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Abstract
Sentinel node biopsy (SNB) has become a critical part of standard surgical treatment for melanoma with no clinical metastatic 
evidence. However, for patients with a positive sentinel node, the MSLT-II and DeCOG-SLT trials have shown that immedi-
ate complete lymph node dissection (CLND) does not bring further survival benefits. There is still an argument among the 
Chinese population dominated by acral subtypes on whether CLND can be omitted. Thus, this study aims to investigate the 
impact of immediate CLND on relapse-free survival (RFS) in Chinese melanoma patients with a positive sentinel node. 
Patients with acral or cutaneous melanoma of clinical Stages I–II who received SNB procedure and were detected with nodal 
micrometastasis were retrospectively collected at Fudan University Cancer Center (FUSCC) from January 2017 to December 
2021. The clinicopathologic features and prognostic factors for RFS were analyzed. Out of 381 patients who received SNB 
in the past 5 years, 130 (34%) cases with SN micrometastasis detected were included in this study. Ninety-nine patients 
underwent immediate CLND while the other 31 patients received observation alone. Among patients who received CLND, 
the non-SN(NSN)-positive rate was 22.2%. Most of the clinicopathologic factors were balanced well between the CLND and 
non-CLND groups. However, more patients in the CLND group were detected with BRAF and NRAS mutation (P = 0.006) 
and received adjuvant PD-1 monotherapy (P = 0.042) as well. There were slightly fewer N1 patients in the CLND group, 
although the difference did not reach statistical significance (P = 0.075). The study found no significant difference in RFS 
between the two groups (P = 0.184). Even for patients with the acral subtype (P = 0.925), primary T4 lesion (P = 0.769), or 
presence of ulceration (P = 0.249), immediate CLND did not bring more survival benefits. Immediate CLND did not bring 
further RFS benefit for Chinese melanoma patients with SN micrometastasis in real-world clinical practice, even for patients 
with acral subtype or more tumor burden such as thick Breslow invasion and ulceration.
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Introduction

Sentinel node biopsy (SNB) has emerged as an indispensa-
ble element of the standard surgical procedures for Stages 
I–II melanoma lacking clinical metastatic evidence. The 
MSLT-I trial, after a decade-long monitoring, demonstrated 
that, although SNB failed to enhance the melanoma-specific 
survival (MSS) for patients with Breslow thickness above 
1.2 mm compared to observation alone, it did furnish more 
accurate N stage to patients and could confer survival benefits 
to those already harboring nodal micrometastasis [1]. This 
has been corroborated by both the MSLT-II and DeCOG-SLT 
trials, which indicated that, for patients with positive sentinel 
node, immediate complete lymph node dissection (CLND) 
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yielded no advantage over observation alone in terms of 
disease-free survival (DFS), distant metastasis-free survival 
(DMFS), or overall survival (OS)/MSS [2, 3]. Consequently, 
in multiple clinical guidelines, both CLND and observation 
followed by adjuvant therapy are optional for Stage III mela-
noma with nodal micrometastasis detected by SNB [4–6].

Nevertheless, controversy still exists among the Chi-
nese population, particularly with regard to acral subtypes, 
whether CLND can be excluded, given that our patients are 
typically diagnosed with more aggressive disease present-
ing thick and ulcerated primary lesion, and high rate of SN 
positivity [7]. Our previous retrospective study indicated that 
non-sentinel node (NSN) status remained an independent 
prognostic factor for Chinese acral and cutaneous melanoma.

Consequently, in the absence of prospective data, we 
embarked on this retrospective study to explore the impact of 
immediate CLND on relapse-free survival (RFS) in Chinese 
melanoma patients with a positive sentinel node.

Material and methods

The Ethics Committee of FUSCC granted approval for this 
study, and all participants consented to the operation pro-
cedures as well as their medical information collection by 
signing informed consent documents.

Patient selection

Our retrospective study involved the recruitment of patients 
with acral or cutaneous melanoma of clinical Stages I–II, 
who underwent SNB procedure and were subsequently 
diagnosed with nodal micrometastasis at Fudan University 
Cancer Center (FUSCC) during the period between January 
2017 and December 2021. Patients with incomplete medical 
information or who were followed up for a period shorter 
than 6 months were excluded. Clinicopathological charac-
teristics including gender, age, Breslow thickness, presence 
of ulceration, SN and NSN status, metastatic burden in SN, 
as well as adjuvant therapy and follow-up information were 
obtained from the patient database in FUSCC.

