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Abstract
Background—The objectives of this analysis were to compare various measures associated with
lymph node (LN) dissection and to identify threshold values associated with disease-specific
survival (DSS) outcomes in patients with melanoma.

Methods—Patients with node positive melanoma who underwent therapeutic LN dissection of
the neck, axilla, and inguinal region were identified from the SEER database (1988–2005). We
performed Cox multivariate analyses to determine the impact of the total number of LNs removed,
number of negative LNs removed, and LN ratio on DSS. Multivariate cut-point analyses were
conducted for each anatomic region to identify the threshold values associated with the largest
improvement in DSS.

Results—The LN ratio was significantly associated with DSS for all LN regions. The LN ratio
thresholds resulting in the greatest difference in 5-year DSS were 0.07, 0.13, and 0.18 for neck,
axillary, and inguinal regions, respectively, corresponding to 15, 8, and 6 LNs removed per
positive node. After adjustment for other clinicopathologic factors, the hazard ratios (HRs) were
0.53 (95% confidence intervals (CIs), 0.40 to 0.71) in the neck, 0.52 (95% CI, 0.42 to 0.65) in the
axillary, and 0.47 (95% CI, 0.36 to 0.61) in the inguinal regions for patients in whom the LN ratio
threshold was met.

Conclusions—Among the prognostic factors examined, LN ratio was the best indicator of the
extent of LN dissection, regardless of anatomic nodal region. These data provide evidence-based
guidelines for defining adequate LN dissections in melanoma patients.

Keywords
melanoma; lymphadenectomy; lymph node ratio; disease-specific survival

INTRODUCTION
Lymph node (LN) metastasis is one of the most important prognostic factors in patients with
melanoma. In addition, the number of involved LNs is a principal component of the
American Joint Committee on Cancer (AJCC) staging system.1 Because systemic treatment
options for melanoma patients are of limited effectiveness, precise pathologic staging,2 and
surgical treatment can influence recurrence and survival rates.3, 4 Although most studies of
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the quality of surgical treatment of melanoma patients have focused on the width of excision
margins for the primary tumor5, 6 and adherence to practice guidelines for pathologic
staging,7 few studies8, 9 have examined the extent of LN dissection (LND) and its influence
on outcomes.

An association between the extent of LND (measured by the total number of LNs removed,
the number of uninvolved LNs removed, and the ratio of involved to total number of LNs
(LN ratio)) and improved survival outcomes with more extensive LND has been
demonstrated for colon,10–12 lung,13 gastric,14, 15 bladder,16 pancreatic,17 and
esophageal18 cancers. Although these improved outcomes are likely due to multiple factors
including patient-related,19, 20 process-related,21 and hospital-related characteristics,22 the
National Quality Forum and other organizations including the American College of
Surgeons and the College of American Pathologists have endorsed the evaluation of at least
12 LNs as a quality standard for patients with colorectal cancer.23 However, no quality
guidelines for therapeutic LND for melanoma patients exist, and only a few single-
institution studies have suggested that the extent of LND may be important for improved
patient outcomes.8, 9 The objectives of this analysis were to compare clinically relevant
measures associated with the extent of LND in melanoma patients, to identify threshold
values for those measures, and to report associated disease-specific survival (DSS)
outcomes.

PATIENTS AND METHODS
Data on node-positive melanoma patients who underwent therapeutic LND from 1988 to
2005 were obtained from the Surveillance, Epidemiology, and End Results (SEER)
database, a population-based cancer registry supported by the U.S. National Cancer Institute.
24 The SEER database contains data from 18 population-based registries and includes
patient demographics, tumor site and morphology, first course of treatment, and stage at
diagnosis.

Patients
We first identified patients who had a confirmed diagnosis (other than death certificate) of
invasive cutaneous malignant melanoma (n = 137,809). The population was then limited to
patients (n = 10,677) who had had at least 1 LN examined, had undergone LND, and did not
have stage IV disease at the time of LND. Patients who underwent sentinel LN biopsy alone
were excluded. The resultant cohort comprised 3,917 stage III melanoma patients with at
least 1 LN positive for metastatic disease. Because data on the specific anatomic sites of
LND were not available from the SEER database, we selected patients with primary tumors
of the head and neck region (n = 626), upper extremity (n = 762), and lower extremity (n =
960) with the assumption that the associated LND for each primary site was the neck,
axillary, and inguinal region, respectively. Patients with primary melanoma of the truncal
region (n = 1,569) were excluded because of the ambiguous lymphatic drainage patterns
associated with this anatomic site. Similarly, patients with melanoma of unknown primary
were not included. The final study cohort consisted of 2,348 patients.

