
OR I G I N A L A R T I C L E

Abdominal lymph node metastasis by lymphatic spread through
the thoracic duct in patients with non-small-cell lung cancer

Wookyung Ryu1† | Myoung Kyu Lee2† | Mi Hwa Park1† | In Young Hyun3 |

Minkyung Lee3 | Eun-Ji No4 | Seok Joong Yong2 | Jung Soo Kim1 |

Jun Hyeok Lim1 | Jeong-Seon Ryu1

1Department of Internal Medicine, Inha
University College of Medicine, Incheon, South
Korea
2Department of Internal Medicine, Yonsei
University Wonju College of Medicine, Wonju,
South Korea
3Department of Nuclear Medicine, Inha
University College of Medicine, Incheon, South
Korea
4Incheon Smoking Cessation Center, Incheon,
South Korea

Correspondence
Jun Hyeok Lim, Division of Pulmonology,
Department of Internal Medicine, Inha University
Hospital, 27, Inhang-Ro, Jung-Gu, Incheon 22332,
South Korea.
Email: jhl@inha.ac.kr

Jeong-Seon Ryu, Center for Lung Cancer, Inha
University Hospital, 27, Inhang-Ro, Jung-Gu,
Incheon 22332, South Korea.
Email: jsryu@inha.ac.kr

Abstract
Background: Abdominal lymph node metastasis (ALNM) is common in patients with
metastatic non-small-cell lung cancer (NSCLC). However, its mechanism of spread
remains to be elucidated. We investigated whether thoracic duct has the role as a path-
way for ALNM in NSCLC using clinical data.
Methods: We classified ALNM into subgroups by their location and evaluated its
prevalence and association with clinical characteristics in 892 patients with metastatic
NSCLC. The abdominal lymph nodes were classified into direct or indirect groups
depending on whether they drain directly into the trunk (intestinal trunk or lumbar
trunks) connected to the cisterna chyli.
Results: One hundred-five patients (11.8%) had ALNM. The paraaortic lymph node was
most commonly involved, followed by the aortocaval, left gastric, paracaval, and celiac
lymph nodes. After grouping the patients by location of ALNM, 56 patients (53.3%) with
ALNM were in the “direct only” group, only seven patients (6.7%) were in the “indirect
only” group, and 42 patients (40.0%) were in “both” groups. In patients whose intratho-
racic lesions were limited to the right thorax, there was a significantly lower prevalence of
ALNM (3.4% vs. 14.3%, p < 0.001). On multivariate logistic regression analysis of clinical
variables, higher N category was associated with increased risk of ALNM.
Conclusions: This study suggests that the thoracic duct is one of the potential routes
of lymphatic spread to the abdominal lymph nodes. Clinicians should assess for the
presence of ALNM during staging work-up and follow-up for NSCLC patients with
intrathoracic lesion in left thorax and with high N category.
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INTRODUCTION

Cancer metastasis is the main cause of cancer-related death.
Unfortunately, �40% of patients with non-small-cell lung can-
cer (NSCLC) present with metastasis at the time of diagnosis.1

The prevalence, mechanism of metastasis, and clinical signifi-
cance have been extensively investigated in bone, lung, brain,

liver, and the adrenal glands, which are each common meta-
static sites of lung cancer.2–7 However, although abdominal
lymph node metastasis (ALNM) is also relatively common, it
remains comparatively poorly understood.

Metastasis develops in an unpredictable manner, but the
general mechanisms for metastasis have been extensively inves-
tigated.8,9 The spread of lung cancer via the lymph is a topic of
major clinical interest. Recently, a finding of metastasis in any
lymph node other than a regional node was incorporated as an†These authors contributed equally to this work.
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element of the M descriptor of the eighth TNM staging sys-
tem.10 However, the precise mechanism of lymphatogenous
metastasis remains elusive.11

Our current understanding of the mechanism of ALNM is
largely based on postmortem analyses or hypothetical
models.6–9 The presence of tributaries from the thoracic duct
and their relationship with the intrathoracic, celiac, and para-
aortic lymph nodes have been suggested as possibly related, pro-
viding the opportunity for carriage of malignant cells through
the thoracic duct. Indeed, malignant cells that have accumulated
in the thoracic duct can increase intralymphatic pressure and
change the direction of lymph flow.5,10 The retrograde spread of
malignant cells through lymph nodes was previously identified
in the axillary lymph nodes of patients with lung cancer and the
abdominal lymph nodes of patients with ovarian cancer.12,13

However, no prior work has investigated whether ALNMoccurs
through a retrograde pattern of lymphatic spread the thoracic
duct in cancer patients.

