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Purpose: Head and neck lymphedema (HNL) following radiation therapy for head and neck cancer (HNC) causes patient morbidity.
Predicting individual patients’ risk of HNL after treatment is challenging. We aimed to identify the demographic, disease-related, and
treatment-related factors associated with external and internal HNL following treatment of HNC with definitive or adjuvant radiation therapy.
Methods and Materials: Relevant clinical, pathologic, and dosimetric data for 76 consecutive patients who received definitive or
adjuvant radiation § chemotherapy were retrospectively collected from a single institution. Multivariable models predictive of external
and internal lymphedema using clinicopathologic variables alone and in combination with dosimetric variables were constructed and
optimized using competing risk regression.
Results: After median follow-up of 550 days, the incidence of external and internal HNL at 360 days was 70% and 34%, respectively. When
evaluating clinical and treatment-related factors alone, number of lymph nodes removed and advanced adenopathy status were predictive of
external lymphedema. With incorporation of dosimetric variables, the optimized model included the percentage volume of the contralateral
lymph node level VII receiving 30Gy V30 ≥50%, number of lymph nodes removed, and advanced adenopathy status. For internal
lymphedema, our clinicopathologic model identified both adjuvant radiation, as opposed to definitive radiation, and advanced adenopathy
status. With inclusion of a dosimetric variable, the optimized model included larynx V45 ≥50% and advanced adenopathy.
Conclusions: HNL following HNC treatment is common. For both external and internal lymphedema, nodal disease burden at
diagnosis predicts increased risk. For external lymphedema, increasing extent of lymph node dissection prior to adjuvant therapy
increases risk. The contralateral level VII lymph node region is also predictive of external lymphedema when radiation dose to V30 is
≥50%, meriting investigation. For internal lymphedema, we confirm that increasing radiation dose to the larynx is the most significant
dosimetric predictor of mucosal edema when larynx V45 is ≥50%.
© 2024 The Authors. Published by Elsevier Inc. on behalf of American Society for Radiation Oncology. This is an open access
article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Treatment of head and neck cancer (HNC) with defin-
itive or adjuvant radiation § chemotherapy may cause
external and internal head and neck lymphedema (HNL)
due to disruption of lymphatic pathways. This disruption
prevents lymphatic fluid flow from the interstitium of
head and neck soft tissue into the right lymphatic duct
and left thoracic duct.1-5 External HNL occurs when
lymph fluid accumulates within the skin and soft tissues
of the face and neck, often manifesting as fullness and
swelling in the submandibular region and cervical neck.
Internal HNL occurs when lymph fluid accumulates
within the mucosa and soft tissue structures of the phar-
ynx and larynx, frequently affecting the epiglottis, aryte-
noids, interarytenoid space, and epiglottic folds.6,7

HNL often occurs after HNC treatment. Across several
studies, the prevalence of external HNL is estimated to be
between 30% and 90% (median, 54%), and the prevalence
of internal lymphedema is estimated to be between 52%
and 97% (median, 68%). Simultaneous external and inter-
nal lymphedema occurs with an estimated frequency
between 29% and 81% (median, 56%).8-14 The wide range
in HNL frequency following HNC treatment across stud-
ies is due to not only heterogeneous patient populations
and treatments but also differences in lymphedema evalu-
ation methods, lymphedema grading scales, and time at
which lymphedema is assessed.11,15-17

Following HNC treatment, external or internal lymph-
edema may resolve with time but can also become chronic
with a negative impact on patient quality of life.10,13,18-21

Furthermore, HNL is associated with the presence or
development of other HNC treatment sequalae. These
include reduced swallowing dysfunction, weight loss, voice
changes, difficulty speaking, difficulty breathing, decreased
cervical neck range of motion, decreased hearing, body
dysmorphia, and diminished quality of life.6,7,10,11,22-24

In the last 10 years, several groups have discovered risk
factors associated with HNL development after HNC
treatment, including demographic, tumor, treatment, and
dosimetric factors.6,14,21,25,26 Despite these studies, the ele-
vation in risk of HNL specific to radiation treatment is
undefined, particularly for external lymphedema. In addi-
tion, it is unknown whether radiation dose to cervical
neck lymphatic subregions confers increased risk of HNL
in the presence of other risk factors. To address these
unknowns, we evaluated a single-institution data set.
Methods and Materials
This retrospective study was approved by an institu-
tional review board. Patients treated consecutively with
definitive-intent or adjuvant radiation therapy § chemo-
therapy for HNC between November 2016 and September
2019 by a single radiation oncologist specializing in treat-
ment of HNC were included. Recorded outcomes were
locked in the database for analysis on August 10, 2020.
Patients were most frequently treated with intensity mod-
ulated radiation therapy on a standard linear accelerator,
and a minority of patients were treated using proton radi-
ation therapy. Treatments were delivered at 2 sites within
a single health system. In total, 81 patients were eligible
for inclusion.

