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Abstract
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Importance: Head and neck lymphatic malformations (HNLM) demonstrate significant
variability in their natural history. While some malformations cause chronic severe
functional impairment, others are asymptomatic and spontaneously regress.
Understanding the frequency of spontaneous regression and the characteristics
associated with regression will aid clinicians and families in making informed treatment
choices and avoid unnecessary risks of intervention for a subset of patients.
Objective: To determine the incidence of spontaneous regression and identify factors
associated with spontaneous regression.
Design: Non-concurrent prospective cohort study.
Setting: Single regional pediatric tertiary care academic center.
Participants: Patients with HNLM who were seen in the Vascular Anomalies Clinic and
prospectively enrolled in an institutional quality improvement database between 2003 to

2022.



Exposure(s): Age of HNLM onset, primary location, distribution, cystic structure type,
grade and De Serres staging.

Main Outcome and Measure(s): The incidence of complete spontaneous regression
was estimated for the study population. A Kaplan-Meier curve was used to estimate the
probability of spontaneous regression occurring over time. The two-sided log-rank test
was used to test the association between exposure variables and survival. The effect of
the exposures on the likelihood of developing spontaneous regression were assessed
using Cox proportional hazards regression models.

Results: Of 368 patients with HNLM, 56% were male, and 55% were white. Most
HNLMs were diagnosed prenatally or during the first year of life (53.5%), had a focal
distribution (78.5%), were De Serres | or 1l (69%), and macrocystic (47.1%). Among the
study population, 6.2% experienced complete spontaneous regression, at a median
time of 23.3 months from HNLM onset. Factors significantly associated with complete
spontaneous regression included cystic structure, HNLM distribution, primary location
and De Serres staging (p<0.05).

Conclusions and Relevance: Macrocystic, localized HNLM are more likely to
experience spontaneous regression. Future studies will examine interaction among
these factors to better understand the drivers of regression. This work contributes to a
deeper understanding of the natural history of HNLM that can directly inform clinical

decision-making, decrease treatment risk, and optimize patient outcomes.



INTRODUCTION

Lymphatic malformations are the most common type of vascular malformation,* with an
estimated incidence between 1.2 to 5 in 10,000 live births.?> Most lymphatic
malformations are located in the head and neck and exhibit considerable clinical
heterogeneity.® While some children with head and neck lymphatic malformations
(HNLM) present with an asymptomatic neck mass, others experience diffuse infiltration
of the face, neck and aerodigestive structures resulting in significant morbidity such as
dysphagia, respiratory failure requiring a tracheostomy tube, and stigmatizing facial
differences,.”® Historically, the most common interventions include invasive treatments
with surgical resection and/or sclerotherapy.® In addition, the discovery that PIK3CA
variants cause most HNLM has created opportunities to introduce novel pharmacologic
treatment options.8-10 211-14 However, it is well-documented that a subset of patients will
experience spontaneous regression of the HNLM, a process by which a HNLM
progressively decreases in size (partial regression) and may resolve completely
(complete regression).8 1517 Despite the fact that there are multiple treatment options
available, there is scarcity of evidence to inform which treatments are likely to be most

effective for a given patient.®11.18-20

Outcome studies for common interventions have shown variable results. Surgical
resection for patients with localized macrocystic HNLMs is associated with complete
resolution in up to 90% of patients, and relatively few long-term complications have

been reported.?*22 However, surgery for more extensive malformations, particularly



those associated with bilateral, microcystic, and/or mucosal involvement, have been
associated with poorer outcomes and significantly more risk.118.21.22.24 Sclerotherapy
involves percutaneous administration of a sclerosing agent to the malformation.-2°
Similarly to surgery, sclerotherapy is most successful in macrocystic LM, while results
for microcystic disease are modest (53 to 89% for macrocystic vs. 35% for microcystic
cure rates).'120 A retrospective cohort study of surgery vs. sclerotherapy showed similar
effectiveness, defined as a need for further therapy within a year of the intervention.®2°
The recent discovery that PIK3CA variants are detected in 75% of HNLM?2%27 and that
LM occur through activation of the PI3K pathway has allowed for the development of
medical therapies for HNLM. Medications inhibiting different levels of the pathway??
include sirolimus,42%30 aspirin,3! miransertib,3233 and alpelisib.3* Results from published
studies of medical therapies for HNLM include a reduction in their size and associated

symptoms but have not led to complete resolution of the malformations.12:30:34

For patients without significant functional impacts, observation can be an effective
clinical strategy as it allows time for spontaneous regression to occur. Despite the
significance of this known phenomenon, healthcare providers are hesitant to observe
patients with HNLM, in part, because the process of spontaneous regression in HNLM
is inadequately understood and we lack sufficient data to inform providers about those
patients who are most likely to experience spontaneous regression. Retrospective
studies among patients with LM have reported frequencies of regression ranging from
12% to 60%.815-17.23 gand the time from diagnosis to regression ranged from 2 months to

