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Abstract: Cutaneous melanoma is a prevalent tumor associated with a poor prognosis. This systematic review
and meta-analysis aimed to identify and evaluate prognostic factors for patients with cutaneous melanoma fol-
lowing surgery, thereby providing crucial insights for enhancing patient outcomes. We searched PubMed, Embase,
Cochrane Library, CINAHL, and Web of Science for studies on postoperative prognostic factors of cutaneous mela-
noma up to March 2024. Literature screening, data extraction, and quality assessment were performed, followed
by meta-analysis using RevMan 5.3 software. Trial Sequential Analysis (TSA) was conducted with Stata 17 software
to verify the robustness of the findings. Eleven studies encompassing 27,352 patients were included. The meta-
analysis identified several prognostic factors impacting disease-specific survival post-surgery: age over 50 years
(HR=1.05, 95% CI: 1.02-1.08), female gender (HR=0.71, 95% Cl: 0.57-0.87), Breslow thickness greater than 2 mm
(HR=1.11, 95% CI: 1.06-1.17), presence of ulceration (HR=2.06, 95% CI: 1.63-2.60), and positive sentinel lymph
node (HR=3.03, 95% CI: 2.50-3.66). TSA confirmed the adequacy of the sample size. Aggressive treatment strate-
gies are recommended for patients exhibiting these characteristics to improve prognosis and extend 5-year survival
rates.
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Introduction

Melanoma is a malignant tumor that originates
from melanocytes and is characterized by its
aggressive invasiveness and early metastasis
[1]. It primarily affects the skin, which is the
most common site, accounting for over 90%
of cases, but it can also occur in the eyes
and mucous membranes [2]. According to
GLOBOCAN 2020, there were 324,635 new
cases and 57,043 deaths from cutaneous mel-
anoma in 2020 [3]. Surgical resection is the
prevalent treatment; however, the disease is
often detected in its advanced stages, leading
to a poor prognosis. The median survival is
13.5 months, with a 5-year survival rate of only

16% [4]. There is a notable gap in the system-
atic evaluation of prognostic factors influencing
cutaneous melanoma outcomes post-surgery,
despite numerous studies addressing these
factors. The available research is scattered and
lacks comprehensive statistical analysis [5, 6].
This study collates and systematically assesses
the relevant research to provide a robust evi-
dence base for improving clinical management
of cutaneous melanoma.

Methods
Search strategy and selection criteria

We conducted a comprehensive literature se-
arch for studies on prognostic factors following
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Figure 1. PubMed search strategy.

surgery for cutaneous melanoma using
PubMed, Embase, Cochrane Library, CINAHL,
and Web of Science. Search terms included
“Melanoma”, “Prognosis”, “Risk factors”, and
associated free word combinations. We also
reviewed the references of selected studies to
minimize omissions. Figure 1 illustrates the
specific search strategy employed in PubMed.
This study adheres to the PRISMA guidelines
(Table S1).

Inclusion criteria: (1) Patients were diagnosed
with cutaneous melanoma via histopathologi-
cal examination and underwent radical resec-
tion. (2) Studies (randomized controlled trials,
case-control studies, or cohort studies) were
published on the postoperative prognostic fac-
tors in patients with cutaneous melanoma. (3)
Primary outcome focused on disease-specific
survival. (4) Studies were published in English
from the inception of the database until March
2024. (5) Inclusion of only the most recent and
comprehensive reports from the same research
unit or for identical patient populations.

Exclusion criteria: (1) Review articles, letters,
animal studies, experiential exchanges, case
reports, and conference abstracts. (2) Studies
with duplication, small sample sizes, low quali-
ty, lack of original data, or incorrect statistical
methods. (3) Studies lacking detailed follow-
up data or where the dropout rate was high.
(4) Studies weakly related to the research
objectives.

Data extraction

Two researchers independently screened the
titles and abstracts to eliminate duplicates,
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reviews, and case reports according to the
predefined inclusion and exclusion criteria.
Further eligibility was assessed by full-text
review, discarding any studies where data were
not extractable or could not be supplemented
by contacting the authors. The remaining stud-
ies were processed for data extraction collab-
oratively by the same two researchers and veri-
fied by a third researcher. Only factors reported
in two or more articles were included in the
comprehensive data analysis. Discrepancies
were resolved through discussion among the
three researchers.

Literature quality assessment

The quality of the selected studies was
assessed using the Newcastle-Ottawa Scale
(NOS). This scale evaluates three main areas:
selection of the study groups (4 items), com-
parability of the groups (1 item), and the mea-
surement of outcome factors (3 items), with a
maximum possible score of 9. The comparabil-
ity category is weighted with 2 points and each
of the other items is weighted with 1 point.
Studies scoring above 6 points were consid-
ered high-quality and were included in this
meta-analysis.

