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Aim:We retrospectively analyzed the distribution of distant lymph node metastasis and its
impact on prognosis in patients with metastatic NPC after treatment.

Methods: From 2010 to 2016, 219 NPC patients out of 1,601 (182 from the Affiliated
Cancer Hospital and Institute of Guangzhou Medical University, and 37 from the Affiliated
Dongguan Hospital, Southern Medical University) developed distant metastasis after
primary radiation therapy. Metastatic lesions were divided into groups according to
location: bones above the diaphragm (supraphrenic bone, SUP-B); bones below the
diaphragm (subphrenic bone, SUB-B); distant lymph nodes above the diaphragm
(supraphrenic distant lymph nodes, SUP-DLN); distant lymph nodes below the
diaphragm (subphrenic distant lymph nodes, SUB-DLN), liver, lung, and other lesions
beyond bone/lung/distant lymph node above the diaphragm (supraphrenic other lesions,
SUP-OL); other lesions beyond bone/liver/distant lymph node below the diaphragm
(subphrenic other lesions, SUB-OL); the subtotal above the diaphragm (supraphrenic
total lesions, SUP-TL); and the subtotal below the diaphragm (subphrenic total lesions,
SUB-TL). Kaplan–Meier methods were used to estimate the probability of patients’ overall
survival (OS). Univariate and multivariate analyses were applied using the Cox proportional
hazard model to explore prediction factors of OS.

Results: The most frequent metastatic locations were bone (45.2%), lung (40.6%), liver
(32.0%), and distant lymph nodes (20.1%). The total number of distant lymph node
metastasis was 44, of which 22 (10.0%) were above the diaphragm, 18 (8.2%) were
below the diaphragm, and 4 (1.8%) were both above and below the diaphragm. Age (HR:
1.02, 95% CI: 1.00, 1.03, p = 0.012), N stage (HR: 1.26, 95% CI: 1.04, 1.54, p = 0.019),
number of metastatic locations (HR: 1.39, 95%CI: 1.12, 1.73, p = 0.003), bone (HR: 1.65,
95% CI: 1.20, 2.25, p = 0.002), SUB-B (HR: 1.51, 95% CI: 1.07, 2.12, p = 0.019), SUB-
DLN (HR: 1.72, 95% CI: 1.03, 2.86, p = 0.038), and SUB-O L(HR: 4.46, 95% CI: 1.39,
14.3, p = 0.012) were associated with OS. Multivariate analyses revealed that a higher N
stage (HR: 1.23, 95% CI: 1.00, 1.50, p = 0.048), SUB-DLN (HR: 1.72, 95% CI: 1.02, 2.90,
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p = 0.043), and SUB-OL (HR: 3.72, 95% CI: 1.14, 12.16, p = 0.029) were associated with
worse OS.

Conclusion: Subphrenic lymph node metastasis predicts poorer prognosis for NPC
patients with metachronous metastasis; however, this needs validation by large
prospective studies.
Keywords: nasopharyngeal carcinoma (NCP), metachronous metastasis, subphrenic lymph node metastasis,
distant lymph node metastasis, prognosis
INTRODUCTION

Nasopharyngeal carcinoma (NPC) is one of the most common
malignant tumors in South China with 18%–50% of treatment
failure due to distant metastasis (1). As there are many lymphatic
capillaries in the mucosa of the nasopharynx, NPC is prone to
lymph node metastasis, with cervical lymph node involvement as
high as 85%–90% in newly diagnosed NPC patients (2–4).
Tumor cells use the lymphatic duct and lymph nodes for
metastasis and the colonization of peripheral organs (5).

Brown et al. confirmed that cancer cells not only pass through
the sentinel lymph nodes and then enter the lymphatic duct to
metastasize to distant organs but also directly enter the
bloodstream through blood vessels in the lymph nodes (6).
Ethel R. Pereira et al. found that isolated cancer cells in the
lymph nodes were located within 5 mm of blood vessels and that
mice with complete lymph nodes had more circulating tumor
cells and lung metastasis than those that underwent lymph node
resection (7), proving that lymph node metastasis is diffused
from lymph nodes invading the blood vessels rather than by
exporting lymph vessels. This poses an important question: does
the location of distant lymph node NPC metastasis impact
prognosis, and if so, how?

In this paper, we retrospectively analyzed the distribution of
distant lymph node metastasis and its impact on prognosis in
patients with metastatic NPC after treatment. We hope that the
study of tumor characteristics according to the location and
route of metastasis will help to determine the biological
explanation of tumor behavior, explain the related survival
results, and guide disease monitoring and treatment selection.
MATERIALS AND METHODS

Patients
In this retrospective study, 1,601 NPC patients from 2010 to
2016 were initially treated at the Affiliated Cancer Hospital and
Institute of Guangzhou Medical University (1,214) and the
Affiliated Dongguan Hospital, Southern Medical University
(387). Two hundred nineteen patients (182 from the Affiliated
Cancer Hospital and Institute of Guangzhou Medical University
and 37 from the Affiliated Dongguan Hospital, Southern Medical
University) developed distant metastasis after primary radiation
therapy (RT).

This study’s inclusion criteria were i) histologically confirmed
NPC and ii) radiographically detectable metastatic disease after
2

initial radiation therapy (more than 3 months) on the basis of
subsequent follow-up. The exclusion criteria were i) other
malignancies and ii) HIV, tuberculosis, or other chronic
inflammatory diseases (e.g., inflammatory bowel disease).

All clinical data were collected when metastasis was diagnosed,
including magnetic resonance imaging of the head and neck
regions, radiographs or computed tomography (CT) of the
chest, ultrasonography or CT scans of the abdomen, and whole-
body bone scans. Positron emission tomography with 2-deoxy-2-
[fluorine-18]fluoro-D-glucose integrated with computed
tomography(18F FDG PET/CT) were performed to confirm the
metastasis of 44 patients (7 from the Affiliated Cancer Hospital
and Institute of Guangzhou Medical University and 37 from the
Affiliated Dongguan Hospital, Southern Medical University).

