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ABSTRACT

Background: Non-small cell lung cancer (NSCLC) accounts for approximately 80% of new diagnoses of pulmonary
carcinoma. This study investigated the correlation between 18 F-fluorodeoxyglucose uptake in computerized
tomography integrated positron emission tomography 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 60.94 years) were evaluated
retrospectively.

Results: 278 cases were adenocarcinomas; 28 squamous cell carcinomas; and 12 large cell carcinoma. 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 significantly lower in groups 1 and 2 compared with group 3
(p<0,001 for each). Considering all cases, tumor SUVmax was not correlated with age, gender or histopathological
type. Lymph node metastases were seen in 250 cases: 80.2% of these were adenocarcinomas, 71.4% squamous cell
carcinomas, and 58.3% 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).

Conclusions: SUVmax was significantly associated with tumor size, but not with distant metastases or lymph node
involvement. Therefore, SUVmax on positron emission tomography is not predictive of the presence of metastases.

Keywords: Computed tomography, Non-small cell lung cancer, Positron emission tomography, Standardized uptake
value

INTRODUCTION

Pulmonary carcinoma is the most commonly diagnosed
cancer worldwide (1.61 million cases, 12.7% of total
carcinomas) and is the most common cause of cancer
death (1.38 million deaths, 18.2% of total cancer deaths).
Non-small cell lung cancer (NSCLC) accounts for
approximately 80% of new pulmonary carcinoma
diagnoses and includes the histological subtypes
adenocarcinoma, squamous Cell carcinoma, large cell
undifferentiated carcinoma, and mixed histologies.!

Recently, the uptake of 18 F-fluorodeoxyglucose (FDG)
as determined by computerized tomography integrated
positron emission tomography (PET-CT) has become a
widely used non-invasive diagnostic test.
Fluorodeoxyglucose PET-CT measures the standardized
uptake value (SUV) of a pulmonary mass, which
quantifies the glucose avidity of the tumor.
Fluorodeoxyglucose PET-CT has been shown to be
useful for evaluating an indeterminate pulmonary nodule,
staging lymph nodes, and evaluating local nodal and
distant metastases. Fluorodeoxyglucose uptake correlates
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with the proliferative activity of tumor and is an
independent prognostic factor in patients with lung

cancer.?

The objective of the present study is to assess whether the
maximum SUV (SUVmax) in PET-CT correlates with
tumor size, lymph node metastasis, distant metastasis,
and tumor histopathological type in patients with
NSCLC.

METHODS

The records of 318 patients newly diagnosed with
NSCLC between November 2015 and October 2018 were
evaluated retrospectively. The subjects were examined by
Fluorodeoxyglucose PET-CT and histological diagnosis
of masses. A total of 220 males and 98 females were
included in the study, with a mean age 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).

All patients underwent a PET/CT scan before treatment
with the primary lesion geater than 1 cm were included in
this study under the approval of the Ethics Committee
Board of Bach Mai hospital. Authors excluded the
patients who histology could not be confirmed or was
confirmed as other than NSCLC, previous history or
concurrent diagnosis of another type of cancer.

PET/CT imaging technique

All the patients underwent imaging in a mobile van with
a PET/CT scanner (Discovery, GE Healthcare) (no
breath-hold; section thickness, 5 mm; pitch, 1.5; 30 mAs;
130 kVp). Acquisition extended from skull base to mid-
thigh. The images were reconstructed with a 512x512
matrix and 700-mm2 field of view. For fusion with the
PET data, images also were reconstructed with a
128%128 matrix. The PET/CT data were reviewed and
postprocessed at a PET/CT workstation (MIM,
MIMuvista).

All patients were asked to avoid strenuous exercise for 24
hours before PET/CT. Nondiabetic patients fasted for 6
hours before imaging. Medications were taken as usual.
Patients with non-insulin-dependent diabetes were asked
to fast and not take their medication for 6 hours before
imaging.

Patients with insulin-dependent diabetes underwent
imaging at midday. They were instructed to eat a light
breakfast, take their insulin as usual, and fast for the next
4 hours.

All patients underwent blood glucose measurements
before injection, and those with a blood glucose
concentration less than 10 mmol/L received the FDG
injection and underwent scanning. All patients rested for

1 hour in a quiet environment for a 1-hour uptake period
after injection and before scanning.

