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Abstract

Background: The purpose of this study was to determine the prevalence and nature of internal, external, and
combined lymphedema and fibrosis in patients with head and neck cancer (HNC).

Materials and Methods: We obtained consent from 100 patients newly diagnosed with having cancer of the
head and neck for a 4-year, prospective, longitudinal descriptive study. Recruitment began in August 23, 2010,
and the study was completed in April 24, 2014. Eighty-three were evaluated at regular intervals from pre-
radiation therapy to 18 months post-treatment. Percentage developing external, internal, or both types of
Ilymphedema and/or fibrosis and trajectories of the severity of external, internal, or both types of lymphedema
and/or fibrosis were determined.

Results: Before treatment, lymphedema rates were the following: external: 62.7%, internal: 41.7%, or com-
bined: 29.2%, and/or fibrosis: 42.2%. Ranges of lymphedema late-effect rates were even higher: external:
81.9%-90.1%, internal: 80.4%—89.4%, combined: 70.6%—-80.9%, and fibrosis: 66.7%—77.4%. Approximately
75% had a late-effect trajectory characterized by moderate to severe external or internal lymphedema; ~47%
had moderate to severe fibrosis.

Conclusion: Lymphatic and soft tissue complications of HNC occur not only post-treatment but also before
treatment. They are ubiquitous throughout the first 18 months post-treatment, with greater than 90% of patients
in our study experiencing some form of internal, external, or combined lymphedema, and over half of those

patients developing fibrosis. Further research regarding these conditions is indicated.

Introduction

IN THE UNITED States, ~ 45,000 individuals are diagnosed
annually with having cancers of the oral cavity and phar-
ynx.' Historically, head and neck cancer (HNC) has been
associated with risk factors such as tobacco use and alcohol
consumption.” More recently, human papillomavirus (HPV)
has been causally linked with oropharyngeal cancer.”? HPV-
positive oropharyngeal squamous cell carcinoma rose from
16.3% pre-1990 to 72.7% for 2000—present.> The rise in
HPV-associated cancers concurrent with improved treatment
has contributed to an escalation in the number of HNC sur-
vivors to ~ 300,000 in the United States."* These survivors
often experience significant acute and late effects of therapy.

The management of disease and treatment-related side
effects is critical to ensure optimal function and quality of life
in HNC survivors. Surgery and radiation (alone or in com-
bination) serve as the primary curative treatment modalities
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for HNC, with chemotherapy used to enhance outcomes in
patients with advanced disease.’ Disruption or damage to soft
tissue and lymphatic structures occurs as a result of these
treatment modalities, placing patients at risk for both lym-
phedema and fibrosis.®™®

A previous cross-sectional study found that lymphedema
may develop externally (e.g., face and neck) and/or internally
(e.g., larynx and pharynx) in patients with HNC.? Data in-
dicate that lymphedema correlates with the symptom burden
and functional deficits that have plagued HNC survivors.'”
Despite the potential of lymphedema and fibrosis to nega-
tively influence patients’ outcomes, they remain under-
recognized and undertreated by clinicians. In addition, little
is known about their prevalence and trajectories over time in
the post-treatment HNC population.'’

The objective of this study was to describe the lymphedema
and fibrosis continuum in patients with HNC through exami-
nation of rates and trajectories from baseline through the first
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18 months post-treatment. We had two primary hypotheses:
H1: a minimum of 20% of HNC patients would experience
lymphedema and/or fibrosis as a late effect of treatment and
H2: we would be able to differentiate characteristic patterns of
the development of late-effect lymphedema and/or fibrosis.

Materials and Methods
Design and participants

Permission for this 4-year, prospective, longitudinal de-
scriptive study was obtained from the Vanderbilt University
Institutional Review Board and the Vanderbilt-Ingram Can-
cer Center (VICC) Scientific Review Committee in Nash-
ville, TN, USA. The focus of this study was the late effects of
HNC treatment defined as manifestations beginning three or
more months after end of treatment. The study was conducted
within the ethical standards of the Helsinki Declaration and
ran from July 1, 2010, to November 20, 2014.