All 219 patients were treated with intensity-modulated radiation
therapy (IMRT) during the initial treatment. Among them, 14
(6.4%) did not receive chemotherapy, and the other 205 (93.6%)
received chemotherapy. One hundred seventy-one (78.1%) were
treated with concurrent chemotherapy, including 19 (8.68%) with
concurrent chemotherapy, 73 (33.3%) with neoadjuvant
chemotherapy plus concurrent chemotherapy, 12 (5.5%) with
concurrent chemotherapy plus adjuvant chemotherapy, and 67
(30.6%) with neoadjuvant chemotherapy plus concurrent
chemotherapy plus adjuvant chemotherapy; 34 (15.5%) received
non-concurrent chemotherapy, among which 26 (11.87%) received
neoadjuvant chemotherapy, 1 (0.5%) received adjuvant
chemotherapy, and 7 (3.2%) received neoadjuvant chemotherapy
plus adjuvant chemotherapy.

After distant metastasis, cisplatin-based combination
chemotherapy was recommended for most patients (209, 95.4%).
Other agents were 5-fluorouracil, paclitaxel (albumin paclitaxel or
paclitaxel liposomal), docetaxel, gemcitabine, cyclophosphamide,
vincristine, bleomycin, capecitabine, and S-1. Supportive
management with no anticancer treatment was provided for four
patients (4,1.8%). Surgical resection, radiation therapy,
radiofrequency ablation, and trans-arterial chemoembolization
were prescribed if the doctors thought it was valuable to do so.

This study was approved by the ethics committee of the
Affiliated Cancer Hospital and Institute of Guangzhou Medical
University with the approval number: ZN2021-05.

Distribution of Metastatic Lesions and
Other Variables
The criteria for distant lymph node (DLN) metastasis were i) CT/
MRI showing a minimum lymph node diameter of ≥10 mm;
ii) central necrosis or annular reinforcement; iii) extracapsular
October 2021 | Volume 11 | Article 726179
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invasion of the lymph nodes (irregular enhancement of the
lymph node margin; iv) some or all of the surrounding fat
spaces not visible; v) lymph nodes fused with each other; and
vi) 18F FDG PET/CT: SUV of the lymph nodes higher than the
abdominal aorta, and/or CT images with the above features (8).

Metastatic lesions were divided into groups according to
location: bones above the diaphragm (supraphrenic bone, SUP-
B); bones below the diaphragm (subphrenic bone, SUB-B);
distant lymph nodes above the diaphragm (supraphrenic
distant lymph nodes, SUP-DLN); distant lymph nodes below
the diaphragm (subphrenic distant lymph nodes, SUB-DLN),
liver, lung, other lesions above the diaphragm (supraphrenic
other lesions beyond bone/lung/distant lymph node, SUP-OL);
other lesions below the diaphragm (subphrenic other lesions
beyond bone/liver/distant lymph node, SUB-OL); the subtotal
above the diaphragm (supraphrenic total lesions, SUP-TL); and
the subtotal below the diaphragm (subphrenic total lesions,
SUB-TL).

SUP-TL included SUP-B, SUP-DLN, lung, and SUP-OL.
SUB-TL included SUB-B, SUB-DLN, liver, and SUB-OL. SUP-
B is defined as lesions of the C-spine, T-spine, ribs, sternum,
scapula, humerus, and clavicle. SUB-B is defined as lesions of the
L-spine, sacrum, pelvic bone, and femur. SUP-DLN is defined as
mediastinal LN, axillary LN, and hilar LN (excluding neck LN).
SUB-DLN is defined as retroperitoneal LN, pelvic LN, hepatic
hilar LN, and inguinal LN. SUP-OL is defined as other
metastases above the diaphragm and beyond the bone/lung/
distant lymph node such as the pleura and thyroid. SUB-OL is
defined as other metastases below the diaphragm and beyond the
bone/liver/distant lymph node such as the spleen and
adrenal glands.

The primary disease, NPC, was T and N staged according to
the American Joint Committee on Cancer (AJCC) Cancer
Staging Manual (8th Edition) (9). The variables assessed in this
study included sex, age, body mass index before primary therapy
(BMI1), body mass index during metastasis (BMI2), the T/N/
TNM staging of the primary disease NPC, disease-free interval
(DFI), local recurrence, overall survival (OS), and the total
organs of the metastatic lesions (organs-n).

Follow-Up and Endpoints
Patients were routinely followed up every two cycles during
systemic chemotherapy and every 2 to 3 months during no
anticancer treatment until death. OS was defined as the interval
between the date of distant metastasis to the date of death of any
cause. DFI was defined as the interval from the date of initial
diagnosis of NPC to the date of distant metastasis. Data from
patients alive at the end of study (December 31, 2020) were
censored. We verified survival status on August 31, 2020, by
direct telecommunication with the patient or family members
and by checking the clinic attendance records.

Statistical Analysis
Continuous variables were described using mean and standard
deviation (SD) for normally distributed data and median and
interquartile [IQR] for non-normally distributed data. The
Frontiers in Oncology | www.frontiersin.org 3
Student t-test or Mann–Whitney U test were used for
continuous variables between groups. Frequency and
percentage were used to describe the categorical data, and the
chi-square test to test the difference.

