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ABSTRACT

Background. The operative standard for melanoma, imple-
mented by the Commission on Cancer (CoC), addresses
margin width and excision depth, but does not collect infor-
mation on sentinel lymph node biopsy (SLNB). However,
SLNB, an implemented technical standard in breast cancer,
is also critical in the management of melanoma through
its impact on nodal staging. This study aimed to charac-
terize the current facility-level variation in nodal yield and
nodal positivity to determine if there is an opportunity for
improvement through standardization.

Patients and Methods. Using the National Cancer Data-
base, we identified patients with T1b—T4 melanoma of the
trunk and upper extremities who underwent SLNB from
2018 to 2022. Reliability-adjusted estimates for nodal
yield and nodal positivity were calculated using Poisson
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regression and logistic regression with random intercepts
for hospitals.

Results. We identified 48,653 melanoma patients from 1167
facilities. SLNB median nodal yield was 2.4 (IQR 2.2-2.7),
ranging from 1.4 to 7.0. SLNB median nodal positivity was
18.0% (IQR 17.1-19.5%), ranging from 11.6 to 40.5%. A
weak correlation between nodal yield and nodal positivity
was observed (Spearman correlation coefficient = 0.08, p
=0.009).

Conclusions. Facility-level variation in nodal yield was
minimal and weakly correlated with nodal positivity. This
suggests that SLNB performed for melanoma of the trunk
and upper extremities is well standardized across CoC hos-
pitals in the absence of a defined operative standard. Future
efforts to improve the quality of melanoma nodal surgery
may be best focused on technical elements of other proce-
dures, such as lymphadenectomy or more novel lymph node
dissection approaches following neoadjuvant therapy.

The Operative Standards for Cancer Surgery, published
by the American College of Surgeons Cancer Research Pro-
gram, provide a unique opportunity to enhance quality in
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cancer care by improving surgical technical quality.' These
series of manuals contain more than 150 critical elements of
commonly performed cancer operations that should be exe-
cuted by practicing surgeons. The Commission on Cancer
(CoC) incorporated six of these operative standards into its
accreditation standards for facilities (Standards 5.3-5.8).% As
compliance with these implemented standards is expected
by CoC-accredited facilities and additional standards will
likely be added, it is critical to understand areas of technical
variation that may be potential targets for improvement. For
cutaneous melanoma, the operative standard (Standard 5.5)
addresses wide local excision.* This standard is based on
evidence that adequate margins and depth during excision
decreased local recurrence, and performing an excision with
the smallest necessary margin was associated with decreased
wound morbidity and improved patient quality of life.>"' In
contrast to other implemented standards, which address a
component of lymph node evaluation, no other implemented
standard currently exists for melanoma.

Nodal staging, performed through sentinel lymph node
biopsy (SLNB), is important in melanoma as it directly
affects overall staging, prognostication, and adjuvant ther-
apy decisions. While nodal staging has not been incor-
porated as an operative standard for melanoma, the CoC
Operative Standards for breast cancer address SLNB and
axillary lymph node dissection (Standards 5.3 and 5.4).*
In early-stage breast cancer, adjuvant therapy decisions
are becoming less reliant on nodal staging as gene expres-
sion profiling is increasingly used to predict prognosis
and benefit from adjuvant chemotherapy.!! However, in
melanoma, no corollary currently exists, and thus, accu-
rate nodal staging using SLNB is critical as nodal positiv-
ity is the main indication for adjuvant therapy treatments.
This suggests a need to understand the current level of
variation in SLNB yield and its correlation to nodal posi-
tivity in melanoma as a target for quality improvement,
which is not yet known.

As the value of nodal evaluation has been recognized
for other cancer types within the operative standards,
determining whether SLNB staging in melanoma is stand-
ardized throughout CoC-accredited facilities represents a
critical area for investigation. The objective of our study
was to characterize the current facility-level variation
in lymph node yield and nodal positivity during SLNB
in melanoma. Understanding any potential variation in
melanoma can help ascertain if there is potential room for
quality improvement, and thus, whether standardization
would be valuable. Alternatively, if this procedure is well
standardized for melanoma, then quality improvement
efforts could focus on other technical elements within
melanoma surgery.

PATIENTS AND METHODS

We performed a retrospective cohort study using the
National Cancer Database (NCDB) to identify patients
18 years and older undergoing SLNB for melanoma from
2018 to 2022. The University of Michigan Institutional
Review Board deemed this study exempt owing to the use
of deidentified information, and patient informed consent
was not obtained. This report follows the Strengthening
the Reporting of Observational Studies (STROBE) guide-
lines for cohort studies.!?

