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ABSTRACT
◥

Purpose: To determine the potential nodal drainage distances of
nasopharyngeal carcinoma (NPC) by investigating spatial distri-
bution of metastatic lymph nodes (LN).

Experimental Design: Patients with NPC harboring at least two
ipsilateralmetastatic LNswere enrolled. LNspreadingdistanceswere
analyzed in nonrestricted direction, cranial-to-caudal direction, and
between the two most caudal LNs. Euclidean distance (ED) and
vertical distance (VD) between any two LNs were computed. The
nearest-neighbor ED and VD covering 95% of LNs or patients (p95-
ED and p95-VD) were considered drainage distances, and were
further validated by independent internal and external cohorts with
recurrent LNs.

Results: In all, 5,836 metastatic LNs in 948 patients were
contoured. Corresponding to the three scenarios, per-LN
level, the p95-EDs were 2.83, 3.28, and 3.55 cm, and p95-VDs

were 2.17, 2.32, and 2.63 cm, respectively. Per-patient level,
the p95-EDs were 3.25, 3.95, and 3.81 cm, and p95-VDs
were 2.67, 2.81, and 2.73 cm, respectively. In internal
validation, over 95% of recurred LNs occurred within ED of
2.91 cm and VD of 0.82 cm to the neighbor LN, and the
corresponding distances in external validation were 2.77 and
0.67 cm, respectively.

Conclusions: In NPC, the maximum LN drainage distance was
3.95 cm without considering the direction. Specifically, in cra-
nial-to-caudal direction, the sufficient vertical drainage distance
was 2.81 cm, indicating that a 3-cm extension from the most
inferior node may be rational as caudal border of the prophylactic
clinical target volume (CTV). These findings promote in-depth
understanding of nodal spreading patterns, uncovering para-
mount evidence for individualized CTV.

Introduction
Nasopharyngeal carcinoma (NPC) is one of the most common

malignant tumors of the head and neck. Multidisciplinary treatment
and advances in radiotherapy techniques have yielded markedly
improved treatment outcomes in patients with NPC, with the 5-year
overall survival rates now exceeding 80% (1–3). In the era of intensity-
modulated radiotherapy, precise delineation of neck clinical target
volume (CTV) is critical to ensure excellent locoregional control while
avoiding severe adverse effects on organ function.

Cervical lymph node (LN) metastasis is common in NPC cases.
Currently, contouring of cervical CTV for NPC is based on the extent
of LN involvement and anatomical nodal regions. International guide-
lines recommend coverage of bilateral retropharyngeal LNs and levels
II, III, and Va within CTV for all T and N categories, and coverage of

ipsilateral cervical LN levels IV and Vb for cases of ipsilateral involved
cervical LNs (4). Because skip LN involvement is scarce and in-field
recurrence is the main pattern of regional failure, deducing that the
lymphatic spread of NPCmay be a function of distance from the gross
tumor, rather than rigidly following the anatomical landmarks, is
reasonable (5–7).

In previous studies investigating cervical target of NPC, CTV
delineation was primarily determined by the involved region and the
distribution of preexisting metastatic LNs in a group of patients (8, 9).
This mapping-based CTV remains a “one-fits-all” strategy, which is
largely affected by the selection bias and does not allow individualized
delineation at per-patient or per-nodal levels. Utilizing a meticulous
method for nodal distribution, spatial analysis enables the distance
computation between any two points, thereby obtaining the potential
drainage distance between two LNs.

This study aimed to explore the spatial distribution of metastatic
cervical LNs in a large cohort of patients with NPC to obtain an LN
drainage pattern. The metastatic LN drainage distances were analyzed
at both per-LN level and per-patient level to uncover paramount
distance evidence for adjusting and individualizing cervical CTV
delineation in NPC.

Materials and Methods
Training patient cohort

A total of 2,122 consecutive patients with pathologically proven
NPC were treated in our center from January 2010 to December 2021.
Among them, eligible patients were screened by utilizing the following
criteria: (i) with at least twometastatic LNs on one side of the neck and
(ii) who underwent simulation MRI scans of the nasopharynx and
neck. Eventually, 948 patients were included in the final analysis.
Supplementary Fig. S1 shows the patient selection process. This study
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was conducted in accordance with ethical guidelines as outlined
by the Declaration of Helsinki. Ethical approval and a waiver of
informed consent were obtained from the institutional review board
(#23/353–4095).