Statistical analysis

The collected data were analyzed using Co-
chrane’s RevMan 5.3 software. Hazard ratios
(HR) and their 95% confidence intervals (95%
Cl) for all identified prognostic factors were
quantitatively synthesized. Combined statistics
were subjected to Z-tests for significance test-
ing, with a significance threshold set at P<
0.05. Heterogeneity among the studies was
evaluated using the Chi-square test and quan-
tified with the I? statistic. Due to the presence
of heterogeneity, a random-effects model was
employed. Factors that could not be quantita-
tively synthesized were described using de-
scriptive statistics. Publication bias was as-
sessed using a funnel plot; symmetry in the
plot indicated no bias, while asymmetry sug-
gested potential bias.

Trial sequential analysis was conducted using
Stata 17 software to validate the reliability of
the meta-analysis results and to reduce the
risk of type | and type Il errors, set at 0.05 and
0.20, respectively. This analysis included the
calculation of the required information size
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3336 studies identified through database:

Cochrane Library(n=174); CINAHL(n=76)

PubMed (n=1155); Embase(n=512); Web of Science(n=1419)

cating that older age was asso-
ciated with poorer prognosis
(HR=1.05, 95% CI: 1.02-1.08,

—.‘ 2101 studies duplicates ‘

’ 1235 studies selected for title and abstract screening ‘

P=0.001, Figure 3).
Prognostic factors: sex

Four studies, encompassing

1118 studies excluded on the basis
of title and abstract screening

18,637 patients, assessed the
prognostic impact of being

‘ 117 studies selected for full-text screening ‘

female. The heterogeneity am-
ong these studies was moder-
ate (I>=50%, P>0.1). Findings

106 studies excluded:

of this study

13 studies without enough sample size
16 studies without full-text

31 studies without complete data

46 studies are not related to the content

suggested that females exhib-
ited a better prognosis than
males (HR=0.71, 95% Cl: 0.57-
0.87, P=0.001, Figure 4).

11 studies included

Figure 2. Selection of included studies.

(APIS). The evidence was considered sufficient
if the cumulative Z-curve crossed the trial
sequential monitoring boundary or reached the
APIS. If the Z-curve did not cross these thresh-
olds and the APIS was not met, further studies
with larger sample sizes are recommended to
substantiate the findings.

Result

Searching results and basic characteristics of
studies

A comprehensive database search yielded
3,336 articles, comprising 1,155 from Pub-
Med, 512 from Embase, 174 from Cochrane
Library, 76 from CINAHL, and 1,419 from Web
of Science. Out of these, 11 studies met the
inclusion and exclusion criteria, encompassing
a total of 27,352 patients (Figure 2) [7-17]. All
included studies were retrospective and exam-
ined various prognostic factors such as age,
sex, primary tumor site, and Breslow thickness.
The key characteristics and NOS scores of
these studies are detailed in Table 1.

Prognostic factors: age >50

Eight studies involving 12,880 patients investi-
gated the impact of age over 50 on prognosis.
Substantial heterogeneity was observed among
the studies (1°=80%, P<0.1), with results indi-
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Prognostic factors: Breslow
thickness >2 mm

Seven studies, involving a total

of 5,675 patients, explored the

prognostic impact of Breslow
thickness greater than 2 mm. Significant het-
erogeneity was observed in the data (I°=72%,
P<0.1). The analysis revealed that increased
Breslow thickness is associated with poorer
outcomes (HR=1.11, 95% CI: 1.06-1.17, P<
0.001, Figure 5).

Prognostic factors: ulceration

Four studies, with a combined patient count of
4,314, assessed the effect of ulceration on
prognosis. The heterogeneity was moderate
(I>=29%, P>0.1), justifying the use of a random-
effects model. The findings indicate that ulcer-
ation is associated with a poor prognosis fol-
lowing surgery (HR=2.06, 95% Cl: 1.63-2.60,
P<0.001, Figure 6).

Prognostic factors: tumor location on limbs

Four studies reporting on 22,343 patients
examined the effect of tumor location on the
limbs. There was considerable heterogeneity
among the studies (1>=86%, P<0.1). Results
demonstrated that tumor location on limbs
does not significantly affect prognosis (HR=
0.76, 95% CI: 0.48-1.20, P=0.24, Figure 7).