Beginning in 1998, SEER recorded the sentinel node biopsy procedure for melanoma
patients in the new field of scope of regional lymph node surgery.25 The coding scheme for
this variable has been expanded since 2003 to collect more detailed information on the
timing and number of LNs removed from sentinel node biopsy.26 Since 2003, the scope of
the pathology is confirmed to be cumulative adding the number of all the lymph nodes
removed during each surgical procedure.26 In order to account for the aforementioned
changes in coding, the year of diagnosis was categorized into three time periods as follows,
1988 to 1997, 1998 to 2002, and 2003 to 2005. To account for potential geographic
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variation, the SEER registries were grouped into 4 regions: the West (San Francisco,
Hawaii, Alaska, Seattle, San Jose/Monterey, Los Angeles, Utah, New Mexico, and Greater
California), the North Central (Iowa and Detroit), the Northeast (Connecticut and New
Jersey), and the South (Atlanta, rural Georgia, Louisiana, and Kentucky).

Statistical Analysis
Descriptive statistics were calculated for clinicopathologic factors, and differences among
the distribution of factors among the 3 LND regions (neck, axillary, and inguinal) were
compared using Chi-square or Fisher’s exact test where appropriate. We performed Cox
multivariate analyses27 which adjusted for age, sex, year of diagnosis, SEER region,
primary tumor characteristics (Clark level, thickness, histologic subtype, and ulceration) to
determine whether the total number of LNs removed, the number of uninvolved LNs
removed, and LN ratio (number of involved LNs divided by the total number of LNs
removed) had any significant effect on DSS. Multivariate cut-point analyses28 were
conducted to define LN ratio threshold values for each LND region. We used Kaplan-Meier
methods29 to estimate 5-year DSS from the time of LND. Log-rank tests were used to
compare DSS for each group (below the LN ratio threshold v above or equal to the LN ratio
threshold).30 Associations between LN ratio and DSS were estimated with the Cox
proportional hazards regression model for patients undergoing neck or inguinal LND.27 For
patients who underwent axillary LND, we used a log-normal parametric model to identify
the prognostic factors for DSS because the proportional hazard assumption was violated and
the log-normal parametric model produced more precise estimates of the hazard ratios.31
All calculations were performed with S-PLUS software (version 6.2; Insightful Corporation,
Seattle, WA). All P values were 2-sided. A P value of < .05 was considered significant.

RESULTS
Patient and clinicopathologic characteristics stratified by LND region at presentation are
presented in Table 1. The median follow-up for all 2,348 patients was 3.3 years. There were
a larger proportion of men in the neck LND cohort than in the axillary and inguinal LND
cohorts (78.9% v 62.7% and 45.1%, respectively, P < .001). There were fewer Caucasian
(93.9%) patients in the inguinal LND group than in the neck and axillary LND groups. Most
patients were diagnosed between 1998 and 2005 and were from the West. Nodular
melanoma was the most common histologic subtype and acral lentiginous melanomas were
more prevalent in patients who underwent inguinal LND than in patients who underwent
axillary LND (9.1% vs 3.4%, respectively, P < .001). More patients who underwent axillary
LND had N1 disease (68.8%) than patients who underwent LND of the neck (52.3%) or
inguinal regions (51.7%) (P < .001). Fewer patients who underwent inguinal LND were
treated with radiation therapy (2.5%) compared to those with neck (20%) and axillary
(3.2%) LND (P < .001).

Table 2 summarizes the patients’ surgical and pathologic characteristics and LN ratio
thresholds by LND site. A median of 1 positive LN was removed from patients who
underwent neck, axillary and inguinal LND (P < .001). Fewer negative LNs (median, 9;
interquartile range [IQR], 5 to 14) and total LNs (median, 11; IQR, 7 to 16) were removed
from patients who underwent inguinal LND than from patients who underwent neck and
axillary LND. Consequently, the median LN ratio was higher in inguinal LND patients than
in neck and axillary LND patients (0.15 v 0.09 and 0.08, respectively; P < .001).

LN ratio thresholds and DSS
Cox multivariate analyses demonstrated that increasing LN ratio was an adverse prognostic
factor for DSS for all LND regions (data not shown). The number of total LNs removed and
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the number of negative LNs removed were not significantly associated with DSS, even after
adjusting for the number of positive LNs and other clinicopathological characteristics.