A convenience sample of HNC patients was recruited at
VICC from August 23, 2010, to August 27, 2012. Eligibility
criteria included the following: (1) newly diagnosed histo-
logically proven HNC; (2) disease Stage II or greater; (3) age
21 or over; (4) willingness to undergo baseline and follow-up
assessments at the VICC facilities; and (5) the ability to speak
English. Patients were excluded for one of three reasons: (1)
medical record documentation indicating cognitive impair-
ment that would preclude the ability to provide informed
consent; (2) an unwillingness to undergo routine follow-up at
VICC facilities; or (3) recurrent HNC.

Methods

Potential patients were screened for eligibility. Informed
consent was obtained before enrollment in the study. Before
commencing data collection, research team members were
trained to conduct physical examinations by authors, Ridner
and Murphy. Physicians conducting flexible fiber optic en-
doscopic evaluations of internal lymphedema were clinically
active and had 9previously documented findings using the
Patterson Scale.” Inter- and intrarater reliability evaluations
were conducted on randomly selected examinations, re-
presenting 10% of the total of all examinations.

Data collection took place at baseline during diagnosis of
cancer before radiation therapy, at end of treatment, at 6-week
intervals after treatment through 48 weeks post-treatment, and
at the 15- and 18-month intervals post-treatment for a total of
12 points of assessment.

Data collection instruments

Demographic and clinical. Demographic, tobacco, and
alcohol use history variables were obtained through self-
report. Clinical variables were obtained from participant
medical records.

External lymphedema. External lymphedema was as-
sessed through physical examination using the American
Cancer Society (ACS) Lymphedema of the Head and Neck
staging criteria,'? which includes four stages ranging from
Stage 0 (local swelling that does not affect regular function)
to Stage 3 (severe swelling, ulcerations may be present on the
skin or brain, and ability to eat is severely affected). Exact
inter-rater agreement for grade assessed using the ACS was
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89% with the discrepant assessments differing by only one
grade (Kappa=0.84).

Internal lymphedema. Internal lymphedema was visually
assessed and documented using the validated Patterson
Scale."® Eleven laryngopharyngeal structures and two spaces
were graded for swelling: O (None) to 3 (Severe). The highest
grade of swelling from the multiple assessed sites was used in
this article as the single indicator of the presence and severity
of internal lymphedema. Internal photographs were taken
during each examination to document the presence of lym-
phedema/edema. Exact inter-rater agreement for grade across
the 13 sites assessed using the Patterson Scale ranged from
41% to 82%. Agreement within 1 grade ranged from 73% to
97% (Kappa: 0.12-0.84).

Fibrosis. Fibrosis was assessed through physical exami-
nation and documented using the Common Terminology
Criteria for Adverse Events (CTCAE) Fibrosis Scale (version
3.0)."* Assessment resulted in a grade ranging from 1 (minimal
to moderate redundant soft tissue that was unresponsive to
elevation or compression and that was also firm or spongy) to 3
(very marked density with a tether). Exact inter-rater agree-
ment for grade was 84% with all but two (1.2%) discrepancies
differing by only one grade (Kappa=0.74, p <0.001).

To reduce potential sources of bias, strict eligibility stan-
dards were adhered to and the primary investigators did not
participate in the screening of potential participants, nor in
data collection. Additionally, a comparison of characteristics
between those patients lost to follow-up and those remaining
in the study was planned before commencing the study.

Statistical analyses

The Wilson method was used to generate 95% confidence
intervals (CIs) for the observed prevalence rates.'> Group-based
trajectory analysis'> based on the zero-inflated Poisson (ZIP)
distribution as implemented in SAS Proc Traj was used to de-
tect longitudinal patterns of lymphedema and fibrosis severity
(grades 0-3) beginning before treatment and up to 18 months
post-treatment. Both Bayesian Information Criteria (BIC) and
Akaike Information Criteria (AIC) were used to determine the
best trajectory model fit to each of the three outcome datasets
(external lymphedema, internal lymphedema, and fibrosis).
Trajectory group membership was saved for subsequent plot-
ting of the trajectory patterns using patient severity scores and
for assessing associations of surgery before treatment with
those trajectories. Logistic regressions were used to assess the
extent to which prior surgery was associated with both the
presence of lymphedema and/or fibrosis before treatment and
the trajectory of those outcomes post-treatment. Sensitivity
analyses of the findings were conducted using study cases with
assessments after 12 months post-treatment (N=63) compared
with the reported findings from analyses from all study cases
(N=283) SAS (9.4), Stata (13), and SPSS (22) were used for
statistical analyses. A maximum Type I error rate of 0.05
(p<0.05) was used for determining statistical significance.'®"'®