Prognostic factors: positive sentinel lymph
node (SLN)

Four studies, involving 6,528 patients, exam-
ined the impact of a positive SLN on prognosis.
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Table 1. Basic characteristics of studies

:S:r:(c)): Pu:)ihnfged Se;rizzle Postoperative treatment Prognostic factors s’\cl:grse
Ribero 2015 2,184 Not given 1,3,5,6,7,22,9 8
Ribero S 2015 350 Immunotherapy 2,3,4 7
Madu 2016 250 Adjuvant radiotherapy 1, 3,13 7
Karakousis 2017 1,518 Not given 1,4,7,26 8
Namikawa 2018 1,898 Not given 1,5, 6,11, 15, 16, 17, 22 8
Amaral 2020 245 Not given 1,3,21 6
Csanyi 2020 176 Not given 1,2,3,4,6,18,19 8
Moncrieff 2020 2,270 No adjuvant systemic therapy 1,2,3,4,6,20 8
Ji 2022 13,922 Not given 2,5,8,14 7
Park 2023 200 Not given 2,3,18,27 6
Winge-Main 2023 4339 Not given 1,2,5,8, 10,11, 12, 23, 24, 25 8

Note: NOS: Newcastle-Ottawa Scale; 1. age; 2. sex; 3. Breslow thickness; 4. Ulceration; 5. tumor location on limbs; 6. positive
sentinel lymph node (SLN); 7. tumor location on the trunk; 8. tumor location on head & neck; 9. Nevus count >50; 10. mela-

noma subtype: other; 11. melanoma subtype: acral; 12. melanoma subtype: nodular; 13. N status =2; 14. T status =1; 15. T
status =2; 16. T status =3; 17. T status =4; 18. Clark level; 19. presence of distant metastasis; 20. timing of surgery-late; 21.
gene expression profile score; 22. tumor mitotic rate >5/mm?; 23. TNM II; 24. TNM III; 25. TNM 1V; 26. clinical nodal recur-

rence.

Hazard Ratio

Hazard Ratio

Study or Subgrou log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% CI
Amaral 2020 0.0488 00148 21.6% 1.05(1.02,1.08] -
Csanyi 2020 0.0564 00112 23.8% 1.06 [1.04, 1.08] u
Karakousis 2017 0.3507 0.1257 1.3% 1.42[1.11,1.82)
Madu 2016 0.5306 0.2657 0.3% 1.70[1.01, 2.86)
Moncrieff 2020 0.0198 0005 26.6% 1.02[1.01,1.03] .
Namikawa 2018 06313 0.2781 0.3% 1.88[1.09, 3.24] *
Ribero 2015 0.0198 0.0101 24.4% 1.02[1.00,1.04] .
Winge-Main 2023 0.3365 0.1093 1.7% 1.40[1.13,1.73] -
Total (95% CI) 100.0% 1.05[1.02, 1.08] 4
Heterogeneity: Tau®= 0.00; Chi*= 34.58, df= 7 (P < 0.0001); F= 80% 015 u:r 1 1=5 2
Test for overall effect: Z= 3.22 (P = 0.001) ’ ’ Age ’
Figure 3. Forest plot of age.
Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight IV, Random, 95% CI IV, Random, 95% ClI
Csanyi 2020 -0.6812 0.2243 156% 0.51[0.33,0.79] =
Ji 2022 -0.3243 01349 286% 0.72]0.56, 0.94] -
Park 2023 -0.5798 0.3017 9.9% 0.56 [0.31,1.01] I
Winge-Main 2023 -0.1985 0.0593 459% 0.82[0.73,0.92] L
Total (95% CI) 100.0% 0.71[0.57, 0.87] L ]
Heterogeneity: Tau®= 0.02; Chi*= 5.94, df= 3 (P = 0.11); F=50% ! t t {
Test for overall effect: Z= 3.30 (P = 0.0010) b0 o Female LU i

Figure 4. Forest plot of sex.

There was no observed heterogeneity among
the studies (1>=0%, P>0.1). Therefore, a fixed-
effects model was employed, revealing a sig-
nificant association between positive SLN and
poor post-surgery prognosis (HR=3.03, 95% ClI:
2.50-3.66, P<0.001, Figure 8).

