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Molecular characterization of
fast-growing melanomas
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Background: The rate of growth of primary melanoma is a robust predictor of aggressiveness, but the
mutational profile of fast-growing melanomas (FGMM) and the potential to stratify patients at high risk of
death has not been comprehensively studied.
Objective: To investigate the epidemiologic, clinical, and mutational profile of primary cutaneous
melanomas with a thickness $ 1 mm, stratified by rate of growth.
Methods: Observational prospective study. Deep-targeted sequencing of 40 melanoma driver genes on
formalin fixed, paraffin-embedded primary melanoma samples. Comparison of FGMM (rate of
growth[ 0.5 mm/month) and nonFGMM (rate of growth # 0.5 mm/month).
Results: Two hundred patients were enrolled, among wom 70 had FGMM. The relapse-free survival was
lower in the FGMM group (P = .014). FGMM had a higher number of predicted deleterious mutations
within the 40 genes than nonFGMM (P = .033). Ulceration (P = .032), thickness (P = .006), lower sun
exposure (P = .049), and fibroblast growth factor receptor 2 (FGFR2) mutations (P = .037) were significantly
associated with fast growth.
Limitations: Single-center study, cohort size, potential memory bias, number of investigated genes.
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Conclusion: Fast growth is linked to specific tumor biology and environmental factors. Ulceration,
thickness, and FGFR2 mutations are associated with fast growth. Screening for FGFR2 mutations might
provide an additional tool to better identify FGMM, which are probably good candidates for adjuvant
therapies. ( J Am Acad Dermatol 2022;86:312-21.)

Key words: fast-growth melanoma; FGFR2 mutations; melanoma; mutations of poor prognosis.
CAPSULE SUMMARY

d Fast-growing melanomas are aggressive
and linked to early death. Rapid growth
is more frequent in patients with less
accumulated sun exposure and is
associated with thicker, ulcerated tumors
with fibroblast growth factor receptor 2
mutations.

d Ulceration, thickness, and fibroblast
growth factor receptor 2 mutations are
biomarkers for aggressive disease and
could stratify patients for adjuvant
therapy.
INTRODUCTION
The incidence of cuta-

neous melanoma continues
to rise worldwide.1-4 Preven-
tion campaigns promoting
early diagnosis underlie an
epidemiologic shift toward
earlier recognition of dis-
ease5-10 and most new mela-
noma cases are diagnosed at
localized stages.8,11,12 Stage
II tumors are considered
low risk13; however, because
there is a large prevalence of
stage II tumors, the predic-
tion is that they will account
for most deaths in the
future.8,11,12
Targeted and immunotherapies have transformed
the care for metastatic melanomas and adjuvant trials
have demonstrated a high efficacy. New trials are
testing anti-PD1 in American Joint Committee on
Cancer stages IIB/IIC melanomas, expanding the
pool of potential candidates for adjuvant immuno-
therapy. Identification of new biomarkers of aggres-
siveness is paramount to optimize risk-ratio toxicity
and ensure optimal resource allocation.

Primary melanoma growth, defined as the ratio of
tumor thickness to patient-reported time of mela-
noma growth,14 is a validated robust, reproducible,
and independent prognostic factor of outcome.14-17

Patients with fast-growing melanomas (FGMM)
have an aggressive disease that spreads early, lead-
ing to shorter survival time.14-17 Fast growth is
associated with nodular subtype, trunk location,
male sex, previous nonmelanoma skin cancer, and
few sunburns during childhood.15-17 Furthermore,
FGMM displays high mitotic rates15-17 and frequent
NRAS18 and TERT promoter mutations19, high-
lighting growth kinetics is a relevant feature that
accurately represents the aggressiveness of the
melanoma. The mutational profile of FGMM has
not been comprehensively studied. We compared
the epidemiologic, clinical, andmutational profile of
a cohort of FGMM and nonFGMM primary cuta-
neous melanomas.
METHODS
Clinical data

We prospectively enrolled
consecutive primary mela-
noma patients with a thick-
ness $1 mm who were
referred to the dermato-
oncology unit of La Timone
Hospital, Marseilles, France
between February 2012 and
October 2014. We collected
epidemiologic and clinical
characteristics (Supplemental
Methods; available via
Mendeley at https://data.
mendeley.com/datasets/ysd3
vr9yr8/1). Rate of growth
(ROG) was calculated as
the ratio between thickness and time to mela-
noma development.14 FGMM were defined by
ROG [ 0.5 mm/month and nonFGMM by
ROG # 0.5 mm/month.15-17 Patients filled out a
standardized questionnaire to estimate sun exposure
(Supplemental Methods). We derived 2 sun exposure
scores to estimate lifelong sun exposure and lifelong
sunburn.
Molecular analyses
Tumor DNA was extracted from hand-macro-

dissected FFPE melanoma specimens, and normal
DNA from patient-matched peritumoral normal skin
or wide local excision. DNA was extracted using the
GeneRead DNA FFPE kits (Qiagen) and DNA integ-
rity assessed using the NGS FFPE QC Kit (Agilent
Technologies). Histopathologic variables were ex-
tracted from routine reports.