The Kaplan–Meier method was used to estimate the
probability of patients’ OS. Survival curves were drawn to
compare the difference between/among covariate groups, and
the log-rank test was applied accordingly. Univariate and
multivariate analyses were applied using the Cox proportional
hazard model to explore prediction factors of OS. Variables with
a p<0.1 in the univariate model were kept for multivariate
analyses. A stepwise variable selection procedure (with
iterations between the “forward” and “backward” steps) was
applied to obtain the best candidate for the final Cox
proportional hazards model. The chosen significance level for
entry (SLE) and for stay (SLS) was 0.25. A p value <0.05 was
considered statistically significant. All statistical analyses were
performed using R (software version 6.3, https://www.r-project.org/).
RESULTS

Patient Characteristics
The patient characteristics of metachronous metastatic NPC (n =
219) are described in Table 1. The mean age at diagnosis of
metastatic NPC was 50.2 years (SD, 11.4). One hundred and six
(48.4%) were more than 50 years old. One hundred seventy-four
(79.5%) were male, and 45 (20.5%) were female. Before the first
radiotherapy treatment, 32 (14.6%), 29 (13.2%), 122 (55.7%), and
36 (16.4%) were T1, T2, T3, and T4 stages, respectively. Eleven
(5.0%), 91 (41.6%), 76 (34.7%), and 41 (18.7%) were N0, N1, N2,
and N3 stages, respectively.

The median OS of metachronous metastatic NPC was 13.2
months (IQR, 7.3, 25.3), and the median DFI was 20.1 months
(IQR, 10.0, 33.6). The most frequent metastatic locations were
bone (99/219, 45.2%), lung (89/219, 40.6%), liver (70/219,
32.0%), and distant lymph nodes (44/219, 20.1%). There were
142 (64.8%), 52 (23.7%), 24 (11.0%), and 1 (0.5%) patients with
one, two, three, and four metastatic locations, respectively.

Distribution of Distant Lymph Node
Metastasis
The distribution of distant lymph node metastasis is described in
Table 2. The total number of distant lymph node metastasis was
44/219 (20.1%), of which 22/219 (10.0%) were above the
diaphragm, 18/219 (8.2%) were below the diaphragm, and 4/
219 (1.8%) were both above and below the diaphragm. The
median number of distant lymph node metastasis in 44 patients
was 3 (range, 1–7), 10 (22.7%) had one DLN metastasis, 24
(54.5%) had two to four DLNmetastases, and 10 (22.7%) had five
or more than five DLN metastases.

Distant lymph node metastases above the diaphragm were
located in the mediastinal LN (18/219, 8.2%), axillary LN (8/219,
3.7%), hilar LN (3/219, 1.4%), and the internal mammary lymph
nodes (2/219, 0.9%). For distant lymph node metastasis below
October 2021 | Volume 11 | Article 726179
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the diaphragm, there were 20/219 (10.0%) in the retroperitoneal
LN, 1/219 (0.4%) in the pelvic LN, 1/219 (0.4%) in the hepatic
hilar LN, and 2/219 (0.9%) in the inguinal LN.

Distant Lymph Node Metastasis Below the
Diaphragm Indicates Poorer Prognosis
Survival analysis showed that patients with distant lymph node
metastasis below the diaphragm had poorer OS than those
without distant lymph node metastasis below the diaphragm
(p = 0.036) (Figure 1). As shown in Table 3, in the univariate
analysis, age (HR: 1.02, 95% CI: 1.00, 1.03, p = 0.012), a higher
Frontiers in Oncology | www.frontiersin.org 4
N stage of the primary disease NPC (HR: 1.26, 95% CI: 1.04, 1.54,
p = 0.019), more metastatic locations (HR: 1.39, 95% CI: 1.12,
1.73, p = 0.003), bone (HR: 1.65, 95% CI: 1.20, 2.25, p = 0.002),
SUB-B (HR: 1.51, 95% CI: 1.07, 2.12, p = 0.019), SUB-DLN (HR:
1.72, 95% CI: 1.03, 2.86, p = 0.038), and SUB-OL (HR: 4.46, 95%
CI: 1.39, 14.3, p = 0.012) were associated with worse OS.

Subsequent multivariate analyses revealed that a higher N
stage (HR: 1.23, 95% CI: 1.00, 1.50, p = 0.048), SUB-DLN (HR:
1.72, 95% CI: 1.02, 2.90, p = 0.043), and SUB-OL (HR: 3.72, 95%
CI: 1.14, 12.16, p = 0.029) were associated with worse OS.
Kaplan–Meier survival analysis of patients with and without
TABLE 1 | Patient characteristics.

Level Overall DLN (-) DLN (+) p

No (%) 219 (100%) 175 (79.9%) 44 (20.1%)
Sex no. (%) Male 174 (79.5) 142 (81.1) 32 (72.7) 0.305

Female 45 (20.5) 33 (18.9) 12 (27.3)
Age no. (%) ≤50 106 (48.4) 79 (45.1) 27 (61.4) 0.079

>50 113 (51.6) 96 (54.9) 17 (38.6)
BMI1 [median (IQR)] 21.4 [19.9, 23.5] 21.5 [20.1, 23.5] 20.6 [18.9, 23.5] 0.074
BMI2 [median (IQR)] 20.3 [18.7, 21.9] 20.3 [18.8, 21.9] 19.4 [18.2, 21.8] 0.150
T no. (%) 1 32 (14.6) 25 (14.3) 7 (15.9) 0.256

2 29 (13.2) 20 (11.4) 9 (20.5)
3 122 (55.7) 98 (56.0) 24 (54.5)
4 36 (16.4) 32 (18.3) 4 (9.1)

N no. (%) 0 11 (5.0) 11 (6.3) 0 (0.0) 0.311
1 91 (41.6) 74 (42.3) 17 (38.6)
2 76 (34.7) 58 (33.1) 18 (40.9)
3 41 (18.7) 32 (18.3) 9 (20.5)

TNM no. (%) I 1 (0.5) 1 (0.6) 0 (0.0) 0.355
II 29 (13.2) 20 (11.4) 9 (20.5)
III 119 (54.3) 95 (54.3) 24 (54.5)
IVa 70 (32.0) 59 (33.7) 11 (25.0)

Recurrence no. (%) No 175 (79.9) 137 (78.3) 38 (86.4) 0.325
Yes 44 (20.1) 38 (21.7) 6 (13.6)

