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Abstract

Background: Melanoma clinical trials demonstrated that completion lymph node dissection
(CLND) is low value for most sentinel lymph node (SLN)-positive patients. Contemporaneous
trials of adjuvant systemic immunotherapy and BRAF/MEK targeted therapy showed improved
recurrence-free survival in high-risk SLN-positive patients. To better understand how oncologic
evidence is incorporated into practice (implementation), we evaluated factors associated with
discontinuation of CLND and adoption of systemic treatment at United States (US) Commission
on Cancer-accredited centers.

Methods: In a retrospective cohort study of adults with SLN-positive melanoma treated from
2012-2017 using the National Cancer Database (NCDB), we evaluated use of CLND and adjuvant
systemic treatment using mixed effects logistic regression, reporting results as odds ratios (OR)
with 95% Confidence Intervals (Cl).

Results: Among 10,240 SLN-positive melanoma patients, performance of CLND declined
from 60% to 27%. Adjuvant systemic treatment increased from 29% to 43% (37% in

Stage I11A patients, 46% in 111B-C). CLND was less common with lower extremity

tumors (OR=0.53, 95%CI1=0.44-0.64) and more common with multiple positive SLNs
(OR=2.36, 95%CI1=2.08-2.67), treatment at a high- or moderate-volume center (ORpjgh=1.49,
95%CI1=1.05-2.12; ORpoderate=1.32, 95%CI1=1.05-1.64), and receipt of systemic therapy
(OR=1.44, 95%CI1=1.27-1.63). The increased likelihood of CLND in patients receiving adjuvant
systemic treatment persisted in the most recent study years and in patients with a single positive
SLN.
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Conclusions: At a population level, CLND declined, and adjuvant systemic treatment increased,
reflecting evidence-responsive care. Variation in persistent use of CLND and in provision

of adjuvant treatment for lower risk patients highlights residual gaps in both evidence and
implementation.
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INTRODUCTION

For melanoma patients with regional lymph node metastases identified on sentinel lymph
node biopsy (SLN-positive), nodal observation with ultrasound is a less morbid alternative
to routine completion lymph node dissection (CLND), which was shown to have comparable
disease-specific survival in two multi-center randomized controlled trials, the German
Dermatologic Cooperative Group Trial (DeCOG-SLT) presented in 2015 and published in
2016 and the Second Multicenter Selective Lymphadenectomy Trial (MSLT-11) presented
and published in 2017.1-3 At the same time, adjuvant systemic therapies including anti-
CTLA-4 and anti-PD1 immunotherapy and BRAF/MEK inhibitors have demonstrated
efficacy in patients with SLN-positive melanoma who have a minimum nodal tumor burden
of one millimeter. Due to the parallel timing of nodal observation and adjuvant systemic
therapy trials, the combined strategy of nodal observation with adjuvant systemic therapy
has not been studied in a randomized fashion.

There is an often-cited several year gap in adoption of effective practices such as adjuvant
systemic therapies and discontinuation of practices such as CLND.810 Further, where
innovative management strategies apply to the same patient population but have not been
studied together, as is the case with nodal observation and adjuvant systemic therapy, it is
unknown how adoption of one treatment impacts discontinuation of another.*-” A recent
study of SLN-positive melanoma patients treated at international melanoma referral centers
demonstrated a profound decline in CLND and increased provision of adjuvant systemic
therapy, but management varied by treating center and the sample size was insufficient to
determine the effect of adjuvant systemic therapy adoption on CLND discontinuation.
Prior evaluations of practice patterns in US centers, where the organization of healthcare
delivery is complex and heterogeneous with multiple payers and provider types, have
revealed wide variation in whether and when effective treatments are adopted or low-value
procedures are discontinued.12-14 At US healthcare facilities it is currently unknown how
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management of SLN-positive melanoma has evolved in response to recent evidence or what
factors have been influential.