We performed deep-targeted sequencing of 40
melanoma genes, selected by frequency of mutation
in The Cancer Genome Atlas database ([7%) and/or
specific cancer genes of interest (Supplemental
Table I). TERT promoter was not analyzed in our
panel. Three different pipelines were used for
variant filtering validation. Manual inspection of the
‘‘nonconsensual’’ variants was performed on
Integrative Genomics Viewer to avoid false-positive

https://data.mendeley.com/datasets/ysd3vr9yr8/1
https://data.mendeley.com/datasets/ysd3vr9yr8/1
https://data.mendeley.com/datasets/ysd3vr9yr8/1


Abbreviations used:

DMFS: distant metastasis-free survival
FGMM: fast-growing melanomas
MSS: melanoma specific survival
ROG: rate of growth
RFS: recurrence-free survival
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calls (Supplementary Methods). Only single nucleo-
tide variants predicted as pathogenic or likely
pathogenic by the Catalogue Of Somatic Mutations
In Cancer20 or Varsome21 databases were considered
in the final analysis.
Analysis of gene expression
Cutaneous primary and metastatic melanomas

(SKCM) from The Cancer Genome Atlas22 were
divided into fibroblast growth factor receptor 2
(FGFR2), wildtype (WT), and FGFR2 mutants based
on the presence of a deleterious mutation (missense,
frame shift insertion/deletion, nonsense mutation) in
FGFR2. Thirty-five cases with a missense mutation
were present with matched clinical and gene expres-
sion data, and 437 WT cases. For each sample, the
G1/S and G2/M gene expression signature scores
were determined by calculating the geometric mean
of all genes in each signature. G1/S- and G2/M-
specific genes were those used in Tirosh et al23 to
measure proliferating cells.

Somatic mutation and RNA-seq (log2 transformed
RSEM) data were downloaded from The Cancer
Genome Atlas Xena database from the University of
Santa Cruz (https://xenabrowser.net/datapages/)
and statistical analysis was performed in Prism
v8.2.0 (GraphPad). The Mann-Whitney test was
used to compare expression and scores between
FGFR2 mutants and WT samples.
Statistical analysis
Continuous variables were expressed as

means6 SD or as median with range and categorical
variables as count and percentages. Means were
compared by student t-test and percentages were
compared using the chi-square test (or Fisher’s exact
test, as appropriate). Univariate and stepwise for-
ward multivariate logistic regression models were
used to identify factors associated with FGMM.
Variables with a P\ .05 in univariate analysis were
included in multivariate analyses. Recurrence-free
survival (RFS), distant metastasis-free survival
(DMFS), and melanoma specific survival (MSS)
were calculated from the melanoma diagnosis. RFS,
DMFS, and MSS curves were estimated by the
Kaplan-Meier method and the log-rank test. All tests
were 2-sided and statistical significance was defined
as P \ .05. The false discovery rate was controlled
with a Benjamini-Hochberg procedure.24 Statistical
analyses were performed using SPSS Statistics,
version 20 (IBM SPSS Inc). RandomForest algorithm,
bootstrap, andmultilayer neural perceptron analyses
were used to estimate the robustness of the results by
using the randomForest and caret packages of R (The
R Foundation).

RESULTS
Clinical and epidemiological variables
associated with fast growth

Three hundred and fifty-three patients were
referred to our institution during the study period.
ROG calculation, DNA extraction, and molecular
analyses were successfully performed for 200 pa-
tients (Supplemental Fig 1). We compared the
clinical, epidemiologic, and genetic mutations of
FGMM (n = 70, ROG [ 0.5 mm/month) to the
features of nonFGMM (n = 130, ROG # 0.5/month).
The cohort included 112 men and the median age at
diagnosis was 62 years.

Most melanomas were located on the trunk (84%)
and lower limbs (30.5%). The most common histo-
logic subtype was superficial spreading melanoma
(63.5%), followed by nodular melanoma (29.5%).
The median Breslow thickness was 2.25 mm.
Approximately one third of melanomas were ulcer-
ated and 54% had amitotic rate$ 1/mm2. Regression
was present in 18 samples (9%). A sentinel node
biopsy was performed in 170 patients (75%). Twelve
patients had clinical node involvement at diagnosis.
The American Joint Committee on Cancer25 distribu-
tion was: stage I, 35.5%; stage II, 39%; stage III,
23.5%; and stage IV, 2%. The median ROG was
0.26 (interquartile range, 0.09-0.77; Supplemental
Table II).

Univariate analysis showed that FGMM were
more frequently thick (P \ .001), ulcerated
(P \ .001), nodular (P = .009), with a positive
sentinel node (P = .01). FGMM were less frequently
located on the upper limb (P = .047) and more
frequent in patients medicated with beta blockers
(P = .02). We found an association between FGMM
and less lifetime sun exposure (P = .04) and sunburns
(P = .034). (Table I and Supplemental Table III). After
multivariate analysis, only ulceration (P = .016),
thickness (P = .007), and less lifelong sun exposure
(P = .043) were significantly associated with FGMM
(Table II).