Medical records were reviewed for lymphedema out-
come and clinical, pathologic, treatment, and dosimetric
data were recorded. Tumor staging was performed
according to the American Joint Committee on Cancer
Eighth Edition using p16-negative staging for all patients
to compare across subsites. External lymphedema occur-
rence was defined as lymphedema noted on physical
exam or upon patient referral to physical therapy specifi-
cally for lymphedema, which occurred only after lymph-
edema manifested. Internal lymphedema occurrence was
defined as edematous laryngeal structures visualized dur-
ing flexible fiber-optic laryngoscopies. Patients who devel-
oped lymphedema after surgery and prior to radiation
therapy were excluded. Time to lymphedema was calcu-
lated from last radiation treatment and cumulative inci-
dence of external lymphedema and internal lymphedema
were calculated. Competing events were defined as tumor
recurrence and death from any cause. Patients were cen-
sored at last oncology follow-up appointment, recurrence,
or death. Cumulative incidence functions in the presence
of competing events were generated for outcomes and
risk groups. Gray’s test was used for comparisons between
cumulative incidence functions.27

Volumes were contoured using MIM radiation planning
software (MIM Software Inc) on computed tomography
simulation images used for treatment planning. After vol-
umes were defined for 20 patients, a custom database and
workflow was created for autoregistration and autogenera-
tion of contours on subsequent computed tomography
scans. These autogenerated contours served as a starting
point for subsequent patient volumes, but significant adjust-
ments and recontouring were performed on all patients.

Dosimetry information was obtained for cervical lymph
node (LN) regions as defined by consensus contouring
guidelines.28 LN levels evaluated included bilateral levels Ib,
IIa, IIb, III, IVa, IVb, V (posterior triangle group), Vc
(lateral supraclavicular group), and VII [a and b combined,
“retropharyngeal” [RP]) as well as midline LN levels Ia and
VIa. The bilateral parotid glands and the larynx were also
delineated. Bilateral structures were distinguished by loca-
tion ipsilateral to or contralateral to the primary tumor.

Competing risk regression was used to determine
significant clinical, pathologic, and treatment-related
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variables for lymphedema outcomes using methods previ-
ously described.27,29,30 Univariate analysis selected signifi-
cant variables from models that converged and these
variables were considered for multivariable regression.
Variables with several levels were determined significant
using a Wald test.31 Variables were considered significant
if P value was <.05. Given the small sample size, retro-
spective analysis, and exploratory nature of this study, no
corrections were made for multiple hypothesis testing.
Clinicopathologic multivariable models were constructed
with a forward approach and selected based on minimiza-
tion of the Akaike information criterion (AIC).32 Hazard
ratios (HRs) with 95% CIs and P values are reported for
significant factors.

Dose-volume histogram (DVH) data for each structure
volume were calculated from the DICOM, structure, and
plan files using an open-source software interface DVH
Analytics.33 Dosimetry parameters evaluated included
minimum dose, mean dose, maximum dose, and V5 to
V75 by increments of 5 Gy. Several composite structures
were created, including combined bilateral LN levels II to
IV, bilateral LN level Ib to VII, and all structures com-
bined. Volume-average dosimetry data were derived for
these composite structures from the previously defined
LN levels.

DVH-derived dosimetric variables for each volume
were iteratively combined with the clinicopathologic vari-
ables included in the multivariable models. Dosimetric
variables were evaluated if maximally selected rank statis-
tical analysis found significant cut points according to
lymphedema outcome. A combined multivariable model
including both dosimetric and clinicopathologic variables
was constructed using a forward approach and selected
based on minimization of the AIC, as previously
described.34 This approach selected the combination of
clinicopathologic and dosimetric factors that optimized
model performance. HRs with 95% CIs and P values are
reported for significant multivariable factors. Factors were
considered significant for a P value <.05. As before, no
corrections were made for multiple hypothesis testing.

Analyses were conducted in R 4.0.3.35 Cumulative inci-
dence and competing risk regression were performed
using the package cmprsk,27 and competing risk regres-
sion covariate selection was performed using the package
crrstep.32 Maximally selected rank statistics were per-
formed using the package maxstat.36 Nomograms were
generated using the package rms using published
methods.37,38 All plots were created in R using packages
ggplot2 and ggpubr.39,40
Results
Of 81 patients treated consecutively for HNC at a
single institution by an individual radiation oncologist,
5 (6.2%) were excluded for the development of
lymphedema between surgery and the start of radiation
treatment. A total of 76 patients were included in the
analysis of lymphedema following definitive-intent or
adjuvant radiation treatment. The median follow-up time
was 550 days (IQR, 276-854 days).