16 years®1517.23 Macrocystic lesions and those located in the posterior or lateral neck



are most likely to demonstrate spontaneous regression.?15-17.23 With our limited
understanding of the process of spontaneous regression, our ability to make clinical
recommendations for observation may be constrained. Improving our understanding of
this process and identifying the predictors of spontaneous regression in HNLM would
inform evidence-based clinical decision-making and protect patients from unnecessary

and potentially harmful risks associated with interventions.

At our institution [Seattle Children’s Hospital (SCH), Seattle, WA], we recommend
observation to all patients with an HNLM unless they are experiencing functional
compromise.® In our previous study comparing patients who underwent observation
(only) to those who had invasive treatments, we saw that 58% of those in the
observation group experienced spontaneous regression.? This study seeks to
investigate the incidence, timing and likelihood of developing spontaneous regression

among children with HNLM.

METHODS

We conducted a non-concurrent prospective cohort study. Our primary objectives were
to (1) determine the incidence of spontaneous regression using a survival model; and
(2) identify factors associated with spontaneous regression using Cox proportional
hazard ratios. Approval for this study was obtained from the institutional review board

(IRB; STUDY00003656).



Population

Patients with HNLM were identified from a single regional pediatric tertiary care
academic center using our institutional vascular anomalies quality improvement
database, in which patients were prospectively enrolled between 2003 to 2022. All
patients aged birth to 21 years at the time of initial assessment who received a clinical
diagnosis of HNLM by a member of the vascular anomalies team. Patients with <6

months of follow-up were excluded.

Data collection

We abstracted data from the electronic medical records on demographics, clinical
information, invasive treatments (surgeries and sclerotherapies), and evidence of
spontaneous regression. Clinical data were abstracted independently and masked to
the outcome. Discrete data elements were imported from the SCH electronic data
warehouse. Study team members manually abstracted data for variables identified in

free text chart notes and surgical records. Data were stored in a REDCap® database.

Definitions of variables used in the analysis and the conceptual model

Date of onset was the date when the family reported the appearance of the
malformation or the date of clinical diagnosis by a provider. HNLM sites were rated

based on standard classification systems.**** HNLM distribution was categorized as

focal when it involved a single anatomic subsite, regional when the LM involved 1-3

anatomically adjacent subsites, or generalized when it involved more than 4 subsites.



The observation period corresponds to the amount of time each patient was observed

and included the time from the date of onset to the date of complete regression,

invasive treatment, or last follow up visit. The time to partial and to complete

spontaneous regression were calculated from the date of onset until the first date of

partial regression or the first date of complete regression as documented by a provider.

Among patients who did not have an intervention, HNLM was considered partially

regressed if it decreased in size but was still visible or completely regressed if there was

no visible HNLM documented. Patients were observed until they were censored.
Censoring occurred when (1) patients underwent surgical resection, laser ablation or
received sclerotherapy, as these events would alter the natural history, (2) patients were
lost to follow up or (3) patients reached 21 years of age. By using survival analysis
methods, this study incorporated observed time among all patients regardless of

treatment history in our analysis.

We developed a conceptual model for factors likely to be associated with spontaneous
regression based on literature review and clinical experience (Figure 1). Such factors
include neck location, limited extent, macrocystic composition, and <5 macrocysts.81517
We examined the following covariates: age at onset of HNLM, sex, race/ethnicity,
HNLM sites , HNLM distribution (focal, regional, or generalized), De Serres staging (I-
V),” grade (I, unilateral, Il bilateral),3” Wiegand staging (I to 1V),38 and cystic structure

(macrocystic/>2 cm, mixed, or microcystic/<2 cm).

