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Introduction

Melanoma is the most aggressive skin cancer. It originates from 
melanocytes and has a variety of subtypes, such as superficial 
spreading melanoma, lentigo maligna, acral lentiginous mela-
noma, and nodular melanoma (1). Although it is predominantly 
associated with ultraviolet exposure, genes such as CDKN2A and 
CDK4 also contribute to the formation of melanoma (2). In 2018, 
the World Health Organization reported more than 1.3 million new 
cases of skin cancer, of which more than one in five were mela-
noma (3). The countries with the highest melanoma rates, such 
as Australia and New Zealand, report an incidence as high as 33.6 
per 100,000 population and mortalities reaching 3.4 per 100,000. 
Despite contributing to only 3% of all skin cancers, its tendency 
to metastasize makes it particularly lethal, evidenced by melano-
ma causing up to 65% of all skin cancer deaths (4). Fortunately, 
through rigorous awareness campaigns in recent decades, mela-
noma continues to remain the focus of attention in both public 
awareness and research (5, 6). Although its treatment options tra-
ditionally include surgery, chemotherapy, and radiotherapy, the 
last decade of advances in immunotherapy and targeted therapy 
has already improved how the disease is tackled (7). To fully eval-
uate the progress made in melanoma research and its potential 
future directions, a bibliometric analysis of the most influential 
work on it can be used.

The study of tracking scientific advances and progress plays a 
role in improving the diagnosis and management of various dis-
eases. Bibliometric analysis, a method first proposed by Pritchard, 
uses statistical means to identify the nature and distribution of 
scientific information (8). Through measurements of citation pat-
terns in scientific literature, the academic significance and im-
pact of research can be extrapolated from its citation count and 

journal impact factor. The examination of past and future trends 
can also help researchers identify and understand the latest de-
velopments in their field of interest. This has been utilized across 
various specialties to analyze the most influential works, includ-
ing general surgery and surgical subspecialities (9–14). There has 
not been any recent citation analysis for melanoma, and therefore 
this study provides a perspective on developments and directions 
in this field (15).

Methods

The Thomson Reuters Web of Science citation indexing data-
base was used to conduct the search. The keywords melanoma, 
superficial spreading melanoma, nodular melanoma, lentigo ma-
ligna melanoma, and acral lentiginous melanoma were searched 
across all fields for all documents in the entire database to maxi-
mize the return of eligible articles. No restrictions were applied 
on the publication year or study design of articles. The recorded 
citation count for the indexing databases is as follows: Science 
Citation Index Expanded, Social Sciences Citation Index, Confer-
ence Proceedings Citation Index—Science, Conference Proceed-
ings Citation Index—Social Science & Humanities, and Emerging 
Sources Citation Index. The literature returned was sorted by cita-
tion count to extract the top 100 cited articles, a method initially 
developed by Paladugu et al. (16).

Only full articles in English were included; abstracts or letters 
were excluded. Only articles that included melanoma-specific is-
sues, such as pathogenesis, treatments, or outcomes, were eligi-
ble. Articles that focused on global mortality or cancers as a whole 
were excluded. Information on the articles identified, including 
journal, authorship, institution, country, year of publication, and 
article type, were extracted. Clarivate Journal Citation Reports was
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used to extract the 2021 journal impact factor, 5-year impact fac-
tor, and 2021 eigenfactor of each journal. The citation rate was 
also calculated by dividing the citation count by the number of 
years since an article’s publication date. The retrieved records 
were all screened, sorted, and analyzed with Excel.

Results

The literature search was conducted on May 17th, 2021, and it re-
turned 243,109 full-length English-language articles. The top 100 
most-cited articles were analyzed for various characteristics over 
the subsequent 4 weeks.

Sixty-four top-cited articles were excluded because they fo-
cused on genetics, pathogenesis, or epidemiology of cancers 
without coverage of melanoma specifically. The total citation 
count was 215,902, with a median and mean of 1,793 and 2,159, 
respectively. Seventy-nine were original articles and 21 were re-
views. Pathogenesis and genetics were the topics most studied 
(n = 68), followed by management and outcomes (n = 57). Twenty-
seven articles explored the role of immunotherapy and antibody-
based therapies, six studied target therapy, such as proto-onco-
gene B-Raf (BRAF) and mitogen-activated protein kinase (MAPK) 
inhibitors, and only two focused on surgical resection.

