staging changed the N stage in nine patients (37.5%),
with eight upstaged and one downstaged. The patient
who was downstaged by FDG PET/CT was confirmed
by histopathology.

Identification of metastasis

The pre-FDG PET/CT staging showed
metastasis (M1) in 11 patients, while the post-FDG
PET/CT showed M1 in 14 patients. Of the 24 patients,
the metastatic sites included five intrapulmonary,
five pleural, three brain, six bone, two adrenal gland,
two muscle, and one liver. The pre-FDG PET/CT
staging achieved 66.7% sensitivity, 88.9% specificity,
90.9% PPV, 61.5% NPV, and 75% accuracy, in detecting
metastatic disease on a per-patient basis. In contrast,
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Patients Pre-FDG Post-FDG Remarks
PET/CT PET/CT
staging staging
1 TIA 1A
2 v v
3 v v
4 v v
5 1B v PET/CT: M1b (bone)
6 1B 1B
7 1B 1B
8 1A 1A CT: NO; PET/CT: N2
9 1A v PET/CT: M1b (bone)
10 v v
11 1A 1A
12 v v
13 v v
14 1A 1B CT: T1b; PET/CT: T2a
15 v 0 PET/CT: false negative
16 v v
17 1A v CT: N2MO;
PET/CT: N3Mla
18 1B 1B
19 v v
20 1B v PET/CT: M1b
(brain, bone, muscle)
21 v IIA CT:Mla; PET/CT: MO
22 v v
23 1A 0 PET/CT: false negative
in BAC
24 IIA v PET/CT: M1b

(liver, bone, muscle)

BAC = bronchioloalveolar carcinoma

the post-FDG PET/CT staging showed superior
efficacy with 93.3% sensitivity, 100% specificity,
100% PPV, 90% NPV, and 95.8% accuracy, on a per-
patient basis. There was no significant difference in
detecting distant metastasis between FDG PET/CT
and conventional imaging (p-value = 0.125). In
three patients with M1 in the pre-FDG PET/CT
staging, FDG PET/CT additionally revealed one bone
metastasis and two adrenal metastases. The pre-FDG
PET/CT staging suspected the presence of Mla
(single intrapulmonary metastasis) in one patient,
whereas the post-FDG PET/CT staging classified
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Table 3. Number of patients involved in pre- and post-FDG PET/CT staging of NSCLC

Pre-PET/CT stage Post-PET/CT stage Downstaged (%)  Upstaged (%)
0 IA IB IIA IIB IIA B IV Total

1A 0o 2 1 0 0 1 0 1 5 0(0) 3 (60)

1B 0 0 3 0 0 0 0 1 4 0(0) 1 (25)

A 0 0 0 0 0 0 0 0 0 0(0) 0 (0)

1B 0 0 0 0 0 0 0 1 1 0(0) 1 (100)

IIA 1 0 0 0 0 0 0 2 3 1(33) 2(67)

B 0 0 0 0 0 0 0 0 0 0(0) 0 (0)

v 1 0 0 0 0 1 0 9 11 2 (18) 0(0)

Total 2 2 4 0 0 2 0 14 24 3(13) 7(29)

NSCLC = non-small cell lung cancer

Fig. 1

Upstaged FDG PET/CT. A 61-year-old man with
metastatic NSCLC. A-D: FDG PET/CT showed
unexpected brain, mediastinal node, intrapulmonary
and gluteus muscle metastases.

it as MO. Pathologic findings were negative for
malignancy.

Impact of post-PET/CT stage on treatment

The patients who underwent changed
treatment planning were listed in Table 4. FDG
PET/CT resulted in the delivery of a changed treatment
protocol in five patients (20.8%). The goal of treatment
was changed from curative to palliative intent in
four patients (16.7%), two from curative surgery and
two from concurrent chemoradiotherapy. Treatment
of one patient (4%) who was downstaged with FDG
PET/CT was changed from receiving palliative
treatment to receiving concurrent chemoradiotherapy
and curative surgery. One of the 24 patients had
incidental finding of increased FDG uptake in the
ascending colon, which was biopsy-confirmed as
low-grade tubular adenoma.
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Downstaged FDG PET/CT. A 71-year-old man
with NSCLC. A, B: CT suggested primary cancer
at RUL and intrapulmonary metastasis at LLL.
Pre-FDG PET/CT M staging was M1a. C, D: FDG
PET/CT showed only hypermetabolic nodule at
RUL. Post-FDG PET/CT M staging was MO.
Histopathologic confirmation of nodule at LLL
was negative for malignancy.