Data Source

The NCDB is a national clinical oncology database con-
taining hospital registry data collected from CoC-accred-
ited facilities.!® It is the largest clinical cancer registry in
the world, containing over 34 million records, and captures
approximately 74% of new cancer diagnoses.!*!¢

Study Population

The cohort included men and women aged 18 years
and older who underwent SLNB for T1b-T4 cutaneous
melanoma of the trunk and upper extremities from 2018
to 2022. Melanoma of the trunk and upper extremities was
chosen to limit the variation observed by restricting SLNB
to the axilla only. This created a similar cohort as previ-
ously published for SLNB in breast cancer, which is also
performed in the axilla.!” Patients with clinically node-
positive disease, metastatic disease, or those receiving
treatment outside of their primary facility were excluded.
Missing observations based on our selection criteria were
omitted from this study. Hospital volume was based on
the average annual melanoma case count and categorized
as low (1-8 cases), medium (8-50 cases), or high (> 51
cases).

Exposure

Patients undergoing SLNB for melanoma, with at least
one lymph node sampled, were identified using the Senti-
nel Lymph Nodes Examined variable in the NCDB, which
was unavailable before 2018. This variable was also used to
quantify the number of lymph nodes removed during SLNB.
While the NCDB includes lymph node values up to 90 or
more, we truncated possible lymph nodes examined to 40
(over 40 were considered inaccurate and excluded). The Sen-
tinel Lymph Nodes Positive variable was used to quantify the
number of positive nodes obtained following SLNB.
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Outcome Variables

Our primary outcomes were the mean, median, and range
of lymph nodes examined, and the nodal positivity rate at
each facility for patients undergoing SLNB for melanoma.
Our secondary outcome was to evaluate the correlation
between the number of lymph nodes examined and the nodal
positivity rate for SLNB by facility.

Statistical Analysis

Reliability-adjusted estimates for count variables, such
as lymph node yields, were generated from Poisson regres-
sion models, with random intercepts for each hospital, also
known as generalized linear mixed models (GLMM). Simi-
larly, the reliability-adjusted estimates for binary outcomes,
such as one or more positive lymph nodes, were computed
from GLMM for logistic regression with random intercepts
for hospitals. A GLMM with a hospital random intercept
accounts for clustering within hospitals and is equivalent to
an empirical Bayesian estimate.'®

Key reliability-adjusted estimates for mean lymph node
yields and nodal positivity are displayed on caterpillar plots
(Figs. 2 and 3). Reliability-adjusted estimates for mean
lymph nodes examined and nodal positivity are displayed on
a scatter plot (Fig. 4). The Spearman correlation coefficient

was used to calculate the correlation between the mean
lymph nodes examined and nodal positivity because Spear-
man correlation detects any increasing or decreasing trends,
even if the trend is not linear.'”

Finally, to evaluate which facility-level characteristics
were associated with nodal yield and nodal positivity, analy-
sis of variance (ANOVA) was performed on the facility-level
estimates by volume category, facility type, and location.
A p-value of less than 0.05 was considered significant, and
all p-values were two-sided. All analyses were performed
using SAS statistical software version 9.4 (SAS Institute
Inc., Cary, NC).

RESULTS
Study Population

A total of 48,653 men and women undergoing SLNB
for melanoma of the trunk and upper extremities across
1167 facilities were included (Fig. 1). The median age of
the cohort was 65 years (interquartile range [IQR] 54-73).
Overall, 52% (n = 25,297) of patients had melanoma of the
trunk while 48% (n = 23,356) had melanoma of the upper
extremities. Patient distribution by facility characteristics
is noted in Table 1. In sum, 41% (n = 20,046) of patients
were treated at an academic center, 28% (n = 13,406) at a

FIG.1 Study consort diagram

All patients with melanoma in the National
Cancer Database from 2018 to 2022
(N =167,806)

Inclusion criteria
(N =50,433)

Male or female
Age 218
Clinical T category T1b-T4
Melanoma of the trunk and upper extremities
Underwent sentinel lymph node biopsy
1-40 lymph nodes examined
0-40 positive nodes obtained

Total Exclusions
(N =1780)

Clinically node-positive disease
(N =1,505)

Metastatic disease
(N =162)

Patients 218 years who underwent sentinel
lymph node biopsy for T1b-T4 melanoma of
the trunk and upper extremities

Did not receive care at the same facility
(N=113)

(N = 48,653)
Upper
Trunk Extremities
(N = 25,297) (N =23,356)
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TABLE 1 Characteristics of patients with melanoma of the trunk
and upper extremities undergoing sentinel lymph node biopsy