Given this evidence gap, our first objective was to evaluate temporal trends in performance
of CLND for SLN-positive melanoma in the US. Second, we sought to understand the
relationship between disease-specific and contextual factors and likelihood of CLND. We
expected a steep decline in CLND based on observed trends in international melanoma
referral centers, but anticipated greater variation based on care delivery factors which
could reveal targets for future interventions to increase uptake of evidence-based practices.
Our third objective was to evaluate how provision of adjuvant systemic therapy impacted
the likelihood that SLN-positive patients received nodal observation versus CLND. We
hypothesized that adjuvant systemic therapy would be considered a substitute for CLND,
and hence given more often in patients not undergoing CLND.

METHODS

Study Overview

The study cohort was identified from the National Cancer Database (NCDB), a national
oncology database developed through a collaboration between the American Cancer Society
and the American College of Surgeons Commission on Cancer (CoC). It includes patients
treated at over 1,500 accredited sites representing approximately 70% of US cancer patients.
The study was deemed exempt by the University of Alabama at Birmingham Institutional
Review Board given use of de-identified data and had no designated funding. Reporting is in
accordance with EQUATOR guidelines using the STROBE checklist (Supplemental File).

Patient Population

Outcomes

We included adult male and female patients with invasive cutaneous melanoma diagnosed
between 2012 and 2017 who had no clinical evidence of regional nodal or distant metastatic
disease. Patients underwent primary tumor excision with SLN biopsy and had at least one
tumor-involved SLN, identified in the dataset by pathologic N stage and the “Regional
Lymph Nodes Positive” variables. Patients were excluded if surgery was performed for
palliation, primary tumor excision was not performed, all treatment occurred outside the
CoC-participating reporting facility, or the patient died within 90 days of surgery.

Nodal management with observation versus CLND was determined using the “Scope of
Regional Lymph Node Surgery” variable which was available starting in 2012. Management
was categorized as nodal observation (SLN biopsy only) or CLND performed concurrent
with or after positive SLN biopsy. Adjuvant systemic therapy use was determined using

the “Systemic/Surgery Sequence” variable and categorized as immunotherapy versus other.
Patients were considered to have received adjuvant systemic therapy if treatment was
provided after surgery.
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Statistical Analysis

RESULTS

We examined temporal trends in the proportion of patients undergoing CLND and receiving
systemic therapy. To evaluate variation related to patient and disease-specific factors and to
account for clustering by treating facility, we developed a mixed effects logistic regression
model with treating facility as the random effect. Year of treatment was included as

a categorical variable to allow for nonlinear trends. Model covariates were selected a
prioriand included patient age, sex, Charlson comorbidity score, tumor location, tumor
ulceration, Breslow depth, number of positive SLN, systemic treatment, insurance status,
travel distance, location of patient residence (categorized as metropolitan, adjacent to
metropolitan, or not adjacent to metropolitan based on USDA Economic Research Service
2013 Urban Rural Continuum Codes), type of treating facility (using CoC determination

as academic, comprehensive community cancer center, community cancer center, integrated
cancer network), US geographic region (by US Census Divisions), and facility volume

of SLN-positive melanoma patients seen per year (averaged over all years of study and
categorized in tertiles as low, moderate, or high). We used the final model to estimate the
marginal probability of CLND by each factor for an average patient in the cohort. For

the multilevel model we calculated an intraclass correlation coefficient to determine the
proportion of variation explained by effects at the treating facility level.

Additional subgroup analyses were performed as follows: 1. Patient cohort limited to those
diagnosed during the last two years of study which corresponded to timing of presentation
and publication of nodal management clinical trials; 2. Including only patients with a
single positive SLN; 3. Limited to patients who did not receive systemic therapy; and 4.
Limited to patients who did receive systemic therapy; 5. Comparing the least aggressive
(nodal observation without adjuvant systemic therapy) versus most aggressive (CLND with
adjuvant systemic therapy) strategies.