Fig. 2

Discussion

The present study found that FDG PET/CT
staging was superior to conventional staging; post-FDG
PET/CT staging was correct in 79.2% of patients,
whereas pre-FDG PET/CT staging was correct in
58.3% of patients. Using FDG PET/CT, 29% of patients
were upstaged, and 12.5% downstaged, similar to the
findings of Hicks et al®, where 33% of patients were
upstaged and 10% downstaged. Using post-FDG
PET/CT staging, we found that 60% of patients were
correctly upstaged and 10% were correctly downstaged,
in the case of patients where the pre- and post-FDG
PET/CT staging were not identical. Our data showed
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Remarks
Metastasis in LN group 4, negative
malignancy at LLL nodule

Discordant image findings
Bone metastases at right scapula and right 5% rib

Metastasis at left gluteus muscle

Multiple brain metastases
PET/CT: N2 stage and no intrapulmonary metastasis

PET/CT: N3 stage with liver, paravertebral muscle

PET/CT: N3 stage with intrapulmonary metastasis
PET/CT: Mediastinal and intrapulmonary metastases
metastases and multiple bony metastases

CT: N2 stage and no intrapulmonary metastasis

PET/CT: T5 and right femur metastases
CT: No mediastinal or distant metastasis
CT: N2 stage without distant metastasis

CT: No bony metastasis

lymph node

CCRT and surgery  CT: NO stage with intrapulmonary metastasis at LLL

Treatment after post-

FDG PET/CT staging
Chemotherapy
Chemotherapy
Chemotherapy
Chemotherapy

left lower lung; LN

Intended treatment
Surgery and adjuvant chemotherapy

Surgery

CCRT and surgery
Chemotherapy
CCRT

Table 4. Details of changed treatment planning after post-FDG PET/CT staging

CCRT = concurrent chemoradiation; LLL

Patient

2
4

~
S
~
N

a larger percentage of correctly upstaged results than
the randomized trial of Maziak et al?, where 13.8%
of patients were correctly upstaged. This could be
explained by the considerable difference in the number
of subjects involved in the two studies. The accuracy
of the initial staging involving the NSCLC guidelines
offers clinicians the optimal treatment strategy and
treatment results. We were able to avoid futile surgery
in two patients and to change the therapeutic intent
from curative to palliation in four patients.

A number of studies have shown a variety of
diagnostic accuracy of FDG PET or FDG PET/CT
in detecting the N stage®'¥; Lv et al reported a 73%
sensitivity and 92% specificity in a recent meta-
analysis®. The high NPV of FDG PET and FDG
PET/CTUILISIO allows the omission of invasive
procedures such as mediastinoscopy with biopsy in
patients whose PET scan was negative for mediastinal
nodal metastasis. In the present study, we found false
positive lymph node metastasis in one patient with a
1.1 cm diameter right paratracheal node, and a 0.9 cm
right hilar node. False positive results were likely to
be obtained for the enlarged nodes'”'®. In a meta-
analysis by Gould et al®, FDG PET showed higher
sensitivity but lower specificity, when CT had detected
enlarged lymph nodes (median sensitivity 100% and
median specificity 78%) than when CT had detected
no lymph node enlargement (median sensitivity 82%
and median specificity 93%). If the PET/CT scan was
positive in the mediastinum, then pathological
confirmation was needed for lymph node status!?.
According to our data, two patients whose post-FDG
PET/CT staging was NO, had pathologic confirmation
of nodal metastasis; one patient had a peribronchial
node and the other had a lymph node located at
American Thoracic Society nodal map (ATS) station
5. Some studies have reported false negative results
for N1 disease because of masking by the primary
tumor®® and N2 at ATS stations 5, 6, and 7', Despite
only seven patients with pathological confirmation of
nodal status, our data showed that the FDG PET/CT
provided more sensitivity, PPV, NPV, and accuracy
than the contrast-enhanced CT in detecting mediastinal
lymph node metastasis.

Besides the N3 stage, distant metastasis also
precludes curative surgery. FDG PET/CT has been
beneficial in this regard as a result of whole body
imaging data. Previous studies by Reed et al!®
and Pieterman et al® have reported unrecognized
distant metastasis in 6.3% and 11%, respectively of
patients determined to have resectable disease using
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conventional staging. In the present study, five of
13 patients patients (38.5%) were found to have
distant metastasis using FDG PET/CT. The sensitivity,
specificity, PPV, NPV, and accuracy in detecting
distant metastasis using FDG PET/CT in present
study were superior to the conventional approaches
(93.3%, 100%, 100%, 90%, and 95.8% vs. 66.7%,
88.9%, 90.9%, 61.5%, and 75%, respectively).

