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Abstract

Background: Non-small cell lung cancer (NSCLC) accounts for approximately 80% of newly diagnosed pulmonary carcinomas. This
study investigated the correlation between 18F-fluorodeoxyglucose (FDG) uptake in integrated positron emission tomography with computed
tomography (PET-CT) and tumor size, lymph node metastasis, and distant metastasis in patients with NSCLC.

Methods: The records of 318 NSCLC patients (220 male, 98 females; mean age of 60.94 years) were evaluated retrospectively.

Results: Of the cases, 278 were adenocarcinomas, 28 were squamous cell carcinomas, and 12 were large cell carcinomas. When the
cases were categorized according to tumor size (group 1: < 3 cm; group 2: > 3 and <5 cm; group 3: > 5 cm), the maximum standardized
uptake value (SUVmax) was found to be significantly lower in groups 1 and 2, as compared to group 3 (p <0.001). With respect to all cases,
the tumor SUVmax was not correlated with age, gender, or histological type. Lymph node metastasis was seen in 250 cases: 80.2% of these
were adenocarcinomas, 71.4% were classified as squamous cell carcinomas, and 58.3% were large cell carcinomas. Neither lymph node
involvement nor distant metastases were correlated with tumor SUVmax, although lymph node size was positively correlated with lymph node
SUVmax (r=0.758; p<0.001).

Conclusion: SUVmax was significantly associated with tumor size, but not with distant metastases or lymph node involvement. Therefore,
SUVmax via PET is not predictive of the presence of metastases.

Keywords: Non-small cell lung cancer; Positron emission tomography; Standardized uptake value; Primary tumor; Lymph node; Distant
organ metastasis
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Background

present study was to assess whether SUVmax in PET-CT correlates
with tumor size, lymph node metastasis, distant metastasis, and
tumor histopathological type in NSCLC patients.

Pulmonary carcinoma is the most commonly diagnosed
cancer worldwide (1.61 million cases; 12.7% of total carcinomas)
[1,2] and is the most common cause of cancer death worldwide
(1.38 million deaths; 18.2% of total cancer deaths) [3]. Non-
small cell lung cancer (NSCLC) accounts for approximately 80%
of new pulmonary carcinoma diagnoses, and consists of various
histological subtypes, including adenocarcinoma (ACC), squamous
cell carcinoma (SCC), large cell carcinoma (LCC), and mixed
histology [4]. Recently, the uptake of 18F-fluorodeoxyglucose
(FDG) as determined by integrated positron emission tomography
with computed tomography (PET-CT) has become a widely used

Patients and Methods
Study Population

The records of 318 patients newly diagnosed with NSCLC in
the Nuclear Medicine and Oncology Center of Bach Mai Hospital
between November 2015 and October 2018 were evaluated
retrospectively. The subjects were examined by FDG PET-CT
and histological diagnosis of masses. A total of 220 males and

non-invasive diagnostic test [5]. 18F-FDG PET-CT measures the
standardized uptake value (SUV) of a pulmonary mass, which
quantifies the glucose avidity of the tumor [6]. FDG PET-CT
has been shown to be useful for evaluating an indeterminate
pulmonary nodule, staging lymph nodes, and evaluating local
nodal and distant metastases. FDG uptake correlates with the
proliferative activity of a tumor and is an independent prognostic
factor in patients with lung cancer [7-10]. The objective of the
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98 females were included in the study, with a mean age of
60.9 9.1 years (range: 28-88 years). Pathologically, there were
278 adenocarcinomas (ACC), 28 squamous cell carcinomas (SCC),
and 12 large cell carcinomas (LCC).

FGD PET-CT Imaging

All patients underwent diagnostic and/or staging with FDG
PET-CT prior to biopsy or therapy. Patients were asked to fast
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at least 6hours before the FDG PET-CT scan. All patients had a
glucose level below 180 mg/dl and were injected intravenously
with 0.15-0.20 mCi/kg (7-12 mCi) FDG. At 45-60 min after the
injection, data were acquired from the vertex to the upper thigh.
Immediately after CT, a PET scan (PET/CT Biograph True Point,
Siemens, Germany) was performed for approximately 25 min,
with 7 to 8 bed positions and 3 min/position. PET images were
reconstructed iteratively with CT data for attenuation correction,
using an inline integrated Siemens E.Soft Workstation system
(Germany). PET-CT fusion images in transaxial, sagittal, and
coronal planes were evaluated visually, and the SUVmax of lesions
was obtained from transaxial images.