Analysis



We conducted the primary analysis on patients with >6 months of follow up to allow
detection of change over time. A sensitivity analysis was performed with the entire
cohort to assess the overall stability of the results. Continuous variables were presented
as mean and standard deviation or median and interquartile range (IQR), as
appropriate. Categorical variables were described as frequencies and percentages.
Group level comparisons were made with Fisher’s exact test to investigate the
independence between two categorical variables. A Kaplan-Meier curve was used to
estimate the probability of spontaneous regression occurring over time. The two-sided
log-rank test was used to test the association between clinical characteristics and
survival. The effect of covariates on the likelihood of developing spontaneous
regression were assessed using Cox proportional hazards regression models to
estimate hazard ratios (HRs) and their corresponding 95% confidence intervals (CIs).
For covariates without failure events in a sub-category, the Cox proportional hazards
models were applied excluding the zero-event sub-category to avoid uninterpretable
HRs and 95% Cls. Statistical significance was determined using a two-tailed p-value <
0.05. Statistical analyses were performed using R Statistical Software (version 3.6.1; R

Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study Population




The population included 298 patients with HNLM, most of whom were male (58%),
white (56%), and 72% of the population identified as Non-Hispanic. English was the
preferred language of care (90%). Most participants had private (45%) or public (33%)
insurance. Most patients resided in Washington state (80%) and in a metropolitan area

(83%; Table 1).

The onset of HNLM occurred prenatally or at birth (46%), in the first 3 years (25%),
between ages 3-6 years (11%), and after age 6 years (18%). The malformation was
most frequently located in the lower face (40%) or neck (40%). HNLM was localized to a
single area of the face or neck in most cases (63%), 26% were regional, and 10% had a
more generalized distribution. HNLM De Serres staging was stage | (37%), stage Il
(40%), and stage 11l (10%), with only 10% and 3.4% being stage 1V and V, respectively;
corresponding to 80% being grade | and 13% grade Il. Wiegand stage for HNLM
involving the tongue (n=59) was 32% stage | and Il, 9% stage Ill and 59% stage IV.

Almost half of HNLM were macrocystic (43%; Table 1).

Patients had a median follow up of 57.6 months (IQR 15.8, 119.3). The median
observation period for the cohort was 25 months (IQR 11.2, 63.4), while for patients
who did not undergo invasive treatments was 42 months (IQR 17.1, 111.4), and for

those who eventually did was 15.2 months (IQR 9.5, 33.5).

Complete Spontaneous Regression and Associated Factors




The incidence of complete spontaneous regression was 9.1% for the study population.
Among patients who were observed and never required an invasive treatment, the
incidence of complete regression was 19.7%. The median time from HNLM onset to
demonstrating partial spontaneous regression is 10.5 months (IQR 5.5, 22.5), and 12

months to the development of complete spontaneous regression (IQR 6.68, 27.43).

Factors associated with complete spontaneous regression included location in the neck
(81% vs. 37%, p=0.003); macrocystic structure (96% vs 4% microcystic and 0% mixed,
p <0.001), focal distribution (88.5% vs. 11.5% regional, and 0% generalized, p =0.052),
grade 1 (100% vs. 0% grade 2, p=0.055) and De Serres | staging (73.1% vs. 15.4% I
and 11.5% lll, p <0.001). Spontaneous regression occurred in children of both genders,
and across various ages, races, ethnicities, and ages of onset. Patients with HNLM
located in the upper face, midface, or with generalized or bilateral distribution, nor with
any mixed HNLM or with any Wiegand tongue staging developed complete

spontaneous regression, and only one patient with a microcystic HNLM did (Table 2).

Survival Analysis of Spontaneous Regression

The probability of regression is greater among patients with malformations in the lower
face and neck than xxxx? (p<0.0001). The likelihood of regression for patients with
lesions in the neck is 5.6 times greater than for patients with malformations in the lower
face (95%CI 2.08-14.9, p<0.001). The likelihood of regression is greater for macrocystic

HNLM (p < 0.0001). Macrocystic HNLM have a 32.2 times greater likelihood of



regression than patients with microcystic malformations (95%CI 4.29-241, p<0.001).
The probability of regression over time based on De Serres staging is greater for HNLM
that are stage | and Il than xxxx? (p<0.001). Patients with grade | LM are more likely to
develop complete regression than patients grade 1l (p=0.043). There was no statistically
significant difference in the rates of complete regression based on patient age of onset
(p=0.51), or LM distribution (p=0.1). Importantly, patients with HNLM that had
microcystic or mixed cystic structure, were located in the face (scalp, skull base,
forehead, orbit, midface, oral cavity, or parotid/parapharyngeal space), had a regional or
generalized distribution, were De Serres IV/V or Grade Il were highly unlikely to exhibit
regression (n=0 or 1, p<0.05, Table 2, Figure 2). In our sensitivity analysis of 368
patients with a HNLM with any length of follow-up, there were no deviations from these

findings.