Imaging acquisition and transfer
CT (Philips Brilliance) and MRI scans (GE Discovery; parameters:

T1WI, TE: Min Full; frequency: 352; phase: 256; NEX, 2.00; slice
thickness: 3 mm; spacing: 0.0; Freq. FOV, 28.0. T2WI, TE: 68.0;
frequency: 320; phase: 224; NEX, 1.00; slice thickness: 3 mm; spacing:
0.0; Freq. FOV, 28.0.) were performed during preradiation simulation,
with the patient in the supine position and with thermoplastic mask
immobilization at the head, neck, and shoulder. Scanswere captured in
3-mmslices from the top of the head to 2 cmbelow the sternoclavicular
joint. The CT andMR images were transferred toMIM (version 7.1.4)
system in DICOM format.

LN contouring and marking
Metastatic LN was identified according to international consen-

sus (4). The diagnostic criteria for metastatic cervical LNs identifica-
tion were outlined as follows: cervical LNs presenting the minimum
axial diameter ≥10 mm; retropharyngeal nodes in the lateral group
with the minimum axial diameter ≥5 mm in the largest plane; any
visible node in the median group; LNs demonstrating central necrosis
or a contrast-enhancing rim; nodal grouping characterized by ≥3
contiguous and confluent LNs, each with a minimum axial diameter
of 8 to 10 mm; LNs of any size exhibiting extranodal extension (4, 10).

On each patient’s simulation MR images, two radiation oncologists
with at least 5 years of experience specializing in NPC reviewed all
images of each patient and marked the LNs with malignant features.
Each radiation oncologist identified and marked the LNs indepen-
dently, masked to each other. Then, the contours were cross-checked
and compared to generate the final ones for further analysis. Any
disagreement was discussed face-to-face and referred to a third senior
expert if needed until a final agreement was reached. The lateral
process of the C1 (LPC1) was used as the reference landmark

because LPC1 is clearly visible and identifiable on MRI. Accord-
ingly, the coordinates of the geometric centers of each contoured
LN (XLN, YLN, ZLN) within each patient were automatically gen-
erated by the MIM system.

Internodal distance calculation based on spatial distribution
On the basis of each node coordinate, the three-dimensional

distribution of all LNs within one side of the neck was visually
constructed and available for further distance analysis. For patients
with bilateral LN metastasis, the two sides of the neck were analyzed
separately. Figure 1A displays schematic diagrams defining Euclidean
distance (ED) andvertical distance (VD).TheEDandVDbetweenLNa
(Xa, Ya, Za) and any other LNx (Xx,Yx, Zx) were computed as follows:

Euclidean distance ðEDÞ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðXa� XxÞ2 þ ðYa� YxÞ2 þ ðZa� ZxÞ2

q

Vertical distance ðVDÞ ¼ Za � Zxj j:

The schematic models for three scenarios of internodal distance
calculation are shown in Fig. 1B–D. Internodal distance of LNs
without considering the spread direction was first analyzed
(Fig. 1B). Considering that LN metastasis is more likely to occur step
by step in NPC with skip metastasis being very rare (5), we further
assessed the cranial-to-caudal drainage distance. In this setting, the ED
and VD distances between a given LN and all LNs located caudal to it
were computed (Fig. 1C). Furthermore, we considered that the
distance between the two LNs located most caudally from the primary
lesion may represent the terminal extent of lymphatic drainage.
Therefore, the ED and VD distances between the two most caudal
LNs in each patient were evaluated (Fig. 1D).

Drainage distance derivation and analysis
Given that a metastatic LN is most likely to spread from the most

adjacent LN, the nearest-neighbor Euclidean distance (nnED) and
nearest-neighbor vertical distance (nnVD) were selected to represent
the drainage distance of the given LN. All above-mentioned distance
metrics were analyzed in two levels: per-LN level and per-patient level.

For the per-LN level, the 95th percentile of nnED (p95-ED) and
nnVD (p95-VD) of all LNs from all patients were calculated to ensure
coverage of at least 95% of the LN spreading distances. For per-patient
level analysis, the p95-ED and p95-VD were first calculated for each
patient, and the final 95th percentiles were subsequently obtained
based on all p95-ED and p95-VD derived from each patient to ensure
the coverage of LN extensions in at least 95% of the patients. For
patients with bilateral cervical metastatic LNs, the larger one was
selected for per-patient analysis.