DFI [median (IQR)] 20.1 [10.0, 33.6] 18.0 [9.3, 31.4] 28.3 [17.0, 42.8] 0.003
OS no. (%) No 58 (26.5) 45 (25.7) 13 (29.5) 0.746

Yes 161 (73.5) 130 (74.3) 31 (70.5)
OS time [median (IQR)] 13.2 [7.3, 25.3] 13.7 [7.1, 26.1] 11.0 [7.7, 20.5] 0.464
Organ N [mean (SD)] 1.5 (0.7) 1.3 (0.6) 2.2 (0.8) <0.001
Bone no. (%) No 120 (54.8) 91 (52.0) 29 (65.9) 0.137

Yes 99 (45.2) 84 (48.0) 15 (34.1)
Liver no. (%) No 149 (68.0) 121 (69.1) 28 (63.6) 0.604

Yes 70 (32.0) 54 (30.9) 16 (36.4)
Lung no. (%) No 130 (59.4) 100 (57.1) 30 (68.2) 0.246

Yes 89 (40.6) 75 (42.9) 14 (31.8)
Other lesion no. (%) No 199 (90.9) 162 (92.6) 37 (84.1) 0.138

Yes 20 (9.1) 13 (7.4) 7 (15.9)
SUP-OL no. (%) No 202 (92.2) 165 (94.3) 37 (84.1) 0.051

Yes 17 (7.8) 10 (5.7) 7 (15.9)
SUB-OL no. (%) No 216 (98.6) 173 (98.9) 43 (97.7) 0.492

Yes 3 (1.4) 2 (1.1) 1 (2.3)
SUP-B no. (%) No 149 (68.0) 119 (68.0) 30 (68.2) 1.000

Yes 70 (32.0) 56 (32.0) 14 (31.8)
SUB-B no. (%) No 165 (75.3) 132 (75.4) 33 (75.0) 1.000

Yes 54 (24.7) 43 (24.6) 11 (25.0)
SUP-TL no. (%) No 65 (29.7) 55 (31.4) 10 (22.7) 0.356

Yes 154 (70.3) 120 (68.6) 34 (77.3)
SUB-TL no. (%) No 106 (48.4) 87 (49.7) 19 (43.2) 0.501

Yes 113 (51.6) 88 (50.3) 25 (56.8)
Octo
ber 2021 | Volume 11 | Article
DLN, distant lymph nodes; no., number; BMI1, body mass index before primary therapy; BMI2, body mass index during metastasis; T, T staging of the primary disease of NPC; N, N
staging of the primary disease of NPC; TNM, TNM staging of the primary disease of NPC; DFI, disease-free interval; OS, overall survival; SUP-OL, supraphrenic other lesions; SUB-OL,
subphrenic other lesions; SUP-B, supraphrenic bone; SUB-B, subphrenic bone; SUP-TL, supraphrenic total lesions; SUB-TL, subphrenic total lesions.
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SUB-DLN is shown in Figure 1. Kaplan–Meier survival analysis
of patients with and without SUP-B/SUB-B/SUB-TL is shown in
Figures 2–4.
DISCUSSION

Lymph nodes are the central transport center of circulating
immune cells, with the lymphatic drainage system of the body
a coherent whole separated by particular anatomical boundaries
(10–12). Patients with extra-regional lymph node metastasis are
considered to have better prognosis than those with solid organ
metastasis among some metastatic malignancies. The research by
Hong Pan showed that patients with distant lymph node
metastasis (DLNM) had similar breast cancer–specific survival
Frontiers in Oncology | www.frontiersin.org 5
(BCSS) and OS as those with ipsilateral supraclavicular lymph
node metastasis (ISLM), whereas those with distant metastasis
(not DLNM) had significantly poorer BCSS and OS (12).
Similarly, Francesca Magnoni found that although contralateral
axillary lymph node metastasis after treatment belongs to distant
metastasis (distant lymph node metastasis), its OS is significantly
better than the distant metastasis of other organs (13). Yuki
Mukai also found that cervical cancer without metastasis of other
organs but with distant lymph node metastasis (supraclavicular/
mesentery/mediastinum lymph node) had a good local control
rate. The 2-year overall, cancer-specific, and progression-free
survival as well as the local control of primary tumor rates were
51.3%, 51.3%, 46.9%, and 67.9%, respectively (14).

The lymphatic drainage routes of the body’s organs are local
lymph nodes, retroperitoneal lymph nodes, the thoracic duct,
and the left supraclavicular lymph node (15, 16). The left
supraclavicular lymph nodes, often called the Virchow lymph
node, is near the junction of the thoracic duct and the left
subclavian vein, from which most of the body’s lymph flows into
systemic circulation. For breast, cervical, prostate, and even
gastrointestinal cancer, lymph diffusion may be along the
abovementioned lymphatic drainage routes. Therefore, distant
lymph node metastasis of non-solid organs is more contained
and has a better prognosis than solid organ metastasis for these
malignant tumors.

The diaphragm is an important anatomical structure. It is a
natural barrier of the lymphatic system, and it divides the
lymphatic system into two regions according to space. Multiple
lymph node involvement on one side of the diaphragm has better
prognosis than involvement on both sides in regard to Hodgkin’s
disease (17). Subphrenic LN (retroperitoneal lymph nodes) are
regional lymph nodes in cervical cancer and prostate cancer,
which have better prognosis than those with metastasis (18–20).

The nasopharynx is prone to lymph node metastasis because
of its well-developed network of lymphatics (21). Yali Xu
included 2,994 patients (M1, 299/10.0%) with primary
nasopharyngeal carcinoma diagnosed in the SEER database
from 2006 to 2015. Compared with the N0/N1 group, the HR
of the 5-year overall survival (OS) in the N2 group was 1.311
(95% CI: 1.135–1.514, p < 0.001), and the HR of OS in the N3
group was 1.625 (95% CI: 1.357–1.945, p < 0.01). In addition, the
HR of cancer-specific survival (CSS) was 1.351 (95% CI: 1.156–
1.580, p < 0.001) in the N2 group and 1.630 (95% CI: 1.342–
1.979, p < 0.01) in the N3 group (22).The article gave the tips that
the more regional lymph node metastasis in nasopharyngeal
carcinoma is, the worse of the prognosis is.