We studied the association between survival and
melanoma ROG, and found 61 patients relapsed after
amedian follow-up period of 59.67months (28 in the
FGMM and 33 in the nonFGMMgroup). Although the

https://xenabrowser.net/datapages/


Table I. Clinical and epidemiologic variables associated with fast growthy

Variable

NonFGMM

(n = 130)

FGMM

(n = 70) OR 95% P value

Melanoma location
Head and neck 11 (8.5%) 9 (12.9%) 1.26 (0.47-3.38) .640
Trunk 51 (39.2%) 33 (47.1%) 1
Upper Limb 20 (15.4%) 4 (5.7%) 0.31 (0.10-0.99) .047
Lower Limb 41 (31.5%) 20 (28.6%) 0.75 (0.38-1.51) .423
Hands/feet/palm/nail 7 (5.4%) 4 (5.7%) 0.88 (0.24-3.25) .852

Histological subtype
SSM 90 (69.2%) 37 (52.9%) 1
NM 30 (23.1%) 29 (41.4%) 2.35 (1.24-4.45) .009
Other* 10 (7.7%) 4 (5.7%) 1.08 (0.31-3.73) .902

Ulceration
No 92 (73%) 32 (45.7%) 1
Yes 34 (27%) 38 (54.3%) 3.21 (1.74-5.93) .001
Missing 4 0

Thickness (mm)
Median 1.8 (1.4-3) 4 (2.5-6) 1.61 (1.34-1.93) .001
Mean 2.4 6 1.58 5.70 6 6.68
1.00-2.00 80 (61.5%) 10 (14.3%) 1
2.01-4.00 33 (25.4%) 30 (42.9%) 7.27 (3.20-16.56) .001
[4.00 17 (13.1%) 30 (42.9%) 14.12 (5.82-34.26) .001

Sentinel node biopsy
Positive 19 (16.5%) 19 (34.5%) 2.67 (1.27-5.60) .010
Negative 96 (83.5%) 36 (65.5%) 1
Missing 16 14

AJCC (7th classification)
I 63 (48.5%) 8 (11.4%) 1
II 43 (33.1%) 35 (50%) 6.41 (2.71-15.11) .001
III 22 (16.9%) 25 (35.7%) 8.95 (3.52-22.74) .001
IV 2 (1.5%) 2 (2.9%) 7.88 (0.97-63.89) .053

Beta blockers
No 123 (94.6%) 59 (84.3%) 1
Yes 7 (5.4%) 11 (15.7%) 3.28 (1.21-8.88) .020

Mean sun exposure score
During childhood 5.41 6 1.66 4.71 6 1.34 0.75 (0.61-0.92) .005
During adulthood 6.88 6 2.11 6.34 6 1.84 0.87 (0.75-1.02) .008
All life long 12.3 6 3.42 10.88 6 2.5 0.86 (0.78-0.96) .004

Mean sunburn score
During childhood 1.55 6 0.9 1.25 6 0.8 0.68 (0.47-0.97) .033
During adulthood 1.55 6 0.9 1.33 6 0.9 0.77 (0.55-1.08) .124
Lifelong 3.10 6 1.6 2.57 6 1.5 0.80 (0.65-0.98) .034

FGMM, Fast-growing melanomas; NM, nodular melanoma; OR, odds ratio; SSM, superficial spreading melanoma.

*ALM, acral lentiginous melanoma (n = 6); LM, lentigo maligna (n = 2); desmoplastic (n = 1); spitzo€ıd (n = 1); malignant blue (n = 1);

nonassessable (n = 3); SSM, superficial spreading melanoma; NM, nodular melanoma.
yUnivariate analysis, P value\ .05.
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median RFS and median DMFS were not reached,
the RFS was significantly lower in the FGMM group
(5-year FGMM RFS, 58.4%; nonFGMM, 73.7%;
P = .014; hazard ratio, 1.9 [1.1-3.1]) (Fig 1). We
assessed distant recurrences and documented 56
patients (FGMM = 27, nonFGMM = 29). The DMFS
was significantly lower in the FGMM cohort (5-year
DMFS FGMM, 61%; nonFGMM, 77.2%; P = .010;
hazard ratio, 1.9 [1.2-3.3]) (Supplemental Fig 2).
During the follow-up period, 39 patients died
(FGMM = 18; nonFGMM = 21) and we found a trend
for lower MSS in the FGMM cohort (5-year FGMM
MSS, 74.1%; nonFGMM, 83.5%; P = .092).

Pathogenic mutations associated with FGMM
We compared the proportion of samples driven

by the common oncogenic melanoma mutations
BRAF, RAS or NF1, or WT for BRAF, NRAS, NF1



Table II. Clinical and epidemiologic variables associated with fast growth

Variables* nonFGMM (n = 130) FGMM (n = 70) Univariate OR 95% P value

Multivariate

OR 95% P value

Melanoma location
Head and neck 11 (8.5%) 9 (12.9%) 1.26 (0.47-3.38) .64
Trunk 51 (39.2%) 33 (47.1%) 1 1
Upper Limb 20 (15.4%) 4 (5.7%) 0.31 (0.10-0.99) .047
Lower Limb 41 (31.5%) 20 (28.6%) 0.75 (0.38-1.51) .423
Hands/feet/palm/nail 7 (5.4%) 4 (5.7%) 0.88 (0.24-3.25) .852

Histological subtype
SSM 90 (69.2%) 37 (52.9%) 1 1
NM 30 (23.1%) 29 (41.4%) 2.35 (1.24-4.45) .009
Othery 10 (7.7%) 4 (5.7%) 1.08 (0.31-3.73) .902

Ulceration
No 92 (73%) 32 (45.7%) 1 1
Yes 34 (27%) 38 (54.3%) 3.21 (1.74-5.93) \.001 3.18 (1.2-8.2) .016
Missing 4 0

Mitotic rate
0/mm2 37 (37.4%) 13 (22.4%) 0.48 (0.23-1.01) .054
$1/mm2 62 (62.6%) 45 (77.6%) 1 1
Missing 31 12