Considering that nodal size may potentially impact metastatic LN
drainage distances, the p95-ED and p95-VD were further investigated
in each maximum diameter (MD) group at the per-LN level. At per-
patient level, the influence of T stage and Epstein–Barr virus (EBV)
DNA on LN drainage distances was also explored.

Internal and external validation cohorts with recurred LNs
(Re-LN)

In the internal cohort, 141 of 2,122 patients suffered regional
recurrence from January 2010 to December 2021. In the external
cohort, 61 patients at the Fudan University Shanghai Cancer Center
suffered regional recurrence from January 2017 to December 2020.
Among them, 109 patients in the internal cohort and 60 patients in the
external cohort with traceable radiotherapy plans and MRI images
evidencing regional recurrence were selected as the internal and

Translational Relevance

This study is the first to uncover the cervical lymph node (LN)
drainage distance based on LN’s spatial distribution in nasopha-
ryngeal carcinoma (NPC). Unlike conventional mapping-based
nodal distribution, spatial analysis can compute the distance
between two given LNs using each node coordinate. The LN
drainage distances were analyzed in three paradigms, comprising
all potential drainage modalities of the cervical nodes.

On the basis of cervical LN drainage distances at per-patient and
per-nodal levels, we further proposed a reduced clinical target
volume (CTV), utilizing distances that could cover the drainage
distances of 95% LNs and patients. Compared with anatomical
landmarks or fixed distance-based CTV borders, our data could
provide more precise and individualized evidence for CTV delin-
eation in NPC. The rationality of this CTV delineation was further
validated by independent internal and external cohorts with
regional recurrent LNs.

This study provides deeper insights into nodal spreading pat-
terns and uncovers important strategies for CTV optimization by
adopting individual LN drainage distances instead of utilizing
uniform anatomical landmarks.
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external validation cohorts. Notably, all recurrent LNs were confirmed
by histology or at least two imaging studies.

TheMRI images at initial diagnosis and at recurrence, as well as the
original simulation images and radiotherapy plan, were all imported
into theMIM system and were registered using the bony markers. The
involved LNs prior to treatment and Re-LNs were both marked on the
initial MR images referring to the surrounding anatomic details.

The ED and VD distances were calculated between the Re-LN and
the ipsilateral original metastatic LNs (Fig. 1E). Similar to the training
cohort, a recurrent LN was considered most likely to spread from the
closest original LN (O-LN) in the validation cohort. Therefore, the
nnED for Re-LN (nnED-R) and the nnVD for Re-LN (nnVD-R) were
calculated to represent the recurrence ability of the O-LN.

Statistical analysis
Statistical analysis was performed using SPSS 22.0, Python 2022.2.1,

and Origin 2019b. The cdist function in the Python packages SciPy
(1.4.1) was rendered to compute the ED andVD distances between the
centers of any two contoured LNs (11). Continuous variables were
described usingmedian (range) and evaluated utilizing nonparametric
tests. Categorical variables were tested using the chi-square test.
Statistical significance was considered at P < 0.05.

Data availability
The de-identified patient datasets for the training, internal and

external validation cohorts, along with the raw data for analysis
presented in tables and figures, have been uploaded and are accessible

Figure 1.

A, Schematic diagrams defining ED and VD. ED ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
ðXa� XxÞ2 þ ðYa� YxÞ2 þ ðZa� ZxÞ2

q
;VD ¼ jZa� Zxj. B, Distribution pattern of LNs without restricted

metastatic direction: the nnED and nnVD were computed between any pair of center coordinates of all contoured LNs. C, Distribution pattern of LNs in cranial-to-
caudal metastatic direction: the nnED and nnVDwere computed between a given LN and all LNs located more caudal to it.D,Distribution pattern between the most
caudal two metastatic LNs. E, Distribution pattern of Re-LNs: the nnED and nnVD were calculated between Re-LNs and the original neighbor metastatic LNs.

Cervical Target Volume Optimization in NPC
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at https://zenodo.org/records/10608499. An investigator who wishes
to analyze data from this work must make a formal request to the
corresponding author.