Within the top 100 cited articles, the citation counts ranged 
from 1,231 for “Systematic identification of genomic markers of 
drug sensitivity” by Garnett et al. to 8,150 for “Improved survival 
with ipilimumab in patients with metastatic melanoma” by Hodi 
et al. (17, 18). The third most-cited article, by Topalian et al., had 
the highest citation rate: 741 (19). The oldest article was “The 
histogenesis and biologic behavior of primary human malignant 
melanomas of the skin,” published in 1969 by Clark et al., where-
as the most recent was “Dermatologist level classification of skin 
cancer with deep neural networks” by Esteva et al., published 
in 2017 (20, 21). They had 1,847 and 1,941 citations respectively. 
Table 1 displays the top 100 articles and their respective citation 
counts and rates. The majority of articles and citations were from 
the past three decades: 1991–2000 (n = 29; 50,738), 2001–2010  
(n = 28; 67,361), and 2011–2020 (n = 30; 74,827). Figure 1 shows the 
distribution of articles and citations by decade.

The top 100 articles were published across 31 journals, which 
published between one and 21 articles. Nature (n = 21) published 
the greatest number of articles within the top 100 and had the 
highest normalized eigenfactor (238.12). The New England Journal 
of Medicine received the greatest number of citations (58,489) and 
had the third-highest impact factor (176.08). CA: A Cancer Journal 
for Clinicians had the highest impact factor (286.13) and contrib-
uted one article with 2,334 citations. Table 2 displays the citation 
count, articles, and the various journal metrics.

The most highly cited first authors included Hodi (n = 1; 8,150), 
Robert (n = 3; 8,088), and Topalian (n = 2; 7,990). Rosenberg con-
tributed to the greatest number of articles as first author (n = 4) 
and received a total of 7,698 citations. Antoni Ribas, the director 
of the Tumor Immunology Program at the Jonsson Comprehensive 
Cancer Center and Chair of the Melanoma Committee at SWOG, 
published the most articles (n = 5) as senior author, with a total 
of 10,512 citations. Table 3 summarizes the top first and senior au-
thors within the top 100 articles.

The United States had the most citations (171,333), as well as the 
greatest number of articles (n = 81). The United Kingdom ranked 
second, with 16,893 citations from six articles. The top four insti-
tutions cited were the National Cancer Institute (n = 16; 29,143), 

Johns Hopkins University School of Medicine (n = 9; 27,169), Me-
morial Sloan Kettering Cancer Center (n = 5; 12,190), and Broad 
Institute of MIT and Harvard (n = 4; 8,392), all of which are based 
in the United States. Table 4 and Figure 2 provide an overview of 
the top countries and institutions that contributed to the top 100 
cited articles.

Discussion

Among the top 100 articles surveyed, pathogenesis and associat-
ed risk factors of melanoma were discussed in the greatest quan-
tity, seen in 68 of the 100 articles. This reflects that the majority 
of the most important literature was the various discoveries that 
furthered understanding of how and why melanoma develops. 
This culminated in a trend to explore the role of immunotherapy 
and the BRAF/MAPK pathway since the beginning of the 1990s. In 
comparison, only 16 articles focused on the diagnostic aspect of 
melanoma. As melanoma remains primarily a clinical diagnosis, 
the emphasis is properly placed on furthering its treatment. Of 
those that discussed investigation and diagnosis, seven articles 
explored the histology and intraoperative analysis of the biopsies, 
most notably the works of Clark et al. and Breslow, which provides 
a foundation for estimating melanoma prognosis. Of the specific 
therapeutic options, this analysis has identified the increasingly 
dominant trend in the use of immunotherapy and monoclonal an-
tibodies (n = 27). In addition, the last decade also saw increased 
attention to BRAF and MAPK inhibitors (n = 5), both of which 
dwarf the representation of surgery (n = 2). The significance of 
these trends is reflected by the topics covered by the top five cited 
studies, with three on immunotherapy and two on targeted ther-
apy of BRAF/MAPK. However, although only two articles focused 
on surgical treatment, it is important to note that metastasectomy 

Figure 1 | Articles and citation count by decade.