Results
Demographics

Five hundred three patients were screened. Of the 149
patients who were approached by study staff to discuss
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participation, 100 gave informed consent (Fig. 1). Reasons
for nonparticipation included ineligible due to recurrent
cancer (n=316), early stage cancer (n=3), under age 21
(n=1), unwilling to be in the study or unable to have treat-
ment/follow-ups at Vanderbilt (n=82), and non-English
speaking (n=1). Seventeen patients were lost to follow-up or
withdrawn before the initial 3-month follow-up assessment
for the following reasons: death (n=2, 15.4%), development
of metastasis (n=4, 30.8%), local recurrence (n=1, 7.7%),
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transferred care (n=4, 30.8%), patient request (n=1, 7.7%),
and poor compliance (n=5, 40.0%). Eighty-four were in the
study 3 months post-treatment, 83 of which completed the
first post-treatment follow-up and therefore comprised the
study sample. Demographic and clinical characteristics of the
patients in the study sample (N=83), as well as those lost to
follow-up, are summarized in Table 1. Four of the 17 patients
lost to follow-up did not complete baseline assessments;
therefore, the comparison sample in Table 1 comprises 13

Assessed for
eligibility (n=503)

Excluded (n=403)

Inclusion Criteria ™
not met

Consented,
Enrolled (n=100)

1
1 1
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|
1 1
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| | Non-compliance with study protocol (n=1)
1 Withdra:vn {n=5) No longer treated at VUMC (n=3)
3-6 Months Post Metastasis (n=3)
{ n=84} Patient Request (n=1)
Recurrence (n=1)
1
|
9 Months Post Withdrawn (n=11)
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FIG. 1.
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Consort flow diagram documenting the number of patients screened, consented, and withdrawn during key study
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TABLE 1. DEMOGRAPHIC AND CLINICAL CHARACTERISTICS OF COHORTS IN STUDY
ANALYSIS (N=83) AND THOSE LosT T0 FoLLow-Up (N=13)
In-study analysis Lost to follow-up
N Mean (SD) N Mean (SD) P
Age 83 57.8 (11.3) 13 58.9 (11.5) 0.79
Median [IQR] Median [IQR]

Education (years) 83 13.0 [12-15] 13 13.0 [12-16] 0.59

Gender 83 N (%) 13 N (%) 0.73
Female 23 (27.7) 3 (23.1)

Male 60 (72.3) 10 (76.9)

Race 83 13 0.59
White 75 (90.4) 11 (84.6)

Black/African American 6 (7.2) 1(7.7)
Other 2 (24) 1(7.7)

Marriage 83 13 0.06
Married/partnered 65 (78.3) 7 (53.8)
Single/widowed/other 18 (21.7) 6 (46.2)

Employment 83 13 0.94
Employed 36 (43.4) 6 (46.2)

Not employed 38 (45.8) 6 (46.2)
Other 9 (10.8) 1(7.7)

Residence 83 13 0.18
City 34 (41.0) 8 (61.5)

Country 42 (50.6) 3 (23.1)
Other 7 (8.4) 2 (15.4)

Income 83 13 0.97
Up to $30,000 24 (28.9) 4 (30.8)

Over $30,000 44 (53.0) 7 (53.8)
Do not care to respond 15 (18.1) 2 (15.4)

Smoke (current@BL, past) 83 61 (73.5) 13 7 (53.8) 0.15

Drink alcohol (current@BL, past) 83 48 (57.8) 13 7 (53.8) 0.79

Insurance 83 13 0.35
Uninsured 11 (13.3) 3 (23.1)

Insured 72 (86.7) 10 (76.9)