In this work, we investigated whether thoracic duct have
the role as a pathway for abdominal lymph node metastasis
in NSCLC using clinical data.

METHODS

Study population

A total of 974 patients with histologically confirmedNSCLCwho
were diagnosed between January 2005 and December 2018 at
Inha University Hospital (Incheon, Republic of Korea) were ini-
tially considered for this study (Figure S1). All patients were diag-
nosed with stage IV at the time of diagnosis. Patients who did not
undergo positron emission tomography (PET) (n = 28) or who
did not undergo brain imaging (n = 23) or a whole-body bone
scan (n= 5) were excluded. In addition, patients whowere found
to also have malignancy below the diaphragm (n = 16) were
excluded. Patients who had a history of thoracic or abdominal
surgery including lymph node dissection (n = 10) were also
excluded. All patients underwent a standard work-up at the hos-
pital. Information such as sex, smoking history, EasternCoopera-
tive Oncology Group (ECOG) performance status, histology,
epidermal growth factor receptor (EGFR) mutation status, T cat-
egory, N category, and organs of metastasis were analyzed. The
stage of all patients was estimated according to the eighth edition
of the TNM classification system.10 All information was collected
prospectively from the electronic medical records of the Lung
Cancer Cohort of Inha University Hospital.14 This study was
approved by the Institutional Review Board of Inha University
Hospital, which waived the requirement of obtaining written
informed consent from patients.

Identification of abdominal lymph node
metastasis

ALNM was identified based on 18F-fluorodeoxyglucose
positron emission tomography/computed tomography

(FDG-PET/CT) scan results. All patients fasted for a mini-
mum of 6 hours, and fasting blood glucose levels were
<150 mg/dL before the FDG-PET/CT scan. PET/CT scans
were performed on a PET/CT scanner (Discovery PET/CT
690 and a 64-slice CT, GE Healthcare) and a Biograph Duo
(Siemens Medical Solutions USA, Inc.) Sixty minutes after
the injection of FDG, whole-body emission scans were
acquired using a PET camera. The CT attenuation correction
acquisition parameters for the GE scanner were as follows:
voltage, 120 kV; tube current, 100–200 mA Auto mA: ASiR;
and slice thickness, 3.75 mm. The parameter settings for the
Siemens device were: voltage, 130 kV; CARE Dose 4D mA
tube current; and slice thickness, 5.00 mm. PET data were
acquired using 2 min/bed position with a 128 � 128 matrix.
Images were reconstructed using an iterative reconstruction
algorithm. All PET images were corrected for attenuation
using the acquired CT data.

All FDG-PET/CT images for initial staging were
reviewed by two experienced nuclear medicine physicians
(I.Y.H. and M.L.) who were blinded and did not have
knowledge of either the clinical data or any other imaging
results. The presence of abnormal FDG uptake was indi-
cated when accumulation of the radiotracer moderately-to-
markedly increased relative to the expected uptake in nor-
mal structures or surrounding tissue, with the exclusion of
physiologic bowel and urinary activity. The classification
of lymph nodes on PET/CT images as cancer-positive was
based on the presence of focally increased FDG uptake on
the PET images in a location that corresponded to the
lymph node chains on the CT images.15 All lymph nodes
identified on the CT portion of PET/CT were also recorded.

Classification of metastatic abdominal lymph
node and laterality of intrathoracic lesion

The metastatic abdominal lymph nodes were categorized by
their location as followings: paraaortic, aortocaval, left gastric,
paracaval, celiac, retroaortic, superior mesenteric, retrocaval,
hepatic, mesenteric, common iliac, external iliac, internal iliac,
peripancreatic, pericholedochal, splenic hilar, and renal hilar
lymph nodes.16 To investigate pattern of ALNM, the abdominal
lymph nodes were classified into “direct node” or “indirect
node” depending on whether they are drained directly into the
trunk (intestinal trunk or lumbar trunks) connected to the cis-
terna chyli. Patients with ALNM were classified into “direct
only” (patient whose ALNM in only direct node), “indirect
only” (patient whose ALNM in only indirect node), or “both”
(patient whose ALNM in both direct and indirect node) groups
by location of ALNM.

To evaluate the potential association of ALNM with
laterality of the intrathoracic lesion, patients were categorized
by location of intrathoracic lesion as “right thorax only”
(patient whose intrathoracic lesion in only right thorax), or
“left thorax” (patient whose intrathoracic lesion in the left tho-
rax or both thorax). To exclude the possibility that ALNM has
occurred from the abdominal organ harboring metastasis, we
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also performed a subgroup analysis among patients who had
no metastasis in abdominal organ.