Our retrospective study involved the recruitment of patients 
with acral or cutaneous melanoma of clinical Stages I–II, who 
underwent sentinel node biopsy (SNB) and were subsequently 
diagnosed with nodal micrometastasis at Fudan University Cancer 
Center (FUSCC) during the period between January 2017 and 
December 2021. Patients with incomplete medical information 
or who were followed up for a period shorter than 6 months were 
excluded. Gender, age, Breslow thickness, presence of ulceration, 
sentinel node (SN) and non-sentinel node (NSN) status, meta-
static burden in SN, as well as adjuvant therapy and follow-up 
information were obtained from the patient database at FUSCC.

Operative procedures

Lymphatic mapping with a combination of lymphoscintigra-
phy using technetium-99 sulfur colloid and methylene blue 
dyeing was used to identify SNs in each patient. The patholog-
ical assessment of each SN resected involved both hematoxylin 
and eosin (HE) staining, as well as immunohistochemistry of 
S-100, HMB45, Melan-A, and SOX10 on paraffin-embedded 
specimen sections.

The decision on whether to proceed with immediate CLND, 
as well as choice of adjuvant therapy, was made based on rec-
ommendations from physicians and the patients' preferences. 
All CLND procedures were completed within 1 month after 
SNB and were only performed in cases where the SN was 
found to be positive. All NSN specimens were evaluated using 
routine HE staining.

Follow‑up information

All patients were monitored through clinical examination 
and imaging assessment, including ultrasound, CT/MRI 
scans, every 3 months for the first 2 years, every 6 months for 
3–5 years, and then annually after the surgery. Relapse and 
survival information was obtained from either outpatient visits 
or telephone follow-ups.

Local relapse or regional relapse was defined as the recur-
rence of the primary lesion, in-transit disease, or in the 
regional lymph node basin. Systemic relapse was defined as 
the occurrence of distant metastasis. Either imaging or pathol-
ogy was used to confirm the recurrence or metastasis. RFS 
was defined as the time interval between the SNB and the first 
occurrence of local and regional relapse or distant metastasis.

Statistical analysis

Pearson’s Chi-squared test or Fisher’s exact test was used to 
perform univariable analyses of clinicopathological factors 
between different category groups. Kaplan–Meier estimations 
and log-rank tests were used to identify prognostic factors for 
RFS. P-values less than 0.05 were considered statistically sig-
nificant. All statistical analyses were performed using SPSS 
software (version 22.0).

Results

Patients’ characteristics

Out of 381 patients who underwent SNB in the past 5 years, 
130 cases (34.1%) were identified as having micrometastasis 
in the SN and were recruited for our study.
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Out of the 130 patients who were recruited for our 
study, 85 (65.4%) had acral melanoma, while the other 45 
(34.6%) had cutaneous subtype. Among the patients, 67 
(41.5%) were male, with a median age of 59 years old. The 
mean Breslow thickness was determined to be 3.4 mm, and 
the ulceration rate was 60.0%. The most common gene 
mutations found were BRAF (32.3%), NRAS (16.2%), and 
CKIT (9.2%). Adjuvant treatment options included anti-
PD1 monotherapy for 73 (56.1%) patients, targeted ther-
apy using BRAF inhibitor alone or in combination with 
MEK inhibitor for 17 (13.1%) patients, interferon for 15 
(11.5%) patients, and observation alone for the remaining 
25 (19.2%) patients.

SNB and CLND

Out of the 130 recruited patients, 98 (75.4%) received 
SNB in groin basin, while 27 (20.8%) received SNB in 
axilla basin. The median number of SN biopsied was 2. 
About 70.7% (92/130) of patients had only one positive 
SN. Among the 89 patients whose tumor burden was 
assessed in the SN, 39 (42.8%) had maximum diameter 
(Dmax) of micrometastasis less than 1 mm.

Ninety-nine patients underwent immediate CLND while 
the remaining 31 received observation alone. Among the 
patients who underwent CLND, the rate of NSN positivity 
was 22.2%.