Results
Table 1 lists the patients’ characteristics in the training, internal

validation, and external validation cohorts. Of the 948 patients in the
training cohort, 8.8% (83/948) had stage II tumors, 50.3% (477/948)
had stage III tumors, and 40.9% (388/948) had stage IVA tumors. In
terms of the LN distribution, 538 (56.8%) had unilateral and 410
(43.2%) had bilateral LN involvement, respectively. Therefore, a total
of 1,358 sets (410 � 2 þ 538 ¼ 1,358) of LNs (5,836 LNs in all) were
marked. The median MD was 2.12 cm (range, 0.61–10.56 cm). Sup-
plementary Fig. S2 shows the number and proportion of LNs in each
MD group.

Figure 2A presents the overall distribution pattern of metastatic
LNs. The median VD of the contoured LNs to LPC1 was 3.40 cm
(range, 0–13.64 cm). Figure 2B demonstrates the number and per-
centage of caudal LN correspondence with each VD range from
LPC1. Figure 2C shows 95% of the LNs located within 8.60 cm inferior
to LPC1.

Supplementary Table S1 summarizes all ED and VD data in the
three scenarios. For internodal distances without considering the
spread direction, at the per-LN level, the p95-ED and p95-VD were
2.83 and 2.17 cm, respectively (Fig. 3A). At the per-patient level,
the p95-ED and p95-VD to ensure adequate coverage of 95% of
patients were 3.25 and 2.67 cm, respectively (Fig. 3B). The p95-ED
and p95-VD tended to increase with increasing MD of LNs (Fig. 4A
and B).

Supplementary Table S1 presents detailed ED and VD data for
internodal distances in the cranial-to-caudal direction. At the per-
LN level, the p95-ED and p95-VD were 3.28 and 2.32 cm, respec-
tively (Fig. 3C). At the per-patient level, the p95-ED and p95-VD in
the cranial-to-caudal direction to ensure coverage of 95% patients
were 3.95 and 2.81 cm, respectively (Fig. 3D). The values of the p95-
ED and p95-VD seemed to slightly increase with the MD of LNs
(Fig. 4C and D).

Furthermore, employing the commonly used cutoff values for
EBV DNA, 500 and 2,000 copies/mL, we divided the patients into
three subgroups, <500, 500 to 2,000, and >2,000. All three groups
exhibited similar patterns in the drainage distance in nonrestricted
(Supplementary Figs. S3A and S3B) and cranial-to-caudal direc-
tions (Supplementary Figs. S3C and S3D). Besides EBV DNA, we
investigated the impact of T stage on nodal drainage distance.
Similarly, minimal differences were observed across all T1 to T4
subgroups, regardless of the potential spreading direction (Supple-
mentary Figs. S4A–S4D).

Supplementary Table S1 also provides detailed ED and VD data for
internodal distances between the most caudal two LNs. At the per-LN
level, the p95-ED and VD distances of the most caudal two LNs were
3.55 and 2.63 cm, respectively (Fig. 3E). At the per-patient level, the
p95-ED and p95-VD distances covering 95% of patients were 3.81 cm
and 2.73 cm, respectively (Fig. 3F).

In the internal validation cohort of 109 patients with regional
failure, 144 Re-LNs (median, 1; range, 1–6) and 873 O-LNs (median,
7; range, 1–47) were marked on the pretreatment MR images. The
nnED-R and nnVD-R which covered 95% of patients were 2.91 and
0.82 cm (Fig. 5A), respectively, with both remarkably less than the
corresponding distances in the initial three scenarios. The nnVD-R of
1, 2, and 3 cm from the nearest-neighbor O-LN covered 97.2%, 99.3%,
and 100% of recurrent LNs, respectively (Fig. 5B).

In the external validation cohort of 60 patients with regional failure,
78 Re-LNs [median (range), 1 (1–4)] and 471 O-LNs [median (range),
5 (1–25)] were marked on the pretreatment MR images. The nnED-R
and nnVD-R covering 95% of patients were 2.77 and 0.67 cm,
respectively (Fig. 5C). These distances were numerically smaller than
the corresponding ones in the internal validation cohort. The nnVD-R
of 1 and 2 cm from the nearest-neighbor O-LN covered 94.9% and
100% of recurrent LNs (Fig. 5D).