Statistical analysis

The association between ALNM and clinical variables and the
association between ALNM and laterality of the intrathoracic
lesion were assessed using χ2 tests. The effect of ALNM on sur-
vival was estimated by the Kaplan–Meier method and log-rank
testing. A binary logistic regression analysis was also per-
formed to identify the association of ALNM with clinical vari-
ables along with odds ratios (ORs) and 95% confidence
intervals (CIs). Variables that were found to have a p value of
0.1 or less in univariate analysis were included in a multivariate
logistic regression. All statistical tests were two sided, and a
p value <0.05 was considered to be statistically significant. Ana-
lyses were performed using a statistical software package (SPSS
version 19.0, SPSS).

RESULTS

Patient characteristics

The median age of the 892 patients with metastatic NSCLC
at time of diagnosis was 69 years (range, 34–96). Of these,
628 patients (70.4%) had adenocarcinoma and 185 (20.8%)

had squamous cell carcinoma. By organ of metastasis, bone
was most common (388 patients, 43.5%), followed by lung
(326 patients, 36.5%), brain (238 patients, 26.7%), adrenal
gland (120 patients, 13.5%), ALNM (105 patients, 11.8%),
and liver (105 patients, 11.8%) (Table 1). Of the patients
with ALNM, 12 patients (11.4%) had ALNM as the only dis-
tant metastasis. Forty-two patients (40.0%) had ALNM in
one region; 20 patients (19.0%) in two regions; 13 patients
(12.4%) in three regions; 13 patients (12.4%) in four regions;
17 patients (16.2%) in five or more regions. The distribution
of sex, smoking history, ECOG performance status, histol-
ogy, EGFR activating mutation, and T category were not sig-
nificantly different between patients with and without
ALMN (Table 2). However, ALNM was common in patients

T A B L E 1 Organ of metastasis in patients with non-small-cell lung
cancer

Patient, n (%)

Bone

Yes 388 (43.5)

No 504 (56.5)

Lung

Yes 326 (36.5)

No 566 (63.5)

Brain

Yes 238 (26.7)

No 654 (73.3)

Adrenal gland

Yes 120 (13.5)

No 772 (86.5)

Liver

Yes 105 (11.8)

No 787 (88.2)

Abdominal lymph node

Yes 105 (11.8)

No 787 (88.2)

Others

Yes 99 (11.1)

No 793 (88.9)

TAB L E 2 Characteristics of patients with metastatic non-small-cell
lung cancer by abdominal lymph node metastasis

Abdominal lymph node metastasis

Variables Yes (n = 105) No (n = 787) p value

Age

>69 40 (38.1) 396 (50.3) 0.019

≤69 65 (61.9) 391 (49.7)

Gender

Male 74 (70.5) 498 (63.3) 0.149

Female 31 (29.5) 289 (36.7)

Smoking history

Ever 73 (70.2) 524 (67.4) 0.573

Never 31 (29.8) 253 (32.6)

ECOG PS

0–1 58 (56.3) 484 (62.1) 0.261

≥2 45 (43.7) 296 (37.9)

Histology

SQC 16 (15.2) 169 (21.5) 0.250

ADC 77 (73.3) 551 (70.0)

Others 12 (11.4) 67 (8.5)

EGFR mutation

Positive 28 (26.7) 255 (32.4) 0.236

Negative 77 (73.3) 532 (67.6)

T category

Tx 2 (1.9) 15 (1.9) 0.136

T1 7 (6.7) 38 (4.8)

T2 13 (12.4) 136 (17.3)

T3 15 (14.3) 177 (22.5)

T4 68 (64.8) 421 (53.5)

N category

N0 12 (11.4) 214 (27.2) <0.001

N1 3 (2.9) 78 (9.9)

N2 14 (13.3) 176 (22.4)

N3 76 (72.4) 319 (40.5)

Abbreviations: ADC, adenocarcinoma; ECOG PS, Eastern Cooperative Oncology
Group performance status; EGFR, epidermal growth factor receptor; SQC, squamous
cell carcinoma.
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over 69 years of age or among those with high N category
(p = 0.019 and p < 0.001, respectively). Patients with ALNM
had significantly worse overall survival than those without

ALNM (median survival time: 6.8 months vs. 12.1 months,
log-rank p < 0.001) (Figure S2).