There were 210,767 patients with clinically node-negative melanoma. Of these, 109,428
(52%) underwent regional nodal surgery. Excluding patients with unknown nodal
management or systemic treatment before surgery yielded 85,824 patients, of which 10,240
(12%) had a positive SLN and constituted the analytic cohort. The median age of included
patients was 60 years (IQR, 48-71) and patients were predominantly non-Hispanic white
(Table 1). Most patients lived in a metropolitan (83%) or metro-adjacent area (12%), were
treated at an academic medical center (48%) or comprehensive community cancer program
(24%) and had private (53%) or Medicare (37%) insurance. Eighty-five percent had trunk or
extremity tumors, median Breslow depth was 2.4 millimeters (IQR, 1.4-4.2), and 72% had a
single positive SLN (Table 1).

During the study period, 5,178 (51%) SLN-positive patients received nodal observation
while 5,062 (49%) underwent CLND. Performance of CLND declined from 60% in 2012

to 27% in 2017 with no differences in temporal trends based on type of treating facility
(Figures 1 and 2). Patients living in non-metropolitan areas were more likely to undergo
CLND (p=0.002) (Figure 3, Supplemental Table 1). Twenty-nine percent of patients received
adjuvant systemic therapy as part of their initial course of treatment, including 25% of
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stage I11A patients and 33% of patients with stage I11B-D disease (Supplemental Table

S2). In the most recent year of study, 37% of Stage Il1A patients and 46% of Stage

I11B-D patients received adjuvant systemic therpay. Other factors associated with adjuvant
systemic therapy included more sentinel nodes involved by metastatic disease, truncal
primary site, younger age, fewer comorbid conditions, private or Medicare insurance, shorter
travel distance, treatment at a low volume center, and treatment during later years of study
(Figure 1, Supplemental Table S2). Immunotherapy was the most common treatment (85%);
other systemic therapies were not reported. CLND was performed in 56% of patients who
received systemic therapy versus 47% without systemic treatment (p<0.001).

In the multivariable model likelihood of CLND which was adjusted for patient, disease-
specific, and contextual factors, the temporal trend in CLND persisted, demonstrating a
significant decline during the last three years of study (2015-2017). Diagnosis in the last
study year was associated with an 81% lower likelihood of CLND than six years prior (OR
0.19, 95% CI 0.15-0.23) (Figure 4). For an average patient in this cohort, the probability

of CLND decreased from 59% (95% CI 56-63%) in 2012 to 27% (95% CI 25-30%) in
2017 (Supplemental Table S3). Other factors associated with lower likelihood of CLND
included older age (2% decrease with each one-year increase, OR 0.98, 95% CI 0.98-0.99),
lower extremity tumor (relative to head and neck primary, OR 0.53, 95% CI 0.44-0.64),

and Medicare insurance (relative to private insurance, OR 0.84, 95% CI 0.72-0.98). While
overall trends in the proportion of patients receiving systemic treatment were inversely
proportional to CLND, in the multivariable model patients who received systemic treatment
were 44% more likely to undergo CLND (OR 1.44, 95% CI 1.27-1.63) (Figure 4). Patients
were also more likely to undergo CLND if they had more than one positive SLN (OR 2.36,
95% CI 2.08-2.67 for 2-3 positive SLN; OR 7.80, 95% CI 5.69-10.69 for 4+ positive SLN)
or if they received treatment at a moderate or high-volume center relative to a low volume
center (ORmoderate 1.32, 95% CI 1.05-1.64, ORpjgn 1.49, 95% CI 1.05-2.12). The multilevel
model intraclass correlation coefficient was 0.16, indicating residual variation at the treating
facility level not explained by included patient and disease-specific factors.