Medical problems (current@BL, past) 83 60 (72.3) 13 11 (84.6) 0.35

Survival status at study endpoint 83 13 0.14
Alive 79 (95.2) 11 (84.6)

Deceased 4 (4.8) 2 (15.4)

Recurrence 83 8 (9.6) 13 1(7.7) 0.82

Distant metastasis 83 7 (8.4) 13 4 (30.8) 0.02

2nd primary Ca after HNC 83 6 (7.2) 13 0 (0.0) 0.32

Median [IQR] Median [IQR]

Known previous Ca (not HNC) 83 10 (12.0) 13 2 (15.4) 0.74

Months since diagnosis @BL 83 1.09 [0.6-2.0] 13 0.86 [0.6-1.4] 0.56

Cancer type 83 N (%) 13 N (%) 0.89
Squamous cell carcinoma 69 (83.1) 11 (84.6)

Other type carcinoma 14 (16.9) 2 (15.4)

Cancer location 83 13 0.64

Oropharynx 36 (43.4) 5 (38.5)
Oral cavity 16 (19.3) 4 (30.8)
Larynx 12 (14.5) 1(7.7)
Nasopharynx 6 (7.2) 2 (15.4)

Other 13 (15.7) 1(7.7)

Stage 83 13 0.12
Stages I/I1 4 (4.8) 1(7.7)

Stage III 21 (25.3) 0 (0.0)
Stage IV 58 (69.9) 12 (92.3)

T Stage 77 13 0.001
T1-3 62 (80.5) 5 (38.5)

T4 15 (19.5) 8 (61.5)

N Stage 83 13 0.69
NO 12 (14.5) 3 (23.1)

NI1-2 66 (79.5) 9 (69.2)
N3 5 (6.0) 1(7.7)

(continued)
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TABLE 1. (CONTINUED)
In-study analysis Lost to follow-up
N Mean (SD) N Mean (SD) p
M Stage 83 13 0.08
MO 80 (96.4) 11 (84.6)
MX/unknown 3 (3.6) 2 (15.4)
Tracheostomy (any) 83 16 (19.3) 11 3 (27.3) 0.54
PEG tube (any) 83 41 (49.4) 11 8 (72.7) 0.15
Induction chemotherapy 83 43 (51.8) 13 11 (84.6) 0.03
Concurrent chemoradiation 83 81 (97.6) 11 11 (100.0) 0.60
Total treatment 82 11 0.41
Induction + ChemoXRT 35 (42.7) 7 (63.6)
ChemoXRT 14 (17.1) 19.1)
Surgery + ChemoXRT 24 (29.3) 1(9.1)
Surgery + XRT 224 0 (0.0)
Induction + surgery + ChemoXRT 7 (8.5) 2 (18.2)

HNC, head and neck cancer; IQR, Interquartile range.

patients. Compared with the study sample, those lost to
follow-up before the first post-treatment assessment had
higher rates of distant metastasis (31% vs. 8%, p=0.02),
American Joint Committee on Cancer (AJCC) stage T4 tu-
mors (62% vs. 20%, p=0.001), and induction chemotherapy
(85% vs. 52%, p=0.03). No other statistically significant
differences were observed.

The final sample (N=83) consisted primarily of white
males in their late fifties. More than half (59%) lived in
nonurban areas, and almost one third (28.9%) had annual
incomes of $30,000 or less. Squamous cell carcinoma was
present in 83.1%. The oropharynx was the most common
tumor location (43.4%), and 69.9% were diagnosed with
having Stage IV disease. Nearly all participants (97.6%) re-
ceived either primary or adjuvant concomitant chemoradia-
tion (Table 1).

Prevalence rates

Before radiation treatment. At baseline assessment (be-
fore treatment), 62.7% (52/83) of the patients had some in-

dication of external lymphedema with 20.5% (17/83) having
moderate/severe findings (Table 2). Approximately 42% (30/
72) had some indication of internal lymphedema with ~20%
(14/72) moderate/severe. Of the 72 patients with both ex-
ternal and internal assessments completed in the requisite
time frame, 29.2% (21/72) had both types of lymphedema.
Finally, 42.2% (35/83) had indications of some grade of fi-
brosis, with 16.9% (14/83) having a grade of moderate or
higher (Table 2). Ten of the 72 patients (13.9%) with all three
assessments had indications of some grade of external and
internal lymphedema, as well as fibrosis.