In present study, FDG PET/CT diagnosed
multiple bone metastases in one patient whose bone
scan was only indicative of trauma in the left ninth
rib. Some studies have claimed that the diagnostic
accuracy of FDG PET or PET/CT is superior to bone
scintigraphy®'¥, Kruger et al® reported that FDG
PET/CT was more effective than *"Tc-methylene
diphosphonate bone scintigraphy in the detection of
osteolytic bone metastasis in NSCLC patients. The
bone lesions in NSCLC are often lytic; thus, they are
more easily detectable using FDG PET/CT rather than
a bone scan, which is more sensitive to osteoblastic
lesions. A meta-analysis by Qu et al®¥ indicated that
both FDG PET/CT and FDG PET were better imaging
modalities for detecting bone metastasis from lung
cancer than MRI and bone scintigraphy. The pool
sensitivity and specificity of FDG PET/CT was 92%
and 98%, respectively.

Lu et al® evaluated the usefulness of FDG
PET/CT in differentiating benign from metastatic
malignant adrenal masses (size range, 0.5 to 6.3 cm;
mean size, 1.9 ¢cm) in patients with lung cancer. The
degree of FDG uptake compared to liver uptake could
be used to differentiate an adrenal mass, and FDG
PET/CT achieved 97% sensitivity, 94% specificity, and
95% accuracy in this regard. However, false-positive
lesions for malignancy were encountered using FDG
PET/CT in approximately 3-13% of adrenal lesions,
including adrenal adenomas, pheochromocytomas,
adrenal endothelial cysts, inflammation, and infection®®®.
In the present study, FDG PET/CT showed adrenal
metastases in two patients. However, adrenal lesions
were not validated by further investigation as a definite
diagnosis of adrenal metastasis does not change
patient care.

Even though FDG PET/CT could identify
brain metastases in the present study, it has a limited
role in the detection of brain metastasis because of
high background FDG uptake in the normal brain
parenchyma. As compared with brain CT or MRI, FDG
PET provided no additional information regarding
the presence of brain metastasis®”. FDG has also been
shown to have variable uptake in metastatic brain
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lesions because one-third of brain metastases from
lung cancer exhibit hypometabolism®®. Dedicated
brain MRI is a standard modality for the detection of
brain metastatic lesions.

Muscle metastasis in NSCLC is quite rare;
however, it does occur. We found two cases with
muscle metastasis, one in the left gluteus and the other
in the psoas muscle. Some previous studies have
reported NSCLC metastasis to the psoas and thigh
muscle®®39, There was one patient with liver metastasis
in the present study. Rates of unsuspected liver
metastases were 3 to 6% in patients with lung cancer
and normal hepatic function. FDG PET is reported to
detect liver metastases in <2% of patients free of liver
metastases based on conventional imaging®?.

The current study was limited by the small
number of recruited patients. Although there were no
statistically significant differences between the pre- and
post-FDG PET/CT staging regarding the detection of
nodal and distant metastases, FDG PET/CT had clinical
impact concerning strategic treatment and reduced the
number of futile operations in patients with NSLCL.

Conclusion

In conclusion, our data showed the superiority
of FDG PET/CT in the initial staging of patients with
NSCLC when compared with conventional imaging.
Additional FDG PET/CT information influenced the
therapeutic options and reduced unnecessary surgery
in patients with metastatic disease.

What is already known on this topic?

Accurate staging is critical in deciding the
treatment options in patients NSCLC. Contrast-
enhanced chest CT is the standard modality for
NSCLC staging but has limited reliability regarding
the detection of mediastinal metastasis. FDG PET/CT
is currently one of the imaging modalities recommended
for NSCLC staging. It is superior to conventional
imaging because it can provide metabolic and
anatomical information simultaneously. In addition, it
has been reported that accurate staging using FDG
PET/CT can reduce the rate of unnecessary surgeries.
However, use of FDG PET/CT in Thailand is still
limited because it is relatively expensive modality and
not widely available.

What this study adds?

This is the first study evaluating clinical
impact of FDG PET/CT for NSCLC in Thailand. The
present study added information of diagnostic accuracy
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and role of FDG PET/CT in strategic treatment for
Thai patients with NSCLC.
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