Figure 2 | Top countries by total citation and articles.
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Table 1 | Top 100 articles ranked by total citation count.
Rank Author(s) Journal Year Total citations Citation rate
1 Hodi et al. The New England Journal of Medicine 2010 8,150 741
2 Davies et al. Nature 2002 6,822 359
3 Topalian et al. The New England Journal of Medicine 2012 6,654 739
4 Pardoll Nature Reviews Cancer 2012 5,379 598
5 Chapman et al. The New England Journal of Medicine 2011 4,932 493
6 Brahmer et al. The New England Journal of Medicine 2012 4,250 472
7 Muller et al. Nature 2001 4,105 205
8 Larkin et al. The New England Journal of Medicine 2015 3,554 592
9 Morton et al. Archives of Surgery 1992 3,153 109
10 Barretina et al. Nature 2012 3,037 337
11 Alley et al. Cancer Research 1988 3,001 91
12 Balch et al. Journal of Clinical Oncology 2009 2,988 249
13 Kamb et al. Science 1994 2,854 106
14 Kalluri et al. Nature Reviews Cancer 2006 2,834 189
15 Robert et al. The New England Journal of Medicine 2011 2,794 279
16 Dong et al. Nature Medicine 2002 2,788 147
17 Renehan et al. The Lancet 2008 2,760 212
18 Vanderbruggen et al. Science 1991 2,753 92
19 Robert et al. The New England Journal of Medicine 2015 2,720 453
20 Schreiber et al. Science 2011 2,669 267
21 Wolchok et al. The New England Journal of Medicine 2013 2,582 323
22 Robert et al. The New England Journal of Medicine 2015 2,574 429
23 Flaherty et al. The New England Journal of Medicine 2010 2,501 227
24 Dranoff et al. Proceedings of the National Academy of Sciences of the

United States of America
1993 2,501 89

25 Tumeh et al. Nature 2014 2,496 357
26 Nestle et al. Nature Medicine 1998 2,460 107
27 Kato et al. Nature 2006 2,423 162
28 Grimm et al. Journal of Experimental Medicine 1982 2,420 62
29 Herbst et al. Nature 2014 2,363 338
30 Rosenberg et al. The New England Journal of Medicine 1985 2,354 65
31 Miller et al. CA: A Cancer Journal for Clinicians 2016 2,334 467
32 Flaherty et al. The New England Journal of Medicine 2012 2,268 252
33 Hamid et al. The New England Journal of Medicine 2013 2,215 277
34 Salomon et al. Critical Reviews in Oncology Hematology 1995 2,189 84
35 Rosenberg et al. Nature Medicine 2004 2,128 125
36 Friedl et al. Nature Reviews Cancer 2003 2,108 117
37 Irmler et al. Nature 1997 2,066 86
38 Shalem et al. Science 2014 2,020 289
39 Dudley et al. Science 2002 2,020 106
40 Giuliano et al. Annals of Surgery 1994 2,012 75
41 Clynes et al. Nature Medicine 2000 2,005 95
42 Beroukhim et al. Nature 2010 1,966 179
43 Snyder et al. The New England Journal of Medicine 2014 1,958 280
44 Esteva et al. Nature 2017 1,941 485
45 Balch et al. Journal of Clinical Oncology 2001 1,928 96
46 Wolchok et al. Clinical Cancer Research 2009 1,909 159
47 Breslow Annals of Surgery 1970 1,853 36
48 Hauschild et al. The Lancet 2012 1,850 206
49 Clark et al. Cancer Research 1969 1,847 36
50 Rejman et al. Biochemical Journal 2004 1,828 108
51 Nobori et al. Nature 1994 1,758 65
52 Morgan et al. Science 2006 1,750 117
53 Davis et al. Nature 2010 1,738 158
54 Peinado et al. Nature Medicine 2012 1,731 192
55 Curtin et al. The New England Journal of Medicine 2005 1,699 106
56 Rosenberg et al. The New England Journal of Medicine 1988 1,697 51
57 Brahmer et al. Journal of Clinical Oncology 2010 1,694 154
58 Szatrowski et al. Cancer Research 1991 1,693 56
59 Liotta et al. Nature 1980 1,685 41
60 Balch et al. Journal of Clinical Oncology 2001 1,680 84
61 Mellman et al. Nature 2011 1,657 166
62 DeRisi et al. Nature Genetics 1996 1,650 66
63 Dunn et al. Immunity 2004 1,592 94
64 Boehm et al. Nature 1997 1,569 65
65 Brash et al. Proceedings of the National Academy of Sciences of the 