Table 1 compares various clinicopathologic factors 
between patients who underwent immediate CLND and 
those who did not. The analysis showed that there was 
no significant difference in gender, age, subtype, SNB 
basin, primary thickness (Breslow), presence of ulcera-
tion, number of positive SN, number of SN biopsied, or 
Dmax of SN between the two groups. However, there were 
a slightly lower proportion of N1 stage in CLND group 
compared to no CLND group although the difference did 
not reach statistical significance (P = 0.075). Meanwhile, 
the proportion of patients with BRAF and NRAS muta-
tions (P = 0.006) and those who received adjuvant anti-
PD1 treatment (P = 0.042) was significantly higher in the 
CLND group.

Relapse‑free survival

As of the cutoff date of December 31, 2021, the median 
follow-up time of the no CLND and CLND group were 
24 months and 21 months, respectively.

A total of 8 (25.8%) patients in the no CLND group and 
39 (39.4%) in the CLND group experienced relapse. Sur-
prisingly, the CLND group had a higher rate of local and 
regional relapse (21.2%) compared to the no CLND group 

Table 1  Clinicopathological characteristics categorized in patients 
with or without CLND

No CLND (%)
n = 31

CLND (%)
n = 99

P-value

Gender 0.687
Female 16 (51.6%) 47 (47.5%)
Male 15 (48.4%) 52 (52.5%)
Age 0.093
< 60 years 10 (32.3%) 49 (49.5%)
≥ 60 years 21 (67.7%) 50 (50.5%)
Subtype 0.752
Acral 21 (67.7%) 64 (64.6%)
Cutaneous 10 (32.3%) 35 (35.4%)
SNB basin 0.244
Axilla 7 (22.6%) 20 (20.2%)
Groin 21 (67.7%) 77 (77.8%)
Multi-basin 3 (9.7%) 2 (2.0%)
Breslow thickness (T stage) 0.516
0–1 mm 2 (6.5%) 7 (7.1%)
1–2 mm 7 (22.6%) 16 (16.2%)
2–4 mm 13 (41.9%) 33 (33.3%)
> 4 mm 9 (29.0%) 43 (43.4%)
Ulceration 0.801
No 13 (41.9%) 39 (39.4%)
Yes 18 (58.1%) 60 (60.6%)
Number of SN positive 0.778
1 23 (74.2%) 69 (69.7%)
> 1 8 (25.8%) 30 (30.3%)
Number of SN biopsied 0.788
1–2 17 (54.8%) 57 (57.6%)
> 2 14 (45.2%) 42 (42.4%)
Dmax 0.468
< 1 mm 12 (38.7%) 27 (27.3%)
≥ 1 mm 10 (32.3%) 40 (40.4%)
NSN status
Negative – 77 (77.8%)
Positive – 22 (22.2%)
N stage 0.075
N1 23 (74.2%) 52 (52.5%)
N2 8 (25.8%) 42 (42.4%)
N3 0 5 (5.1%)
Gene mutation 0.006*
BRAF 8 (25.8%) 34 (34.3%)
NRAS 0 16 (16.2%)
CKIT 7 (22.6%) 5 (5.1%)
Wild type 12 (38.7%) 37 (37.4%)
Untested 4 (12.9%) 7 (7.1%)
Adjuvant therapy 0.042*
IFN 3 (9.7%) 12 (12.1%)
PD-1 12 (38.7%) 61 (61.6%)
Targeted therapy 5 (16.1%) 12 (12.1%)
Observation 11 (35.5%) 14 (14.1%)
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(9.7%), but the rate of systemic relapse was comparable 
between two groups (18.2% vs 16.1%) (Fig. 1).

There was no significant difference in RFS between the 
two groups [median RFS (mRFS), non-CLND vs CLND: 
36 months vs 31 months, P = 0.184, Fig. 2a]. The 1-year and 

2-year RFS rates of the non-CLND group were 84.7% and 
78.2%, respectively, while those of the CLND group were 
74.5% and 55.9%, respectively.

Compared to the no CLND group, patients in the CLND 
group who had negative NSN had a comparable RFS (mRFS 
33 months, P = 0.330). However, patients in the CLND 
group who had positive NSN experienced significant worse 
RFS (mRFS 22 months, P = 0.018) (Fig. 2b).

Further subgroup analysis was conducted, and there was 
still no significant difference in RFS between the no CLND 
and CLND groups for patients with acral type (P = 0.520), 
primary T4 lesion (P = 0.769), or presence of ulceration 
(P = 0.850) (Fig. 3a–c). Interestingly, in patients who had 
more than 2 SN biopsied (P = 0.100) and in those who had a 
SN Dmax < 1 mm (P = 0.019), the no CLND group appeared 
to have even better RFS than CLND group (Fig. 3d and f).