As described in Table 1, the cohort of 76 patients had a
median age of 63 years (range, 19-86 years), had a median
body mass index of 24.3 (range, 17.3-34.4), were majority
men (75%), were majority White (65%), and were often
former smokers (58%). Oropharyngeal cancer accounted
for 61% of cases, the majority of which were human papil-
lomavirus−mediated (89%). Slightly more than half of the
patients had ≤T2 tumors (55%) and ≤N2b nodal disease
(56%). LN metastases were common, with metastases
present unilaterally (54%), bilaterally (25%), or not
present (21%). Sixty-three percent of patients received
definitive-intent radiation therapy and 72% received con-
current chemotherapy. The most common regimen was
weekly cisplatin (86%) or cisplatin every 3 weeks (7%).
Most patients received radiation therapy to the bilateral
neck (78%) with photon-based treatment (92%) using a
simultaneous integrated boost (75%). The median equiva-
lent dose in 2-Gy fractions prescription dose received was
7000 cGy (range, 5200-7066 cGy). The median number of
days of radiation treatment was 46. Table 1 separately
reports characteristics for patients with oropharynx pri-
maries.
External lymphedema in the entire patient
cohort

The cumulative incidence of external lymphedema at
60, 180, 360, and 720 days was 28.9%, 62.8%, 69.9%, and
69.9%, respectively. The cumulative incidence of compet-
ing events, including tumor recurrence or death, at the
same time points was 1.3%, 5.3%, 8.4% and 16.9%
(Fig. 1A). Among patients who developed external
lymphedema, the median time to its development was
73.5 days (range, 14-308).

A univariate competing risk regression for external
lymphedema found significant clinicopathologic risk fac-
tors among models that converged (Table E1): race/eth-
nicity (P < .001), smoking status (P = .0043), nodal stage
(P < .001), advanced adenopathy (P = .0012), location of
LN metastases (P = .0015), surgical resection (P = .037),
neck dissection (P < .001), and number of LNs removed
(P = .0026). Note that advanced adenopathy, for the pur-
poses of this study, indicates ≥N2c disease, or ≥N2 dis-
ease for nasopharyngeal primaries, to dichotomize the
extent and size of LN metastases. Next, a multivariable
competing risk regression model was created using race/
ethnicity, smoking status, location of LN metastases, neck
dissection, number of LNs removed, and advanced aden-
opathy status. Nodal stage was excluded as it correlated
closely with advanced adenopathy status, leading to



Table 1 Patient, tumor, and treatment characteristics

Variable All patients (N = 76) Oropharynx (n = 46)

Patient characteristics

Age at completion of treatment (y), median (range) 63 (19-86) 62 (30-77)

Sex, n (%)

Female 19 (25) 8 (17.4%)

Male 57 (75) 38 (82.6%)

Race/ethnicity, n (%)

African American 15 (19.7) 9 (19.6)

Asian 4 (5.3) 0

Caucasian 49 (64.5) 32 (69.6)

Hispanic 6 (7.9) 3 (6.5)

Not specified 2 (2.7) 2 (4.3)

BMI, median (range) 24.3 (17.3-34.4) 24.3 (17.3-33.2)

Smoking status, n (%)

Current 2 (2.6) 0

Former 44 (57.9) 25 (54.3)

Never 30 (39.5) 21 (45.7)

Tumor characteristics, n (%)

Subsite

Hypopharynx 2 (2.6)

Larynx 14 (18.4)

Nasopharynx 5 (6.6)

Oral cavity 5 (6.6)

Oropharynx 46 (60.5) 46 (100)

Other (parotid, sinus, and paranasal sinus) 4 (5.3)

T stage

Tis 2 (2.6) 0

T1 20 (26.3) 17 (37.0)

T2 22 (28.9) 14(30.4)

T3 13 (17.1) 5 (10.9)

T4 19 (25) 10 (21.8)

N stage

N0 16 (21.1) 5 (10.9)

N1 10 (13.2) 3 (6.5)

N2 (nasopharynx only) 2 (2.6)

N2a 8 (10.3) 8 (17.4)

N2b 9 (11.8) 7 (15.2)

N2c 10 (13.2) 8 (17.4)

N3 (nasopharynx only) 1 (1.3) 0

N3a 0 0

N3b 20 (26.3) 15 (32.6)

(continued on next page)
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Table 1 (Continued)

Variable All patients (N = 76) Oropharynx (n = 46)

Advanced adenopathy*

No 43 (56.6) 23 (50.0)

Yes 33 (43.4) 23 (50.0)

Location of lymph node metastases

None 16 (21.1) 5 (10.9)

Unilateral 41 (53.9) 29 (63.0)

Bilateral 19 (25) 12 (26.1)

Treatment characteristics

Surgery variables

Surgical resection, n (%)

No 48 (63.2) 29 (63.0)

Yes 26 (34.2) 17 (37.0)

Laryngectomy 2 (2.63) 0

Neck dissection, n (%)

None 50 (65.8) 29 (63.0)