United States of America
1991 1,559 52

66 Kirkwood et al. Journal of Clinical Oncology 1996 1,541 62
67 Poste et al. Nature 1980 1,532 37
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Table 1 | Continued.
Rank Author(s) Journal Year Total citations Citation rate
68 Bittner et al. Nature 2000 1,530 73
69 Postow et al. The New England Journal of Medicine 2015 1,529 255
70 Rosenberg et al. Nature Medicine 1998 1,519 66
71 Sosman et al. The New England Journal of Medicine 2012 1,489 165
72 Michaloglou et al. Nature 2005 1,446 90
73 Nazarian et al. Nature 2010 1,415 129
74 Stetler-Stevenson et al. Annual Review of Cell Biology 1993 1,407 50
75 Attele et al. Biochemical Pharmacology 1999 1,402 64
76 Maniotis et al. The American Journal of Pathology 1999 1,397 64
77 Fidler Nature New Biology 1973 1,378 29
78 Hodis et al. Cell 2012 1,369 152
79 Weber et al. The Lancet Oncology 2015 1,364 227
80 Brooks et al. Cell 1996 1,358 54
81 Chambers et al. Journal of the National Cancer Institute 1997 1,356 57
82 Steeg et al. Journal of the National Cancer Institute 1988 1,352 41
83 Topalian et al. Journal of Clinical Oncology 2014 1,336 191
84 Serrano et al. Cell 1996 1,320 53
85 Nelson et al. Journal of Clinical Oncology 2000 1,312 62
86 West et al. The New England Journal of Medicine 1987 1,305 38
87 Kamijo et al. Cell 1997 1,302 54
88 Gomez et al. European Journal of Cell Biology 1997 1,298 54
89 Atkins et al. Journal of Clinical Oncology 1999 1,294 59
90 Bingle et al. Journal of Pathology 2002 1,292 68
91 Dougherty et al. Cancer Research 1978 1,287 30
92 Quintana et al. Nature 2008 1,276 98
93 Gajewski et al. Nature Immunology 2013 1,271 159
94 Roberts et al. Proceedings of the National Academy of Sciences of the

United States of America
1985 1,265 35

95 Morton et al. The New England Journal of Medicine 2006 1,264 84
96 Taube et al. Science Translational Medicine 2012 1,260 140
97 Zhang et al. Nature Biotechnology 2006 1,257 84
98 Clark et al. Nature 2000 1,246 59
99 Gearing et al. Immunology Today 1993 1,234 44
100 Garnett et al. Nature 2012 1,231 137

Table 2 | Journal metrics of the top 100 articles.

Rank Journal Total
citations

Total
articles

2021
impact factor

5-year
impact factor

Normalized 
eigenfactor

1 The New England Journal of Medicine 58,489 20 176.08 125.16 161.02
2 Nature 45,302 21 69.50 63.58 238.12
3 Science 14,066 6 63.80 59.92 191.93
4 Journal of Clinical Oncology 13,773 8 50.77 38.80 51.81
5 Nature Medicine 12,631 6 87.24 68.31 49.70
6 Nature Reviews Cancer 10,321 3 69.80 78.98 11.39
7 Cancer Research 7,828 4 13.31 13.68 19.34
8 Cell 5,349 4 66.85 59.90 114.11
9 Proceedings of the National Academy of Sciences of the