Approximately one third of the patients (32.5%, 27/83) had
surgical treatment before baseline assessments. There were
no statistically significant differences in the rates of external
or internal lymphedema or in the groups with and without
prior surgery (external: 66.7%, 18/27 surgery vs. 60.7%, 34/
56 no surgery, OR: 1.29, Wald }{2<df= 1»=0.28, p=0.60, 95%
CI: 0.49-3.39; internal: 30.4%, 7/23 surgery vs. 46.9%, 23/49
no surgery, OR: 0.50, Wald }(z(df: 1»=1.73,p=0.19, 95% CI:
0.17-1.41). Rates of fibrosis at baseline were higher, how-
ever, for the patients with prior surgery (59.3%, 16/27) than

TABLE 2. PREVALENCE OF ANY GRADE OF EXTERNAL AND INTERNAL LYMPHEDEMA

AND FIBRrROSIS BY STUDY TIME PERIOD

Type of phenomenon

Baseline

3-6 Months
post-treatment

9 Months
post-treatment

12 Months
post-treatment

>12 Months
post-treatment

External lymphedema
Percentage (n of N)
95% CI

Internal lymphedema
Percentage (n of N)
95% CI

62.7 (52 of 83)
51.9-72.3

41.7 (30 of 72)
30.9-53.2

Both external and internal lymphedema

Percentage (n of N)
95% CI

Fibrosis
Percentage (n of N)
95% CI

29.2 (21 of 72)
19.9-40.5

42.2 (35 of 83)
32.1-52.9

90.1 (73 of 81)
81.7-94.9

85.7 (60 of 70)
75.6-92.1

80.9 (55 of 68)
69.9-88.5

74.1 (60 of 81)
63.5-82.4

81.9 (59 of 72)
71.5-89.1

84.3 (43 of 51)
71.9-91.8

70.6 (36 of 51)
57.0-81.3

66.7 (48 of 72)
55.1-76.5

85.5 (53 of 62)
74.6-92.2

89.4 (42 of 47)
77.4-95.4

76.1 (35 of 46)
62.0-86.1

69.4 (43 of 62)
57.0-79.4

82.3 (51 of 62)
70.9-89.8

80.4 (41 of 51)
67.5-89.0

70.6 (36 of 51)
57.0-81.3

77.4 (48 of 62)
65.5-86.1

CI, confidence interval.
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for those without prior surgery (33.9%, 19/56, OR: 2.83,
Wald Xz(df: 1n=4.65, p=0.03, 95% CI: 1.10-7.30).

Prevalence of post-treatment lymphedema and fibro-
sis. Rates of any grade of lymphedema and fibrosis for
specific post-treatment periods are summarized in Table 2.
As noted, prevalence rates were substantially higher than
hypothesized with lower bounds of each of the 95% ClIs
>55%. Of particular note were prevalence rates of late effects.
Approximately 82% (51/62) of patients had some indication
of external lymphedema more than 1 year post-treatment, with
46.8% (29/62) having a grade of moderate/severe. Similarly,
80.4% (41/51) had some degree of internal lymphedema more
than 1 year post-treatment, with 43.2% (22/51) having a grade
of moderate/severe. Finally, 77% (48/62) indicated some
grade of fibrosis during the very late assessment periods, with
37.1% (23/62) having a grade of moderate or higher. Sensi-
tivity analyses revealed essentially identical findings for the
subset of patients with assessments beyond 12-months post-
treatment (N=63 of 83).

Trajectory post-treatment. Since the vast majority of
patients were found to have lymphedema and/or fibrosis,
trajectories of the severity or grade of the conditions were
modeled (Fig. 2(A): external lymphedema, (B): internal
lymphedema, and (C): fibrosis). Two distinct trajectories for
the patients were identified for each condition—the first
characterized by none or a maximum of mild grade abnor-
mality throughout the post-treatment study period (up to
18 months post); the second characterized by an escalation
to moderate to severe grade abnormality between 6 and
12 months post-treatment with slight decline between 12
and 18 months. The trajectory for patients classified in the
moderate to severe fibrosis pattern peaked slightly later
(>12 months post; Fig. 2C).

