&953,%: UNIVERSITA
S v 13'”’1 DEGLI STUDI
| “ A]]Lr l O %ﬁ?ﬁﬁ% DI TORINO

AperTO - Archivio Istituzionale Open Access dell'Universita di Torino

The number of excised lymph nodes is associated with survival of melanoma patients with lymph
node metastasis.

This is the author's manuscript

Original Citation:

Availability:
This version is available http://hdl.handle.net/2318/142765 since

Published version:
DOI:10.1093/annonc/mdt510.
Terms of use:

Open Access

Anyone can freely access the full text of works made available as "Open Access". Works made available
under a Creative Commons license can be used according to the terms and conditions of said license. Use
of all other works requires consent of the right holder (author or publisher) if not exempted from copyright
protection by the applicable law.

(Article begins on next page)

09 August 2024



UNIVERSITA
DEGLI STUDI
DI TORINO

115 AperTO

Thisisthe author'sfinal version of the contribution published as:

Ross CR; Mozzillo N; Maurichi A; Pasgquali S; Quaglino P; Borgognoni L;
Solari N; Piazzalunga D; Mascheroni L; Giudice G; Mocellin S; Patuzzo R;
Caraco C; Ribero S; Marone U; Santinami M.. The number of excised lymph
nodes is associated with survival of melanoma patients with lymph node
metastasis.. ANNALS OF ONCOLOGY. 25 (1) pp: 240-246.

DOI: 10.1093/annonc/mdt510.

When citing, please refer to the published version.

Link to thisfull text:
http://hdl.handle.net/2318/142765

Thisfull text was downloaded from iris - AperTO: https://iris.unito.it/

iris - AperTO

University of Turin’s Institutional Research Information System and Open Access Ingtitutional Repository




The number of excised lymph nodes is associated with survival of melanoma patients with lymph node
metastasis

C. R. Rossi, N. Mozzillo, A. Maurichi, S. Pasquali, P. Quaglino, L. Borgognoni, N. Solari, D. iazzalunga, L.
Mascheroni, G. Giudice, S. Mocellin, R. Patuzzo, C. Caraco, S. Ribero, U. Marone, M. Santinami

Abstract

Background Although the number of excised LNs has been associated with patient prognosis in many solid
tumors, this association has not been widely investigated in cutaneous melanoma. This study aims to
evaluate the association between the number of excised regional lymph nodes (LNs) and melanoma-
specific survival.

Patient and methods Clinico-pathological data from 2507 patients with LN metastasis treated at nine
Italian centers were retrospectively collected.

Results The number of excised LNs correlated with younger age (P < 0.001), male sex (P < 0.001), neck LN
field (P < 0.001), LN micrometastasis (P < 0.001) and number of positive LNs (P < 0.001).

The number of excised LNs was an independent prognostic factor (HR = 0.85; P = 0.002) after adjustment
for other staging features. Upon subgroup analysis, the number of excised LNs had a significant prognostic
value in patients bearing 1.01-2.00 mm (HR = 0.79; P =0.032) and 2.01-4.00 mm (HR = 0.71; P < 0.001)
thick melanomas, primary tumors showing ulceration (HR = 0.86; P = 0.033) and Clark level V of invasion
(HR =0.86; P =0.010), LN micrometastasis (HR = 0.83; P = 0.014) and two to three positive LNs (HR =0.71; P
=0.001). Finally, this study investigated the influence of the number of excised LNs on patient staging: only
when 211 nodes were excised the AJCC N stage could stratify prognosis (P < 0.001). Considering the
number of excised LNs for each lymphatic field, at least 14, 11, 10 and 12 LNs were needed to stage
patients according to the AJCC N stage after a lymphadenectomy of the neck, axilla, inguinal and ilioinguinal
LN fields, respectively.

Conclusions The number of excised LNs can be considered for risk stratification of patients with regional LN
metastasis from cutaneous melanoma. We demonstrated that a minimum number of LNs is required for
the correct staging of patients. Further research is needed to evaluate the effectiveness of the minimum
number of LNs to be dissected.