DISCUSSION

Our study results showed an incidence of complete spontaneous regression of 9.1%
among the study population and the time from HNLM onset to developing complete
spontaneous regression was 12 months (IQR 5.5 to 22.5 months). Factors such as
macrocystic structure, focal distribution, neck location, De Serres | staging, and being
grade | significantly increase the likelihood of developing complete regression.. These
findings are consistent with prior studies and underscore the importance of considering
cystic structure and anatomical distribution in patient prognostication .

Sociodemographic characteristics are not associated with differential likelihood of



regression. Importantly, patients with HNLM involving the upper face or midface, with
mixed or microcystic composition, and those with more extensive unilateral or bilateral

involvement do not exhibit spontaneous regression.

Only four published studies have primarily focused on spontaneous regression of LM
(Table 3). In a study by Perkins et al. of 104 patients with HNLM at 2 pediatric hospitals

with =1 year follow-up (1999 to 2005), 12.5% showed complete spontaneous regression

(n=13).% Patients with regressing LM had a bimodal age distribution (at birth, and 4.2
years (range 2-138 months), De Serres stage 1-3, had involvement of the posterior with
or without part of the anterior neck (12/13 patients), all were macrocystic and one had
>5 septae. A sub-analysis of 64 patients at SCH with imaging available (55 non-
regressing vs. 9 regressing) showed that macrocystic LM (p=0.008), having <5 septae
(p=0.00), and having limited extent (p=0.00) were associated with regression compared
to non-regressing LM.®> The mean time to regression was 4.5 months (range 2-7
months) and the average duration of follow up was 33.8 months (range 16-48 months).
Authors conclude that regressing LM share certain characteristics and start showing

regression within 7 months.

In 2017, Kato, et al'® reported on 153 patients with LM of the head, neck, and
extremities with =3 months of observation and =26 months of follow up after treatment in
Japan over 34 years (1983-2016). Spontaneous regression was defined as a >20%

decrease in size over 3 months and occurred in 77 patients (50%). Of these, 72 (94%)

were macrocystic and 5 (6%) were mixed. Among 77 patients with regressing LM, 17



patients (22%) developed a recurrence (most with macrocystic LM) between 6m to 6y
after the initial regression, and 3 patients had multiple recurrences. Seven patients with
recurrence underwent additional treatments (sclerotherapy in 4, suction in 2, surgery in

1).

In 2021, Bonilla-Velez, et al® studied 191 patients managed under an active observation
shared-decision making model where HNLM not causing functional compromise are
offered active observation for 6—9 months, hypothesyzing that observation could be an
effective therapeutic strategy. Spontaneous regression was defined as complete
resolution. Of 65 patients in the observation group (34%), 36 experienced regression
(58%). There were 126 patients who received invasive treatments. Factors associated
with regression included macrocystic structure and neck location (p=0.003). Eight
patients (12%) subsequently had invasive treatments. The authors conclude that active
observation for patients without functional compromise appears to be safe and allows

for regression to occur

Thorburn, et al 17 reported on patients with LM in any location managed between 1989—

2019 in a Canadian pediatric hospital. Regression was defined as an improvement in

the appearance of the lesion, categorized as partial or complete, per pediatric surgeon

assessment at their follow up. Among 32 patients observed, 18 (56%) exhibited partial
regression while 8 (25%) had complete regression and 6 (18%) did not regress.
Average time to regression was 6.6 years. The authors advocate for observation as

initial therapy for non-life-threatening LM.