Table 2 shows the results of multivariate cut-point analyses to determine the LN ratio
thresholds. The LN ratio thresholds were 0.07, 0.13, and 0.18 for the neck, axillary, and
inguinal regions, respectively, corresponding to 15, 8, and 6 LNs removed per positive node.
Stratifying patients according to their status above or below the LN ratio threshold resulted
in significant differences in 5-year DSS rates: 64% versus 36% for neck LND, 70% versus
51% for axillary LND, and 70% versus 45% for inguinal LND (P < .001) (Figure 1 to Figure
3).

Multivariate survival analyses
Hazard ratios (HRs) and 95% confidence intervals (CIs) for each prognostic factor for DSS
stratified by LND region are summarized in Table 3. After adjustment for age, sex, year of
diagnosis, SEER region, Clark level, primary tumor (T) stage, histologic subtype, and the
presence/absence of primary tumor ulceration, patients who had a LN ratio less than the
threshold had a 50% reduction in the risk of disease-specific death compared with patients
who had a LN ratio at or above the threshold (P <.001). Specifically, the HR was 0.53 (95%
CI, 0.40 to 0.71) in the neck, 0.52 (95% CI, 0.42 to 0.65) in the axillary, and 0.47 (95% CI,
0.36 to 0.61) in the inguinal LND groups for patients who met LN ratio threshold. In the
axillary LND group, nodular melanoma (HR, 1.40; 95% CI, 1.02 to 1.94; P = .04) was a
poor prognostic factor for DSS; while Clark levels IV and V (HR, 1.56; 95% CI, 1.0 to 2.43;
P = .05) and primary tumor ulceration (HR, 1.44; 95% CI, 1.07 to 1.94; P = .016) were
adverse prognostic factor for DSS in the inguinal LND group.

DISCUSSION
Our multivariate analysis demonstrates that LN ratio is a significant predictor of DSS in
stage III melanoma patients undergoing neck, axillary, or inguinal LND. Given that the
AJCC staging system identifies the number of positive LNs as the strongest independent
prognostic factor for patients with stage III melanoma, it is not surprising that the LN ratio,
which incorporates the number of positive LNs [numerator] and total number of LNs
removed [denominator], would also be an important prognostic factor. For patients with
only 1 positive node, we determined that the number of LNs that should be removed is 15, 8,
and 6 in the neck, axillary, and inguinal regions, respectively. This threshold was associated
with 5-year DSS differences of approximately 20% for patients in each LND group. These
results suggest that anatomic LNDs should be performed for patients with melanoma to
ensure that a sufficient number of nodes are removed.

Studies have shown that improved survival outcomes are associated with a greater number
of LNs removed for various tumor histologies. Similar to the current report, the majority of
these analyses used population-based data from the SEER database to examine the
association of LND and survival outcomes in lung cancer,13 esophageal cancer,18, 32
gastric cancer,14 pancreatic cancer,17 colon cancer,10, 12, 22, 33 and bladder cancer16
patients. The studies identified thresholds that ranged from 10 to 16 total LNs removed for
lung,13 stomach,14 and pancreatic17 tumors. Other studies have reported that LN ratio,
ranging from 0.1 for esophageal cancer,32 gastric cancer,34 and melanoma8 to 0.125 to 0.2
for bladder cancer35, 36 is a significant prognostic factor. A limitation of those reports is
that unlike the current analysis, LN ratio thresholds were assigned according to expert
opinion or median and quartile cut-points determined with unadjusted or univariate analysis,
and survival differences were reported according to these thresholds. The current study
utilized multivariate cut-point analyses adjusting for known melanoma-specific prognostic
factors to determine LN ratio thresholds thereby providing more accurate estimates.
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Two single-center studies have examined the prognostic significance of the extent of LND
reported as total LNs removed,9 or LN ratio8 for melanoma patients. Galliot-Repkat et al
studied 67 melanoma patients (26 [39%] trunk, 35 [52%] extremity, and 6 [9%] unknown)
and found that overall survival, but not DSS, significantly improved when more than 10
total LNs were removed.9 Rossi et al, in a study of 213 melanoma patients (124 [56%]
trunk, 80 [38%] limb, 13 [6%] head and neck), found that LN ratio (≤ 0.10, 0.11 to 0.25, or
> 0.25) was a significant predictor of overall survival.8

The current analysis has several strengths which distinguish if from previous reports. First,
outcomes were examined from a large, population-based cohort stratified by anatomic LN
region to account for potential anatomic variation in the number of LN. Second, three
potential indicators of extent of LND which have previously been reported were examined:
total number of LNs removed, number of negative nodes removed, and LN ratio. In
addition, we also used multivariate cut-point analyses to account for the effects of other
known prognostic factors which were included in SEER.28 The primary limitation of this
and other observational analyses is that a direct cause-and-effect relationship between LN
ratio and DSS cannot be assumed. There are additional limitations to using SEER data in our
analysis. These include: (1) the relatively short median follow-up time of 3.3 years for the
cohort, (2) the lack of data pertaining to more contemporary melanoma-specific prognostic
factors including mitotic rate, and (3) the evolution of pathologic assessment techniques
over the study period to identify microscopic nodal disease.