Metachronous metastatic nasopharyngeal carcinoma with
different locations has different prognosis. Lujun Shen found that
the number of metastatic foci (multiple and single), the number of
metastatic sites (multiple and single), liver involvement, and bone
involvement were independent prognostic factors of OS, but that
distant lymph node metastasis was not associated with overall
survival (23). Zixun Zeng and others also analyzed the prognostic
factors of 860 patients with metachronous NPC metastasis and
found that age, the International Union for Cancer Control (UICC),
N stage, Karnofsky Performance Status (KPS), serum lactate
TABLE 2 | The distribution of distant lymph node metastasis.

Site No. (%)

SUP-DLN 22 (10.0%)
SUB-DLN 18 (8.2%)
SUP-LN and SUB-LN 4 (1.8%)
Mediastinal LN 18 (8.2%)
Axillary LN 8 (3.7%)
Hilar LN 3 (1.4%)
Internal mammary lymph nodes 2 (0.9%)
Retroperitoneal LN 20 (9.1%)
Pelvic LN 1 (0.4%)
Hepatic hilar LN 1 (0.4%)
Inguinal LN 2 (0.8%)
No., number; SUP-DLN, supraphrenic distant lymph node; SUB-DLN, subphrenic distant
lymph node.
FIGURE 1 | Kaplan-Meier survival analysis of patients with and without SUB-
DLN. (SUB-DLN, subphrenic distant lymph node).
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TABLE 3 | Univariate analysis and multivariate analyses of clinicopathologic characteristics.

Characteristic Univariate analysis Multivariate analyses

HR 95% CI p-value HR 95% CI p-value

Sex 0.88 0.59, 1.30 0.521
Age 1.02 1.00, 1.03 0.012
BMI1 0.99 0.94, 1.04 0.629
BMI2 0.98 0.92, 1.04 0.451
T 0.96 0.80, 1.15 0.612
N 1.26 1.04, 1.54 0.019 1.23 1.00,1.50 0.048
TNM 1.22 0.95, 1.56 0.110
Recurrence 1.02 0.68, 1.53 0.928
DFI 1.00 0.99,1.01 0.855
Organ_n 1.39 1.12, 1.73 0.003
Bone 1.65 1.20,2.25 0.002
SUP-B 1.27 0.92, 1.75 0.146
SUB-B 1.51 1.07, 2.12 0.019 1.36 0.96,1.93 0.083
Liver 1.20 0.86, 1.67 0.281
Lung 0.92 0.67, 1.27 0.624
SUP-OL 1.03 0.57, 1.85 0.933
SUB-OL 4.46 1.39, 14.3 0.012 3.72 1.14, 12.16 0.029
DLN 1.09 0.73,1.61 0.674
DLN_n▲ 1.08 0.89,1.30 0.459
SUP-DLN 0.89 0.54, 1.46 0.643
SUB-DLN 1.72 1.03, 2.86 0.038 1.72 1.02, 2.90 0.043
SUP-TL 1.04 0.73, 1.48 0.828
SUB-TL 1.30 0.95, 1.77 0.104
Frontiers in Oncology | www.fro
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▲DLN_n:1/2-4/≥5.
HR, hazard ratio; CI, confidence interval; BMI1, body mass index before primary therapy; BMI2, body mass index during metastasis; T, T staging of the primary disease of NPC; N, N
staging of the primary disease of NPC; TNM, TNM staging of the primary disease of NPC; DFI, disease-free interval; Organ_n, number of metastatic locations; SUP-B, supraphrenic bone;
SUB-B, subphrenic bone; SUP-OL, supraphrenic other lesions; SUB-OL, subphrenic other lesions; DLN, distant lymph node; DLN_n, number of distant lymph node; SUP-DLN,
supraphrenic distant lymph node; SUB-DLN, subphrenic distant lymph node; SUP-TL, supraphrenic total lesions; SUB-TL, subphrenic total lesions.
FIGURE 2 | Kaplan-Meier survival analysis of patients with and without SUP-
B. (SUP-B, supraphrenic bone).
FIGURE 3 | Kaplan-Meier survival analysis of patients with and without SUB-
B. (SUB-B, subphrenic bone).
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dehydrogenase (SLDH), the number of metastases, liver
involvement, and bone involvement were prognostic factors
affecting the OS of patients with NPC metastasis (24).Jihyun
Chang found that distant lung metastasis is a good prognostic
factor for metastatic NPC after treatment (25), while most other
studies found that heterochronous metastatic NPC with liver
metastasis had a poor OS (23, 24, 26, 27).

Distant lymph node NPC metastasis is a common metastasis
site besides the liver, bone, lung, and brain (28). In this study, we
firstly defined distant lymph nodes as supra- and sub-distant
lymph nodes based on the diaphragm and explored the influence
of supra- and sub-diaphragmatic distant lymph node metastasis
on the prognosis of NPC with metachronous metastasis. Our
results showed that subphrenic lymph node metastasis is
associated with poorer prognosis. This finding is contrary to the
conclusion of the prognosis of distant lymph node metastasis of
thoracic, abdominal, and pelvic malignant tumors. It may be that
for NPC, distant lymph node metastasis comes from the lymph
reflux after the metastasis of peripheral organs. We found that
distant lymph nodes were associated with multiple metastasis
locations: the mean number of metastatic locations in the group
without distant lymph node metastasis was 1.3 (SD, 0.6), and 2.2
(SD, 0.8) in the group with distant lymph node metastasis (p <
0.001). Although metastases of the liver, lung, and supraseptal
lymph nodes were not found to predict prognosis in this study, the
metastases of subseptal lymph nodes and other organs were found
to predict poorer prognosis. However, due to the small sample size
of this study, we were unable to detect the impact of liver and lung
metastases on prognosis. We speculate that the diaphragm may
block the further spread of tumor cells through the lymphatic duct
in NPC, which migrates to the surrounding lymph nodes from
Frontiers in Oncology | www.frontiersin.org 7
peripheral organ metastasis (lung, liver, and bone). Once
subphrenic lymph node metastasis occurs, it has a worse
prognosis than surrounding organ metastasis (liver, subphrenic
bone). Yet, supraphrenic lymph nodes do not have a predictive
effect for metachronous metastasis NPC due to the better
prognosis of the lungs.

