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Abdominal Lymph Node Metastasis in Patients With
Non-Small-Cell Lung Cancer as Shown by PET/CT
Savaş Karyagar, MD,* Zehra Pinar Koc, MD,Þ Sevda S. Karyagar, MD,* l̇brahim Öztürk, MD,þ
Ercüment Cengiz, MD,þ Yasin Sayıcı, MD,§ and Tansel Ansal Balci, MDÞ
Purpose: The aim of this study is to investigate the frequency and the spread
of abdominal lymph node metastasis in patients with non-small-cell lung
cancer (NSCLC) by 18F-FDG PET/CT.
Patients and Methods: Retrospective evaluation of the 18F-FDG PET/CT
examinations of 1191 patients diagnosed with NSCLC was performed. The
metastatic abdominal lymph nodes of the patients were classified as inside the
routine imaging field (covering the field of chest CT including adrenal glands)
and outside the field.
Results: Seventy-four patients (6 F, 68 M; mean: 61 T 11 years old) among
1191 patients (6%) were identified to have abdominal lymph node metastases.
These abdominal lymph node metastasis changed management in 10 out of
74 patients (14%), and there were lymph node metastases outside the routine
conventional imaging field in 43 (58%) patients.
Conclusion: 18F-FDG PET/CT provided identification of the distant metastatic lymph nodes out of conventional imaging field in more than half of
NSCLC patients with abdominal metastasis which changed patient management in 14% of the patients due to abdominal lymph node metastasis outside
the routine imaging field. This study shows the necessity of imaging NSCLC
patients with an imaging protocol with larger imaging field like PET/CT.
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L

ung cancer is a leading cause of cancer-related death all over the
world. Lung cancer may be associated with metastasis to the liver,
adrenal glands, and intra-abdominal lymph nodes based on autopsy
studies.1 A previous study indicates that intra-abdominal spread of
lung cancer is underestimated in routine practice, and even abdominal ultrasonography evaluation is considered unnecessary in patients
without complaints.2 There are studies about intra-abdominal metastasis of lung cancer which indicate that approximately 15%Y19%
of patients with lung cancer have occult metastatic disease in the
abdomen according to laparotomy results.3,4
The most important contribution of the PET/CT is the capability to identify any unexpected extrathoracic spread in lung cancer.
This contribution has been well documented in previous studies,
and this specialty leads to a change in patient management.5 One of
the relatively unexpected extrathoracic metastatic sites is the abdominal region. Although there have been several previous reports on
abdominal metastasis of lung cancer,2 there is no study concerning
the incidence and spread of metastatic involvement of intraabdominal lymph nodes in NSCLC patients as far as we know.
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The aim of this study is to investigate the incidence and localization of abdominal lymph node metastasis in NSCLC patients by
PET/CT.

METHODS
The study was approved by the local ethics committee. Informed consents of the patients were obtained.

Patients
One thousand one hundred ninety-one patients (68 F, 1123 M)
with NSCLC were included in the study. Diagnosis of all patients
(NSCLC) was confirmed by histopathology (26 squamous cell carcinoma, 46 adenocarcinoma, 1 pleomorphic carcinoma, and 1 large
cell cancer, a total of 74 patients). The patients referred to our department for 18F-FDG PET/CT for staging or restaging; additionally,
all the patients underwent contrast-enhanced chest CT examination
prior to PET/CT examination. Staging of the patients was based on
18
F-FDG PET/CT and/or follow-up PET/CT and brain MRI findings.

Acquisition of PET/CT
PET/CT study was performed on all patients. PET/CT studies
were carried out by an integrated PET/CT scanner, which consisted
of a full-ring HI-REZ LSO PET and a 6-slice CT scanner (Siemens
Biograph 6; Siemens, Chicago, IL, USA). Patients were instructed to
fast for at least 6 hours before the 18F-FDG injection. Blood glucose
levels were measured before the study and 18F-FDG injections
were administered only when plasma glucose levels were below
11.11 mmol/L. Approximately 370-555 MBq 18F-FDG (dose calculation was performed according to the body weight) was injected to
patients via intravenous line. After 60 minutes of waiting interval in a
semireclined relaxed chair, the patients were imaged by an integrated
PET/CT scanner. The CT portion of the study was performed only
for attenuation correction purposes without administration of intravenous contrast medium. CT was performed in the craniocaudal direction by the following parameters: 50 mAs, 140 kV, and 5-mm
section thickness. PET images were acquired in the caudocranial
direction, from the base of the skull to the mid-thigh, with 5 to 8 bed
positions of 3 minutes each.