Discussion

To the best of our knowledge, this is the first study con-
ducted in the Chinese population to investigate whether 
immediate CLND could bring further survival benefit for 
Stage III melanoma with SN micrometastasis. Consistent 
with the MSLT-II and DeCOG-SLT trials, our retrospective 
data support the conclusion that immediate CLND might 
not improve RFS compared to observation alone, even for 
patients with acral subtype, or more tumor burden such as 
T4 or ulcerated primary lesion.

Previous concerns about the omission of CLND after a 
positive SN mainly related to the dominance of acral subtype 
in Chinese melanoma patients. Several studies have shown 
that acral melanoma tends to present with deeper Breslow 
thickness, a higher rate of ulceration and nodal involve-
ment, and a more advanced stage and worse prognosis [8, 

CLND complete lymph node dissection, SN sentinel node, SNB sen-
tinel node biopsy, Dmax maximum diameter of SN micrometastasis, 
NSN non-sentinel node, and LR local and regional
*Statistically significant

Table 1  (continued)

No CLND (%)
n = 31

CLND (%)
n = 99

P-value

Relapse mode (initial) 0.295
LR 3 (9.7%) 21 (21.2%) 0.515
Systemic 5 (16.1%) 18 (18.2%)
No relapse 23 (74.2%) 60 (60.6%)

Fig. 1  Proportion of recurrence patterns in the group of CLND and 
non-CLND

Fig. 2  RFS curve for all patients. a non-CLND vs CLND and b non-CLND vs CLND with negative NSN vs CLND with positive NSN
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Fig. 3  RFS curve for patients in subgroup. a RFS curve for patients 
with melanoma of acral subtype, b RFS curve for patients with T4 
melanoma, c RFS curve for patients with melanoma with ulcera-

tion, d RFS curve for patients with melanoma with number of SN 
biopsied ≥ 3, and e RFS curve for patients with melanoma with SN 
Dmax < 1 mm



4008 Clinical and Experimental Medicine (2023) 23:4003–4010

1 3

9]. Additionally, the SN- and NSN-positive rate increases 
with primary lesion thickness. In the MSLT-I trial, the SN-
positive rate for intermediate-thickness melanomas (Bres-
low thickness 1.2–3.5 mm) and thick melanomas (Breslow 
thickness > 3.5 mm) was 16% and 32%, respectively [1]. In 
the MSLT-II trial, only 22% of recruited patients had a Bres-
low thickness of more than 3.5 mm, and the NSN-positive 
rate was 12% in the immediate CLND arms [2]. However, 
in our previous studies based on Chinese population, the 
mean Breslow thickness was found to be 3.6 mm. Both the 
SN- and NSN-positive rate were around 30%, which is sig-
nificantly higher than those reported in the MSLT trials [10, 
11]. Therefore, theoretically for Chinese melanoma patients, 
there may be a higher risk of residual nodal disease without 
immediate CLND, leading to an increased risk of regional 
recurrence in the basin as well as systemic dissemination.

However, the results from this retrospective study were 
not consistent with our expectations. In our melanoma 
cohort from the past 5 years, with a median Breslow thick-
ness of 3.4 mm and an ulceration rate of 60%, the SN- and 
NSN-positive rates remained as high as 34% and 22%, 
respectively. However, whether patients received immediate 
CLND or not did not affect the RFS outcomes. Surprisingly, 
even for patients with acral subtype, or more aggressive pri-
mary lesion with Breslow thickness > 4 mm or ulceration, 
immediate CLND failed to improve RFS either. There may 
be several reasons for these findings. First of all, there might 
be a selection bias where surgeons were more likely to rec-
ommend immediate CLND for patients with higher disease 
burden. In our study, although clinicopathologic factors were 
almost balanced between no CLND and CLND groups, there 
were still more T4 patients underwent CLND (T4, no CLND 
vs CLND: 29% vs 43.4%). On the other hand, it might also 
be due to the progression pattern of thick melanomas. In 
the MSLT-I trial, SNB with following CLND did bring 
survival benefits in DFS and MSS for intermediate mela-
nomas (Breslow thickness 1.2–3.5 mm), but not for thick 
melanomas (Breslow thickness > 3.5 mm) [1]. In DeCOG-
SLT trial, similar time intervals were calculated to develop 
regional nodal recurrence or distant metastasis [3]. In recent 
published retrospective study of over 1400 invasive mela-
noma cases, the risk of distant metastasis had suppressed 
the risk of local or nodal recurrence for T4 melanoma [12]. 
Regarding the relapse mode in our data, the systemic relapse 
rate was observed similarly in no CLND and CLND group 
(16.1% vs 18.2%). Hence, the real reason, why immediate 
CLND could not bring more survival benefit, is that patients 
with thick melanoma are facing more danger from hematog-
enous rather than lymphatic metastases.