While considering from the perspective ofmolecularmechanism,
we may see the other side of SUB-DLN metastases. Lymphatic
circulation plays an important role in the occurrence and
development of cancer. The dissemination of tumor cells to other
organs is usuallymediated by lymphatic vessels as catheters, which is
often referred to as tumor-associated lymphangiogenesis. When the
tumormicroenvironment stimulates tumorcells, tumorstromalcells,
and tumor-infiltrating cells to induce a series of lymphangiogenic
factors, gene lymphangiogenesis related to tumor will occur (29). It
was found thatmiR-129-5p inhibited lymphangiogenesis and lymph
node metastasis of nasopharyngeal carcinoma by blocking the zinc
finger ZIC2mediated hedgehog signaling pathway. ZIC2 was highly
expressed in nasopharyngeal carcinoma compared with normal
tissues. The exogenous expression of miR-129-5p resulted in
decreased expression of ZIC2 and other hedgehog signaling
components (30). Chuanghua Luo demonstrated that the pigment
epithelium-derived factor (PEDF) is lowly expressed in humanNPC
tissues with poor prognosis and is negatively correlated with
lymphatic vessel density (LVD). It was found that PEDF inhibits
lymphangiogenesis and lymphatic metastasis of NPC in vivo
experiments. PEDF also reduced the expression and secretion of
vascular endothelial growth factor C (VEGF-C) through the nuclear
factor-kB (NF-kB) signaling pathway in NPC cells. Their research
showed that PEDF plays a vital role in lymphatic metastasis by
targeting both lymphatic endothelial cells and NPC cells (31). The
mechanism of nasopharyngeal lymphangiogenesis and lymphatic
metastasis needs further exploration,which can explain the influence
of different lymph node metastases in NPC on prognosis and also
provide a candidate drug for the treatment of NPC metastasis.

This study has several limitations. One, the follow-up
treatment of some patients with metastatic NPC was not
uniform, and the influence of treatment factors on prognosis
was not included in this study. Two, because the EBV DNA level
was not available in most of the cases, we cannot analyze its
impact on prognosis. Three, only a small number of patients (44/
219, 20.1%) were diagnosed with metastases by whole-body 18F
FDG PET-CT, and the vast majority of patients were diagnosed
via chest and abdominal CT; therefore, the incidence of lymph
node metastasis may be underestimated. Four, due to the small
sample size, the above factors may lead to bias. Further
prospective studies are needed to verify the above conclusions.
CONCLUSION

Subseptal lymph node metastasis predicts poorer prognosis for
NPC patients with metachronous metastasis; however, this needs
validation by large prospective studies. This is the first study to
divide distant lymph node metastasis into upper and lower parts
with the diaphragm as an anatomical boundary. This research
provides another perspective and future direction to further
FIGURE 4 | Kaplan-Meier survival analysis of patients with and without SUP-
TL. (SUP-TL, supraphrenic total lesions).
October 2021 | Volume 11 | Article 726179
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explore the relationship between lymph node dissemination and
NPC and help us find the treatment for NPC metastasis.
DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.
AUTHOR CONTRIBUTIONS

D-PC and X-FZ designed the study. YZ, X-WL, J-LC, S-FZ, W-JY,
M-YW, and E-LD acquired the data. YZ and X-FZ analyzed the
Frontiers in Oncology | www.frontiersin.org 8
data. X-FZ drafted the manuscript. D-PC critically revised the
manuscript’s intellectual content. All authors contributed to the
article and approved the submitted version.
ACKNOWLEDGMENTS

All of the authors would like to thank the patients and the staff at
the Affiliated Dongguan Hospital, Southern Medical University,
and the Affiliated Cancer Hospital and Institute of Guangzhou
Medical University. We thank Mrs. Jingrong Shi from
Guangzhou Tianpeng Computer Technology Co., Ltd., for her
contributions and assistance in terms of data analysis.
REFERENCES

1. Lee AW, Poon YF, Foo W, Law SC, Cheung FK, Chan DK, et al. Retrospective
Analysis of 5037 Patients With Nasopharyngeal Carcinoma Treated During
1976-1985: Overall Survival and Patterns of Failure. Int J Radiat Oncol Biol
Phys (1992) 23:261–70. doi: 10.1016/0360-3016(92)90740-9

2. Lee AW, Foo W, Law SC, Poon YF, Sze WM, SK O, et al. Nasopharyngeal
Carcinoma: Presenting Symptoms and Duration Before Diagnosis. Hong
Kong Med J (1997) 3:355–61.