Distribution of abdominal lymph node
metastasis

Involvement of the paraaortic lymph node (54 patients, 51.4%)
was most commonly observed, followed by aortocaval
(46 patients, 43.8%), left gastric (28 patients, 26.7%), paracaval
(27 patients, 25.7%), and celiac lymph nodes (27 patients,
25.7%) (Table 3 and Figure 1). By abdominal lymph node group-
ing, 56 patients (53.3%) with ALNM were in the “direct only”
group; only seven patients (6.7%) were in the “indirect only”

F I G U R E 1 Distribution of metastatic lymph nodes in the abdomen. Larger symbols indicate higher frequency of metastasis. (a) Lymph nodes
surrounding abdominal aorta and vena cava (b) celiac lymph nodes with associated lymph nodes

TAB L E 4 Abdominal lymph node metastasis by location in patients
with metastatic non-small-cell lung cancer

Group Number of patients (%)

With ALNM (n = 105)

Direct only 56 (53.3)

Indirect only 7 (6.7)

Both 42 (40.0)

With ALNM/without metastasis in abdominal organ (n = 57)

Direct only 28 (49.1)

Indirect only 3 (5.3)

Both 26 (45.6)

Abbreviations: ALNM, abdominal lymph node metastasis.

T A B L E 3 The distribution of metastatic lymph nodes in non-small-cell
lung cancer patients with abdominal lymph node metastasis

Location No. of patients (%)

Direct nodes

Paraaortic 54 (51.4)

Aortocaval 46 (43.8)

Paracaval 27 (25.7)

Celiac 27 (25.7)

Retroaortic 17 (16.2)

Superior mesenteric 15 (14.3)

Retrocaval 13 (12.4)

Indirect nodes

Left gastric 28 (26.7)

Hepatic 10 (9.5)

Common iliac 9 (8.6)

Mesenteric 7 (6.7)

External iliac 6 (5.7)

Internal iliac 5 (4.8)

Peripancreatic 5 (4.8)

Pericholedochal 1 (1.0)

Splenic hilar 1 (1.0)

Renal hilar 1 (1.0)
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group; 42 patients (40.0%) were in the “both” group (Table 4).
All seven patients of the “indirect only” group had solitary
ALNM, and five of them had ALNM in the left gastric node.
When analyzing patients with ALNM who have not metastasis
in the abdominal organ (n = 57), 28 patients (49.1%) were in
the “direct only” group; only three patients (5.3%) were in the
“indirect only” group; and 26 patients (45.6%) were in the
“both” group.

Association of abdominal lymph node
metastasis with laterality of intrathoracic lesion
or clinical variables

Intrathoracic lesions of 207 patients (23.2%) were in “right
thorax” only in which the lymph fluid would expect to be
drained into the right lymphatic duct. In contrast,
685 patients (76.8%) had intrathoracic lesion in left thorax

T A B L E 5 Abdominal lymph node metastasis by laterality of
intrathoracic lesion in patients with metastatic non-small-cell lung cancer

Abdominal lymph node metastasis

(a) Entire
patients
(n = 892)

p value <0.001

Laterality Yes (n = 105) No (n = 787)

Right thorax only 7 (3.4) 200 (96.6)

Left thorax 98 (14.3) 587 (85.7)

(b) Patients
without
metastasis in
abdominal
organ (n = 663)

p value <0.001

Laterality Yes (n = 57) No (n = 606)

Right thorax only 3 (1.8) 162 (98.2)

Left thorax 54 (10.8) 444 (89.2)

T A B L E 6 Association of abdominal lymph node metastasis with clinical variables in patients with metastatic non-small-cell lung cancer: univariate and
multivariate analysis

Univariate analysis Multivariate analysis

Variables OR (95% CI) p value OR (95% CI) p value

Age 0.019 0.086

>69 reference reference

≤69 1.65 (1.08–2.50) 1.46 (0.95–2.24)

Sex 0.150

Male reference

Female 0.72 (0.46–1.13)

Smoking history 0.573

Ever reference

Never 0.88 (0.56–1.37)

ECOG PS 0.262

0–1 reference

≥2 1.27 (0.84–1.92)

Histology 0.255

SQC reference

ADC 1.48 (0.84–2.60)

Others 1.89 (0.85–4.21)

EGFR mutation 0.237

Positive reference

Negative 1.32 (0.83–2.08)

T category 0.083 0.195

Tx-T1 reference reference

T2 0.56 (0.23–1.40) 0.64 (0.25–1.64)

T3 0.50 (0.21–1.21) 0.39 (0.56–0.98)

T4 0.95 (0.45–2.02) 0.67 (0.30–1.47)

N category <0.001 <0.001

N0 reference reference

N1 0.57 (0.19–2.50) 0.73 (0.20–2.66)