Interestingly, we found that immediate CLND might 
worsen outcomes for patients who received more than 2 SN 
biopsies or had SN micrometastasis Dmax less than 1 mm. 
Although these findings could be biased due to the limited 

samples in subgroup analyses, changes in anti-tumor immu-
nity after CLND might still be considered, especially in new 
era of immunotherapy. The regional lymph node basin is 
a crucial organ for tumor-associated antigen recognition 
and T-cell activation. For patients who had adequate nodes 
biopsied and lower metastatic burden, and less chance for 
residual nodes after SNB, CLND might not be able to bring 
any therapeutic value further, but negatively regulate immu-
nization. However, we did not find RFS difference with or 
without CLND for patients receiving anti-PD1 adjuvant 
therapy in this study due to the small sample in each adju-
vant subgroup (P = 0.363). So far, there is one randomized 
adjuvant trial, Checkmate 915, in which CLND was not 
mandatory for SN-positive patients recruited [14]. Although 
the adjuvant nivolumab treatment arm in Checkmate 915 
was reported with similar 2-year RFS rates (64.7% vs 67%) 
to the same arm in Checkmate 238 (mandatory CLND for 
all patients), no data have been revealed on the SN-positive 
subgroup yet. Further trials should be designed to investigate 
the impact of CLND on adjuvant immunotherapy for patient 
with nodal micrometastasis.

Moreover, in our study, patients detected with positive NSN 
after CLND did have worse outcome compared to both NSN-
negative cases and patients without CLND. It suggests that 
predicting NSN status might still be important in the future 
practice. Several studies have been published to evaluate prog-
nostic factors or establish clinicopathologic models to predict 
positive NSN [15, 16]. In our previous study based on 328 
SN-positive melanoma in the Chinese population, Breslow 
thickness, Clark level, and the number of positive SNs were 
independently related to positive NSN. NSN status was also an 
independent factor for DFS [7]. However, in a recent published 
paper of further analyses on SN-positive patients in the MSLT-
I trial, no factor was significantly associated with NSN status, 
and the presence of NSN metastasis was not a significant pre-
dictor of MSS either [17]. Although factors affecting MSS 
could be complex than those for DFS, it might also be because 
of the higher proportion of acral subtypes (67.1%) and NSN-
positive rate (30.2%) in our Chinese population compared to 
those in the MSLT-I trial (mostly cutaneous melanoma and 
only 11.3% NSN-positive rate). Contradictory results were 
found in the MSLT-II and DeCOG-SLT trials. While NSN 
status was reported to be a significant prognostic factor in the 
former, it failed to be one for DMFS, OS, and RFS in the lat-
ter. Recent efforts have been focused on investigating tumor 
burden of SN micrometastasis or gene expression score (GEP) 
of the primary tumor on their impact on predicting survival 
[17, 18].

Obviously, our study still has several limitations. As in 
any retrospective review, the results might be confounded by 
selection bias. Also, data from one single center restricted 
the patient population. Furthermore, OS data were not ana-
lyzed in our study due to the lack of enough events of death 
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occurring in both groups within such a short time. Therefore, 
further investigation by prospective and multicenter research 
with extended follow-ups should be considered.

Conclusion

Our retrospective study implied that immediate CLND did 
not bring further RFS benefit after an observation for Chi-
nese melanoma with SN micrometastasis in real clinical 
practice, even for patients with the acral subtype or more 
tumor burden such as thick Breslow invasion and ulcera-
tion. Further prospective studies are still needed to investi-
gate biomarkers that can efficiently predict NSN status and 
survival outcomes for SN-positive patients in the Chinese 
population.