Limiting the analysis to the last two years of study confirmed observed associations

of CLND with more than one positive SLN, primary tumor location other than lower
extremity, and receipt of systemic treatment (Supplemental Table S4). Among patients with
a single positive SLN, older age and lower extremity primary tumors were associated with
a decreased likelihood of CLND while truncal primary, systemic treatment, and longer
travel distance were associated with an increased likelihood of CLND (Supplemental Table
S4). Separate analyses in patients with and without systemic treatment confirmed main
model findings. CLND was associated with more than one positive SLN and treatment at

a moderate- or high-volume center, and less likely with older age, lower extremity primary
site, and treatment later in the study period (Supplemental Table S4). Additionally, systemic
therapy recipients who lived in urban or rural areas that were not metro-adjacent were more
likely to undergo CLND while those treated at community cancer centers were less likely
to undergo CLND relative to academic centers. In patients who did not receive systemic
therapy, longer travel distance was associated with CLND (Supplemental Table S4).
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Sixteen percent of patients received the most aggressive treatment strategy, CLND with
systemic treatment. Relative to patients receiving nodal observation alone without adjuvant
systemic therapy, patients undergoing CLND and receiving systemic therapy more often had
had thicker ulcerated tumors with more positive SLNs (Table 2). Factors associated with
decreased likelihood of the most aggressive treatment strategy were older age, Medicare
insurance, lack of insurance, lower extremity primary site, and treatment later in the study
period.

DISCUSSION

Among SLN-positive melanoma patients treated at US CoC-participating centers, there

has been a significant decline in performance of CLND and an analogous increase in
adjuvant systemic therapy, which aligned temporally with publication of nodal management
and adjuvant systemic therapy trial results. Despite significant discontinuation of CLND,
approximately one-third of patients still underwent CLND in the latest available year of
study, with differences in nodal management being attributable to patient, disease-specific,
and contextual factors including higher treating facility volume and receipt of systemic
therapy. At the same time, adjuvant systemic treatment increased in all SLN-positive patients
including over one-third of patients with stage 111A disease.

Our findings with respect to CLND are most informative for later years of study which
were expected to be most sensitive to the impact of available trial results and for which the
decline in CLND was most pronounced.1® The precipitous decline in CLND contrasts with
the more gradual curves observed for discontinuation of other low-value clinical practices
in oncology including PSA screening in men at average risk of prostate cancer, and nodal
staging for women older than 70 years with low-risk breast cancer.8:16 There are several
possible reasons why performance of CLND declined so quickly after trial results became
available. This study demonstrated that performance of CLND was decreasing before the
publication of MSLT-Il and DeCOG. In the first three years of study, more than 40%

of SLN-positive patients did not undergo CLND despite this still being recommended in
national guidelines and designated as a quality measure by the CoC at this time.1” As

most CLNDs yielded no additional metastatic disease in non-SLNSs, yet the procedure
carries a significant risk of lymphedema, the early decline in CLND may have been due

to lack of perceived benefit coupled with concern regarding procedural morbidity. Indeed,
CLND was performed more often in patients with more than one positive SLN, in whom
there is greater risk of residual metastases in non-SLNs.18-21 Further, there was a lower
likelihood of CLND in patients with lower extremity tumors who would most often require
an inguinal lymph node dissection, a procedure associated with higher rates of long-term
lymphedema than for axillary or cervical lymph node dissection.22 This aligns with a recent
survey of US melanoma surgeons, who reported greater propensity to offer axillary lymph
node dissection for upper extremity tumors than inguinal lymph node dissection for lower
extremity tumors.23 Finally, prior non-randomized studies of patients with SLN positive
disease who did not undergo CLND had comparable disease-specific survival.24:25 For some
providers, this level of evidence may have been sufficient to support practice change.
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We found that CLND was performed more often at moderate and high-volume centers

than at low volume centers. Additionally, CLND rates were higher in all years of study at
academic centers than at community cancer centers or integrated cancer networks. Adjuvant
systemic therapy was more common at low volume centers, and among patients who
received systemic therapy, treatment at a community cancer program was associated with

a decreased likelihood of CLND relative to treatment at an academic center. Given the range
of cancers treated by immunotherapy, there may be greater capacity for and experience

with systemic therapy than specialized surgical procedures at community cancer centers.
Alternatively, practitioners at lower volume and community-based centers may be more
open to changing practice, less stringent regarding the level of evidence required to support a
change in practice, and/or more comfortable offering lower intensity management strategies
than practitioners at high volume and academic centers. Indeed, the association between
treatment at a high-volume center and high intensity surgical care is observed in other
disease sites. For example, rates of contralateral prophylactic mastectomy for unilateral
breast cancer are higher at high-volume centers.13