United States of America
5,325 3 12.78 13.45 158.17

10 The Lancet 4,610 2 202.73 130.84 120.97
11 Annals of Surgery 3,865 2 13.79 12.43 12.21
12 Archives of Surgery 3,153 1 4.93 4.89 2.11
13 Journal of the National Cancer Institute 2,708 2 13.76 14.54 N/A
14 Journal of Experimental Medicine 2,420 1 17.58 16.42 12.64
15 CA: A Cancer Journal for Clinicians 2,334 1 286.13 34.26 20.74
16 Critical Reviews in Oncology Hematology 2,189 1 6.625 6.59 2.72
17 Clinical Cancer Research 1,909 1 13.80 13.98 25.59
18 Biochemical Journal 1,828 1 3.77 4.96 3.24
19 Nature Genetics 1,650 1 41.38 39.32 34.91
20 Immunity 1,592 1 43.47 39.54 26.21
21 Annual Review of Cell and Developmental Biology 1,407 1 11.90 18.48 1.78
22 Biochemical Pharmacology 1,402 1 6.10 6.19 3.69
23 The American Journal of Pathology 1,397 1 5.77 5.48 3.05
24 Nature New Biology 1,378 1 N/A N/A N/A
25 The Lancet Oncology 1,364 1 54.43 49.20 29.47
26 European Journal of Cell Biology 1,298 1 6.02 4.16 0.37
27 Journal of Pathology 1,292 1 9.88 8.84 3.14
28 Nature Immunology 1,271 1 31.25 31.00 17.25
29 Science Translational Medicine 1,260 1 19.36 22.18 19.54
30 Nature Biotechnology 1,257 1 68.16 60.20 33.19
31 Immunology Today 1,234 1 12.86 N/A N/A
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may still have a role in management and was shown to improve 
long term outcomes in the 2012 MSLT-1 trial (22). Novel melanoma 
vaccine treatments also received some attention in the 2000s; 
however, only four were highly cited, and they were all published 
before this decade. This under-representation may reflect the lack 
of breakthroughs as significant as the potential shown by immu-
notherapy or BRAF/MAPK.

The most-cited melanoma study was published in The New 
England Journal of Medicine in 2010, by Hodi et al. It explores the 
efficacy of ipilimumab (BMS-734016), a cytotoxic T-lymphocyte-
associated protein 4 (CTLA-4) inhibitor, to improve survival rates 
of patients with prior treatment for metastatic melanoma (18). 
This study was significant at the time because the options for met-
astatic melanoma were very limited beyond first-line chemothera-
py with dacarbazine. In addition, no randomized trials identified 
alternative treatments with a significant increase in survival rates 
at the time (23). Its blockade of the inhibitory activity of CTLA-4 
allowed the upregulation of T-cell activities to enhance the anti-
cancer effect of the immune system, which unfortunately also led 
to side effects such as diarrhea, colitis, injection site reactions, 
and vitiligo (18). Given the potential of ipilimumab demonstrated 
by previous phase 2 trials, Hodi et al. conducted the first phase 3 
trial for a metastatic melanoma therapy (24). With glycoprotein 

gp100 as a control, ipilimumab was found to improve survival 
rates regardless of cancer peptide vaccination status and to ex-
tend median overall survival rates from 6.4 months to 10 (18, 25). 
Despite strong and potentially life-threatening immune-mediated 
side effects, this study highlighted the survival benefits of ipili-
mumab, which has since been approved by the American FDA and 
British NICE guidelines as a treatment for metastatic melanoma. 
The use of ipilimumab likely contributed to the reduction in long-
term melanoma mortality seen between 2013 and 2017, whereby 
metastatic melanoma mortality in the US alone decreased by 5.7% 
and 7% in patients above and below age 50, respectively (26).

Similarly, efforts in seeking alternative immunotherapy targets 
led to studying the efficacy of PD-1 inhibitors in augment T-cell 
activity in melanoma. The third most-cited article investigated the 
use of nivolumab (BMS-936558) and was published in The New 
England Journal of Medicine in 2012 by Topalian et al., with Hodi 
also as a coauthor (19). The study evaluated the use of this anti-
PD-1 antibody in promoting antitumor activity in patients with 
selected advanced cancer, and it found that 28% of patients with 
advanced melanoma responded to the treatment. In comparison 
to other conventional treatments, such as chemotherapy and 
tyrosine kinase inhibitors, the durability of anti-PD-L1 antibody 
therapy appears to be greater (19). Furthermore, this study was 
frequently cited due to its impact on promoting future studies on 
anti-PD-1 antibody, including being the groundwork for a phase 
3 study by Robert et al. in 2015, which further corroborated the 
therapeutic benefits of nivolumab over standard chemotherapy 
in advanced melanoma (27). Moreover, the work of Hodi et al. 
and Topalian et al. led to the combined use of ipilimumab and 
nivolumab in a phase 1 trial in 2017 that showed manageable safe-
ty profiles while offering superior clinical responses (28). Hence, 
the significance of these two studies can be quantified by having 
the two highest citation rates of 741 and 739 despite being rela-
tively recent. Together these two studies have significantly influ-
enced both the knowledge and management of melanoma, and 
they have laid the foundation for future efforts to optimize the use 
of immunotherapy in advanced melanoma.