Image Interpretation
Two experienced nuclear medicine physicians interpreted the
FDG-PET/CT results with knowledge of the patient’s clinical history.
The images of 74 patients who were defined to have metastatic abdominal lymph nodes were reevaluated retrospectively by an experienced nuclear medicine physician without knowledge of previous
PET/CT results. The images were displayed in rotating maximum
intensity projections and in axial, coronal, and sagittal planes. Visual
and quantitative evaluation of the PET/CT images was performed.
Maximum standardized uptake values (SUVmax) were automatically
generated according to the following equation:
SUV max ð bwÞ ¼ C tis =D inj = bw
where SUVmax (bw) is maximum SUV normalized for body weight;
Ctis, tissue concentration expressed as megabecquerels per milliliter;
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Dinj, injected dose expressed as megabecquerels; and bw, body
weight expressed as kilograms. The quantification expressed by
SUVmax values of the PET/CT was classified as malign for above
2.5 cutoff levels.
The metastatic abdominal lymph nodes of the patients were
classified as inside the routine imaging field (covering the field of
thorax CT including the adrenal glands) and outside the field (lower
part of abdominal region including the parts of abdomen lower than
the adrenal glands). The abdominal lymph nodes were categorized to
subgroups according to their localization (hepatogastric, celiac, superior mesenteric, portal, portocaval, splenic hilar, paraaortic,
interaortocaval, retrocaval, paracaval, common iliac, external iliac,
internal iliac, and obturator lymph nodes). Furthermore, mesenteric
lymph nodes were observed. The lymph nodes were classified as
malignant according to histopathological confirmation (in 2 patients)
or recovery after therapy or progression in follow-up PET/CT and
radiological correlation obtained by contrast-enhanced CT or MRI.
Staging was performed according to the TNM classification seventh
edition. Spearman correlation analysis was performed in numerical
variables. P G0.05 was considered statistically significant.
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PET/CT imaging, all the patients were in stage 4 and the metastatic sites
were lung (n = 11), adrenal gland (n = 35), liver (n = 27), bone (n = 38),
pleura (n = 11), muscle (n = 7), and spleen (n = 2), except 10 patients
who were upstaged to stage 4 after identification of abdominal lymph
node metastasis that were outside the routine imaging field defined
by PET/CT (Fig. 2). Thus, the abdominal lymph node metastases outside the routine imaging field led to the alteration of patient management in 10/74 patients (14%). Regarding the mediastinal lymph node
situation, the ratio of patients with N0 (n = 13), N1 (n = 1), N2 (n = 22),
and N3 (n = 38) are respectively 18%, 1%, 30%, and 51%. The
involved abdominal lymph nodes were hepatogastric (n = 28), portal
(n = 9), portocaval (n = 19), peripancreatic (n = 4), celiac (n = 16),
superior mesenteric (n = 10), splenic hilar (n = 2), paraaortic (n = 12),
interaortocaval (n = 9), paracaval (n = 7), retrocaval (n = 6), common iliac (n = 10), external iliac (n = 6), internal iliac (n = 1), obturator
(n = 1), and mesenteric (n = 16). The maximum extent of the imaging
field of routine chest CT covers the lymph node stations above the
line covering the adrenal glands, and according to this line there were
lymph node metastasis outside the routine chest CT imaging field in
43 (58%) patients.

RESULTS

DISCUSSION

Seventy-four patients (6 F, 68 M; mean: 61 T 11 years old)
among 1191 patients (6%) were defined to have abdominal lymph node
metastasis. One metastatic lymph node was identified in 25 patients
(Fig. 1), 2 nodes were identified in 5 patients, and 3 or more in
44 patients. The mean SUVmax values of the primary tumors of the
patients were 14 T 8 and the mean size of the largest metastatic lymph
node was 1.7 T 0.8 cm (range = 7Y45 mm), and mean SUVmax value of
the same lymph nodes was 9 T 5 (range = 3.5Y39.9). At the time of

The most important finding of our study was the effect of
abdominal lymph node metastasis on the management of patients as
shown by PET/CT in 14% of the patients. This is an important
finding because most of the patients with lung cancer are staged
without investigation of the abdominal region. However, previous
studies have highlighted the frequency of the abdominal lymph nodes
as an important metastatic site in patients with NSCLC.3 We documented the impact of the spread of abdominal lymph node metastasis