Unilateral (ipsilateral) 20 (26.3) 4 (8.7)

Bilateral 6 (7.9) 13 (28.3)

Number of lymph nodes removed, average (IQR) 11.5 (0-20) 12.2 (0-21)

Radiation variables

Radiation type, n (%)

Adjuvant 28 (36.8) 17 (37.0)

Definitive 48 (63.2) 29 (63.0)

Radiation treatment of neck, n (%)

None 6 (7.9) 0

Unilateral (ipsilateral) 11 (14.5) 6 (13.1)

Bilateral 59 (77.6) 40 (87.0)

Radiation modality, n (%)

Photon 70 (92.1) 42 (91.3)

Proton 6 (7.9) 4 (8.7)

Radiation delivery, n (%)

2-field 6 (7.9) 0

SIB 57 (75) 38 (82.6)

Sequential 7 (9.2) 4 (8.7)

Proton 6 (7.9) 4 (8.7)

EQD2, median (range) 7000 (5200-7066) 7000 (5600-7066)

Days of radiation, median (range) 46 (28-70) 48 (37-54)

Chemotherapy variables, n (%)

Induction chemotherapy

No 71 (93.4) 42 (91.3)

Yes 5 (6.6) 4 (8.7)

(continued on next page)
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Table 1 (Continued)

Variable All patients (N = 76) Oropharynx (n = 46)

Concurrent chemotherapy

No 21 (27.6) 8 (17.4)

Yes 55 (72.4) 38 (82.6)

Adjuvant chemotherapy

No 72 (94.7) 46 (100)

Yes 4 (5.3) 0

Abbreviations: BMI = body mass index; EQD2 = equivalent dose in 2-Gy fractions; SIB = simultaneous integrated boost.
*Advanced adenopathy defined as N2c or greater, or N2 and greater for nasopharynx.
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failure of model convergence when both variables were
included. Using a forward selection method with minimi-
zation of the AIC, the best-performing model included
number of LNs removed (HR, 1.01 per LN removed; 95%
CI, 1.0-1.02; P = .024) and advanced adenopathy status
(yes vs no; HR, 2.37; 95% CI, 1.32-4.23; P = .0038). Pre-
dicted cumulative incidence for patients with these fea-
tures is shown in Fig. 2.

Subsequently, DVH data was extracted for bilateral LN
levels, bilateral parotid glands, LN level Ia, LN level VIa,
and the larynx. Maximally selected rank statistical analysis
selected dosimetric factors with significant cut points on
Figure 1 Cumulative incidence of external lymphedema and com
adjuvant radiation therapy following head and neck cancer treatme
external lymphedema outcome. Of 513 dosimetric varia-
bles, 166 had significant cut points for external lymph-
edema (Table E1). Competing risk regression models
incorporating the significant dosimetric variables along
with the variables from the clinicopathologic model were
iteratively evaluated using forward selection with minimi-
zation by AIC. The optimized model included contralat-
eral RP LN level V30 ≥50% (HR, 3.81; 95% CI, 1.59-9.16;
P = .0027), number of LNs removed (HR, 1.02; 95% CI,
1.01-1.03; P = .0018), and advanced adenopathy status
(HR, 2.01; 95% CI, 1.10-3.64; P = .022). Performing the
same procedure to incorporate a second dosimetric
peting risk events among 76 patients treated with definitive or
nt. Shaded regions indicate 95% CIs.



Figure 2 Clinicopathologic multivariable model for external lymphedema depicting increasing risk of external lymphedema
with advanced (Adv) adenopathy status at diagnosis and more extensive lymph node (LN) dissections.
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variable failed to improve the selected model. Plotting the
predictive cumulative incidence of the combined dosimet-
ric and clinicopathologic competing risk regression model
reveals an increased risk of external lymphedema with
contralateral RP LN level V30 ≥50%, increasing number
of dissected LNs, and advanced adenopathy status at diag-
nosis. (Fig. 3A-C). A nomogram is provided in Fig. E1.

To assess the ability of the combined competing risk
regression model risk factors to separate patients into
external lymphedema risk groups, the patient cohort was
separated into high- and low-risk groups. High-risk
patients had a nomogram-derived 50% cumulative inci-
dence of external lymphedema at 6 months and consisted
of patients with contralateral RP V30 ≥50%, those with
≥65 LNs dissected, and those with both ≥28 LNs removed
and advanced adenopathy status at diagnosis. All other
patients were deemed low risk (Fig. E2A). Using Gray’s
test, the subdistributions of the cumulative incidence
curves for external lymphedema risk groups were signifi-
cantly different (P < .001). At 180 days, the estimated
cumulative incidences in the high-risk and low-risk
groups were 72% and 22%, respectively.
Internal lymphedema in the entire patient
cohort

The cumulative incidence of internal lymphedema at
60, 180, 360 and 720 days was 1.3%, 26.9%, 34%, and
43.7%. The cumulative incidence of recurrence or death
was 1.3%, 12.2%, 13.8%, 25.8%, respectively (Fig. 1B).