Very similar rates of the two trajectories were found for
external and internal lymphedema (~25% with no/mild
trajectories, ~75% with the moderate/severe trajectory;
Fig. 2A, B). The two trajectories for fibrosis were represented
approximately equally in the study patients (none/mild 53%,
moderate/severe 47%; Fig. 2C). Sixty-one percent (44/72) of
the patients had post-treatment trajectories characterized by
moderate/severe grades of both internal and external lym-
phedema; 35% (25/72) had moderate/severe trajectories for
all three types of lymphedema and fibrosis (not shown).
Sensitivity analyses revealed essentially identical findings for
the subset of patients with assessments beyond 12-months
post-treatment (N=63 of 83).

Baseline/prior surgery and post-treatment lymphedema
and fibrosis trajectories. There was no statistically signifi-
cant increased likelihood of a moderate/severe trajectory of
external lymphedema given the presence of external lym-
phedema before treatment (OR: 1.30, Wald Xz(df= 1»=0.24,
p=0.63, 95% CI: 0.45-3.68), nor in the likelihood of a tra-
jectory of moderate/severe fibrosis given the presence of fi-
brosis before treatment (OR: 2.04, Wald Xz(df= 1=2.48,
p=0.12, 95% CI: 0.84-4.93). The presence of internal lym-
phedema at baseline, however, did increase the likelihood of
a moderate/severe post-treatment trajectory of internal lym-
phedema (OR: 6.12, Wald Xz(df: 1n=6.99, p=0.01, 95% CI:
1.59-23.43).
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FIG. 2. Modeled trajectories of the severity or grade of
lymphedema and fibrosis within the sample of patients be-
ginning before treatment and ending 18 months post-
treatment. Two distinct trajectory groups were observed for
severity of external lymphedema (A, N=83), internal lym-
phedema (B, N=72), and fibrosis (C, N=2383).

There was no statistically significant association of prior
surgery with post-treatment external lymphedema trajectory
patterns (OR: 0.44, Wald Xz(df - =241, p=0.12, 95% CI:
0.15-1.25). There was a tendency for those with prior surgery
to have a decreased likelihood of the moderate/severe internal
lymphedema post-treatment trajectory pattern (OR: 0.33, Wald
xz(df = 1=3.99, p=0.05, 95% CI: 0.11-0.98) and a statistically
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significant increased likelihood of the moderate/severe fibrosis
trajectory (OR: 3.33, Wald xz(df: 1»=5.97, p=0.02, 95% CI:
1.26-8.76). Because all cases had baseline data, no sensitivity
to missing data analyses were required for these analyses.

Discussion

Lymphedema and fibrosis were present in a subset of pa-
tients with HNC before any cancer treatment. This raises
several questions. First, variability of internal and external
lymphedema/swelling and fibrosis in the noncancer popula-
tion is unknown, thus these findings could reflect normal
variance. However, in many cases, external swelling was
clearly pronounced near and downstream from the tumor in
photographs taken at the same time of the physical exami-
nation. Given the late stage in which most HNC tumors are
diagnosed, there could potentially be lymphatic transport
inhibition related to the size and location of the tumor itself.
Alternatively, it is possible that there is an underlying tumor-
driven inflammatory mechanism that negatively impacts soft
tissue and the lymphatics. We are currently analyzing a panel
of cytokines drawn at each visit in this study in an attempt to
evaluate this possibility. Regardless of baseline exam find-
ings, the vast majority of patients experienced lymphedema
and/or fibrosis as a late effect of cancer and its treatment. For
most, the findings were in the moderate to severe range post
HNC treatment. Manifestations of soft tissue and lymphatic
damage were varied as patients experienced one or any
combination of external or internal lymphedema and fibrosis.
Postsurgical patients were more likely to develop moderate to
severe fibrosis compared with patients treated only with
primary radiation-based therapy.