Thickness (mm)
1.00-2.00 80 (61.5%) 10 (14.3%) 1 1
2.01-4.00 33 (25.4%) 30 (42.9%) 7.27 (3.20-16.56) \.001 4.73 (1.55-14.7) .007
[4.00 17 (13.1%) 30 (42.9%) 14.12 (5.82-34.26) \.001 7.64 (2.2-27.0) .002

Sentinel node biopsy
Positive 19 (16.1%) 19 (33.3%) 2.67 (1.27-5.60) .01
Negative 96 (81.4%) 36 (63.2%) 1 1
Missing 16 14

Beta blockers
No 123 (94.6%) 59 (84.3%) 1 1
Yes 7 (5.4%) 11 (15.7%) 3.28 (1.21-8.88) .02

Mean sun exposure score (lifelong) 12.3 (63.42) 10.88 (62.5) 0.86 (0.78-0.96) .004 0.84 (0.7-0.99) .043
Mean sunburn score (lifelong) 3.10 (61.6) 2.57 (61.5) 0.80 (0.65-0.98) .034

Multivariate stepwise forward model.

FGMM, Fast-growing melanomas; OR, odds ratio.

*Only variables with a P value\ .05 after univariate analysis were included in the model.
yALM (acral lentiginous melanoma), LM (lentigo maligna), desmoplastic, spitzo€ıd, malignant blue, nonassessable.
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(triple WT) and confirmed a similar distribution to
previous cohorts.22,26 The most commonly mutated
genes were BRAF (49%), NRAS (23.5%), and NF1
(17.5%), together with TP53 (12%), which appeared
in similar proportions in FGMM and nonFGMM
samples. We explored the association between
FGMM and mutation burden in the 40-gene panel.
FGMM had a higher number of pathogenic
mutations than nonFGMM (mean single nucleotide
variants FGMM = 3.17 6 3.58; nonFGMM = 2.13 6
1.931; P = .033).

We next investigated the association between
pathogenic mutations in each gene and FGMM and
found at least 1 mutation in 1 of the 40 genes in 179
patients. We performed univariate analyses and
found a higher proportion of pathogenic mutations
in FGFR2, ALK, ERBB4, IDH1, PDGFRA, PREX2 and
RB1 in FGMM. We corrected for multiple compari-
son, confirmed that FGFR2 and IDH1 mutations
were associated with fast growth, and noted that
15.7% of FGMM presented FGFR2 mutations, in
contrast to 2.3% in the nonFGMM group (P = .0049;
hazard ratio, 7.81; 1.96-45.25) (Table III,
Supplemental Tables IV and V). IDH1 mutations
were exclusively found in FGMM at a rate of 5.7%
(P = .049).

We reasoned that if FGFR2 mutations are associ-
ated with fast growth, melanomas with FGFR2
mutations should present a transcriptional profile
of increased cell proliferation.23 We studied the
transcriptional profile of melanomas with FGFR2
mutations using data from The Cancer Genome



Fig 1. Relapse-free survival by rate of growth in the 200-
patient cohort. FGMM, Fast-growing melanomas; ROG,
rate of growth; RFS, recurrence-free survival.
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Atlas. As the majority of point mutations in mela-
noma are acquired early and preserved at the
metastatic stage,27 we opted to include both primary
and metastatic samples of the SKM cohort in our
analysis. We compared the differentially enriched
pathways in FGFR2-mutated and FGFR2-wild type
samples and performed unbiased gene set enrich-
ment analysis.28 Remarkably, the expression of cell
cycle genes indicating increased melanoma cell
proliferation was significantly higher in FGFR2-
mutated melanomas (Supplemental Fig 3).

Alterations in genetic pathways associated
with fast growth

We analyzed the percentage of samples with
protein-affecting aberrations in candidate driver
genes, grouped by pathway in our 200 sample cohort
(Supplemental Fig 4). FGMM more frequently pre-
sented mutations in receptor tyrosine kinases
(ERBB4/PDGFRA/ROS/RET/ALK/KIT/FGFR2; FGMM
= 32.9%/nonFGMM = 18.5%; P = .033), cell cycle
pathway (CDKNA/CDK4/BCLAF1; FGMM = 10%/
nonFGMM = 3.1%, P = .053) and the methylation
pathway gene IDH1 (FGMM = 5.7%/nonFGMM = 0;
P = .042) after Benjamini-Hochberg adjustment
(Supplemental Fig 4).

Integrating clinical and molecular biomarkers
of FGMM

To validate the robustness of our biomarkers, we
performed stepwise forward logistic regression
analysis, including variables that were statistically
significantly associated with FGMM (tumor location,
histological subtype, ulceration, mitotic rate, thick-
ness, sentinel node biopsy, betablocker consump-
tion, lifelong sun exposure, lifelong sunburn, and
mutations). The final model, which included 114
patients, confirmed ulceration (P = .032), thickness
(P = .006), less sun exposure (P = .049), and FGFR2
mutations (P = .037) are independent features
associated with FGMM (Table IV).

To further assess how much FGFR2 mutations
contributed to fast growth relative to ulceration and
thickness, we performed a recursive partitioning
analysis (Supplemental Fig 5) as well as bootstrap-
ping and a multilayer perception network analysis
(Supplemental Figs 6 and 7). All these analyses
demonstrated that FGFR2 mutations allowed addi-
tional detection of FGMM beyond the other factors.