Patient factors including location of residence and travel distance were also pertinent. In
patients who did not receive systemic therapy, longer travel distance was significantly
associated with CLND. In those patients who received systemic therapy, living remote

from a metropolitan area was associated with increased likelihood of CLND. Clinical trials
of nodal observation incorporated an intensive surveillance regimen that required frequent
clinical assessment with nodal basin ultrasound, which is technician-dependent and may not
be readily available at local centers. Patients who lived further from the treating facility
and/or or remote from a major metropolitan area may have been more inclined to undergo
CLND to avoid frequent travel for surveillance visits.

Alongside the decline in CLND we observed a contemporaneous increase in adjuvant
systemic therapy. This was observed even in stage Il A patients, for whom evidence
supporting adjuvant systemic therapy is most limited.>-” We hypothesized that the observed
inverse relationship between CLND and systemic treatment was due to patients and
providers substituting systemic therapy for CLND; however, we found that patients
receiving systemic treatment were more likely to undergo CLND. Notably, there were
several common disease-specific risk factors which were associated with both CLND and
adjuvant treatment including higher stage and more positive sentinel lymph nodes. However,
the association between adjuvant systemic therapy and CLND persisted in models adjusted
for these risk factors. This may be due to other unmeasured high-risk features that are
shared among patients who received adjuvant therapy and undergo CLND. Alternatively,
this practice pattern may reflect providers’ strict interpretation of available evidence because
all adjuvant systemic therapy trials required CLND prior to starting systemic treatment,
highlighting persistent uncertainty regarding the long-term oncologic outcomes for patients
managed with adjuvant systemic therapy without CLND.

Another explanation for the positive association between adjuvant systemic therapy and
CLND in risk-adjusted models is a maximalist treatment strategy selected by patients,
providers, or both in which the most aggressive combination of management options (CLND
with systemic treatment) is preferred.24:25 We found that patients with high-risk tumor
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and nodal features were associated with CLND and adjuvant systemic therapy relative to
observation alone. Though a recent retrospective analysis suggested that CLND has even
less benefit for such high-risk patients because they are more likely to develop distant
metastases than isolated nodal recurrences, this information was not available during the
period of study.28 In the model adjusting for high-risk tumor and nodal features, receipt of
the most aggressive treatment combination was also more common in patients with private
insurance relative to Medicare or no insurance. Whether driven by patients or providers,
this variation in treatment intensity based on non-clinical factors may overtreat certain
patients, increasing morbidity without commensurate improvement in recurrence-free or
melanoma-specific survival.

While we identified some factors associated with variation in CLND and systemic treatment
including tumor location, nodal tumor burden, locations of residence and treatment,

and insurance status, there was persistent unexplained variation which may be due to
unmeasured factors. One unmeasured clinical factor was nodal tumor size, which is not
available in the NCDB. The median nodal tumor size in MSLT-11 was 1 mm. One millimeter
was also the minimum nodal tumor size for inclusion in most adjuvant therapy trials so this
variable may further explain observed variation in nodal management and adjuvant systemic
therapy.

Further, other unmeasured non-clinical factors may have been influential. The characteristics
of treating providers and the organizations in which they work have been strongly associated
with whether low value treatments are discontinued and effective treatments adopted.2’

The present analysis is limited in its exploration of detailed care delivery factors such

as the structure and culture of the organizations where patients are treated, treating
providers’ access to and incorporation of evidence into practice, and their engagement in
inter-facility and/or multi-disciplinary care discussions. Understanding these factors, which
may significantly influence how SLN-positive melanoma patients are managed, is critical to
future efforts aimed at increasing evidence-based care. Further, while the National Cancer
Database is an incredible resource for obtaining detailed information on large populations
US cancer patients, it does not include patients treated at sites that are not CoC-accredited
where quality of care may differ. Also, because of its retrospective and de-identified nature
we are unable to reconcile inherent data inconsistencies or address missing data, which
could result in loss of informative patient records and may introduce bias.