introduction

The number of positive lymph nodes (LNs) is one of the main determinants of prognosis in melanoma
patients with LN metastasis, along with the LN tumor burden (i.e. micro- or macrometastasis) and the
presence of ulceration in the primary tumor [1]. Based on the fact that patients with advanced LN disease
are at greater risk of disease progression, randomized trials have investigated whether lymphadenectomy
may be effective in patients with clinically negative regional LN [2]. Although these trials were negative [2,
3], analyses of nonrandomized participants revealed that dissection offered a survival benefit in case of
subclinical LN metastasis (i.e. LN metastasis detected with sentinel LN biopsy, SLNB) [3, 4], leading to the
design of the ongoing Multicenter Selective Lymphadenectomy Trial-Il (MSLT-Il), which is comparing
lymphadenectomy and observation in SLNB-positive patients [5]. This trial is expected to answer the
guestion on the therapeutic role of lymphadenectomy carried out for subclinical LN metastasis, but results
will take years to be mature for analysis. In the meanwhile, investigating whether the number of excised
LNs at lymphadenectomy is associated with patients' outcome can provide useful information for the
management of patients with skin melanoma. Studies so far conducted demonstrated the prognostic value
of the LN ratio, which is the proportion of positive among examined LNs [6—11], supporting, though
indirectly, the number of excised LNs as a prognostic factor. However, these findings can be biased by the



inclusion of the number of positive LNs, one of the major determinant of melanoma patient prognosis, in
the LN ratio [12]. Our objective was to investigate the association between the number of excised LNs and
melanoma-specific survival in a large cohort of patients with metastatic regional LNs.

patients and methods

Retrospective data from melanoma patients with LN metastasis who underwent a lymphadenectomy
(1993—-2011) at nine IMI centers were gathered in a multicenter dedicated database.

Data were extracted according to the following selection criteria: (1) LN metastasis from known single
primary melanoma; (2) absence of in-transit and distant metastasis at the time of primary melanoma
diagnosis and lymphadenectomy; (3) lymphadenectomy of a single regional field (neck, axillary or groin); (4)
availability of information regarding tumor thickness, LN tumor burden, number of excised and positive LNs
(including SLNB or any other LN biopsy when carried out) and melanoma-specific survival. Patients who had
a popliteal, an epitroclear and a pelvic only LN dissection were excluded, as well as patients who underwent
a lymphadenectomy for regional LN failure after a previous dissection. Conversely, this series included
SLNB-negative patients who have had a regional LN recurrence without distant disease and underwent a
lymphadenectomy.

Description of surgery technique, pathology protocol and statistical method is available as online available
supplementary material.

results

There were 2507 patients eligible for this study. Clinicopathological features and distribution of the number
of excised LNs are reported in Tables 1 and 2, respectively.

Table 1. Clinical and tumor characteristics of 2507 patients who underwent lymph node (LN) dissection for
melanoma LN metastasis

Variables No. %
Age Years Median: 54 (IQR 42-66)

Male 1385 44.7
Sex

Female 1122 55.2

T1 (<1 mm) 232 9.2

T2 (1.01-2 mm) 604 24.1
AJCCT stage

T3 (2.01-4 mm) 914 36.5

T4 (>4.00 mm) 757 30.2

Absent 1273 50.8
Ulceration

Present 1233 49.1

-1V 2,261 90.2
Clark level of invasion

246 9.8

Axilla 1154 46.0
LN field Groin 1142 45.6

Neck 211 8.4

Immediate completion lymphadenectomy® 1688 67.3

Delayed completion Iymphadenectomyb 275 11.0
Clinical scenario c

Delayed therapeutic lymphadenectomy 301 12.0

Immediate therapeutic Iymphadenectomyd 243 9.7

Micrometastasis (SLNB-positive) 1688 67.4
LN tumor burden

Macrometastasis (clinically positive LNs) 819 32.6

AJCC N-stage category N1la (1 positive LN—micrometastasis) 1112 44.4



Variables No. %

N1b (1 positive LN—macrometastasis) 314 12.5
N2a (2-3 positive LNs—micrometastasis) 415 16.6
N2b (2-3 positive LNs—macrometastasis) 239 9.5

N3 (24 positive nodes) 427 17.0

Clinical scenario is described as per Spillane et al. [21] as follows. *SLNB-positive patients who undergo immediate completion
lymphadenectomy. bSLNB-negative patients who undergo a delayed completion lymphadenectomy for regional LN recurrence.
“Patients with clinically negative LN and no SLNB at the time of primary melanoma diagnosis that later develop regional LN failure
and have delayed therapeutic lymphadenectomy. 9patients with regional LN disease at the time of primary melanoma diagnosis
and have immediate therapeutic lymphadenectomy. Cl, confidence interval; IQR, interquartile range; SLNB, sentinel LN biopsy.