Notably, VDs of Re-LN from LPC1 [median (range), 3.0 (1.2–
10.8) cm for the internal validation cohort and 4.1 (2.0–9.2) cm for
the external validation cohort] were all shorter than that of the
lowest initial ipsilateral LN to LPC1 [median (range), 5.6 (0.5–11.2)
cm for the internal validation cohort and 6.3 (1.1–10.3) cm for the
external validation cohort; both P < 0.001], indicating no LN
relapsing out of the inferior border of initial nodal gross tumor
volume (GTV). Furthermore, 131 (91.0%, 131/144) Re-LNs in the
internal validation cohort, and 74 (94.9%, 74/78) in the external
validation cohort were revealed to obtain the nnED and nnVD
corresponding to the O-LN with the largest MD, indicating the high
likelihood of a recurrent LN arising from the O-LN with the greatest
nodal burden.

Table 1. Characteristics of training and validation cohorts.

Variable

Training
cohort
(n ¼ 948)

Internal
validation
cohort
(n ¼ 109)

External
validation
cohort
(n ¼ 60)

Sex
Male 637 (67.2) 78 (71.6) 41 (68.3)
Female 311 (32.8) 31 (28.4) 19 (31.7)

Age, years
Median (range) 48 (18–83) 47 (21–77) 47 (19–78)
<50 335 (35.3) 42 (38.5) 18 (30.0)
≥50 613 (64.7) 67 (61.5) 42 (70.0)

Histologic type
Keratinizing 4 (0.4) 2 (1.8) 1 (1.7)
Nonkeratinizing 944 (99.6) 107 (98.2) 59 (98.3)

8th AJCC T stage
T1 114 (12.0) 19 (17.4) 7 (11.7)
T2 140 (14.8) 22 (20.2) 10 (16.7)
T3 390 (41.1) 45 (41.3) 30 (50.0)
T4 304 (32.1) 23 (21.1) 13 (21.6)

8th AJCC N stage
N1 277 (29.2) 21 (19.3) 13 (21.7)
N2 553 (58.3) 52 (47.7) 26 (43.3)
N3 118 (12.4) 36 (33.0) 21 (35.0)

8th AJCC clinical stage
II 83 (8.8) 6 (5.5) 2 (3.3)
III 477 (50.3) 53 (48.6) 33 (55.0)
IV 388 (40.9) 50 (45.9) 25 (41.7)

Lateral level of metastatic LN
Unilateral 538 (56.8) 37 (33.9) 21 (35.0)
Bilateral 410 (43.2) 72 (66.1) 39 (65.0)

MD of LNs
Median (range) 2.12 (0.61–10.56) 2.15 (0.78–10.51) 2.30 (0.80–9.81)
Pretreatment EBV DNA,
copies/mL
<500 416 (43.9) 40 (36.7) 20 (33.3)
500–2,000 449 (47.4) 59 (54.1) 29 (48.3)
>2,000 83 (8.7) 10 (9.2) 11 (18.4)

Abbreviations: N, node; T, tumor.
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On the basis of the above distance data, we proposed a 3-cm
expansion of the metastatic LN in the cranial-to-caudal direction as
the inferior border of the cervical CTV.A selected patient with regional
recurrence (175 cm, 70 kg man with T2N2M0 stage) is shown as an
example (Fig. 5E and F). Two sets of the nodal CTV were delineated
respectively as per the 2017 international guideline (CTV-
consensus, Fig. 5E) and that proposed by the current study by
extending 3 cm below the most caudal metastatic LNs (CTV-
proposed, Fig. 5F). Correspondingly, the Re-LN was also marked on
the same setting ofMR according to anatomical location. Although the
CTV-proposed was significantly reduced in the cranial-to-caudal
direction compared with the CTV-consensus, it sufficiently covered
the Re-LN (Fig. 5F).

Discussion
In this study, we investigated the LNdrainage distances using spatial

distribution analysis in a large cohort of patients withNPC.Our results
revealed that a maximum Euclidean distance of 3.95 cm could reliably
ensure coverage of LNdrainage in any direction. Regarding the specific
cranial-to-caudal direction, a maximum vertical distance of 2.81 cm
was sufficient to safely cover the potential drainage route of the
metastatic LN. These distances were further validated through analysis
based on independent internal and external cohorts with regional
recurrent LNs.

Currently, uniform borders across the different N categories are
recommended for cervical CTV delineation in NPC (4, 12). Even the
most recent effort at reducing the elective nodal irradiation volume still
predominantly focused on avoiding irradiation to certain anatomical
nodal regions, such as level IV (13–18). However, the actual lymphatic
drainage should not have been restricted by the anatomical bony
landmarks, as this is not in accordance with biological behavior. This
method also does not consider individual anatomical variations. As a
result, over 90% of patients suffer complications, such as hypothy-
roidism and subcutaneous fibrosis, which ultimately affect quality of
life (19–22). Therefore, further optimization and individualization of
cervical CTV is essential, especially for the caudal borders of the
irradiation volume.