CONCLUSIONS

There has been a decline in performance of routine CLND and an increase in adjuvant
systemic therapy for SLN-positive melanoma at United States Commission on Cancer-
participating sites which was most pronounced during later years of study and corresponded
to the timing of publication and presentation of landmark trials of nodal observation

and adjuvant systemic therapy. Despite rapid integration of evidence into care of many
SLN-positive patients, the observed variation in CLND based on nodal tumor burden,
primary tumor location, and concurrent adjuvant systemic therapy reveal a need to refine
our understanding of which management strategies are most appropriate for which patients.
Beyond clinical indications, our finding of variation in performance of CLND and use of

Surgery. Author manuscript; available in PMC 2023 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Broman et al.

Page 9

systemic therapy based on treating facility type and volume, patient location of residence
and travel distance, and insurance status highlight opportunities to understand and optimize
the care delivery factors that influence whether low value treatments are discontinued and
effective treatments adopted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Article Summary

Among 10,240 sentinel lymph node-positive melanoma patients treated at United

States Commission on Cancer sites from 2012 to 2017 there was a dramatic decline

in completion lymph node dissection and concurrent increase in adjuvant systemic
treatment at the population level, yet patients receiving adjuvant treatment were still
more likely to have node dissection and there was high adoption of adjuvant treatment
including in lower-risk stage Il A patients. The importance of these findings is that there
remain persistent gaps in knowledge and implementation related to nodal management
and adjuvant treatment for sentinel node-positive melanoma.
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Figure 1. Temporal trends in performance of completion lymph node dissection and provision of
systemic therapy in sentinel lymph node positive melanoma.

Proportion of patients with SLN-positive melanoma who underwent completion lymph node
dissection (blue solid line) and received systemic therapy (yellow dotted line) at American
College of Surgeons Commission on Cancer participating-sites from 2012-2017
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Figure 2. Temporal trends in completion lymph node dissection for sentinel lymph node positive
melanoma by type of treating facility.

Academic Cancer Program: Accessions at least 500 new cancer cases per year; participates
in medical education in at least four program areas including internal medicine and

general surgery; Comprehensive Community Cancer Program: Accessions at least 500 new
cancer cases per year; no medical education requirement; Community Cancer Program:
Diagnoses >100 to <500 new cancer cases per year; no medical education requirement;
Integrated Network Cancer Program: Organization owns, operates, leases, or is in a joint
venture with multiple facilities providing comprehensive, integrated cancer care; at least one
participating facility is CoC-accredited; participates in cancer-related clinical research; no
medical education requirement; no minimum caseload requirement
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Figure 3. Rural-urban differences in performance of completion lymph node dissection for

sentinel lymph node positive melanoma.

Location of residence categories based on USDA Economic Research Service 2013 Urban
Rural Continuum Codes, categorized by population and adjacency to a metropolitan area;

K=1,000 people
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Upper extremity
Lower extremity
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Two - three
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Sys\t(emic treatment (ref: None)

Insurance (ref: Private)
Medicare
Medicaid
Other governmental insurance
Uninsure
Patient location (ref Metropolitan)
Metro ad{acen
Metro not adjacent
Travel distance (ref: <10 miles)
10-27.7 miles
>27.8 miles
Facility type gref Academic)
Community cancer program
Comp. community cancer program
Integrated network cancer program
Fac1||ty volume (ref: <3 pts/year)

0.98 (0.98- 0.99)
1.03 (0.92- 1.15)
1.13 (0.96- 1.34
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Figure 4. Factors associated with completion lymph node dissection for sentinel lymph node

positive melanoma.