In addition to these larger studies, spontaneous regression of LM has been noted in
case series and case reports. Five case series on institutional treatment outcomes have
reported cases of spontaneous regression (8/45 neck HNLM with complete
regression,3® 8/46 neck LM with complete regression,® of 11/46 observed HNLM, 5/11
had complete regression,?® 2/177 body LM had partial regression,*® and of 62/164
observed body LM, 16/62 had complete regression,*), as well as case reports for LM in

the orbit,*?44 parotid,*>46 neck,*’*®¢ mediastinum,*® and abdomen.50-5

Our results are consistent with the existing literature and demonstrate the potential for
spontaneous regression when the HNLM is localized, macrocystic, and located in the
neck. However, the wide variability in the composition of study populations, definitions
for outcomes, and reported rates of regression among published studies makes
comparisons challenging and warrants additional investigations to address critical
remaining questions. How do we effectively counsel parents and patients regarding the
likelihood of spontaneous regression in their child? Furthermore, there is often
correlation among the variables associated with complete regression, such as
macrocystic composition and neck localization, such that discerning what are the
specific factors that are driving the process of regression remains elusive. Is regression
primarily linked to being macrocystic and focal? or is there some intrinsic property in the
neck that influences the likelihood of regression? Our study serves as an initial step in
elucidating these complex associations by providing estimates of regression likelihood

based on HNLM characteristics. Future studies that explore the relationships among



predictors, consider potential confounding and interaction among these factors will allow

for the identification of more specificpredictors of regression.

Our study advances our understanding of spontaneous regression in HNLM in several
ways. It reports on the largest HNLM population with the longest follow up in the
literature, enabling more robust statistical analyses. Our nonconcurrent retrospective
cohort study design serves as a higher level of evidence than prior studies. We have
conducted a systematic evaluation of the HNLM phenotype, as well as patient and
clinical factors to have well-defined predictors and minimize missclassification.
Implementing survival methods allows us to analyze the time all patients with a HNLM
were observed up to when they had an invasive treatment or were lost to follow-up,
which provides a better population-level understanding of the process of spontaneous
regression and offers a different perspective from the existing literature that has focused
on group-level comparisons. In addition, it provides estimates of the likelihood of
regression based on HNLM characteristics. This approach also allowed us to clearly
identify HNLM patients who will not regress, information that is equally relevant and
previously unreported. Together, these contributions represent an advancement in our

understanding of the process of spontaneous regression in HNLM.

While our study offers valuable insights into HNLM, several limitations warrant
consideration. We relied on data from medical records in this retrospective study, which
introduces inherent biases and limitations in data collection and analysis, such as

selection bias and measurement error. To minimize misclassification, quality control



was performed by an independent reviewer for key covariates and outcomes on >10%
of patients. There is some selection bias from differential attrition, as patients with
complete regression may elect to forego follow-up visits and thus the event would not
be captured in the medical record, as well as patients with functional compromise may
undergo invasive treatments shortly after diagnosis and thus regression cannot be
seen. We have attempted to minimize these effects by including all the observed time
among all patients in our survival analysis, but residual confounding remains.
Additionally, the study population was drawn from a single regional pediatric tertiary
care center. This regional subspecialty clinic provides care to children from a large 5-
state region, and future multi-center collaborations will allow for evaluation of the
generalizability of our findings to US and global populations with HNLM. There is some
inherent bias related to individual providers, clinical circumstances and parental
preferences that influence clinical decision making that are unable to be captured or
controlled for and remain a limitation of any non-experimental study. Finally, our study is
centered on pediatric care and thus we cannot comment on patients that present in
adulthood. Future studies with larger, multicenter cohorts and prospective designs are
warranted to address these limitations and further enhance our understanding of

regression in HNLM.

In conclusion, we observed an incidence of complete spontaneous regression of 9.1%
and the median time onset to complete spontaneous regression was 12 months.
Factors such as macrocystic structure, focal distribution, neck location, grade 1 and De

Serres | staging significantly increase the likelihood of developing complete regression.



Patients with HNLM involving the upper face or midface, with mixed or microcystic
composition, and those with more extensive unilateral or bilateral involvement do not
exhibit spontaneous regression. Understanding the occurrence and predictors of
spontaneous regression in HNLM is crucial for optimizing patient selection for
treatments, minimizing unnecessary risks, and improving patient outcomes. Based on
these findings and those of previous studies, we advocate for a one-year observation
period for patients with HNLM that is macrocystic, of limited extent, and/or located in the
neck, as non-intervention during this period may prove to be curative. Future work will
assess the relationships among predictors, considering potential confounding and
interaction effects to better predict patients likely to exhibit regression. This work
contributes to a deeper understanding of the natural history of HNLM, informs clinical
decision-making, decreases treatment risk, and enhances personalized treatment

strategies to optimize patient outcomes.
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Tables and Figures
Figure 1: Conceptual Model for Spontaneous Regression in Pediatric Head and Neck Lymphatic Malformations
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Figure 2: Survival Analysis of Complete Spontaneous Regression in Head and Neck Lymphatic