DISCUSSION
The rapid growth of primary melanoma is recog-

nized as a marker of poor prognosis, frequently
described in tumors with additional hallmarks of
aggressive disease.14-17 We studied the clinical and
genetic characteristics of FGMM and confirmed that
FGMMs metastasize more rapidly, are frequently
ulcerated and thicker, and are inversely associated
with lifetime sun exposure.14-17 Additionally, we
observed that FGMM carry an increased number of
pathogenicmutations inmelanoma driver genes. In a
novel finding, we show a strong association with
FGFR2 mutations. These results suggest specific
molecular changes and environmental factors
affect primary ROG and consequently the disease
outcome.

Our study confirms previous data15-17 and sheds
light on possiblemechanistic drivers of rapid growth.
Extensive studies in cancer research show additive
oncogenic mutations increase the severity of can-
cer29,30 and we show that a higher number of
pathogenic mutations in 40 melanoma driver genes
is linked to fast growth. This suggests that additive
genetic damage to key genes will move melanoma
forward at a faster pace. Additionally, we show
environmental factors influence the ROG, as
patient-reported high levels of sun exposure protects
from rapid growth. Consistent with this finding,
previous work revealed a higher burden of sun-
induced mutations across the genome affecting pri-
marily nondriver genes is coupled to better
outcome.31 Taken together, these studies validate
that additive oncogenic drivers accelerate mela-
noma, but high levels of sun damage protect from
aggressive disease.

Genomic aberrations in melanoma frequently
affect key signaling pathways to tumorigenesis. The



Table III. Association of mutations in genes with fast-growing and nonfast growing melanoma (univariate
analysis)

Genes mutation

NonFGMM

(n = 130)

FGMM

(n = 70) OR 95% Raw P value

Adjusted P value

Benjamini-Hochberg

ALK mutation
No 124 (95.4%) 62 (88.6%) 1 .085 .085
Yes 6 (4.6%) 8 (11.4%) 2.67 (0.89-8.02)

ERBB4 mutation
No 121 (93.1%) 59 (84.3%) 1 .048 .112
Yes 9 (6.9%) 11 (15.7%) 2.49 (0.88-7.22)

FGFR2 mutation
No 127 (97.7%) 59 (84.3%) 1 .0007 .0049
Yes 3 (2.3%) 11 (15.7%) 7.81 (1.96-45.25)

IDH1 mutation
No 130 (100%) 66 (94.3%) 1 .014 .049
Yes 0 4 (5.7%) NE

PDGFRA mutation
No 128 (98.5%) 65 (92.9%) 1 .052 .073
Yes 2 (1.5%) 5 (7.1%) 4.92 (0.93-26.07)

PREX2 mutation
No 121 (93.1%) 59 (84.3%) 1 .048 .084
Yes 9 (6.9%) 11 (15.7%) 2.51 (0.99-6.38)

RB1 mutation
No 127 (97.7%) 64 (91.4%) 1 .068 .079
Yes 3 (2.3%) 6 (8.6%) 3.97 (0.96-16.39)

FGMM, Fast-growing melanomas; NE, nonestimable; OR, odds ratio.
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most affected pathways are the MAP kinase, PI3
kinase, and upstream receptor tyrosine kinases. In
keeping with a faster proliferation, our study re-
vealed FGMM accumulated more mutations in re-
ceptor tyrosine kinases and showed a trend for
more mutations in genes controlling cell cycle.
Significantly, we found a robust association between
rapid growth and FGFR2 mutations. FGFR2 is
involved in tumor cell proliferation, angiogenesis,
migration, and survival in multiple tissues.32-34

Selective FGFR2 inhibitors show a decrease in tumor
cell proliferation and promising results in early phase
trials for multiple cancer types with activating FGFR2
mutations.34-37 Cutaneous melanoma, however, can
present gain-of-function, oncogenic mutations32 and
loss-of-receptor function mutations38 through multi-
ple mechanisms, including lower ligand binding
affinity, impaired dimerization, and reduced kinase
activity.32,34

These studies highlight that FGFR2 signaling
can exert opposing functions, either promoting
growth or driving senescence, so that it is likely
that the contribution of FGFR2 varies depending
on cellular context and tumor type. The
signaling consequences of the majority of
FGFR2 mutations documented in melanoma are
unknown39,40 and further work should address
whether rapidly growing melanomas with FGFR2
mutations are candidates for targeted inhibitor
FGFR2 therapies.

Although the number of samples in our cohort is
small, we found IDH1 mutations might associate
with fast growth. We identified hotspot oncogenic
IDH1R132C mutations in 4 patients, exclusively in
the FGMM group. IDH1 mutations drive a variety of
human cancers in addition to melanoma.22,41 In vitro
studies show that mutant IDH1 confers growth and
metabolic advantage to melanoma and cancer
cells,41-43 and in glioma models, IDH1/2 mutations
may shape the immunologic landscape of the
tumor microenvironment.44,45 These findings sup-
port that IDH1 mutations might drive more aggres-
sive melanomas.