3. Geara FB, Sanguineti G, Tucker SL, Garden AS, Ang KK, Morrison WH, et al.
Carcinoma of the Nasopharynx Treated by Radiotherapy Alone:
Determinants of Distant Metastasis and Survival. Radiother Oncol (1997)
43:53–61. doi: 10.1016/S0167-8140(97)01914-2

4. Perez CA, Devineni VR, Marcial-Vega V, Marks JE, Simpson JR.Kucik N.
Carcinoma of the Nasopharynx: Factors Affecting Prognosis. Int J Radiat
Oncol Biol Phys (1992) 23:271–80. doi: 10.1016/0360-3016(92)90741-Y

5. Hellman S. Karnofsky Memorial Lecture. Natural History of Small Breast
Cancers. J Clin Oncol (1994) 12:2229–34. doi: 10.1200/JCO.1994.12.10.2229

6. BrownM,AssenFP, LeithnerA,Abe J, SchachnerH,AsfourG, et al. LymphNode
Blood Vessels Provide Exit Routes for Metastatic Tumor Cell Dissemination in
Mice. Science (2018) 359:1408–11. doi: 10.1126/science.aal3662

7. Pereira ER, Kedrin D, Seano G, Gautier O, Meijer EFJ, Jones D, et al. Lymph
Node Metastases can Invade Local Blood Vessels, Exit the Node, and Colonize
Distant Organs in Mice. Science (2018) 359:1403–7. doi: 10.1126/science.
aal3622

8. van den Brekel MW. Lymph Node Metastases: CT and MRI. Eur J Radiol
(2000) 33:230–38. doi: 10.1016/S0720-048X(99)00145-X

9. Tang LL, Chen YP, Mao YP, Wang ZX, Guo R, Chen L, et al. Validation of the
8th Edition of the UICC/AJCC Staging System for Nasopharyngeal
Carcinoma From Endemic Areas in the Intensity-Modulated Radiotherapy
Era. J Natl Compr Canc Netw (2017) 15:913–19. doi: 10.6004/jnccn.2017.0121

10. Brito RA, Valero V, Buzdar AU, Booser DJ, Ames F, Strom E, et al. Long-
Term Results of Combined-Modality Therapy for Locally Advanced Breast
Cancer With Ipsilateral Supraclavicular Metastases: The University of Texas
M.D. Anderson Cancer Center Experience. J Clin Oncol (2001) 19:628–33.
doi: 10.1200/JCO.2001.19.3.628

11. Chen SC, Chang HK, Lin YC, Leung WM, Tsai CS, Cheung YC, et al.
Prognosis of Breast Cancer After Supraclavicular Lymph Node Metastasis:
Not a Distant Metastasis. Ann Surg Oncol (2006) 13:1457–65. doi: 10.1245/
s10434-006-9012-1

12. Pan H, Wang H, Qian M, Mao X, Shi G, Ma G, et al. Comparison of Survival
Outcomes Among Patients With Breast Cancer With Distant vs Ipsilateral
Supraclavicular Lymph Node Metastases. JAMA Netw Open (2021) 4:e211809.
doi: 10.1001/jamanetworkopen.2021.1809/

13. Magnoni F, Colleoni M, Mattar D, Corso G, Bagnardi V, Frassoni S, et al.
Contralateral Axillary Lymph Node Metastases From Breast Carcinoma: Is it
Time to Review TNM Cancer Staging. Ann Surg Oncol (2020) 27:4488–99.
doi: 10.1245/s10434-020-08605-4
14. Mukai Y, Yokota NR, Sugiura M, Mizushima T, Taniuchi R, Imai Y, et al.
Outcome of Radiation Therapy for Stage IVB Uterine Cervical Cancer
With Distant Lymph Nodes Metastases; Sequential Irradiation for Distant
Lymph Nodes Metastases. In Vivo (2021) 35:1169–76. doi: 10.21873/
invivo.12365

15. Siosaki MD, Souza AT. Images in Clinical Medicine. Virchow's Node. N Engl J
Med (2013) 368:e7. doi: 10.1056/NEJMicm1204740

16. Baumgart DC, Fischer A. Virchow's Node. Lancet (2007) 370:1568.
doi: 10.1016/S0140-6736(07)61661-4

17. Lister TA, Crowther D, Sutcliffe SB, Glatstein E, Canellos GP, Young RC, et al.
Report of a Committee Convened to Discuss the Evaluation and Staging of
Patients With Hodgkins Disease: Cotswolds Meeting. J Clin Oncol (1989)
7:1630–36. doi: 10.1200/JCO.1989.7.11.1630

18. Brierley JD, Mary KG, Wittekind C. TNM Classification of Malignant Tumors.
8th edn. Chichester, West Sussex, UK Wiley Blackwell: UICC International
Union Against Cancer (2017).

19. Olthof EP, Mom CH, van der Velden J. More Attention is Needed for the
Corrigendum to the Revised FIGO Staging for Carcinoma of the Cervix
Uteri. Int J Gynecol Cancer (2020) 30:1850. doi: 10.1136/ijgc-2020-
001959

20. Bhatla N, Berek JS, Cuello Fredes M, Denny LA, Grenman S, Karunaratne K,
et al. Revised FIGO Staging for Carcinoma of the Cervix Uteri. Int J Gynaecol
Obstet (2019) 145:129–35. doi: 10.1002/ijgo.12749

21. Sham JS, Choy D, Wei WI. Nasopharyngeal Carcinoma: Orderly Neck Node
Spread. Int J Radiat Oncol Biol Phys (1990) 19:929–33. doi: 10.1016/0360-3016
(90)90014-B

22. Xu Y, Huang T, Fan L, Jin W, Chen X, Chen J. Patterns and Prognostic Value
of Lymph Node Metastasis on Distant Metastasis and Survival in
Nasopharyngeal Carcinoma: A Surveillance, Epidemiology, and End Results
Study, 2006-2015. J Oncol (2019) 2019:4094395. doi: 10.1155/2019/4094395

23. Shen L, Li W, Wang S, Xie G, Zeng Q, Chen C, et al. Image-Based Multilevel
Subdivision of M1 Category in TNM Staging System for Metastatic
Nasopharyngeal Carcinoma. Radiology (2016) 280:805–14. doi: 10.1148/
radiol.2016151344