Table 2. Distribution of the number of excised lymph nodes (LN) according to the dissected lymph node
field

LN field Axilla Neck Groin inguinal Groin ilioinguinal Overall
No. of cases 1154 211 208 944 1507
Mean no. of excised LNs (95%Cl) 22 (21-22) 28 (26-31) 12 (11-13) 22 (21-22) 21 (21-22)
Median no. of excised LNs (IQR) 20 (15-27) 26 (17-38) 11 (9-14) 21 (16-26) 15 (20-27)

Cl, confidence interval; IQR, interquartile range.

Upon multivariable regression analysis, later years of diagnosis (difference between median values: three
LNs; P < 0.001), younger age (difference between median values: two LNs; P < 0.001), male sex (difference
between median values: two LNs, P = 0.004), neck LN field (P < 0.001, Table 2), micrometastasis (difference
between median values: one LN; P < 0.001) and a greater number of positive LNs (P < 0.001, Table 2) were
associated with a greater number of excised LNs, while groin LN field (P < 0.001, Table 2) correlated with
lesser excised LNs (supplementary Table S1, available at Annals of Oncology online).

At a median follow-up of 54 months [interquartile range (IQR) 21-98], 623 patients (25%) died for
melanoma. The number of excised LNs was an independent predictor of melanoma-specific survival after
adjustment in a multivariable model which encompassed also later year of diagnosis, older age, male sex,
primary tumor showing greater thickness, ulceration and Clark level V, as well as AJCC sub-stages N2 and
N3 (Table 3). The enrolling center and the LN tumor burden showed prognostic value at univariate analysis
but were no longer statistically significant when adjusted at multivariable analysis.

Table 3. Clinicopathological variables associated with melanoma-specific survival: results of the univariate
and multivariable Cox regression analysis

i Univariate analysis Multivariate analysis
Variables
HR 95%Cl P-value HR  95% CI P-value
1993-2001 1 1
Year of diagnosis
2002-2011 0.75 0.63 0.98 <0.001 0.73 0.61 0.88 0.001
<200 patients 1 1
Enrolling center
>200 patients 0.81 0.67 0.980.035 0.86 0.71 1.05 0.118
Age Years 1.016 1.01 1.02 <0.001 1.011 1.006 1.017 <0.001
s Female 1 1
ex
Male 1.51 1.29 1.78 <0.001 1.48 1.24 1.77 <0.001
Breslow thickness mm 1.03 1.02 1.04 <0.001 1.03 1.02 1.04 0.003
Absent 1 1
Ulceration
Present 1.73 1.47 2.03<0.001 1.60 1.35 2.31 <0.001
-1V 1 1

Clark level of invasion
2.10 1.66 2.64<0.001 1.79 1.39 2.31 <0.001



Univariate analysis Multivariate analysis

Variables
HR 95%ClI P-value HR  95% CI P-value

Axilla 1 1

LN field Groin 0.89 0.75 1.050.161 0.79 0.74 1.07 0.316
Neck 1.19 090 1.570232 1.09 0.80 1.49 0.235
Macrometastasis 1 1

LN tumor burden
Micrometastasis 0.73 0.62 0.86 <0.001 0.87 0.72 1.04 0.133
N1 (1 pos LN) 1 1

AJCC N sub-stage N2 (2-3 pos LNs) 1.53 1.28 1.85<0.001 1.31 1.07 1.60 0.008
N3 (24 pos LNs) 2.01 1.65 2.45<0.001 1.62 1.30 2.02 <0.001
No. of excised LNs 090 0.82 0.990.028 0.85 0.76 0.94 0.002

HR, hazard ratio; Cl, confidence interval; LN, lymph node.

Multivariable survival analysis was conducted within patient subgroups to assess whether the number of
excised LNs is significantly associated with survival in specific tumor substages (Table 4). The number of
excised LNs was a prognostic factor in patients who had an intermediate thick primary, tumors showing
ulceration and Clark level V, micrometastasis and two to three positive LNs.