Statistical Evaluation

Statisticalanalysis was performed using SPSS software (version
12.0). Values were expressed as mean * standard deviation (SD).
The differences of tumor SUVmax in 2 independent groups were
compared using Mann Whitney U test and in more than two
independent groups were compared using Kruskal-Wallis test.
Spearman’s correlations were computed between tumor SUVmax
and tumor diameter, mediastinal lymph node diameter, and lymph
node SUVmax. Independent sample t-test was used to determine
the significance of the difference in tumor SUVmax, according
to the presence of lymph node or distant metastases. Statistical
significance was set at the level of p < 0.05.

Results

The characteristics and SUVmax of the 318 NSCLC cases are
summarized in Table 1. When the cases were divided into three
groups based on tumor size (group 1: < 3 cm; group 2: >3 cm
and <5 cm; group 3: >5 cm), tumor SUVmax was found to differ
significantly among all groups (p <0,001). With respect to all the
cases, tumor SUVmax was significantly correlated with histological
type (adenocarcinoma vs squamous cell carcinoma and large cell

carcinomas), but not with age or gender. A significant relationship
was found between tumor SUVmax and tumor size (r=0.541;
p<0.001) in Figure 1.

Table 1: Characteristics and SUVmax of the NSCLC cases.

n (%) (Me::lj‘i{ sD) P value
Sex
Male 220 (69.2) 11.36 £5.83
Female 98 (30.8%) 10.02 + 4.25 017
Histology
Adenocarcinoma 278 (87.4%) 10.75 +5.30
Sq“a"z;’rf;ﬁzu Car 28 (8.8%) 12.37 + 6.81 0.021°
Large cell Carcinomas 12 (3.8%) 12.17 £+ 4.22
Tumor size
<3cm 88 (22.7%) 7.31+297
>3<5cm 114 (35.8%) 10.62 +4.19 <0.001
>5cm 116 (36.5%) 14.03 +6.11
Lymph Node Metas-
tasis
NO-N1 86 (27.0%) 9.65 +5.39 0.001
N2-N3 232 (73.0%) 11.43 +5.37
Distant Metastasis
MO 144 (45.3%) 10.83 +5.15
M1 28 (8.8%) 11.53 £6.22 0.889
M2 61 (19.2%) 10.83 £ 6.05
M3 85 (26.7%) 11.04 £5.20

*Mann Whitney U test for 2 independent groups: 278 adenocarcinomas
vs 40 others (Squamous cell carcinomas + Large cell carcinomas).
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Figure 1: Relationship between tumor SUVmax and tumor size (r=0.541; p<0.001). )
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Figure 2: PET-CT images of patients with NSCLC.
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Among the 318 cases, lymph node metastasis were seen in 250
cases (78.6%). Lymph node metastases were present in 80.2%
(223/278) of adenocarcinomas, 71.4% (20/28) of squamous
cell carcinomas, and 58.3% (7/12) of large cell carcinomas.
When cases were divided into 2 groups according to lymph node
involvement, there was significantly difference in tumor SUVmax
among the groups (Table 1). And, lymph node size was positively

correlated with lymph node SUVmax (r = 0.758, p <0.001). Tumor
SUVmax did not differ significantly according to the presence of
distant metastases. Primary tumor (Figure 2A - tumor diameter
11.9 cm; SUVmax 14.27). Lung metastasis (Figure 2B - tumor
diameter 2.1 cm; SUVmax 3.71). Mediastinal metastasis (Figure
2C - tumor diameter 4.6 cm; SUVmax 11.63). Vertebral metastasis
(Figure 2D - tumor diameter 4.2 cm; SUVmax 7.89). Thoracic wall
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muscle metastasis (Figure 2E - tumor diameter 2.4 cm; SUVmax
8.97). Adrenal gland metastasis (Figure 2F - tumor diameter 4.4
cm; SUVmax 9.06)

Discussion

Although CT or magnetic resonance imaging (MRI) provides
precise anatomical and morphological information, the role of
FDG PET-CT has increased for diagnosis and staging of lung cancer.
Recently, FDG uptake has been reported to be a prognostic factor
in patients with lung cancer [8]. Patz et al. [11] demonstrated that
patients with positive FDG PET-CT results in treated lung cancer
had a significantly worse prognosis than those with negative
results. Therefore, we examined whether SUVmax correlates with
tumor size, lymph node and distant metastases in patients with
NSCLC. Tumor size, but not lymph node or distant metastases,
was related to tumor SUVmax. Doom et al. [12] also reported a
strong significant association between tumor size and SUVmax in
patients with NSCLC. Another study in patients with stage | NSCLC
showed a significant association between the primary tumor,
SUVmax and tumor size, with tumors < 3 cm having a significantly
lower SUV than tumors >3 cm [13].