N2 1.42 (0.64–3.15) 1.47 (0.66–3.29)

N3 4.25 (2.26–8.00) 4.35 (2.26–8.35)

Abbreviations: ADC, adenocarcinoma; CI, confidence interval; ECOG PS, Eastern Cooperative Oncology Group performance status; EGFR, epidermal growth factor receptor; OR,
odds ratio; SQC, squamous cell carcinoma.
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in which the lymph fluid would expect to be drained into
the thoracic duct. Interestingly, ALNM was significantly
more common in patients with “left thorax” lesions com-
pared to those with “right thorax” lesions only (14.3%
vs. 3.4%, p < 0.001, Table 5(a)). A comparable result was
observed after analyzing patients without metastasis to the
abdominal organs (n = 663, 10.8% vs. 1.8%, p < 0.001,
Table 5(b)). There were no differences in clinical variables
between patients with “right thorax only” and “left thorax”
lesions (data not shown). The association of abdominal
lymph node metastasis with clinical variables in the
892 patients with metastatic NSCLC is shown in Table 6. In
univariate logistic regression analysis, higher N category was
significantly associated with increased risk of having ALNM
(p < 0.001). N category remained significantly associated
with the risk of ALNM after adjustment for potential con-
founding by other clinical variables (p < 0.001).

DISCUSSION

This study demonstrates that ALNM occurs by lymphatic
spread through the thoracic duct in patients with metastatic
NSCLC. The cisterna chyli, distal part of the thoracic duct,
receives lymph flow from the intestinal and lumbar trunks.17

We classified metastatic abdominal lymph nodes into direct
and indirect nodes and evaluated the pattern of lymphatic
spread. We found that most of the patients with ALNM
(93.3%) had metastatic lesion in the direct nodes. This find-
ing suggests that ALNM develops by lymphatic spread
through thoracic duct involvement in patients with NSCLC.

ALNM was more frequently observed in patients with
“left thorax” (lymph drain into the thoracic duct) lesions
compared to those with “right thorax” (lymph drain into
the right lymphatic duct) lesions only (p < 0.001). This find-
ing consistently supports the role of the thoracic duct as a
pathway for ALNM. In addition, the risk for ALNM was
increased with higher N category (adjusted OR: 4.35,
p < 0.001). This result indicates that the lymphatic pathway
is involved in the process of metastasis to the abdominal
lymph node in NSCLC. The National Comprehensive Can-
cer Network (NCCN) guidelines do not recommend that
abdomen CT should be routinely performed during follow-
up of NSCLC patients.18 Our results suggest that abdomen
CT should be considered during follow-up of NSCLC
patients with intrathoracic lesion in left thorax and with
high N category.

Most of the patients in the “indirect only” group had
a single metastasis to the left gastric node. Consistently,
most of the indirect nodes with ALNM were left gastric
nodes. Although the left gastric node is included as an
indirect node, its location is relatively adjacent to the
direct node (celiac node) and cisterna chyli compared to
the other indirect nodes. To exclude the potential occur-
rence of ALNM from metastatic abdominal organs, we
performed a subgroup analysis including just those
patients who did not have metastasis to abdominal

organs. The result of that subgroup analysis strongly
supported the presence of a metastatic pathway through
the thoracic duct. In this study, the abdominal lymph
node was the fifth most common metastasis site among
the lung cancer patients. Indeed, abdominal lymph node
was the only distant metastatic site in 11.4% of patients
with ALNM. This result suggests that clinicians should
carefully assess for the potential presence of ALNM dur-
ing staging work-up for lung cancer patients.

There are some limitations in the present study. First,
this study was conducted at single center, calling the gener-
alizability of these results until external confirmatory studies
are performed. However, clinical information was obtained
from Inha Lung Cancer Cohort in which the data was pro-
spectively obtained. Second, the presence of ALNM was not
confirmed by pathological examination in this study.
Instead, we used PET/CT scans to define ALNM presence
and location. PET has previously been shown to be highly
accurate for the detection of lymph node metastasis (sensi-
tivity: 70%–93%, specificity: 81%–100%).19 The prevalence
of ALNM was 11.8% among patients with metastatic
NSCLC, in line with previous studies.20

In conclusion, this study suggests that the thoracic duct
is one of the potential routes of lymphatic spread to the
abdominal lymph nodes. Clinicians should assess for
the presence of ALNM using abdomen CT during staging
work-up and follow-up for NSCLC patients with intratho-
racic lesion in left thorax and with high N category. Further
studies are required to further explore the pathways of lym-
phatic spread in lung cancer.
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