Table 4. Association between the number of excised lymph nodes (LNs) and melanoma-specific survival in
patient subgroups at multivariable Cox survival analyses

Subgroup HR 95%Cl P-value
T1 (<1 mm) 1.45 0.83 2.54 0.194
T2 (1.01-2.00 mm) 0.79 0.64 0.98 0.032
AJCC T stage
T2-T3 (2.01-4 mm) 0.71 0.59 0.85 <0.001
T4 (>4.00 mm) 1.02 0.86 1.22 0.805
Absent 0.88 0.76 1.02 0.095
Ulceration
Present 0.86 0.74 0.99 0.033
-1V 0.83 0.69 1.00 0.058

Clark level of invasion
0.86 0.77 0.96 0.010

Micrometastasis 0.83 0.72 0.95 0.014
Macrometastasis 0.90 0.77 1.04 0.156
N1 (1 positive LN) 1.45 0.83 2.54 0.194
AJCC N substage N2 (2-3 positive LNs) 0.73 0.64 0.91 0.003
N3 (24 positive LNs) 1.00 0.81 1.23 0.967

LN tumor burden

Hazard ratio (HR) and confidence interval (Cl) refer to the prognostic value of the number of excised LNs. Each multivariate model
includes the number of excised LNs along with the following covariates: year of diagnosis, enrolling center, age, sex, tumor
thickness, ulceration, Clark level of invasion, LN tumor burden, AJCC N stage.

In order to prove that the number of excised LNs influences tumor staging, we searched for a cutoff value
that identifies a number of excised LNs that may be required for staging patients with LN metastasis. The
role of the number of excised LNs in providing better tumor staging is visualized in Figure 1: patients with
<10 excised nodes (N = 208, 8.3%) were not adequately staged as showed by the crossing survival curves of
the AJCC N-stage 1, 2 and 3 (test for trend, P = 0.406; Figure 1A). This lack of prognostic stratification was
maintained at multivariable analysis after adjusting for the other considered variables [AJCC N2 versus N1,
HR = 1.62; 95% confidence interval (Cl) 0.88—2.98, P = 0.118; AJCC N3 versus N1, HR = 0.82; 95% Cl 0.33-
2.04, P = 0.673]. Differently, when =11 nodes were yielded (2299, 91.7%), patients' prognosis can be
properly stratified (test for trend, P < 0.001; Figure 1B). This prognostic significance was maintained at
multivariable analysis after adjusting for the other considered variables (AJCC N2 versus N1, HR = 1.26; 95%
Cl 1.02-1.56, P =0.034; AJCC N3 versus N1, HR =1.67; 95% Cl 1.33-2.11, P < 0.001).



Figure 1.
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This panel depicts the prognostic discrimination of the AICC TNM N substages (N1, 1 positive lymph node; N2, two to three positive
lymph nodes; N3, 24 positive lymph nodes) according to the minimum number of 11 excised lymph nodes in all the patients (A and
B). The left and the right figures report the survival of the AJCC N substages considering a lymph node count <11 and 211,
respectively.

We searched for cutoff values for neck, axillary, inguinal and ilioinguinal LN fields (supplementary Figure S1,
available at Annals of Oncology online). When less than 14, 11, 9 and 12 LNs were excised in the neck (P =
0.309), axilla (P =0.957), inguinal (P = 0.880) and ilioinguinal (P = 0.404) lymphatic fields, respectively, the
AJCC N substages did not have prognostic value. Strikingly, the AJCC N substage stratified patient survival
when at least 14, 11, 10 and 12 LNs were excised in the neck (P = 0.05), axilla (P < 0.001), inguinal (P =
0.027) and ilioinguinal (P < 0.001) lymphatic fields, respectively.

Finally, we compared the prognostic value of inguinal and ilioinguinal lymphadenectomy. Multivariable
analysis did not identify differences between patients who underwent these two dissections (HR 0.86; 95%
C1 0.751-1.404; P =0.17).

discussion

In this multicentric study, patients who had a higher number of excised LNs after lymphadenectomy
showed a better prognosis, independently of clinical features and tumor stage.

Previous studies reported an association between the number of excised LNs and survival in patients with
clinically positive LNs [13, 14]. Our study adds meaningful information to these reports as it analyzes the
highest number of patients ever enrolled for this purpose and included not only patients undergoing
therapeutic LN dissection for clinically evident disease but also those undergoing completion LN dissection
for a microscopic node metastasis detected with the SLNB technique.

Other studies have investigated the number of excised LNs relative to the number of positive LNs
evaluating the so-called LN ratio [6-11]. Low values of this parameter (e.g. 0.1, which corresponds to 1, 2
or 3 positive LNs over 210, 220 or 230 excised LNs, respectively) were associated with better patient
outcomes independently of the number positive LNs, leading to corroborate, though indirectly, the
prognostic relevance of the number of excised LNs.

There are at least three possible explanations that might underlie the association between patient
prognosis and the number of excised LNs: the prognostic value of the number of excised LNs, the
therapeutic value of a thorough dissection and the immunological role of the LNs.