To determine LN distribution-based CTV design in NPC, the most
commonly used approach is to mark all LNs from a group of
patients on the template CT (8, 9, 23) and then obtain the CTV
boundary by analyzing the LN distribution to generate a certain
distance from the predefined hallmark (24). Nevertheless, this
“one-size-fits-all” approach still does not allow individualized cervical
target volume delineation as per the actual nodal status in each patient.
By using the vertebrae as landmarks, a recent study showed the
metastasis of cervical nodes at certain vertebral levels markedly
correlated with two adjacent vertebral levels, including one level above
and one below (25). Therefore, the author recommended that the low-
risk CTVboarder could be reduced to two vertebral levels below that of

Figure 2.

A, Probability heat map showing distribution of metastatic LNs using LPC1 as the reference. B, The number and percentage of the LNs included in each VD range
below LPC1. C, The cumulative percentage curve of VD below LPC1 showing the distance at which 95% nodes were covered.
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Figure 3.

Cumulative percentage of the distance coverage at per-nodal and per-patient levels for three direction scenarios. A, nnED and nnVD at the per-nodal level without
considering direction. B, nnED and nnVD at the per-patient level without considering direction. C, nnED and nnVD at the per-nodal level in the cranial-to-caudal
direction. D, nnED and nnVD at the per-patient level in the cranial-to-caudal direction. E, nnED and nnVD at the per-nodal level between the most caudal two LNs.
F, nnED and nnVD at the per-patient level between the most caudal two LNs.

Liu et al.
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metastatic nodes. Nevertheless, the vertebral level-based CTV border
still varied according to the thickness and curvature of the cervical
vertebral bodies. The distances between LNs could better quantify their
spread ability and reflect the probable draining extent of LN metas-
tases. This approach may provide more precise and individualized
evidence for identifying prophylactic cervical irradiation in NPC.

To the best of our knowledge, this study is the first to perform
cervical LN distribution–derived drainage distance analysis in NPC.
We found that the 95% superior margin of distances between two
neighbored LNswere 2.83, 3.28, and 3.55 cm, respectively, correspond-
ing to the above-mentioned three scenarios. As expected, the distances
tended to increase as MD increased. In per-patient level analysis, we
considered all internodal measurements within each patient and
ultimately selected the 95% upper bound as the representative distance
for that patient. Analysis on the per-patient level revealed slightly
larger distances according to the above scenarios while all remained
below 4 cm. This approach minimized the underestimation of the
drainage distance caused by the attenuation effect from other patients
with closer internodal distances.

Interestingly, minimal differences in spreading distances were
observed among patients in different EBV DNA strata and those with
different T stages, in terms of LN distribution patterns without
considering the spread direction and cranial-to-caudal direction.
These findings imply that the LN spreading potentiality in NPC may

be independent of the overall tumor burden but more subject to the
characteristics of the LN per se, such as nodal size. Accordingly,
LN’s contribution to high EBV DNA abundance is more attributed
to the nodal burden, such as nodal size, volume, and number, than
to each LN drainage ability. These observations may partly explain
the special existence of the ascending type (advanced T stage
whereas early N stage) and descending type (early T stage whereas
advanced N stage) of NPC.

Because the caudal border is themost indecisive issue of the cervical
irradiation volume in NPC, we specifically analyzed the spreading
distance in the cranial-to-caudal direction. On the basis of the premise
that spread along the neck lymphatic pathways is mostly in a cranial-
to-caudal direction in NPC, with skip metastasis being very
rare (26–28), we assumed that a given LN is most likely to receive
drainage from its nearest cranial LN. We found that the internodal
vertical distances with respect to the three distribution patterns were
consistently less than 3 cm, indicating that 3-cm caudal irradiation to
the metastatic LNs may be adequate to cover potential lymphatic
spread. Therefore, we propose a 3-cm extension from themost inferior
node as the caudal border of the prophylactic CTV (50–60 Gy
equivalent). This proposal shared a similar tendency with the
above-mentioned two vertebral-based expansions as the caudal border
of the low-risk CTV (25). Moreover, our study provided distance data,
offering a biologically rational basis for guiding elective radiation of

Figure 4.