We acknowledge our study has limitations.
Twenty percent of patients were not able to provide
information required for ROG calculation and were
excluded from the study. The size of the population
was relatively small and missing data reduced the
number of cases included in the multivariate models.
Because ROG is calculated prospectively and FGFR2
is not routinely analyzed, we could not corroborate
our data in a validation cohort. Finally, TERT pro-
moter sequencing was not included in our panel and
is linked to rapid growth.19 We additionally focused



Table IV. Variables associated with fast growth

Variables*

NonFGMM

(n = 130)

FGMM

(n = 70)

Univariate Multivariate (stepwise)

OR 95% P value OR 95% P value

Melanoma location
Head and neck 11 (8.5%) 9 (12.9%) 1.26 (0.47-3.38) .64
Trunk 51 (39.2%) 33 (47.1%) 1
Upper Limb 20 (15.4%) 4 (5.7%) 0.31 (0.10-0.99) .047
Lower Limb 41 (31.5%) 20 (28.6%) 0.75 (0.38-1.51) .423
Hands/Feet/palm/nail 7 (5.4%) 4 (5.7%) 0.88 (0.24-3.25) .852

Histological subtype
SSM 90 (69.2%) 37 (52.9%) 1
NM 30 (23.1%) 29 (41.4%) 2.35 (1.24-4.45) .009
Othery 10 (7.7%) 4 (5.7%) 1.08 (0.31-3.73) .902

Ulceration
No 92 (73%) 32 (45.7%) 1 1
Yes 34 (27%) 38 (54.3%) 3.21 (1.74-5.93) \.001 2.90 (1.10-7.63) .032
Missing 4 0

Mitotic rate
0/mm2 37 (37.4%) 13 (22.4%) 0.48 (0.23-1.01) .054
$1/mm2 62 (62.6%) 45 (77.6%) 1
Missing 31 12

Thickness (mm)
1.00-2.00 80 (61.5%) 10 (14.3%) 1 1
2.01-4.00 33 (25.4%) 30 (42.9%) 7.27 (3.20-16.56) \.001 5.41 (1.64-17.82) .006
[4.00 17 (13.1%) 30 (42.9%) 14.12 (5.82-34.26) \.001 8.88 (2.37-33.26) .001

Sentinel node biopsy
Positive 19 (16.1%) 19 (33.3%) 2.67 (1.27-5.60) .01
Negative 96 (81.4%) 36 (63.2%) 1
Missing 16 14

Beta blockers
No 123 (94.6%) 59 (84.3%) 1
Yes 7 (5.4%) 11 (15.7%) 3.28 (1.21-8.88) .02

Mean sun exposure score
(lifelong)

12.3 (63.42) 10.88 (62.5) 0.86 (0.78-0.96) .004 0.85 (0.71-0.99) .049

Mean sunburn score (lifelong) 3.10 (61.6) 2.57 (61.5) 0.80 (0.65-0.98) .034
FGFR2 mutation
No 127 (97.7%) 59 (84.3%) 1 1
Yes 3 (2.3%) 11 (15.7%) 7.81 (1.96-45.25) .005 8.64 (1.14-65.43) .037

Multivariate stepwise forward model. Data missing for the following variables: histologic subtype (n = 1); mitotic rate (n = 43); SN biopsy

results (n = 30); sunburn score (lifelong) (n = 18); sun exposure score (lifelong) (n = 12); ulceration (n = 4).

FGMM, Fast-growing melanomas; NM, nodular melanoma; OR, odds ratio; SSM, superficial spreading melanoma.

*Only variables with a P value\ .05 after univariate analysis were included in the model.
yALM, LM, Desmoplastic, spitzo€ıd, malignant blue, nonassessable.
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on targeted mutational analysis, omitting overall
tumor mutation burden, mutational signatures,
gene fusions, and expression.
CONCLUSIONS
The multivariate analysis reveals FGFR2 muta-

tions, thickness, and ulceration remain robust inde-
pendent predictors of rapid melanoma growth, a
strong indicator of poor outcome. Only patients with
stages III or IV resected melanomas are currently
eligible for adjuvant therapies. Given the ongoing
trials in stage II melanomas, 1 of the current
challenges is to find biomarkers to identify individ-
uals at highest risk of death who are most likely to
benefit from therapies in order to avoid overtreat-
ment and drug toxicity. Screening for FGFR2 muta-
tions might provide an additional tool to better
identify fast-growing tumors, which, given their
aggressiveness, undoubtedly should be regarded as
strong candidates for adjuvant therapies.
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J AM ACAD DERMATOL

FEBRUARY 2022
320 Gaudy-Marqueste et al
Marseille, France (certified NF S96-900 & ISO 9001 v2015).
The authors gratefully acknowledge EORTC support and
funding to study primary melanoma tumor markers.

Conflicts of interest

None disclosed.

REFERENCES

1. Whiteman DC, Green AC, Olsen CM. The growing burden of

invasive melanoma: projections of incidence rates and

numbers of new cases in six susceptible populations through

2031. J Invest Dermatol. 2016;136(6):1161-1171.

2. Olsen CM, Green AC, Pandeya N, Whiteman DC. Trends in

melanoma incidence rates in eight susceptible populations

through 2015. J Invest Dermatol. 2019;139(6):1392-1395.

3. Sacchetto L, Zanetti R, Comber H, et al. Trends in incidence of

thick, thin and in situ melanoma in Europe. Eur J Cancer. 2018;

92:108-118.

4. Garbe C, Keim U, Eigentler TK, et al. Time trends in incidence

and mortality of cutaneous melanoma in Germany. J Eur Acad

Dermatol Venereol. 2019;33(7):1272-1280.