LN dissection has a pivotal staging role in melanoma as well as in virtually all solid tumors [15-17]. A
thorough dissection allows for the removal and identification of all metastatic LNs, the number of positive
LNs being one of the most important parameters of the AJCC N-stage [18]. The association we found
between number of excised LNs and prognosis might be related to the better staging obtained in patients
with a greater number of excised LNs at lymphadenectomy. For instance, a patient classified as AJCC N1
substage after a thorough lymphadenectomy is more likely to actually bearing only one metastatic LN when
compared with a patient who underwent a more limited LN dissection, as demonstrated by the correlation
between numbers of LNs removed and positive (Table 3). Furthermore, we observed a lower risk of death
in the later study period when more LNs were excised (supplementary Table S1, available at Annals of
Oncology online), supporting the principle of more accurate staging with more complete surgery.

In this regard, another finding of our study could be of particular interest, as we demonstrated that the
AJCC N substages stratified survival of patients when at least 11 LNs were excised (Figure 1A and B). In
order to provide minimum number of excised LNs for each nodal field, we identify that at least 14, 11, 10
and 12 LNs are required to stage patients after neck, axillary, inguinal and ilioinguinal dissection,
respectively, according to the AJCC N substages (supplementary Figure S1, available at Annals of Oncology
online).

Another attempt to define adequacy of lymphadenectomy based on the number of excised LNs was
reported by Spillane et al., who identified minimum numbers of LNs to be excised according to the
dissected anatomical boundaries within each nodal field, without accounting for patient survival [10, 19].
Ninety percent of patients had 10, 6, 20, 8 and 14 excised LNs after axillary dissection, neck dissection
involving <3 or 24 anatomical levels, inguinal and ilioinguinal lymphadenectomy, respectively. Differently,
our study analyzed melanoma-specific survival and identified a LN count that allows patient risk
stratification according to the AJCC system. Despite the differences in the methodological approaches used
in our study and in those from Spillane et al., their cutoff values for axillary, inguinal and ilioinguinal
dissection are similar to those we identified. The relatively small number of patients who had a neck
dissection in our study did not allow to group them according to the dissected neck anatomic levels,
preventing a comparison with the results of Spillane et al. for this LN field. These results have implication
for monitoring quality assurance of lymphadenectomy, given the general agreement about the use of the
number of excised LNs as a measure to assess quality of surgery [12, 19, 20].

Showing that patients who had a higher number of excised LNs had also a better prognosis, this study lends
support also to the alternative hypothesis that a thorough dissection might have a therapeutic effect.
However, the design of this study cannot directly answer to the question of whether or not
lymphadenectomy prolongs survival in patients with LN metastasis from melanoma, an issue that can be
formally addressed only by a randomized trial. The randomized studies so far conducted in patients with
clinically negative LNs at primary melanoma diagnosis have not demonstrated an impact on overall survival
for immediate lymphadenectomy when compared with therapeutic lymphadenectomy carried out in
patients with clinically evident disease [2, 3]. Evidence from the subgroup of patients with LN metastasis
revealed better overall survival rates for those who underwent a completion dissection for a positive SLNB,
particularly with intermediate thickness primary tumor [3, 4]. Intriguingly, results of subgroup analysis in
our study lead to similar conclusions. In fact, the number of excised LNs was a prognostic factor in patients
with intermediate thickness melanoma (but not in those bearing a thin or thick primary tumor) and in
patients with LN micrometastasis but not in patients with macrometastasis. The observation that the
prognostic value of the number of excised LNs seems limited to LN micrometastasis underlines the
importance of considering timing of lymphadenectomy (early versus delayed) and LN tumor burden (micro
versus macrometastasis) for accurate patient staging [21].

Finally, naturally occurring variability in number of LNs across individuals may theoretically have influenced
the results of this study. Should this be the case, the findings of this study would lead to hypothesize that
patients with a higher number of LNs in the regional field might have a better prognosis, putatively because
of a more effective immune response.



This study might be limited by the lack of data regarding possible confounding factors, such as the body
mass index, which theoretically may affect the number of LNs in a given nodal field and adjuvant therapies,
such as interferon alpha [22] and radiotherapy [23], which influence patient outcomes.

In conclusion, this study demonstrated that the number of excised LNs at lymphadenectomy is significantly
and independently associated with melanoma-specific survival and that a minimum number of LNs is
required for the correct staging of patients. Further research is required to validate the prognostic
effectiveness of minimum number of LNs to be excised at lymphadenectomy for melanoma.
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