FIGURE 1. Whole-body PET (A), axial PET (B), and CT (C) images. Hypermetabolic mass in right lung upper lobe, hilar, and
mediastinal lymph nodes (long arrows in A). Hypermetabolic lymph node in mesenteric fat in right upper abdominal quadrant
(short arrow in A; long arrow in B and C).
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FIGURE 2. Whole-body PET (A), axial PET (B), and CT (C) images. Hypermetabolic mass in right lung upper lobe, right hilar, and
bilateral supraclavicular lymph nodes (A). Hepatogastric, paraaortic, interaortocaval, paracaval, and retrocaval hypermetabolic
lymph nodes (A, B, C).

on patient management in NSCLC patients for the first time in the
literature as far as we know.
There are previous reports about NSCLC patients with only
abdominal lymph node metastasis identified by PET/CT.6,7 Another
unexpected finding in our study was the patients (18%) with N0 disease
and with abdominal lymph node metastasis similar with these previous
case reports. Evaluation of the abdominal region might be in fact
extremely important and abdominal lymph node metastasis might cause
alteration of the stage and management of a patient with NSCLC.
It is well understood that the abdominal metastases of NSCLC
is underestimated referring to previous studies including postmortem
analysis.1 In previous studies about distribution of the distant metastasis of NSCLC, the major sites of spread have been observed to
be the liver, adrenal glands, brain, bone, abdominal lymph nodes, and
kidney, respectively, according to their frequencies.8 According to
our study, the most common distant metastatic sites of the patients
with metastatic lymph nodes in the abdomen were bone, adrenal, and
liver, respectively, and the ratio of the abdominal lymph node metastasis was 6% in the whole group. However, the extent of the abdominal lymph nodes was striking and clinically important because
routine imaging field of the chest CT evaluation of abdominal region
is usually restricted to the field covering the adrenal glands. In our
study, we showed that nearly half of the patients with abdominal
lymph node metastasis had metastatic lymph nodes beyond the conventional imaging field. This was another important observation in
our study. Abdominal lymph node metastasis has been the only recurrence site in a patient with NSCLC which was identified by PET/
CT 5 years after the surgery in a previous case report.9
PET/CT might lead to a change in patient management in
approximately 20%-25% of the patients with NSCLC according to a
previous report.10 Additionally, PET/CT is an accurate modality to
* 2013 Lippincott Williams & Wilkins

show distant metastatic disease in apparently nonmetastatic patients
with NSCLC. In a previous study, the stage modification potential of
PET in apparently operable patients with NSCLC has been documented.11 The diagnostic power of PET to show hidden extrathoracic
metastasis in NSCLC in the preoperative or pretherapeutic period has
been shown as well.12Y14 The most common unexpected distant
metastatic site has been the abdomen with 19% of the participating
patients in another previous study.13 In our study, we did not analyze
the abdominal metastasis in other organs; however, the abdominal
lymph node metastasis changed patient management in an important
percentage of the patients as the only factor. In another study, it
has been discovered that PET has the ability to exclude distant
metastasis in the equivocal lesions.15 As a conclusion, PET is an
important diagnostic method in true identification of distant metastatic disease and provides accurate management strategy in the
patients with NSCLC.
In this study, we demonstrated that abdominal lymph node
metastasis is another important metastatic site which might cause
alteration of the stage of the patients. This is the first analysis
including abdominal nodal metastasis of NSCLC as far as we
know. Additionally, we have demonstrated the spread of the abdominal lymph node metastasis of NSCLC which might be beyond
the routine imaging field of CT. This finding was also important
because in the patient management of NSCLC there is no attempt
to investigate distant abdominal region unless the patient is symptomatic. Unexpectedly, the iliac and mesenteric lymph nodes were
also the common sites of the abdominal lymph node metastasis in
our study.
The limitations of our study are the retrospective manner of
the study and small number of patients with histopathology
confirmation.
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CONCLUSION
It is required to image the whole abdominal region of patients
with NSCLC for true identification of the distant spread of the disease. Because an important percentage of the patients had metastatic
abdominal lymph nodes located in the lower abdominal region as
shown in our study, identification of these lymph nodes might alter
stage and treatment strategy of the patients.
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