Tumor characteristics
Clinical T
T1b
T2
T3
T4
Unknown
Clinical N category
NO
Unknown
Tumor location
Trunk
Upper extremity
Facility type
Community cancer
Comprehensive center
Academic center
Integrated network
Unknown
Annual case volume
Low (< 8)
Medium (8-50)
High (> 51)

Characteristic N (%) or mean
Age, years, mean (SD) 63.0 (14.2)
Age, years, median (IQR) 65 (54, 73)
Sex
Female 18,794 (38.6%)
Male 29,859 (61.4%)
Race
White 47,737 (98.1%)
Black 124 (0.3%)
Asian 103 (0.2%)
Native American 95 (0.2%)
Other Race or Unknown 594 (1.2%)
Hispanic Ethnicity 587 (1.2%)
Not Hispanic/LatinX 47,364 (97.4%)
Unknown 702 (1.4%)

11,274 (23.2%)
18,491 (38.0%)
10,327 (21.2%)
5566 (11.4%)
2995 (6.2%)

45,593 (93.7%)
3060 (6.3%)

25,297 (52.0%)
23,356 (48.0%)

1925 (4.0%)
13,406 (27.6%)
20,046 (41.2%)
9619 (19.8%)
3657 (7.5%)

3022 (6.2%)
16,314 (33.5%)
29,317 (60.3%)

SD standard deviation, /QR interquartile range

comprehensive cancer center, 20% (n = 9619) at an inte-
grated network, and 4% (n = 1925) at a community cancer
center. Most patients were treated at high volume facilities
(60%, n =29,317).

Lymph Nodes Examined

Facility-level lymph node yield is summarized in Table 2.
The median number of lymph nodes removed during SLNB

TABLE 2 Facility-level variation in nodal yield and nodal positiv-
ity for melanoma of the trunk and upper extremities during sentinel
lymph node biopsy

Mean (SD) Median (IQR) Range
Lymph node yield (estimates)

2.5(0.5) 24(22-2.7) 1.4-7.0
Nodal positivity rate (percentages)

18.4 (2.6) 18.0 (17.1-19.5)  11.6-40.5

for melanoma of the trunk and upper extremities was 2.4
(IQR 2.2-2.7) and ranged from 1.4 to 7.0 across facilities.
Facility-level variation in lymph node yield for SLNB in
melanoma is displayed in Fig. 2. High volume facilities had
a slightly higher mean lymph node yield than medium and
low volume facilities (2.6 for high volume versus 2.5 for
medium and low volume, p = 0.037; Supplementary Fig. 1
and Table 1). There were no statistically significant differ-
ences in mean lymph node yield between facility type.

Nodal Positivity Rate and Correlation between Nodal Yield
and Nodal Positivity

The median nodal positivity rate was 18.0% (IQR
17.1-19.5%) by facility. There was over a three-fold varia-
tion in the nodal positivity rate across facilities, with rates
ranging from 11.6 to 40.5%. Facility-level variation in nodal
positivity rates for SLNB in melanoma is displayed in Fig. 3.
No statistically significant differences were observed in the
nodal positivity rate based on facility volume. Nodal positiv-
ity rates were slightly higher for patients treated at academic
centers compared with other facility types (positivity rate
= 19%, p = 0.014; Supplementary Fig. 2 and Table 2). The
correlation between the mean number of lymph nodes exam-
ined by facility and the rate of nodal positivity for SLNB in
melanoma was weakly correlated (0.08, p = 0.009) (Fig. 4).

DISCUSSION

This study examined facility-level variation in lymph
node yield and nodal positivity during SLNB for melanoma.
These results aid in understanding the potential impact of the
CoC Operative Standards by understanding the current vari-
ation in this procedure as a possible target for improving the
quality of surgical management for melanoma. We observed
some facility-level variation in lymph node yield for SLNB
performed for melanoma of the trunk and upper extremities.
Ultimately, this variation was minimal and weakly correlated
with nodal positivity, suggesting quality improvement efforts
towards this procedure as a technical standard would have
minimal clinical impact on cancer quality.
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FIG. 2 Facility-level variation 10
in nodal yield during sentinel
lymph node biopsy for mela-
noma of the trunk and upper
extremities from 2018 to 2022
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SLNB has been an integral component of treatment for
melanoma for over 30 years, providing critical information
to guide adjuvant therapy decisions and locoregional control
of disease.’’>* Known factors that contribute to variation in
lymph node yield during SLNB for melanoma include age,
sex, primary site of disease, histologic subtype, and Bres-
low thickness.? Despite these known causes of variability,