A univariate competing risk regression for internal
lymphedema found significant clinicopathologic variables
among models that converged (Table E1): adjuvant
versus definitive radiation (P = .025), surgical resection
(P = .025), and advanced adenopathy status (P = .026). A
multivariable competing risk regression model was cre-
ated for internal lymphedema. Because type of radiation
(adjuvant vs definitive-intent) and surgical resection (yes
vs no) correlated perfectly, type of radiation was chosen
for inclusion with advanced adenopathy status in the
tested model. Using a forward selection method with min-
imization of the AIC, the optimized model included both
type of radiation (adjuvant vs definitive-intent; HR, 0.34;
95% CI, 0.15-0.77; P = .010) and advanced adenopathy
status (yes vs no; HR, 2.46; 95% CI, 1.22-4.96; P = .012).



Figure 3 Combined dosimetric and clinicopathologic multivariable model for external lymphedema depicting increasing risk
of external lymphedema with advanced (Adv) adenopathy status at diagnosis, more extensive lymph node (LN) dissections, and
a radiation dose to the contralateral retropharyngeal (level VII) LN region V30 ≥50%.
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Predicted cumulative incidence for patients with these
features are shown in Fig. 4.

Performing the same maximally selected rank statisti-
cal analysis for internal lymphedema, 71 of 513 dosimetric
variables had significant cut points for internal lymph-
edema outcome (Table E1). Upon iteratively combining
these significant dosimetric variables with the clinicopath-
ologic factors to create a combined competing risk regres-
sion multivariable model, the selected model included
larynx V45 ≥50% (HR, 3.96; 95% CI, 1.84-8.53; P < .001)
and advanced adenopathy status (HR, 2.18; 95% CI, 1.05-
4.50; P = .036). Predicted cumulative incidence for
patients with these features is shown in Fig. 5A. The same
analysis was performed to assess predictive power of a
second dosimetric variable, and the selected model
included larynx V45 ≥50% (HR, 3.21; 95% CI, 1.43-7.20;
P = .0046) and ipsilateral level IVA maximum dose ≥60
Gy (HR, 3.86; 95% CI, 1.73-8.60; P < .001). Note that in
this 2 dosimetric variable model, advanced adenopathy
status was excluded in the optimized model, as shown in
Fig. 5B. Nomograms are provided in Fig. E3 and Fig. E4.

To assess the ability of risk factors to separate patients
into risk groups for internal lymphedema, the entire
cohort of patients was separated into high- and low-risk
groups. Based on a nomogram-derived risk of 50% cumu-
lative incidence of internal lymphedema at 6 months, the
high-risk group included patients with larynx V45 ≥50%
and ipsilateral level IVA maximum dose ≥60 Gy. Patients
not meeting both dosimetric criteria were considered low
risk (Fig. E2B). Using Gray’s test, the subdistributions of
the cumulative incidence curves for internal lymphedema
risk groups were significantly different (P < .001).
At 180 days, the estimated cumulative incidences in
the high-risk and low-risk groups were 58% and 17%,
respectively.
Discussion
This institutional analysis attempts to refine the risk
factors for development of HNL in HNC patients under-
going curative radiation therapy, either as part of defini-
tive or adjuvant radiation § chemotherapy. Our results
suggest a combination of LN involvement at diagnosis,
extent of LN dissection during surgery, and radiation
dose to specific substructures are most highly associated
with the cumulative incidence to first diagnosis of external
or internal lymphedema. To our knowledge, this study,
along with our recently published work using AI analy-
sis,41 represents the first attempt at a comprehensive anal-
ysis to simultaneously evaluate the clinical, treatment, and
dosimetric factors that predict for both external and inter-
nal HNL in a time-to-event analysis. Furthermore, by
including sequentially treated head and neck primary
malignancies at various stages, the inherent variation in
radiation doses to cervical lymphatic subregions allowed
us to resolve the effect of increasing radiation dose to
these subregions and their contribution to HNL.

In our multivariable model for external lymphedema,
advanced adenopathy—defined as ≥N2c disease, or ≥N2
disease for nasopharyngeal primaries—appears to double
the probability of external lymphedema. In terms of treat-
ment, each additional LN removed during primary surgi-
cal resection contributes an additional 2% risk, whereas
radiation doses of at least 30 Gy involving ≥50% of the
contralateral level VII nodal volume (contralateral RP



Figure 4 Clinicopathologic multivariable model for internal lymphedema depicting increasing risk of internal lymphedema
with advanced (Adv) adenopathy status at diagnosis and definitive as opposed to adjuvant radiation treatment.
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V30 ≥50%) increase the risk of external lymphedema by
3.8-fold. Several factors found to be significantly associ-
ated with lymphedema on univariate analysis were not
significant in the multivariable model, including race/eth-
nicity, current smoking status, laryngectomy, and need
for bilateral neck dissection.