1950

Publication bias

A funnel plot was constructed to assess publi-
cation bias for the prognostic factors (age, sex,
Breslow thickness, ulceration, tumor location
on limbs, positive SLN) reported in four or more
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Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Amaral 2020 01806 0.0533 11.9% 1.21[1.09,1.34) =
Csanyi 2020 01714 00393 161% 1.19[1.10,1.28) =
Madu 2016 0.6981 0.2423 1.0% 2.01[1.25,3.23] _—
Moncrieff 2020 0.077 0.0095 271% 1.08[1.06,1.10] .
Park 2023 1.0225 04777 0.3% 2.78[1.09,7.09
Ribero 2015 0.0677 0.0294 18.9% 1.07[1.01,1.13] r
Ribero S 2015 0.0583 0.0196 23.8% 1.06[1.02,1.10] 3
Total (95% Cl) 100.0% 1.11[1.06, 1.17] |
e 2 - Chi®= - - ‘B= I } } d
Heterogeneity: Tau = 0.00; Chi*= 2161, df= 6 (P=0.001), F=72% 001 01 ] 10 100
Test for overall effect: Z= 4.47 (P < 0.00001) Breslow thickness
Figure 5. Forest plot of Breslow thickness.
Hazard Ratio Hazard Ratio
Study or Subgroup _ log[Hazard Ratio] SE Weight IV, Random, 95% ClI IV, Random, 95% CI
Csényi 2020 0952 03511 10.2% 2.59[1.30,5.16] ——
Karakousis 2017 0.6523 0.2314 204% 1.92[1.22,3.02) ——
Moncrieff 2020 0.8879 0.1364 406% 2.43[1.86,3.17] -
Ribero S 2015 0.4511 01815 288% 1.57[1.10, 2.24] ——
Total (95% CI) 100.0% 2.06 [1.63, 2.60] L g
Heterogeneity: Tau®= 0.02; Chi*= 4.21, df= 3 (P = 0.24); F= 29% ; f t f {
Test for overall effect: Z= 6.02 (P < 0.00001) i D.1UIceration1 10 108
Figure 6. Forest plot of ulceration.
Hazard Ratio Hazard Ratio
Study or Subgroup __log[Hazard Ratio] SE_Weight IV, Random, 95% CI IV, Random, 95% CI
Ji 2022 0.4141 01678 26.7% 1.51[1.09, 2.10] -
Namikawa 2018 -0.6931 0.2439 23.2% 0.50[0.31, 0.81) -
Ribero 2015 -0.7765 03111 20.0% 0.46 [0.25, 0.85) —
Winge-Main 2023 -0.2231 0.0755 30.0% 0.80 [0.69, 0.93] =
Total (95% CI) 100.0% 0.76 [0.48, 1.20]
Heterogeneity: Tau®= 0.18; Chi*= 20.96, df= 3 (P = 0.0001); F= 86% = t t t {
Testfor overall effect. Z=1.17 (P =0.24) o 0‘t1umor sile-1 limbs 10 109
Figure 7. Forest plot of tumor location on limbs.
Hazard Ratio Hazard Ratio
Study or Subgrou log[Hazard Ratio SE_Weight [V, Random, 95% CI IV, Random, 95% CI
Csanyi 2020 0.9497 04415 4.9% 2581[1.09,6.14)
Moncrieff 2020 11119 01423 46.8% 3.04[2.30,4.02] =
Namikawa 2018 1.026 01698 32.8% 2.79[2.00, 3.89] -
Ribero 2015 1.3137 02475 155% 3.72[2.29,6.04) _—
Total (95% Cl) 100.0% 3.03 [2.50, 3.66] L]
Heterogeneity: Tau®= 0.00; Chi#= 1.05, df= 3 (P = 0.78); F= 0% b t f i
Testfor overall effect: Z=11.37 (P =< 0.00001) Lol 03 positive SLN 10 1

Figure 8. Forest plot of positive sentinel lymph node.
studies. The analysis indicated some level of
publication bias (Figure 9).

TSA

TSA was conducted to evaluate the robustness
of the findings for six prognostic factors. The

1951

analysis confirmed that age >50, female sex,
Breslow thickness >2 mm, ulceration, and posi-
tive SLN significantly influenced the prognosis
of patients with cutaneous melanoma post-
surgery. In contrast, tumor location on limbs
did not impact prognosis. These results demon-
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Figure 9. Funnel plot. A. Age; B. Sex; C. Breslow thickness; D. Ulceration; E. Tumor location on limbs; F. Positive

sentinel lymph node.

strate the stability of the meta-analysis (Figure
10).

Discussion

Cutaneous melanoma is a highly invasive tumor
with a high mortality rate, accounting for 90%
of skin cancer deaths and ranking as the most
prevalent skin malignancy [18-20]. Despite
recent advances in chemotherapy, immuno-
therapy, and targeted therapy, surgery remains
the primary treatment option [21, 22]. How-
ever, the survival rates post-surgery are still
low, underscoring the significant threat this dis-
ease poses. Thus, identifying and understand-
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ing prognostic factors are crucial for improving
management strategies for patients with cuta-
neous melanoma following surgery.