Acknowledgements Not applicable.

Authors' contributions JZ and ZZ contributed equally to this work. 
All authors contributed to the study conception and design. Statistical 
analysis was performed by YX. All authors contributed to writing the 
manuscript and have approved the final manuscript.

Funding This work was financially supported by the National Natural 
Science Foundation of China (Grant Nos. 82272857 and 81802636), 
LinGang Laboratory (Grant No. LG-QS-202205-11), and Indus-
try–University Research Innovation Fund of Science and Technol-
ogy Development Center of the Ministry of Education (Grant No. 
2021JH013).

Declarations 

Conflict of interest The authors declare no conflict of  interests.

Ethics approval This study was approved by the Ethics Committee 
of FUSCC.

Consent to participate Informed consent was obtained from all indi-
vidual participants included in the study.

Consent to publish Not applicable.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Morton DL, Thompson JF, Cochran AJ, et al. Final trial report 
of sentinel-node biopsy versus nodal observation in melanoma. 

N Engl J Med. 2014;370(7):599–609. https:// doi. org/ 10. 1056/ 
NEJMo a1310 460.

 2. Faries MB, Thompson JF, Cochran AJ, et al. Completion dis-
section or observation for sentinel-node metastasis in melanoma. 
N Engl J Med. 2017;376(23):2211–22. https:// doi. org/ 10. 1056/ 
NEJMo a1613 210.

 3. Leiter U, Stadler R, Mauch C, et al. Final analysis of DeCOG-SLT 
trial: no survival benefit for complete lymph node dissection in 
patients with melanoma with positive sentinel node. J Clin Oncol. 
2019;37(32):3000–8. https:// doi. org/ 10. 1200/ JCO. 18. 02306.

 4. Garbe C, Amaral T, Peris K, et al. European consensus-based 
interdisciplinary guideline for melanoma. Part 2: treatment—
update 2022. Eur J Cancer. 2022;170:256–84. https:// doi. org/ 10. 
1016/j. ejca. 2022. 04. 018.

 5. Swetter SM, Thompson JA, Albertini MR, et al. NCCN Guide-
lines® insights: melanoma: cutaneous, version 2.2021. J Natl 
Compr Canc Netw. 2021;19(4):364–76. https:// doi. org/ 10. 6004/ 
jnccn. 2021. 0018.

 6. Soft Tissue Tumor and Melanoma Group of Sarcoma Committee, 
Chinese Anti-Cancer Association. Chinese expert consensus on 
the surgical treatment of cutaneous/acral melanoma V1.0. Zhon-
ghua Zhong Liu Za Zhi. 2020;42(2):81–93.

 7. Wei X, Wu D, Li H, et al. The clinicopathological and survival 
profiles comparison across primary sites in acral melanoma. 
Ann Surg Oncol. 2020;27(9):3478–85. https:// doi. org/ 10. 1245/ 
s10434- 020- 08418-5.

 8. Lino-Silva LS, Zepeda-Najar C, Salcedo-Hernández RA, Mar-
tínez-Said H. Acral lentiginous melanoma: survival analysis of 
715 cases. J Cutan Med Surg. 2019;23(1):38–43. https:// doi. org/ 
10. 1177/ 12034 75418 800943.

 9. Huang K, Fan J, Misra S. Acral lentiginous melanoma: incidence 
and survival in the United States, 2006–2015, an analysis of the 
SEER Registry. J Surg Res. 2020;251:329–39. https:// doi. org/ 10. 
1016/j. jss. 2020. 02. 010.

 10. Xu Y, Zhu H, Chen Y, et al. The clinical significance of sentinel 
lymph node biopsy in the Chinese patients with cutaneous and 
acral melanoma. China Oncol. 2018;28(11):819–26.

 11. Ren M, Kong YY, Cai X, Shen XX, Lyu JJ. Application of sentinel 
lymph node biopsy in patients with melanoma. Zhonghua Bing Li 
Xue Za Zhi. 2018;47(5):360–5.

 12. Burnett ME, Brodland DG, Zitelli JA. Long-term outcomes of 
Mohs micrographic surgery for invasive melanoma of the trunk 
and proximal portion of the extremities. J Am Acad Dermatol. 
2021;84(3):661–8. https:// doi. org/ 10. 1016/j. jaad. 2020. 07. 113.