24. Zeng Z, Shen L, Wang Y, Shi F, Chen C, Wu M, et al. A Nomogram for
Predicting Survival of Nasopharyngeal Carcinoma Patients With
Metachronous Metastasis. Med (Baltimore) (2016) 95:e4026. doi: 10.1097/
MD.0000000000004026

25. Chang JH, Ahn YC, Park H, Oh D, Noh JM, Sun JM, et al. Fate of Patients
With Nasopharyngeal Cancer Who Developed Distant Metastasis as First
Failure After Definitive Radiation Therapy. Head Neck (2016) 38 Suppl 1:
E293–9. doi: 10.1002/hed.23988

26. Jiang R, Cai XY, Yang ZH, Yan Y, Zou X, Guo L, et al. Elevated Peripheral
Blood Lymphocyte-to-Monocyte Ratio Predicts a Favorable Prognosis in the
Patients With Metastatic Nasopharyngeal Carcinoma. Chin J Cancer (2015)
34:237–46. doi: 10.1186/s40880-015-0025-7

27. Shen LJ, Wang SY, Xie GF, Zeng Q, Chen C, Dong AN, et al. Subdivision of M
Category for Nasopharyngeal CarcinomaWith Synchronous Metastasis: Time
October 2021 | Volume 11 | Article 726179

https://doi.org/10.1016/0360-3016(92)90740-9
https://doi.org/10.1016/S0167-8140(97)01914-2
https://doi.org/10.1016/0360-3016(92)90741-Y
https://doi.org/10.1200/JCO.1994.12.10.2229
https://doi.org/10.1126/science.aal3662
https://doi.org/10.1126/science.aal3622
https://doi.org/10.1126/science.aal3622
https://doi.org/10.1016/S0720-048X(99)00145-X
https://doi.org/10.6004/jnccn.2017.0121
https://doi.org/10.1200/JCO.2001.19.3.628
https://doi.org/10.1245/s10434-006-9012-1
https://doi.org/10.1245/s10434-006-9012-1
https://doi.org/10.1001/jamanetworkopen.2021.1809/
https://doi.org/10.1245/s10434-020-08605-4
https://doi.org/10.21873/invivo.12365
https://doi.org/10.21873/invivo.12365
https://doi.org/10.1056/NEJMicm1204740
https://doi.org/10.1016/S0140-6736(07)61661-4
https://doi.org/10.1200/JCO.1989.7.11.1630
https://doi.org/10.1136/ijgc-2020-001959
https://doi.org/10.1136/ijgc-2020-001959
https://doi.org/10.1002/ijgo.12749
https://doi.org/10.1016/0360-3016(90)90014-B
https://doi.org/10.1016/0360-3016(90)90014-B
https://doi.org/10.1155/2019/4094395
https://doi.org/10.1148/radiol.2016151344
https://doi.org/10.1148/radiol.2016151344
https://doi.org/10.1097/MD.0000000000004026
https://doi.org/10.1097/MD.0000000000004026
https://doi.org/10.1002/hed.23988
https://doi.org/10.1186/s40880-015-0025-7
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles


Zhang et al. Subphrenic-Lymph-Node-Metastasis Predicts Poorer NPC Prognosis
to Expand the M Categorization System. Chin J Cancer (2015) 34:450–58.
doi: 10.1186/s40880-015-0031-9

28. Zheng WH, He XJ, Chen FP, Lin L, Huang XD, Zhou HQ, et al. Establishing
M1 Stage Subdivisions by Incorporating Radiological Features and Epstein-
Barr Virus DNA for Metastatic Nasopharyngeal Carcinoma. Ann Transl Med
(2020) 8:83. doi: 10.21037/atm.2020.01.13

29. Md Yusof K, Rosli R, Abdullah MA, Avery-Kiejda K. The Roles of Non-
Coding RNAs in Tumor-Associated Lymphangiogenesis. Cancers (Basel)
(2020) 12:1–27. doi: 10.3390/cancers12113290

30. Yu D, Han GH, Zhao X, Liu X, Xue K, Wang D, et al. MicroRNA-129-5p
Suppresses Nasopharyngeal Carcinoma Lymphangiogenesis and Lymph Node
Metastasis by Targeting ZIC2. Cell Oncol (Dordr) (2020) 43:249–61.
doi: 10.1007/s13402-019-00485-5

31 . Luo C, Yin H, Gao T, Ma C, Liu J , Zhang T, et a l . PEDF
Inhibits Lymphatic Metastasis of Nasopharyngeal Carcinoma as a New
Lymphangiogenesis Inhibitor. Cell Death Dis (2021) 12:295. doi: 10.1038/
s41419-021-03583-1
Frontiers in Oncology | www.frontiersin.org 9
Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Zhang, Zhang, Liang, Chen, Zhi, Yin, Wang, Dong and Chen. This
is an open-access article distributed under the terms of the Creative Commons
Attribution License (CC BY). The use, distribution or reproduction in other forums is
permitted, provided the original author(s) and the copyright owner(s) are credited and
that the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does not
comply with these terms.
October 2021 | Volume 11 | Article 726179

https://doi.org/10.1186/s40880-015-0031-9
https://doi.org/10.21037/atm.2020.01.13
https://doi.org/10.3390/cancers12113290
https://doi.org/10.1007/s13402-019-00485-5
https://doi.org/10.1038/s41419-021-03583-1
https://doi.org/10.1038/s41419-021-03583-1
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/oncology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/oncology#articles

	Subphrenic Lymph Node Metastasis Predicts Poorer Prognosis for Nasopharyngeal Carcinoma Patients With Metachronous Metastasis
	Introduction
	Materials and Methods
	Patients
	Distribution of Metastatic Lesions and Other Variables
	Follow-Up and Endpoints
	Statistical Analysis

	Results
	Patient Characteristics
	Distribution of Distant Lymph Node Metastasis
	Distant Lymph Node Metastasis Below the Diaphragm Indicates Poorer Prognosis

	Discussion
	Conclusion
	Data Availability Statement
	Author Contributions
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