In addition to the variables shown, multivariable model also adjusted for Charlson
comorbidity score and geographic region of treating facility (p=non-significant for both)
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Table 1.

Characteristics of sentinel lymph node positive melanoma patient cohort

Characteristic N=10,240
PATIENT FACTORS
Age, years Median (IQR) 60 (48-71)
Sex, N (%) Female 4,161(41)
Race, N (%) White 9,995 (97)
Black 101 (1)
Other or unknown 184 (2)
Ethnicity, N (%) Hispanic 253 (3)
Charlson Deyo score, N (%) 0 8,372 (82)
1 1,386 (14)
22 482 (4)
Insurance status, N (%) Private 5,410 (53)
Medicare 3,830 (37)
Medicaid 509 (5)
Other governmental insurance 128 (1)
Uninsured 248 (2)
Unknown 115 (1)
Location of residence™ N (%) ~ Metropolitan 8,211 (83)
Urban or rural, adjacent to a metropolitan area 1,151 (12)
Urban or rural, not adjacent to a metropolitan area 532 (5)

Travel distance, miles

Median (IQR)

16.6 (7.5-39.3)

TUMOR AND NODAL FACTORS

Primary site, N (%) Head and neck 1,436 (14)
Trunk 3,791(37)
Upper extremity 2,295 (22)
Lower extremity 2,667 (26)
Overlapping, other, or unknown 51 (1)

Breslow depth Median (IQR) 2.4 (1.4-4.2)

Tumor ulceration, N (%) Yes 4,348 (43)
No 5,744 (56)
Unknown 148 (2)

Number of positive SLN, N (%) One 7,362 (72)
Two to three 2,403 (24)
Four or more 475 (5)

FACILITY FACTORS

Facility type, N (%) Academic 5,114 (48)
Community cancer program 438 (4)
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Characteristic N=10,240
Comprehensive community cancer program 2,650 (24)
Integrated network cancer program 1,058 (10)
Unknown 1,385 (14)
Facility volume, tertile, N (%) Low (<3 patients/year) 3,375 (33)
Moderate (3-9 patients/year) 3,411 (33)
High (>9-88 patients/year) 3,4544 (34)

SLN=sentinel lymph node

Page 18

*
Urban rural categories determined based on USDA Economic Research Service 2013 Urban Rural Continuum Codes definitions, with adjacency
to a metropolitan area defined as a non-metropolitan county physically adjacent to one or more metropolitan areas with at least 2% of its employed

labor force commuting to metropolitan counties
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Odds of the most aggressive treatment strategy, completion lymph node dissection with adjuvant treatment,
relative to observation alone

FACTOR Odds Ratio  95% Confidence Interval
Age

per 1 year increase 0.96 0.95-0.97
Patient insurance status

Private Ref

Medicare 0.75 0.60-0.92

Medicaid 0.88 0.66-1.16

Other government ins. 1.09 0.64-1.87

Uninsured 0.47 0.30-0.73

Unknown 0.76 0.40-1.45
Tumor location

Head and neck Ref

Trunk 1.06 0.86-1.31

Upper extremity 0.99 0.78-1.24

Lower extremity 0.73 0.58-0.93

Other, unknown 1.06 0.38-3.01
Tumor ulceration

Present 1.30 1.12-1.50

Breslow depth

Per 1 millimeter increase 1.05 1.02-1.08
Number of positive SLN

One Ref

Two — three 2.25 1.94-2.61

Four or more 452 3.49-5.86
Year of diagnosis

2012 Ref

2013 0.67 0.53-0.86

2014 0.77 0.61-0.97

2015 0.60 0.48-0.77

2016 0.82 0.65-1.03

2017 0.58 0.46-0.73

*
Multivariable model adjusted for patient, disease-specific, and contextual factors; Ref=Reference, SLN=sentinel lymph node; p=not significant
for patient sex, location of residence, patient travel distance, Charlson comorbidity score, facility type, facility volume, and geographic region (not

shown)
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