While LND has been shown to enhance regional disease control in melanoma patients,37 the
relationship between the extent of LND and DSS remains unclear. Furthermore, whether
total LN count alone or as a component of LN ratio can serve as a reliable proxy for the
extent of LND is controversial, as there are many factors beyond the extent of surgical
dissection which contribute to the total LN count. LN count has also been shown to be
related to variation in pathologic processing of surgical specimens both within and between
institutions as well as biological variation among individuals.19 Studies have suggested that
patients with higher numbers of LNs may in fact have enhanced immunological responses
which may account for improved survival outcomes.20, 38 We accounted for some of this
variation by stratifying and independently assessing three separate anatomic nodal regions.

Of interest is a recent study by Wong et al which found no significant relationship between
the number of LNs examined and survival in node-positive colon cancer patients after
adjustment for hospital characteristics.22 Such findings question whether patient selection
bias— rather than LN counts—contributed to disparities in outcome. Although the hospital-
adjusted analysis employed by Wong et al raises questions about the value of LN count
alone as a hospital-level quality indicator for node-positive colon cancer surgery, it confirms
previous studies that suggested a better prognosis for node-negative patients in whom more
LNs are examined.22 However, it is difficult to interpret these findings given that the
investigators defined hospital quartiles based on aggregate data from SEER-Medicare data
in which there was wide variation. For example, outcomes were compared according to the
percentage of patients who achieved a dissection in which 12 LN were removed, which
varied from 16% of patients in the lowest quartile hospitals to only 61% of patients in the
highest quartile hospitals. Given that the median age at melanoma diagnosis is
approximately 55 years, similar hospital-adjusted analyses based on Medicare-linked data
would not be appropriate, since conclusions drawn from such a small subset of Medicare
patients ages 65 and above would not be generalizable.

In some other cancer types, studies of the extent of LND have been used to propose
guidelines to define adequate LN sampling for proper pathologic staging for patients without
nodal metastasis39 and to define adequate LND for patients with confirmed nodal
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metastasis. Specifically, the National Quality Forum has endorsed a minimum 12-node
evaluation in the setting of colon cancer as a measure of hospital performance.23 This
guideline was introduced to avoid inadequate classification or understaging10, 40 at the time
of colon cancer resection. However, the rationale for such guidelines is not entirely
applicable to melanoma patients who undergo surgery because elective LND for pathologic
nodal staging has been abandoned in favor of sentinel LN biopsy39 with selective LND for
patients with confirmed nodal metastasis. We would argue that the LN ratio is the most
effective prognostic factor that can be used to assess the extent of therapeutic LND for
patients with nodal metastasis. While the benefits of immediate, complete LND in patients
with microscopic metastases in sentinel LNs continue to be debated, current practice
guideline recommend therapeutic LND for patients with node-positive disease, regardless of
tumor burden.41 Although it is not possible to discriminate between microscopic versus
macroscopic nodal metastasis in our data, the improved DSS outcomes observed when 15,
10, and 8 LNs were removed in the neck, axillary, and inguinal regions provide support for
the concept of completion LND in patients with a single positive node.

Although we agree with Simunovic et al,40 who advocate caution when using quality
indicators supported only with evidence from observational studies, we would submit that
discouraging research of thresholds for the extent of LND could be detrimental to patient
care and negatively affect patient outcomes. However crude LN ratio may be as a patient-
level quality benchmark, some indicator of surgical quality is needed for the standardization
of clinical practice.42 Our intent is that the current analysis, which defines the LN ratios for
several anatomic regions in patients with stage III melanoma, is to (1) provide evidence to
support anatomic operations to ensure that adequate numbers of LN are removed and (2) to
provide a foundation for further inquiry that may lead to improved quality measures.
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Figure 1.
Disease-specific survival stratified by lymph node (LN) ratio (below v at or above the LN
ratio threshold) for melanoma patients who underwent neck LN dissection.
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Figure 2.
Disease-specific survival stratified by lymph node (LN) ratio (below v at or above the LN
ratio threshold) for melanoma patients who underwent axillary LN dissection.
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Figure 3.
Disease-specific survival stratified by lymph node (LN) ratio (below v at or above the LN
ratio threshold) for melanoma patients who underwent inguinal LN dissection.
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