Statistical analysis

Statistical analysis was performed using SPSS software
(version 12.0). Values were expressed as means+tstandard
deviation. Statistical significance was assessed at the p
<0.05 level. One-way analysis of variance was performed
to compare SUVmax among the histological types.
Spearman’s correlations were computed between tumor
SUVmax and tumor diameter, mediastinal lymph node
diameter, and lymph node SUVmax. Independent
samples t-test was used to determine the significance of
the difference in tumor SUVmax according to the
presence of lymph node or distant metastases.

RESULTS

Between November 2015 and October 2018, 318 patients
were diagnosed with NSCLC in this hospital, and FDG-
PET/CT was performed in all patients. Patient
characteristics are summarized in Table 1. The vast
majority were men and the predominant histology was
adenocarcinoma.

Table 1: Characteristics and SUVmax of the

NSCLC cases.
SUv

) mean+SD
Sex
Male 220 (69.2%)  11.36+5.83
Female 98 (30.8%) 10.02+4.25
Histology
Adenocarcinoma 278 (87.4%)  10.75%5.30
Squamous cell 28 (88%)  12.367+6.81
carcinoma
Large cell carcinomas 12 (3.8%) 12.1744.22
Tumor size
<3cm 88 (22.7%) 7.31+2.97
>3<5cm 114 (35.8%)  10.62+4.19
>5cm 116 (36.5%)  14.0316.11
Lymph node metastases
NO 68 (21.4%) 9.81+5.72
N1 18 (5.7%) 9.04+3.98
N2 130 (40.9%)  11.4845.34
N3 102 (32.1%)  11.36+5.42
Distant metastasis
MO 144 (45.3%)  10.83+5.15
M1 28 (8.8%) 11.53+6.22
M2 61 (19.2%) 10.83+6.05
M3 85 (26.7%) 11.04+5.20

A significant relationship was found between tumor
SUVmax and tumor size (r=0.541; p<0.001). When the
cases were divided into three groups based on tumor Size
(group 1, <3 cm; group 2, >3 ¢cm and<5 cm; and group 3,
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>5 cm), tumor SUVmax was differ significantly between
groups 1, 2 and 3 (p<0,001). Considering all cases, tumor
SUVmax was not significantly correlated with age,
gender or histological type (adenocarcinoma, squamous
cell carcinoma, and large cell carcinomas).

Figure 2: NSCLC patients with mediastinal metastase.

Among the 318 cases, lymph node metastases 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 4
groups according to lymph node involvement, there was
no difference in tumor SUVmax between the groups.
However, 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.

Some PET/CT images of NSCLC patients was showed in
Figure 1 (the primary tumor with diameter of 2.2 cm and
SUVmax 7.34), Figure 2 (mediastinal metastase with
diameter of 3.8 cm and SUVmax 7.78) and figure 3
(adrenal gland metastase with diameter of 4.4 cm and
SUVmax 9.06).

Figure 3: NSCLC with adrenal gland metastase.
DISCUSSION

Most of these results are descriptive. The usefulness of
FDG-PET/CT in the staging process of NSCLC has been
previously demonstrated, and this examination has
become standard.®>7 In order to confirm this in this daily
practice, authors decided to assess the impact of the use
of FDG-PET/CT, the reason for conducting this study.
So, authors analyzed each case of lung cancer in which
FDG-PET/CT was performed including all histologies.

Aquino et al, 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.® Vesselle et al,
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, authors observed no difference in
SUVmax among histological types. Our data were in
concordance with previous studies that documented lower
uptake by adenocarcinomas compared with squamous
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cell  carcinomasand lower uptake by BAC
adenocarcinomas compared with non-BAC
adenocarcinomas.

Fluorodeoxyglucose-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 the 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, 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.’

They concluded that this finding would 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, 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, concluding that
18 F-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
metastasis than in those without, the difference did not
reach statistical significance. Authors also 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.

Based on univariate analysis, Jeong et al, concluded that
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, 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 can also
help in targeting areas for biopsy and identifying
unsuspected N2 and M1 disease.? 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 uptake 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
not related to histological tumor. Larger prospective and
randomized analyses may potentially reveal more
significant relationships.
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