5. Bordoni A, Leoni-Parvex S, Peverelli S, Mazzola P,

Mazzucchelli L, Spitale A. Opportunistic screening strategy

for cutaneous melanoma does not change the incidence of

nodular and thick lesions nor reduce mortality: a population-

based descriptive study in the European region with the

highest incidence. Melanoma Res. 2013;23(5):402-407.

6. Baade P, Meng X, Youlden D, Aitken J, Youl P. Time trends and

latitudinal differences in melanoma thickness distribution in

Australia, 1990-2006. Int J Cancer. 2012;130(1):170-178.

7. Minini R, Rohrmann S, Braun R, Korol D, Dehler S. Incidence

trends and clinical-pathological characteristics of invasive

cutaneous melanoma from 1980 to 2010 in the Canton of

Zurich, Switzerland. Melanoma Res. 2017;27(2):145-151.

8. Whiteman DC, Baade PD, Olsen CM. More people die from thin

melanomas (G1mm) than from thick melanomas ([4mm) in

Queensland, Australia. J Invest Dermatol. 2015;135(4):1190-

1193.

9. Coory M, Baade P, Aitken J, Smithers M, McLeod GRC,

Ring I. Trends for in situ and invasive melanoma in

Queensland, Australia, 1982-2002. Cancer Causes Control.

2006;17(1):21-27.

10. Geller AC, Clapp RW, Sober AJ, et al. Melanoma epidemic: an

analysis of six decades of data from the Connecticut Tumor

Registry. J Clin Oncol. 2013;31(33):4172-4178.

11. Criscione VD, Weinstock MA. Melanoma thickness trends in

the United States, 1988e2006. J Invest Dermatol. 2010;130(3):

793-797.

12. Landow SM, Gjelsvik A, Weinstock MA. Mortality burden and

prognosis of thin melanomas overall and by subcategory of

thickness, SEER registry data, 1992-2013. J Am Acad Dermatol.

2017;76(2):258-263.

13. Gershenwald JE, Scolyer RA, Hess KR, et al. Melanoma staging:

Evidence-based changes in the American Joint Committee on

Cancer eighth edition cancer staging manual. CA Cancer J Clin.

2017;67(6):472-492.

14. Grob JJ, Richard MA, Gouvernet J, et al. The kinetics of the

visible growth of a primary melanoma reflects the tumor

aggressiveness and is an independent prognostic marker: a

prospective study. Int J Cancer. 2002;102(1):34-38.

15. Liu W, Dowling JP, Murray WK, et al. Rate of growth in

melanomas: characteristics and associations of rapidly

growing melanomas. Arch Dermatol. 2006;142(12):1551-1558.

16. Tejera-Vaquerizo A, Barrera-Vigo MV, L�opez-Navarro N, Her-

rera-Ceballos E. Growth rate as a prognostic factor in localized
invasive cutaneous melanoma. J Eur Acad Dermatol Venereol.

2010;24(2):147-154.

17. Martorell-Calatayud A, Nagore E, Botella-Estrada R, et al.

Defining fast-growing melanomas: reappraisal of epidemio-

logical, clinical, and histological features. Melanoma Res. 2011;

21(2):131-138.

18. Nagore E, Hacker E, Martorell-Calatayud A, et al. Prevalence of

BRAF and NRAS mutations in fast-growing melanomas.

Pigment Cell Melanoma Res. 2013;26(3):429-431.

19. Nagore E, Heidenreich B, Requena C, et al. TERT promoter

mutations associate with fast-growing melanoma. Pigment

Cell Melanoma Res. 2016;29(2):236-238.

20. Tate JG, Bamford S, Jubb HC, et al. COSMIC: the catalogue of

somatic mutations in cancer. Nucleic Acids Res. 2019;47(D1):

D941-D947.

21. Kopanos C, Tsiolkas V, Kouris A, et al. VarSome: the human

genomic variant search engine. Bioinformatics. 2019;35(11):

1978-1980.

22. Cancer Genome Atlas Network. Genomic classification of

cutaneous melanoma. Cell. 2015;161(7):1681-1696.

23. Tirosh I, Izar B, Prakadan SM, et al. Dissecting the multicellular

ecosystem of metastatic melanoma by single-cell RNA-seq.

Science. 2016;352(6282):189-196.

24. Benjamini Y, Hochberg Y. Controlling the false discovery rate:

a practical and powerful approach to multiple testing. J R Stat

Soc Ser B Stat Methodol. 1995;57(1):289-300.

25. Balch CM, Gershenwald JE, Soong SJ, et al. Final version of

2009 AJCC melanoma staging and classification. J Clin Oncol.

2009;27(36):6199-6206.

26. Tsao H, Chin L, Garraway LA, Fisher DE. Melanoma: from

mutations to medicine. Genes Dev. 2012;26(11):1131-1155.

27. Vergara IA, Mintoff CP, Sandhu S, et al. Evolution of late-stage

metastatic melanoma is dominated by aneuploidy and whole

genome doubling. Nat Commun. 2021;12(1):1434.

28. Subramanian A, Tamayo P, Mootha VK, et al. Gene set

enrichment analysis: a knowledge-based approach for inter-

preting genome-wide expression profiles. Proc Natl Acad Sci U

S A. 2005;102(43):15545-15550.

29. Fearon ER, Vogelstein B. A genetic model for colorectal

tumorigenesis. Cell. 1990;61(5):759-767.

30. Shain AH, Yeh I, Kovalyshyn I, et al. The genetic evolution of

melanoma from precursor lesions. N Engl J Med. 2015;373(20):

1926-1936.