Malformations.
Kaplan-Meier Curves and Hazard Ratios for the Likelihood of Developing Complete Spontaneous Regression for (a) the overall

cohort, and by (b) Primary Location, (c) Age of Onset, (d) Cystic Structure, (e) HNLM Distribution, and (f) De Serres Staging, and (g)

LM Grade.
Abbreviations: HNLM = Head and Neck Lymphatic Malformations, HR = Hazard Ratio, Cl = Confidence Interval.



Table 1: Demographic and Clinical Characteristics of the Study Population

Characteristics N (%)

Age of Onset

Prenatal or at Birth 137 (46.0)

After birth to 3 years old 73 (24.5)

3 to 6 years old 34 (11.4)

26 years old 53 (17.8)
Gender

Female 125 (41.9)

Male 173 (58.1)
Race

American Indian/Alaska Native 7 (2.3)

Asian 25 (8.4)

Black/African American 3(1.0)

Native Hawaiian/Other Pacific Islander 1(0.3)

White 167 (56.0)

Other, Multi-racial or Unknown 95 (31.9)
Hispanic/Latinx

No 213 (71.5)

Yes 45 (15.1)

Unknown 40 (13.4)
Preferred language for care

English 268 (89.9)

Spanish 22 (7.4)

Other language 8 (2.7)
Insurance Status

Private 135 (45.3)

Medicare/Medicaid 97 (32.6)

Other government funding 12 (4.0)

Self pay/charity 34 (11.4)

Unknown 20 (6.7)
State of Residence

WA 237 (79.5)

Other WWAMI 29 (11.0)

Other States 17 (6.5)

Unknown 15 (5.7)
Urban/rural status

Metropolitan area 246 (82.6)

Micropolitan area (10,000-49,999) 23 (7.7)

Small town

12 (4.0)



Rural area
Unknown
Primary Location
Upper Face, Orbit, Forehead, Scalp
Midface and Upper Lip

Lower Face, Parotid, Ear, Oral Cavity, Oropharynx

Neck
Generalized Unilateral
Generalized Bilateral
Unknown
Cystic structure
Macrocystic
Microcystic
Mixed
Unknown
HNLM Distribution
Focal
Regional
Generalized Unilateral
Generalized Bilateral
Unknown
LM Grade
I: Unilateral
II: Bilateral
Unknown
De Serres stage
I
Il
1
v
\Y
Unknown
Wiegand Staging for Tongue LM (n=52)
I
]
1
v
Unknown or Non-Tongue Involving (%N)

2 (0.7)
15 (5.0)

19 (6.4)
7 (2.3)
120 (40.3)
120 (40.3)
5 (1.7)
26 (8.7)
1(0.3)

128 (43.0)

100 (33.6)
43 (14.4)
27 (9.1)

189 (63.4)
77 (25.8)
5 (1.7)
26 (8.7)
1 (0.3)

239 (80.2)
40 (13.4)
19 (6.4)

110 (36.9)
118 (39.6)
29 (9.7)
29 (9.7)
10 (3.4)
2 (0.7)

16 (27.1)
3(5.1)
5 (8.5)

35 (59.3)

239 (80.2)

WWAMI, Washington, Wyoming, Alaska, Montana, and Idaho. NA, Non-applicable.

LM, Lymphatic Malformation.
*pased on 2010 Rural-Urban Commuting Area (RUCA) Codes.