This meta-analysis identified several key prog-
nostic factors, including gender, age over
50, ulceration, Breslow thickness greater than
2 mm, and positive SLN. Notably, survival
rates were higher among female patients,
which might be attributed to differences in
immune function, mutation burden, and DNA
repair capabilities related to oxidative damage
between genders. Additionally, behavioral fac-
tors such as clothing choices and sunscreen
use, which vary by gender, could also play a role
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Figure 10. Trial sequential analysis plot. A. Age; B. Sex; C. Breslow thickness; D. Ulceration; E. Tumor location on
limbs; F. Positive sentinel lymph node. Note: APIS: a priori information size; blue line: cumulative z-curve; red dotted
line: trial sequential monitoring border; red solid line: APIS; green line: traditional boundary line.

[23, 24]. These findings highlight the impor-
tance of enhancing public awareness about
melanoma risk factors and preventive mea-
sures, including the adoption of effective sun-
screen practices to mitigate the risk of skin
melanoma.

Concerning age, as patients grow older, their
physiological functions decline, resulting in de-
creased disease resistance and compensatory
capacity. Elderly patients often exhibit poor tol-
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erance to surgery, radiotherapy, and chemo-
therapy. Malignant tumors tend to progress
more rapidly in this demographic, leading to
poorer prognoses. Additionally, age-related re-
ductions in physical strength and energy can
diminish self-worth, contributing to pessimistic
emotions and reduced physiological functions.
These factors may weaken resistance to malig-
nant diseases, potentially shortening survival
times in elderly patients [25, 26]. Regular
health assessments, medication management,
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and pain control are crucial for maintaining the
quality of life in these patients.

Ulceration in cutaneous melanoma refers to
the absence of a complete epidermis over any
part of the primary tumor, accompanied by host
responses such as fibrinous and acute inflam-
matory exudates [27]. Ulceration indicates ad-
vanced tumor progression. The observation of
perivascular growth of melanoma cells, particu-
larly in the superficial and most severe parts of
an ulcerated tumor, is often associated with
neutrophil presence. This perivascular growth
and neutrophil infiltration may facilitate extra-
vascular migration and metastasis, increasing
the likelihood of tumor cells invading the circu-
lation and enhancing the potential for lymph
node metastasis and systemic dissemination
[28]. Consequently, patients with ulcerated
cutaneous melanoma typically face a worse
prognosis due to the increased risk of me-
tastasis.

Breslow thickness measures the depth of inva-
sion in cutaneous melanoma and is recognized
by the American Joint Committee on Cancer as
a primary and potent prognostic factor in its
melanoma staging system [29]. Increased tu-
mor thickness correlates with rapid tumor
growth, invasive histological features, and a
higher likelihood of lymph node and distant
metastases. Specifically, lesions thicker than 2
mm are associated with increased lymph node
and distant metastases, indicating greater
malignancy and poorer prognosis [30, 31].

Approximately a quarter of patients with posi-
tive SLNs also show lymphatic vascular inva-
sion, suggesting a higher presence of microme-
tastases or dormant tumor cells [32]. A study
focusing on patients who underwent extensive
resection of clinical stage 11B/C primary cutane-
ous melanoma before starting immunotherapy
noted a 30% difference in 5-year disease-spe-
cific survival between those with positive and
negative SLNs [33]. Thus, positive SLNs are
critical prognostic indicators of early lymphatic
spread, necessitating stringent monitoring and
aggressive treatment to improve outcomes and
reduce recurrence risks.

Random errors in cumulative meta-analyses
can lead to false positives or negatives. To
address this, we employed TSA to validate the
reliability of our meta-analysis results. The TSA
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indicated that the cumulative Z-curve sur-
passed the required information size or tradi-
tional boundaries, confirming adequate sample
size for robust analysis.

However, several limitations were noted. Our
meta-analysis was retrospective, possibly in-
troducing selection bias. Also, the analysis of
some prognostic factors was hampered by
insufficient studies and significant hetero-
geneity. Additionally, variations in researchers’
search capabilities and databases may have
omitted relevant factors like postoperative
treatment, impacting the comprehensiveness
of our findings. Further research is necessary
to corroborate our results.

Conclusion

Our extensive review of 11 clinical retrospec-
tive studies identified key prognostic factors -
gender, age, ulceration, Breslow thickness, and
positive SLNs - in patients with cutaneous mel-
anoma post-surgery. These findings suggest
that patients exhibiting these characteristics
should receive aggressive treatment strategies
to improve prognosis and 5-year survival rates,
thus offering valuable insights for clinical
practice.
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