The rise of targeted therapy offered a potential alternative to 
immunotherapy. This includes targeting BRAF/MAPK, which has 
been identified as important mutations in oncogenesis (29). The 
second most-cited melanoma study was published in Nature in 
2002 by Davies et al., and it identified the prevalence of the BRAF/
MAPK pathway mutation in melanoma (30). Neoplastic cell lines 
were screened for mutations to identify 43 probable oncogenic 
BRAF/MAPK mutations in exons 11 and 15, which were present in 
20 out of 34 melanoma cases. It was proposed that BRAF/MAPK 
mutations in melanoma primarily affected a melanocyte-specific 
proliferation and differentiation signaling pathway, which ac-
counts for a significantly higher frequency of BRAF/MAPK muta-
tion in melanoma compared to other cancers. Unlike other BRAF/
MAPK mutations, it was specifically determined that the V599 
BRAF mutation can bypass the need for RAS mutation and ac-
quire malignant potential in a single step. Furthermore, the as-
sociation with BRAF/MAPK mutations become more significant 
because they require fewer post-translational modifications than 
RAF to achieve maximum kinase activity, making it a more im-
portant, and likely effective, therapeutic target. This was the first 
study that explored BRAF/MAPK inhibition as a potential alter-
native treatment for melanoma. With the influence of this study, 
more research on BRAF/MAPK followed, which culminated in the 
development of targeted therapy with sorafenib, vemurafenib, 

Table 3 | Most-cited authors in the top 100 articles.
Rank First author Total citations Articles
1 Hodi, FS 8,150 1
2 Robert, C 8,088 3
3 Topalian, SL 7,990 2
4 Rosenberg, SA 7,698 4
5 Davies, H 6,822 1
6 Balch, CM 6,596 3
7 Brahmer, JR 5,944 2
8 Pardoll, DM 5,379 1
9 Chapman, PB 4,932 1
10 Flaherty, KT 4,769 2
Rank Senior author Total citations Articles
1 Ribas, A 10,512 5
2 Sznol, M 9,236 2
3 Urba, WJ 8,150 1
4 Hodi, FS 7,137 4
5 Futreal, PA 6,822 1
6 Wolchok, JD 6,348 2
7 McArthur, GA 4,932 1
8 Schadendorf, D 4,728 2
9 Chapman, PB 4,351 2
10 Wigginton, JM 4,250 1

Table 4 | Institutes with the most articles.

Institution Country Total
citations

Total
articles

National Cancer Institute USA 29,143 16
Johns Hopkins University School of 
Medicine

USA 27,169 9

Memorial Sloan Kettering Cancer 
Center

USA 12,910 5

Broad Institute of MIT and Harvard USA 8,392 4
Institute Gustave Roussy France 8,088 3
Howard Hughes Medical Institute USA 3,868 3
Washington University School of 
Medicine

USA 4,261 2

Massachusetts General Hospital USA 4,115 2
Yale School of Medicine USA 3,922 2
University of California Los Angeles USA 3,911 2
University of Pennsylvania USA 3,879 2
Stanford University USA 3,591 2
Vanderbilt University Medical 
Center

USA 2,801 2
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and dabrafenib in the following years (29). However, the greatest 
hurdle for targeted therapy to overcome is its short-lived benefits. 
It was found that patients usually relapse within the first 2 years 
of therapy because BRAF/MAPK inhibitors were associated with 
early acquired resistance (31). In the early 2010s, there was some 
evidence of being able to overcome the resistance by combina-
tional use with MEK inhibitors, which also provided additional 
benefits of prolonging median progression-free survival from 6.2 
months to 9.9 (31). Nonetheless, although this major limitation 
likely contributed to its relatively low representation within the 
top 100 cited articles, breakthroughs in overcoming resistance 
will likely thrust targeted therapy into the spotlight.