Table 2: Factors Associated with Spontaneous Regression

Complete Regression

Characteristics No Yes p*
(n=271) (n=27)

Gender
Female 114 (42.1) 11 (40.7) 1
Male 157 (57.9) 16 (59.3)

Race 0.827
American Indian/Alaska Native 6 (2.4) 1(4.0)

Asian 24 (9.5) 1(4.0)
Black/African American 3(1.2) 0 (0.0)
Native Hawaiian/Other Pacific Islander 1(0.4) 0 (0.0)
White 152 (60.1) 15 (60.0)
Other, Multi-racial or Unknown 67 (26.4) 8 (32.0)

Hispanic/Latinx 0.775
No 194 (82.2) 19 (86.4)

Yes 42 (17.8) 3(13.6)
Unknown

Age of Onset 0.53

Prenatal or at Birth 127 (46.9) 10 (38.5)
After birth to 3 years old 66 (24.4) 7 (26.9)
3 to 6 years old 29 (10.7) 5(19.2)

26 years old 49 (18.1) 4 (15.4)

Primary Location 0.003
Upper Face, Orbit, Forehead, Scalp 19 (7.0) 0 (0.0)

Midface and Upper Lip 7 (2.6) 0 (0.0)
Lower Face, Parotid, Ear, Oral Cavity, Oropharynx 115 (42.4) 5(19.2)
Neck 99 (36.5) 21 (80.8)
Generalized Unilateral 5(1.8) 0 (0.0)
Generalized Bilateral 26 (9.6) 0 (0.0)

Cystic structure <0.001
Macrocystic 104 (42.3) 24 (96.0)
Microcystic 99 (40.2) 1(4.0)

Mixed 43 (17.5) 0 (0.0)

HNLM Distribution 0.052
Focal 166 (61.3) 23 (88.5)
Regional 74 (27.3) 3 (11.5)
Generalized Unilateral 5 (1.8) 0 (0.0)
Generalized Bilateral 26 (9.6) 0 (0.0)

LM Grade 0.055
I: Unilateral 216 (84.4) 23 (100.0)



II: Bilateral
De Serres stage

I

Il

1]

v

\Y,
Wiegand Staging for Tongue LM

I

Il

1]

\%

40 (15.6)  0(0.0)

0.001
91 (33.7) 19 (73.1)
114 (42.2) 4 (15.4)

26(9.6)  3(11.5)
29 (10.7)  0(0.0)

10 (3.7) 0 (0.0)

1

16 (27.1)  0(0.0)

3 (5.1) 0 (0.0)

5 (8.5) 0 (0.0)

35(59.3)  0(0.0)

* Fisher’s exact test



Table 3: Studies Evaluating Spontaneous Regression in Lymphatic Malformations

Spontaneous Spontaneous Regression Recurrence Level
Primary Research Population, Setting, Follow- b : Onset of P X gres Post-
Author Year ; ) Regression ; regression Associated . of
Question Study Period up L Regression Regression . .
Definition n (%) Factors . Evidence
n/N (%), time
Perkins, Identifying clinical and  HNLM at 2 51 LM resolution Macrocystic
etal. radiographic institutions (6y, 1999 y <5 septae
characteristics to 2005) Mean Limited
2008 ; . . 33.8m <7m 104 13 (12.5) N.R. 4
associated with Compared (Range extent
spontaneous regressing vs. non- 9 Posterior
. . 16-48)
regression regressing LM. neck
Kato, et al Characterization of Body LM (peripheral, >20% decrease Macrocystic
the occurrence of not intraabdominal in LM size over Older
spontaneous and/or intrathoracic) 3 months. <3m per patients 17177 (22)
regression at 1 institution who . (~3y) 6m to 6y
2017 did not undergo any >3m study design. 153 " Neck or axial 7 additional 4
N.R.
treatment for 3 tx
months (34y, 1983-
2016).
Bonilla- Use of active HNLM at 1 institution LM resolution Macrocystic
Velez, observation as a managed under an 191 Lateral Neck N.R
et al. treatment modality for  active observation 65 36/191 (19) L
2021 HNLM without model for >6-9 >2y N-R. observe 36/65 (58) 6 ad(;i)létlonal 4
functional months (17y, 2000- d
compromise 2017).
Thorburn, Describe outcomes of Body LM at 1 Improvement
etal conservative-based institution without life- appearance LM
LM management threatening per 39 Among observed:
using a population- symptoms (30y, Mean 6y assessment 6.6y 32 Partial: 18/32 (56)
2022 based model with 1989-2019) (Range  pediatric in observed observe Complete: 8/32 (25) N.R. N.R. 4
long-term follow up 1-19y)  surgeon (partial group d Any: 26/32 (81)

or complete)

None: 6/32 (19)

Abbreviations: HNLM, Head and Neck Lymphatic Malformations, LM, Lymphatic Malformations, N.R. Not reported. Tx. Treatment.
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