Facility

Facility

our findings support that SLNB performed for melanoma
of the trunk and upper extremities is well standardized with
minimal variation seen at the facility level. Similar levels of
standardization have been observed in SLNB performed for
breast cancer pre-implementation of CoC Operative Stand-
ard 5.3."7 This suggests that axillary SLNB is performed
with minimal variability across malignancy types.
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The overall nodal positivity rate observed in this study
is consistent with national trends reported in prior stud-
ies.?%212 Nodal positivity in melanoma is known to be
influenced by factors such as surgeon experience, pathologic
examination, Breslow depth, lymphovascular invasion, age,
presence of ulceration, and tumor site.?”?® Differences in
nodal positivity rates were observed by facility type, with
academic centers obtaining higher nodal positivity rates
compared with other facilities. Interestingly, most patients
in our study, as in breast cancer, were also treated at high-
volume academic centers and comprehensive cancer cent-
ers, with only a small portion of patients treated at com-
munity cancer centers. This may reflect referral patterns for
treatment by primary care physicians and dermatologists.
Ultimately, this suggests that melanoma surgery is likely
performed by surgeons with highly specialized training,
irrespective of subspecialty. This specialized training may
also extend to pathologists. Pathologic evaluation of lymph
nodes for axillary SLNB in melanoma are subject to spe-
cific considerations to accurately identify disease, including
appropriate sectioning of samples and using immunohisto-
chemical staining to identify metastatic deposits.?>**~*> The
concentration of melanoma surgery at these centers reflects
the expertise within multidisciplinary care needed in the
perioperative setting and may explain a relative lack of vari-
ation in some surrogates of technical quality.

Adjuvant therapies in melanoma, such as checkpoint
inhibitors and targeted therapies with BRAF and MEK
inhibitors, have substantially contributed to improvements
in survival.’*33-3% Indications for adjuvant therapy include
stage III and IV disease, intermediate thickness melanoma

Sentinel Nodes Examined

with ulceration, and thick melanoma with or without ulcer-
ation.>®37 It is important to note that patients with thin
melanoma upstaged to limited node-positive disease (stage
IITa) paradoxically have a better prognosis compared with
patients with stage IIb/c disease and do not universally
receive adjuvant treatment.*®° Nonetheless, lymph node
evaluation provides useful information to guide treatment
conversations with patients, and appropriate upstaging may
provide a survival benefit even if no additional treatments
are administered.

The implementation of the Operative Standards by the
CoC into its accreditation process represents an important
effort to improve the quality of cancer surgery. Understand-
ing key potential targets for improvement is critical to the
mission of the program. We have demonstrated that SLNB
technical performance for melanoma, as previously seen in
breast cancer, is well standardized, likely reflecting that a
ceiling effect has been reached for this procedure. As such,
efforts to target SLNB for melanoma as a CoC Operative
Standard would not likely improve surgical quality, which is
the primary goal of the program. Future efforts to improve
the technical quality of melanoma nodal surgery may con-
sider focusing on other technical elements, such as lymphad-
enectomy or targeted lymph node dissections following neo-
adjuvant therapy.

Important limitations should be noted as they relate to
our study. The NCDB reports data from CoC-accredited
hospitals, which only represent approximately 30% of all
hospitals within the USA and could limit the generalizability
of our results for patients treated for melanoma at non-CoC-
accredited facilities. However, as the NCDB encompasses



9666

C. D. Taylor et al.

74% of new cancer diagnoses in the USA and is the largest
cancer registry in the world, it likely accurately reflects the
quality for most patients receiving surgery for melanoma.
The results of this study may not be applicable to SLNB
performed for sites other than the axilla, as factors such as
drainage to multiple lymph node basins are known to affect
variation in lymph node yield.***? Consequently, these find-
ings may not be representative of the current facility-level
variation for this procedure in melanoma overall. However,
we purposefully selected for a cohort of axillary SLNB in
melanoma so that it would be similar to previously reported
data on a similar cohort in breast cancer. Evaluating SLNB
at a specific anatomic site allows for a more accurate evalu-
ation of performance among facilities by removing potential
differences due to anatomic variation.

CONCLUSIONS

Minimal facility-level variation was present in lymph
node yield for SLNB performed in the axilla. This varia-
tion weakly correlated with nodal positivity, suggesting
that SLNB performed for melanoma of the trunk and upper
extremities is already well standardized across CoC hospi-
tals in the absence of a defined standard. Future efforts to
improve the quality of melanoma nodal surgery would be
better focused on technical elements such as lymphadenec-
tomy or targeted procedures following neoadjuvant therapy.

SUPPLEMENTARY INFORMATION The online version con-
tains supplementary material available at https://doi.org/10.1245/
$10434-025-18063-5.
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