Aquino et al. [14] reported a significant difference in
FDG uptake between the well-differentiated adenocarcinoma
subtype bronchioloalveolar carcinoma (BAC) and non-BAC
adenocarcinomas, including well-differentiated non-BAC tumors.
Adenocarcinomas with mixed features that included BAC had
a peak SUV (1.5+0.2) lower than that of all other non-BAC
adenocarcinomas (SUV: 3 + 1.5), which included one poor tumor,
three moderate tumors, and one well-differentiated tumor [14].
Vesselle et al. [6] showed that the uptake by large cell carcinomas
was greater than that by adenocarcinomas, and was not
significantly different from uptake by squamous cell carcinomas.
However, we observed no difference in SUVmax among
histological types. Our data are in concordance with previous
studies that have documented lower uptake by adenocarcinomas
compared with squamous cell carcinomas, and lower uptake by
BAC adenocarcinomas compared with non-BAC adenocarcinomas.

FDG PET-CT is already an indispensable modality for
evaluating lymph node and distant metastases. Many reports have
suggested that FDG PET-CT is superior to CT in terms of accuracy
of N-staging for lung cancer. Therefore, FDG PET-CT is now
regarded as the most accurate imaging modality for N-staging
of lung cancer. However, a significant number of false-negative
and false-positive findings of lung cancer, including N-staging on
FDG-PET-CT, have been reported. Nambu et al. [15] demonstrated
that the likelihood of lymph node metastasis increased with
an increase in SUVmax of the primary tumor. For primary lung
cancer with a SUVmax greater than 12, the probability of lymph
node metastasis was high, reaching 70%, irrespective of the
degree of FDG accumulation in the lymph node stations. Thus,
the authors concluded that their findings allow a more sensitive
prediction of the presence of lymph node metastases, including
the microscopic ones that cannot be detected by direct evaluation
of lymph node stations. Consistent with these results, Higashi et

al. [16] documented in a multicenter study that the incidence of
lymphatic vessel invasion and lymph node metastasis in NSCLC
were associated with 18 F-FDG uptake. Thus, 18F FDG uptake by
a primary tumor is a strong predictor of lymphatic vessel invasion
and lymph node metastasis.

In the present study, although tumor SUVmax was higher in
patients with lymph node metastases than in those without, the
difference did not reach statistical significance. Ozgiil et al. [17]
observed that the frequency of lymph node metastasis was higher
in adenocarcinomas (80.2%) than in squamous cell carcinomas
(71.4%), suggesting that pathological subtype may be a significant
factor associated with lymph node metastasis. In contrast, a
previous study showed no difference in the frequency of lymph
node metastasis between the two pathological subtypes [15].

Based on univariate analysis, Jeong et al. [18] concluded that
the metastasis detected by PET imaging, which can affect staging by
aiding in the discovery of metastasis to contralateral lymph nodes
or distant organs, was an insignificant factor, and that metastatic
findings on PET had weak discriminative power. According to
Cerfolio et al. [19], FDG-PET-CT does not replace the need for
tissue biopsies for staging N1 or N2 lymph nodes, or metastatic
lesions, as false positives and false negatives were observed in all
stations in their study. However, FDG-PET-CT resulted in better
patient selection before pulmonary resection. FDG-PET was also
helpful in targeting areas for biopsy and identifying unsuspected
N2 and M1 disease [19]. In the present study, tumor SUVmax was
not significantly correlated with distant metastases. This may
be attributable to the finding of increased 18 F-FDG uptakes by
subclinical inflammatory lesions as well as by malignant tumors.

Conclusion

SUVmax was associated with tumor size, but not with distant
metastases or lymph node involvement. Thus, SUVmax determined
by FDG-PET-CT is not predictive of the presence of metastases.
Moreover, SUVmax was significantly related to histology of tumor.
Larger prospective and randomized analyses may potentially
reveal more significant relationships.
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