 13. Weber JS, Schadendorf D, Del Vecchio M, et al. Adjuvant ther-
apy of nivolumab combined with ipilimumab versus nivolumab 
alone in patients with resected stage IIIB-D or stage IV melanoma 
(CheckMate 915). J Clin Oncol. 2023;41(3):517–27. https:// doi. 
org/ 10. 1200/ JCO. 22. 00533.

 14. Larkin J, Weber J, Del Vecchio M, et al. Adjuvant nivolumab 
versus ipilimumab (CheckMate 238 trial): reassessment of 4-year 
efficacy outcomes in patients with stage III melanoma per AJCC-8 
staging criteria. Eur J Cancer. 2022;173:285–96. https:// doi. org/ 
10. 1016/j. ejca. 2022. 06. 041.

 15. Rentroia-Pacheco B, Tjien-Fooh FJ, Quattrocchi E, et al. Clinico-
pathologic models predicting non-sentinel lymph node metastasis 
in cutaneous melanoma patients: are they useful for patients with a 
single positive sentinel node? J Surg Oncol. 2022;125(3):516–24. 
https:// doi. org/ 10. 1002/ jso. 26736.

 16. Loidi-Pascual L, Librero J, Córdoba-Iturriagagoitia A, et al. Sen-
tinel node tumor burden in cutaneous melanoma. Survival with 
competing risk analysis and influence in relapses and non-sentinel 
node status: retrospective cohort study with long follow-up in a 
Spanish population [published correction appears in Arch Derma-
tol Res. 2021 Nov 23]. Arch Dermatol Res. 2022;314(4):369–78. 
https:// doi. org/ 10. 1007/ s00403- 021- 02232-z.

http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1056/NEJMoa1310460
https://doi.org/10.1056/NEJMoa1310460
https://doi.org/10.1056/NEJMoa1613210
https://doi.org/10.1056/NEJMoa1613210
https://doi.org/10.1200/JCO.18.02306
https://doi.org/10.1016/j.ejca.2022.04.018
https://doi.org/10.1016/j.ejca.2022.04.018
https://doi.org/10.6004/jnccn.2021.0018
https://doi.org/10.6004/jnccn.2021.0018
https://doi.org/10.1245/s10434-020-08418-5
https://doi.org/10.1245/s10434-020-08418-5
https://doi.org/10.1177/1203475418800943
https://doi.org/10.1177/1203475418800943
https://doi.org/10.1016/j.jss.2020.02.010
https://doi.org/10.1016/j.jss.2020.02.010
https://doi.org/10.1016/j.jaad.2020.07.113
https://doi.org/10.1200/JCO.22.00533
https://doi.org/10.1200/JCO.22.00533
https://doi.org/10.1016/j.ejca.2022.06.041
https://doi.org/10.1016/j.ejca.2022.06.041
https://doi.org/10.1002/jso.26736
https://doi.org/10.1007/s00403-021-02232-z


4010 Clinical and Experimental Medicine (2023) 23:4003–4010

1 3

 17. Cochran AJ, Wen DR, Huang RR, et al. Sentinel lymph node 
melanoma metastases: assessment of tumor burden for clinical 
prediction of outcome in the first Multicenter Selective Lymphad-
enectomy Trial (MSLT-I). Eur J Surg Oncol. 2022;48(6):1280–7. 
https:// doi. org/ 10. 1016/j. ejso. 2022. 01. 021.

 18. Yousaf A, Tjien-Fooh FJ, Rentroia-Pacheco B, et al. Validation 
of CP-GEP (Merlin Assay) for predicting sentinel lymph node 
metastasis in primary cutaneous melanoma patients: a U.S. cohort 

study. Int J Dermatol. 2021;60(7):851–6. https:// doi. org/ 10. 1111/ 
ijd. 15594.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

https://doi.org/10.1016/j.ejso.2022.01.021
https://doi.org/10.1111/ijd.15594
https://doi.org/10.1111/ijd.15594

	Survival impact of immediate complete lymph node dissection for Chinese acral and cutaneous melanoma with micrometastasis in sentinel nodes: a retrospective study
	Abstract
	Introduction
	Material and methods
	Patient selection
	Operative procedures
	Follow-up information
	Statistical analysis

	Results
	Patients’ characteristics
	SNB and CLND
	Relapse-free survival

	Discussion
	Conclusion
	Acknowledgements 
	References