The oldest article was ranked 49th and accumulated 1,847 cita-
tions since 1969. The pioneering study by Clark et al. provided a 
thorough analysis of the various characteristics of melanoma sub-
types, including superficial spreading melanoma, nodular mela-
noma, and lentigo maligna melanoma (20). The analysis allowed 
the establishment of the Clark classification system for the inva-
siveness of melanoma, which served to improve prognostic esti-
mation. The Clark classification later contributed to the second-
oldest article, which introduced the Breslow depth, which is now 
used universally (32, 33). In contrast, the newest study, by Esteva 
et al. in 2017, utilizes the latest computing technology to develop 
a novel neural network to differentiate skin cancers, which pro-
duces similar performance levels as specialists (21). As expected, 
the implications of the study range from improving diagnosis ac-
curacy to increasing access to healthcare. It generated 1,941 cita-
tions within 3 years, making it the article with the sixth-highest 
citation rate (485 citations per year). With the increasing integra-
tion of technology into clinical practice, as well as the surge in 
telemedicine following the COVID-19 pandemic, it is likely that 
the study will remain of interest and ascend the ranks in coming 
years (34, 35).

This analysis revealed a significant difference in publication 
and citation patterns in the last 3 decades compared to before 
1990, for which the articles total only 13 and 10.6% of the total 
citations. This may be explained by the fact that the majority of 
studies in the 1970s and 1980s focused on the pathogenesis and 
metastasis of melanoma, which provided the foundation for to-
day’s understanding of melanoma. Furthermore, these two dec-
ades established the beginnings of immunotherapy by highlight-
ing the potential of immunomodulation through studying the 
uses of interleukin-2 and lymphocytes (36). Along with the many 
advances in immunotherapy, research interests have continued 
to grow since 1990, with many continuing to focus on furthering 
the understanding of immunotherapy, genetics, antibodies, and 

molecular mechanisms of oncogenesis (37). In comparison with a 
bibliometric analysis nearly a decade ago, the rise of immunother-
apy has now led to an explosion of citation, and it significantly 
changes the distribution of the top cited articles. Previously, the 
most-cited articles were “Technical details of intraoperative lym-
phatic mapping for early stage melanoma” by Morton et al., fol-
lowed by the landmark articles by Clark et al. and Breslow, which 
provided the basis for prognosis (15). These articles were cited 
2,384, 1,705, and 1,554 times, respectively, by 2014 and have now 
become the ninth, 49th, and 47th most-cited articles in this study. 
These studies on prognosis and surgical techniques are now 
greatly surpassed by studies on immunotherapy and the BRAF 
gene, being cited between 6,654 and 8,150 times (18, 19, 30). This 
is indicative of the general trend in this field away from prognostic 
prediction toward immunological and targeted treatments.

There are several limitations to bibliometric analyses. To ac-
count for the effect of time on accumulated citations, a citation 
rate was also calculated to identify articles that received a signifi-
cant amount of citation within a short time. This is only partially 
addressed because a citation count of articles is not necessarily 
directly proportional to time. Biases such as self-citation and in-
stitutional bias have not been accounted for, although these can 
inflate citation counts and affect the distribution of the top 100 
cited articles. The restriction to English-language articles only po-
tentially limits the scope of literature included in the study. In ad-
dition, because the Web of Science indexes may not include all eli-
gible articles and subsequent citations, the accuracy of the results 
may be limited. Finally, the study design likely underrepresents 
the contributions of authors that coauthored articles without be-
ing the first or senior author.

Conclusions

The most-cited articles highlighted in this study describe the ge-
netics and immunosuppression involved in invasive melanoma 
and the treatment options targeting these mechanisms, which 
have resulted in the current understanding and management of 
melanoma. Most articles were published in high-impact journals 
and have been cited at least 1,200 times, reflecting their qual-
ity and influence. This bibliometric analysis provides a reference 
for the most influential articles on melanoma and can guide re-
searchers and clinicians regarding what makes a “citable” article 
as well as the trends in this field. The most recent article included 
was published in 2017, which suggests that ongoing research may 
significantly alter the top 100 articles over the next 5 to 10 years.
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