Half-violin plots describing LN drainage distances in variousMDgroups.A, nnEDwithout considering direction.B, nnVDwithout considering direction.C, nnED in the
cranial-to-caudal direction. D, nnVD in the cranial-to-caudal direction.
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Figure 5.

A, Cumulative percentage curves showing nnED-R and nnVDs for Re-LNs (nnVD-R) covering 95% of patients in the internal validation cohort.B, The percentage of 1,
2, and 3 cm covering the nnVD-R between Re-LN and nearest-neighbor O-LN in the internal validation cohort.C,Cumulative percentage curves showing nnED-R and
nnVD-R covering 95% of patients in the external validation cohort.D, The percentage of 1 and 2 cm covering the nnVD-R between Re-LN and nearest-neighbor O-LN
in the external validation cohort. E, The nodal CTV delineated as per the 2017 international guideline and (F) 3 cm below themost caudal metastatic LNs as proposed
by this study.

Liu et al.

Clin Cancer Res; 30(9) May 1, 2024 CLINICAL CANCER RESEARCH1808



nodal regions. In support, a retrospective study reported regional
control and the pattern of failure following selective neck irradi-
ation with a lower elective radiation therapy dose in patients with
NPC (16). By delivering only 36 Gy to the CTV at low risk that
included a 2 to 2.5 cm distal margin from CTV at high risk (60 Gy)
without considering the nodal level, authors of this study demon-
strated a noninferior regional control rate (92.6% at 3 years and
91.4% at 5 years), as compared with the historical data from classical
elective nodal irradiation policy. To some extent, these data provide
additional evidence to support the rationality of the distance-based
CTV reduction in NPC.

To validate this drainage distance-based CTV delineation, we
selected patients who suffered regional recurrence to represent an
overlook of the failure pattern. Marking the recurrent and O-LNs on
the pretreatment simulation MR showed that the nnED and nnVD of
the Re-LNs were 2.91 and 0.82 cm in the internal validation cohort and
the corresponding distances were 2.77 and 0.67 cm in the external
validation cohort, respectively. These distances were much smaller
than the respective distances in the pretreatment setting. In addition,
we observed no recurrent LN located more than 3 cm inferior to the
original neighbor LN or inferior to the original caudal LN. Over
90% of the recurrent LNs were actually adjacent to the O-LN with
the largest diameter. These data corroborated well with previous
findings that the most regional recurrences are observed within the
nodal GTV or CTVn1 region with high doses (70 Gy/60 Gy) and the
marginal or out-of-field failure rates were below 10% (6, 7). This
indicates that nodal failure in NPC may be more attributable to the
local burden and intrinsic resistance to radiotherapy than to
insufficient radiation volume, even with much lower radiotherapy
doses. The validation data reinforced the reliability of the drainage
distance-based cervical CTV delineation as well as the safety of
nodal CTV reduction by using the 3-cm expansion below the gross
nodal disease as the inferior border.

This study has several limitations. First, as a retrospective cohort
study, the results are inevitably affected by selection biases to some
extent. Second, the premise of our study hypothesis is that LNs
metastasize consecutively with rare skip metastasis. Thus, our findings
are inapplicable to cases with a potentially increased risk of skip
metastasis, such as postoperative radiotherapy in patients receiving
cervical nodal dissection or biopsy. Third, not all patients underwent
PET/CT in this study. In this retrospective study, we enrolled patients
receiving treatment between 2010 and 2021, during which the use of
PET/CT increased gradually but was not mandatory. Favorably, all

radiotherapy plans were retrieved as a reference to identify nodal
metastasis, which was especially helpful for ill-defined LNs on MR.

In conclusion, by investigating the spatial distribution of metastatic
cervical LNs in this large population- and LN-based study, we found
that the Euclidean and vertical distances of 3.95 and 2.81 cm could
reliably cover the extent of nodal drainage in NPC. On the basis of the
vertical distance data, we proposed that a 3-cm expansion of the
metastatic LN in the cranial-to-caudal direction may be rational as the
inferior border of the cervical CTV. These findings provide paramount
evidence for optimizing the cervical CTV design by adopting the
expansion distances of metastatic LNs instead of uniformly utilizing
anatomical landmarks. Prospective validation is justified to verify the
clinical utility of these distances and their validity in guiding cervical
CTV delineation.
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