Other authors have associated surgical resection and
radiation § chemotherapy treatment with HNL develop-
ment. Using a cross-sectional patient sample and logistic
regression, Deng et al25 revealed a significant increase in the
number of treatment modalities (a combination of surgery,
radiation, or chemotherapy) in patients with versus without
external, internal, and combined (simultaneous external
and internal) HNL. HNL was also significantly associated
with total radiation dose and days of radiation therapy. In
another cross-sectional study of patients evaluating external
lymphedema, Sember et al14 found that surgical resection of
the primary tumor site and/or neck dissection was associ-
ated with external HNL, whereas absence of surgical inter-
vention had significantly decreased rates of external HNL.
In a prospective evaluation of external HNL after surgical
resection followed by risk-adapted radiation § chemother-
apy, Tribius et al21 found that increasing extent of treatment
to the bilateral versus ipsilateral neck with either neck dis-
section or radiation therapy increased the odds of lymph-
edema. Our study adds to the evidence that radiation
treatment to bilateral LN regions as part of a definitive or
adjuvant strategy, as well as increasing extent of LN dissec-
tion, increases external lymphedema risk.

Tribius et al21 performed similar multivariable time-to-
event analyses evaluating risk factors for external HNL,
specifically evaluating for grade 2 lymphedema according
to Radiation Therapy Oncology Group (RTOG)/European
Organization for Research and Treatment of Cancer late
radiation toxicity criteria. At the last follow-up, body mass
index (≥25), RT modality (TomoTherapy vs linear acceler-
ator−based intensity modulated radiation therapy), and
extracapsular extension were significant on multivariable
Cox proportional hazard regression. In our study, advanced
adenopathy status, including all patients with N3b disease,
is a significant risk factor for external HNL on multivari-
able competing risk regression. Together, these data suggest
that more extensive neck disease at diagnosis as a signifi-
cant risk factor for external HNL development.

In this study, increasing dose to the contralateral level
VII is significantly associated with increased risk of



Figure 5 Combined dosimetric and clinicopathologic multivariable model for internal lymphedema depicting (A) a multivari-
able model incorporating only 1 dosimetric factor demonstrating increasing risk of internal lymphedema with advanced (Adv)
adenopathy status at diagnosis and a radiation dose to the larynx V45 ≥50% and (B) a multivariable model incorporating 2 dosi-
metric factors depicting increasing risk of internal lymphedema with a radiation dose to the larynx V45 ≥50% and a maximum
(Max) radiation dose to the ipsilateral level IVA ≥60 Gy.

10 K.R. Rogacki et al Advances in Radiation Oncology: September 2024
external HNL. As defined by Gr�egoire et al,28 the level VII
LN level includes both the RP (VIIa) and retrostyloid
(VIIb) LN sublevels. This region includes the superior
carotid sheath from the base of the skull to the caudal
edge of the C1 vertebra transverse process, in continuity
with the space medial to the carotid sheath between the
level of the superior edge of the C1 vertebral body and the
cranial edge of the body of the hyoid. In aggregate, the
level VII LN level defined this way represents a bilateral
anatomic region encompassing the jugulodigastric nodal
region superiorly, extending in a superolateral-to-infero-
medial direction within the RP and retrostyloid spaces.
For simplicity and to emphasize its anatomic location, we
refer to the level VII LN level as the RP LN level.

The explanation for why radiation therapy to the con-
tralateral RP LN region may contribute to external
lymphedema is not immediately clear. It may be that the
dosimetric factor of contralateral RP LN level V30 ≥50%
is simply a proxy measurement correlating with extent of
diffuse radiation to the contralateral neck. This would
imply that general avoidance or sparing of radiation to
the contralateral neck could decrease external HNL risk,
presumably owing to the ability of the contralateral neck
lymphatics to compensate for impaired drainage ipsilat-
eral to the tumor where treatment intensity is maximized.

Alternatively, the pharyngeal lymphatics delineated
within this region may be uniquely critical to proper lym-
phatic fluid drainage from the soft tissues of the bilateral
face and neck, representing a defined lymphatic drainage
pathway that permits lymphatic fluid flow across midline.
In this proposed model of lymphatic physiology, ana-
tomic disruption of ipsilateral lymphatic fluid drainage
due to intense multimodality treatment nearest to the
tumor causes lymphatic fluid to accumulate in the ipsilat-
eral soft tissues. Under some circumstances, lymphatic
channels within the contralateral RP LN level permit
compensatory lymphatic fluid flow across midline into
the contralateral internal jugular chain lymphatics, thus
blunting the development of external lymphedema. How-
ever, upon delivery of moderate dosages of radiation to
this compensatory pathway, the resulting radiation injury
impairs this compensatory pathway, preventing ipsilateral
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to contralateral lymphatic fluid flow and manifesting as
clinically apparent external lymphedema. Thus, our find-
ing that increased radiation dose to the contralateral RP
nodal region is associated with increased external HNL
may be revealing the existence of a specific compensatory
pathway or mode of lymphatic drainage. Lending support
to this hypothesis, we note that the top 7 dosimetric
and clinicopathologic multivariable models for external
lymphedema ranked by AIC incorporate contralateral RP
LN level dosimetric factors (mean, V25, V30, V35, V40,
V45, and V55).