31. Trucco LD, Mundra PA, Hogan K, et al. Ultraviolet radiation-

induced DNA damage is prognostic for outcome in mela-

noma. Nat Med. 2019;25(2):221-224.

32. Katoh M. FGFR2 abnormalities underlie a spectrum of bone,

skin, and cancer pathologies. J Invest Dermatol. 2009;129(8):

1861-1867.

33. Turner N, Grose R. Fibroblast growth factor signalling: from
development to cancer. Nat Rev Cancer. 2010;10(2):116-
129.

34. Dienstmann R, Rodon J, Prat A, et al. Genomic aberrations in
the FGFR pathway: opportunities for targeted therapies in
solid tumors. Ann Oncol. 2014;25(3):552-563.

35. Ivan M, Matei D. Blockade of FGF signaling: therapeutic

promise for ovarian cancer. Cancer Biol Ther. 2010;10(5):505-

508.

36. Greulich H, Pollock PM. Targeting mutant fibroblast growth

factor receptors in cancer. Trends Mol Med. 2011;17(5):283-292.

37. Daniele G, Corral J, Molife LR, de Bono JS. FGF receptor

inhibitors: role in cancer therapy. Curr Oncol Rep. 2012;14(2):

111-119.

38. Gartside MG, Chen H, Ibrahimi OA, et al. Loss-of-function

fibroblast growth factor receptor-2 mutations in melanoma.

Mol Cancer Res. 2009;7(1):41-54.

http://refhub.elsevier.com/S0190-9622(21)02101-0/sref1
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref1
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref1
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref1
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref2
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref2
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref2
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref3
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref3
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref3
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref4
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref4
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref4
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref5
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref5
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref5
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref5
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref5
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref5
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref6
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref6
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref6
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref7
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref7
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref7
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref7
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref8
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref9
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref9
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref9
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref9
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref10
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref10
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref10
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref11
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref11
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref11
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref12
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref12
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref12
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref12
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref13
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref13
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref13
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref13
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref14
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref14
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref14
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref14
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref15
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref15
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref15
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref16
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref16
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref16
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref16
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref16
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref17
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref17
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref17
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref17
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref18
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref18
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref18
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref19
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref19
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref19
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref22
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref22
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref22
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref23
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref23
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref23
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref24
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref24
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref25
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref25
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref25
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref26
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref26
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref26
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref27
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref27
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref27
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref28
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref28
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref29
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref29
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref29
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref30
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref30
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref30
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref30
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref31
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref31
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref32
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref32
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref32
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref33
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref33
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref33
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref34
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref34
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref34
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref35
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref35
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref35
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref36
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref36
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref36
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref37
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref37
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref37
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref38
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref38
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref39
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref39
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref39
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref40
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref40
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref40


J AM ACAD DERMATOL

VOLUME 86, NUMBER 2
Gaudy-Marqueste et al 321
39. Cerami E, Gao J, Dogrusoz U, et al. The cBio cancer

genomics portal: an open platform for exploring multidi-

mensional cancer genomics data. Cancer Discov. 2012;2(5):

401-404.

40. Gao J, Aksoy BA, Dogrusoz U, et al. Integrative analysis of

complex cancer genomics and clinical profiles using the

cBioPortal. Sci Signal. 2013;6(269):pl1.

41. Shibata T, Kokubu A, Miyamoto M, Sasajima Y, Yamazaki N.

Mutant IDH1 confers an in vivo growth in a melanoma cell

line with BRAF mutation. Am J Pathol. 2011;178(3):1395-

1402.
42. Lian CG, Xu Y, Ceol C, et al. Loss of 5-hydroxymethylcytosine is an

epigenetic hallmark of melanoma. Cell. 2012;150(6):1135-1146.

43. Dang L, White DW, Gross S, et al. Cancer-associated IDH1

mutations produce 2-hydroxyglutarate. Nature. 2009;

462(7274):739-744.

44. Amankulor NM, Kim Y, Arora S, et al. Mutant IDH1 regulates

the tumor-associated immune system in gliomas. Genes Dev.

2017;31(8):774-786.

45. Tyrakis PA, Palazon A, Macias D, et al. S-2-hydroxyglutarate

regulates CD81 T-lymphocyte fate. Nature. 2016;540(7632):

236-241.

http://refhub.elsevier.com/S0190-9622(21)02101-0/sref41
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref41
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref41
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref41
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref42
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref42
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref42
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref43
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref43
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref43
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref43
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref44
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref44
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref45
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref45
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref45
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref46
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref46
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref46
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref47
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref47
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref47
http://refhub.elsevier.com/S0190-9622(21)02101-0/sref47

	Molecular characterization of fast-growing melanomas
	Introduction
	Methods
	Clinical data
	Molecular analyses
	Analysis of gene expression
	Statistical analysis

	Results
	Clinical and epidemiological variables associated with fast growth
	Pathogenic mutations associated with FGMM
	Alterations in genetic pathways associated with fast growth
	Integrating clinical and molecular biomarkers of FGMM

	Discussion
	Conclusions
	Conflicts of interest
	References