The startlingly high prevalence rates and severity suggest a
need to reconsider the current approach to assessing and
managing lymphatic compromise and soft tissue toxicities in
this patient population. Medical management of lymphedema
and fibrosis-related symptoms and functional deficits has
been largely reactive, not proactive, with treatment being
initiated at the time they manifest, which is likely long after
tissue damage has occurred. Lymphedema and fibrosis are
not static processes.'® Lymphedema is associated with on-
going inflammation resulting in progressive fibrosis and fatty
tissue deposition.”’ Once fibrofatty tissue deposits develop,
treatment with manual lymphatic drainage and compression
garments may be less effective.

Research has indicated that aggressive therapy of early stage
lymphedema in other cancer populations may result in reduced
swelling with associated decreases in long-term morbidity.*°
Likewise, aggressive physical therapy may prevent progres-
sive contracture and functional loss in patients with fibrosis.
Thus, early assessment, identification, and treatment of lym-
phedema and fibrosis may diminish these late effects in the
HNC population. As an example, aggressive preventative
therapy may ameliorate the soft tissue toxicities in the arena of
dysphagia as patients who maintain active swallow efforts
throughout the course of radiation and into early recovery have
improved swallowing outcomes.>' Although the exact
mechanism by which proactive swallow therapy enhances
long-term outcomes is unknown, it may be postulated that
swallowing exercises result in improved lymph flow with de-
creased acute edema and chronic lymphedema, prevention of
constrictive fibrosis, and limiting muscular atrophy.
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An even more proactive approach would be directed at
preventing or minimizing soft tissue and lymphatic damage,
for example, examination of intensity-modulated radiation
therapy techniques and dose/volume strategies may be war-
ranted. Additionally, pharmacologic agents, laser therapy,
and cell-based therapy may need to be explored as tools to
prevent and treat lymphedema and fibrosis.?*~>’

Our previous cross-sectional work supports the association
between the severity of lymphedema and symptom severi-
ty.'? Therefore, patients with moderate to severe lymphede-
ma or fibrosis probably have significant symptom burden.
Symptom presentation and functional deficits are commonly
related to the site of involved tissue. For example, patients
with pharyngeal lymphedema and/or fibrosis may be more
prone to develop dysphagia. Similarly, patients with severe
fibrosis involving the neck might develop impaired range of
motion and musculoskeletal pain. Therefore, careful atten-
tion to lymphedema and fibrosis-related symptoms in clinical
settings is indicated.

A limitation of our work is that as this is the first known
study to longitudinally follow lymphedema and fibrosis in
this patient population, we are unable to directly compare our
findings with other published work. Variability was greatest
in internal lymphedema scoring and less so for external
lymphedema and fibrosis. The Patterson Scale used for in-
ternal swelling also did not capture swelling in areas such as
the tongue. Although the prevalence and severity of internal
lymphedema, external lymphedema, and fibrosis were care-
fully assessed using the best currently available tools, de-
velopment of an improved battery of assessment tools is
needed and development of such is currently being under-
taken by our team.?” Despite these limitations, the rates
and severity of lymphedema and fibrosis found in this study
are supported by its longitudinal nature, rigorous training,
and ongoing evaluation of those conducting the assessments,
with consistent findings across all measures. Generalizability
should be limited to patients with HNC who had similar stage
disease at time of diagnosis and underwent standard treat-
ment for the condition as early stage disease is not well re-
presented within this sample. However, as most HNC
patients are not diagnosed at an early stage, we believe these
findings apply to a majority of patients with HNC.

As a part of this study, we captured prospective data on
biomarkers, symptoms, and functional outcomes. Careful as-
sessments of the associations of severity of internal lymphe-
dema, external lymphedema, and fibrosis with biomarkers and
functional and symptom outcome measures are planned.

Conclusions

Soft tissue and lymphatic complications of HNC therapy
are ubiquitous, with greater than 90% of patients experienc-
ing both internal and external lymphedema and over half of
patients developing fibrosis. Ongoing evaluation of internal
and external swelling and of fibrosis by clinicians coupled
with referral for physical and/or lymphedema therapy may be
helpful to these patients. Further research of these conditions
in this patient population is indicated.
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