In reviewing the literature, there are surprisingly few
modern anatomic studies of the head and neck lymphatic
system, most frequently describing the lymphatic drain-
age of the dermis and connective tissue.2,42−44 However,
in 1 study, the authors describe a case in which bilateral
lymphatic pathways originating in the contralateral lateral
hypopharynx (laryngopharynx) ascend in a superolateral
direction, cross midline, and drain into the opposite jugu-
lar chain.45 One reason for the sparse description of mid-
line lymphatic vessels may be that most anatomic studies
often use bisected specimens that would disrupt these
connections. As a result, future dedicated anatomic and
physiologic studies are needed to confirm functional con-
nections between the bilateral deep cervical lymphatics
across the RP space to support or refute the existence of
an interconnected RP lymphatic network capable of com-
pensating lymphatic fluid drainage from either side of the
neck.

In our patient cohort, external HNL appears to develop
most rapidly between approximately 2 and 6 months fol-
lowing treatment, with an increase in cumulative inci-
dence from the end of radiation therapy from 60 days to
180 days of 28.9% to 62.8%. The incidence then stabilizes
after 1 year following treatment at a maximum of approx-
imately 70%. A notable limitation of our study is that we
were unable to assess the prevalence of lymphedema
throughout the follow-up period. Therefore, we are
unable to comment on the kinetics of onset to resolution
of external lymphedema, only the factors associated with
time to first development of HNL.

However, other investigators have evaluated the evolu-
tion of external lymphedema at several time points, and
their data suggest that external HNL is an acute toxicity
of HNC treatment that resolves in a sizable proportion of
patients depending on initial severity. Specifically, a pro-
spective study evaluating the prevalence and severity of
external HNL by RTOG/European Organization for
Research and Treatment of Cancer toxicity criteria after
surgery and risk-adapted chemoradiation for locally
advanced HNC demonstrated frequent resolution of HNL
as evaluated by grade of lymphedema severity at initial
follow-up.21 In that study, 3 months following completion
of (chemo)radiation therapy, 55% of patients displayed
grade 2 lymphedema, 25% grade 1 lymphedema, and 20%
no lymphedema. Among patients presenting with grade 2
lymphedema, 57.5% experienced complete resolution of
lymphedema, 22% experienced improvement to grade 1
lymphedema, and 20.3% had persistent grade 2 lymph-
edema at the last follow-up. In patients with grade 1
lymphedema at initial follow-up, 62.3% experienced com-
plete resolution, 30.4% had persistent grade 1 lymph-
edema, and only 7.2% experienced progression to grade 2
lymphedema. Finally, in patients with no lymphedema at
initial follow-up, 72.4% remained without lymphedema,
18.9% developed grade 1 lymphedema, and 8.6% devel-
oped grade 2 lymphedema. Although median follow-up
was not reported and the variability of follow-up time
among patients appears large, the data suggest that many
patients will experience an improvement in the severity of
lymphedema after their standard initial 30-day follow-up.

A study by Ridner et al13 confirms a trend toward
improvement over time in a separate cohort of prospec-
tively evaluated patients, 60% of which underwent
definitive chemoradiation with or without induction che-
motherapy. These authors used the American Cancer
Society Lymphedema of the Head and Neck staging crite-
ria and defined 2 trajectories of lymphedema outcome.
For patients experiencing a posttreatment maximum of
none-to-mild lymphedema, the severity of external and
internal lymphedema remains stable or improves over the
18-month follow-up period. In contrast, for patients
experiencing moderate-to-severe lymphedema, lymph-
edema severity appears to worsen from 6 to 12 months
followed by a slight improvement from 12 to 18 months.
Finally, in a cross-sectional study, the time since the end
of HNC treatment at which evaluating for HNL is per-
formed is inversely associated with the presence of exter-
nal lymphedema and combined lymphedema, with a
median follow-up time of 6.8 months versus 24.5 months
in patients with and without lymphedema, respectively,
suggesting that longer follow-up times are associated with
lower prevalence of lymphedema because of its resolution
with additional time since radiation therapy.25

Taken together, patients experiencing external HNL
are likely to have variable outcomes, with those with
more extensive lymphedema at first follow-up likely to
experience worse long-term outcomes. Importantly, it is
not clear the degree of utilization and the effect of
lymphedema physical therapy or speech and swallowing
rehabilitation may have had on these results. In most
studies, early aggressive intervention for external HNL
appears to lead to improvement in external lymphedema
outcomes.11,23,46−50

In our multivariable model for internal lymphedema,
advanced adenopathy status and presence of a radiation
dose of 45 Gy to ≥50% of the larynx (larynx V45 ≥50%)
were selected as risk factors. When asked to incorporate
a second dosimetric factor for inclusion into the multi-
variable model, the final model contained only the dosi-
metric factors of larynx V45 ≥50% and ipsilateral level
IVA maximum dose ≥60 Gy, excluding advanced
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adenopathy status. Our interpretation for the substitu-
tion of advanced adenopathy status for ipsilateral level
IVA maximum dose ≥60 Gy is that in the setting of
advanced adenopathy, the radiation dose delivered to
inferior nodal levels is apt to increase. Therefore, the
ipsilateral level IVA maximum dose ≥60 Gy is an appro-
priate proxy or substitute for increasing extent of LN
involvement at diagnosis. As a result, the multivariable
model including advanced adenopathy status in combi-
nation with larynx V45 ≥50% is probably most useful
when evaluating an individual patient’s risk for internal
lymphedema. Alternatively, the maximum dose to the
ipsilateral level IVA could represent a serial injury to
converging lymphatics near the region where the lym-
phatic ducts enter the venous circulation.

Our internal lymphedema multivariable model agrees
with Sanguineti et al’s8 retrospective analysis of dosimet-
ric predictors of laryngeal edema in patients receiving pri-
mary radiation for squamous cell carcinoma HNC with
grossly uninvolved larynxes. When evaluating dosimetry
to the larynx in the presence of other demographic,
tumor, and treatment factors, their multivariable model
demonstrated that the larynx V50 and presence of posi-
tive nodes were significant predictors for RTOG grade 2
laryngeal edema. To minimize the risk of edema, larynx
constraints of a V50 ≤27% and mean dose ≤43.5 Gy were
proposed. It is therefore unsurprising that among all LN
levels and organs at risk evaluated in our study, our multi-
variable model selected the larynx as the structure most
predictive for internal lymphedema. In our study, the lar-
ynx V50 ≥36% and mean larynx ≥45 Gy appeared corre-
lated with lymphedema outcome. It is also worth
highlighting the absence of surgical factors in either mul-
tivariable model, whereas in Deng et al,25 both radiation
to the surgical bed and number of treatment modalities
were associated with internal lymphedema on logistic
regression. In our view, it is therefore likely that internal
lymphedema is more often mediated by diffuse radiation
injury to parallel mucosal lymphatics of laryngeal struc-
tures, as opposed to discrete injury such as disruption of
lymphatic fluid flow due to surgical disruption.9
Limitations

A major limitation of our study is that no formal assess-
ment of lymphedema was performed such as the MD
Anderson Lymphedema Scale. Instead, lymphedema was
identified by exam according to subjective assessment by a
limited number of providers, or otherwise when a subjec-
tive assessment triggered a referral for lymphedema
directed physical therapy. As a result, we recorded only
whether lymphedema was present or not based on physical
exam, but not objective measurement, and no inference
about the magnitude of lymphedema was attempted. In
addition, different types or locations of lymphedema were
not distinguished. For example, in external lymphedema,
fluid accumulation predominantly lateralized to 1 side of
the face is not distinguished from submental lymphedema.
Consequently, it remains unknown whether different
expressions of external lymphedema are subject to different
risk factors. Similarly for internal lymphedema, subregions
of the pharyngeal or laryngeal soft tissues affected by
lymphedema were not specified. We also did not record
resolution of lymphedema symptoms once it was identified
and cannot comment on the proportion of patients in
whom lymphedema resolved. For the purposes of our
study, we excluded a small subset of patients who devel-
oped lymphedema following surgical resection but before
radiation treatment. Our findings therefore apply only to
those patients who both undergo surgery and receive adju-
vant radiation therapy but not to patients who undergo
surgery alone. Finally, owing to the sparse literature on
dosimetric predictors of external lymphedema, we compre-
hensively evaluated bilateral LNs individually and in aggre-
gate, and in doing so created a large data set susceptible to
type I statistical error. As a result, our conclusions require
validation through independent data sets and analyses.
Conclusions
The development of external and internal lymphedema
following definitive or adjuvant radiation therapy § che-
motherapy is common. For external lymphedema, risk
factors include more advanced nodal disease at diagnosis,
increasing extent of LN dissection, and increasing doses
of radiation delivered to the contralateral RP LN region.
The latter factor is a novel finding that suggests that this
region has an important role in the development of exter-
nal HNL. For internal lymphedema, risk factors include
more advanced nodal disease at diagnosis and increasing
radiation dose to the larynx.
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