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>>Melanoma is the most aggressive form of skin cancer 
and is responsible for more than 90 percent of skin 

cancer deaths. Genes are a known risk factor for developing 
melanoma and mutation patterns may have an impact on 
treatment choice when the melanoma has started to spread.1 

We set out to determine whether targeted sequencing 
of excised tumor samples can be used to distinguish mela-
noma from dysplastic nevi and cell-free DNA (cfDNA). DNA 
of tissue and plasma was investigated by next generation 
sequencing (NGS) (Qiagen GeneReader) including analysis 
(QIAGEN Clinical Insight Analysis, QCI-A) and interpretation 
software. We employed the GeneRead QIAact Actionable 
Insights Tumor Panel (Cat. No. 181910) covering the most 
tumor-relevant genes including 773 unique variant positions 
in KRAS, NRAS, KIT, BRAF, PDGFRA, ALK, EGFR, ERBB2, 
PIK3CA, ERBB3, ESR1, RAF1 and compared the results with 
the histopathological diagnosis. 

The QIAGEN Clinical Insight (QCI-I) interpretation tool 
(integrating American College of Medical Genetics and 
Genomics Guidelines [ACMG], Association for Molecular 
Pathology, American Society of Clinical Oncology and 
College of American Pathologists [AMP/ASCO/CAP] tier-
ing system, medical and scientific literature, and up-to-date 
information on approved drugs and clinical trials) was used 
to review recommended treatment options based on the 
sequencing results and variant analysis. 

In this context we present a patient (born in 1926, male) 
who developed four melanomas on different areas of his 
body in 2016. We followed the study procedure to ana-

lyze the cfDNA from a plasma sample prior to excision. 
Histological findings, the tumor location and pathological 
data are reported in Table 1. 

RESULTS
All excised malignant skin samples were correctly 

detected as pathogenic by the Gene Reader analysis system 
(QCI-A). We observed that tumors No. 1 and 4 showed a 
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mutation in the NRAS gene on position 181C>A. Yet the 
two tumors presented a different clinical appearance and 
had a different histopathological diagnosis. Tumor No. 2, 
which presented a totally different clinical picture, had a dif-
ferent gene mutation (Figure 1). One year later, the patient 
developed two new lesions; one was a large local melanoma 
metastasis from tumor No. 4 (now referred as tumor No. 5) 
(Figure 2). The other tumor appeared de novo (tumor No. 
6) (Table 1).

We also investigated the normal skin next to the tumor of 
the patient as a control sample and no pathogenic variants 

were detected by the NGS system. This matches with the 
histopathological tissue, which showed tumor-free resec-
tion margins. Also the lymph nodes were not affected at this 
stage. Sequencing of cfDNA did not reveal any pathogenic 
variants. This is in line with the fact that there were no 
hematogenic metastases at this point.

All tumor tissues except tumor No. 2 presented a muta-
tion in the NRAS gene (Table 1). These results are very 
uncommon, given the fact that mutations in BRAF genes 
are much more frequent than mutations in NRAS genes 
in the development of melanomas.2 There was no connec-
tion notable between tumor location and certain muta-
tions. Figure 1 shows that tumor No. 2 (the only one with 
a mutation in the BRAF gene) showed differences both 
in the clinical picture and the dermatoscopic image. It is 
necessary to mention that all melanomas occurred on skin 
that was not chronically sun damaged. Our results corre-
late well with the findings of a 2005 study by Curtin et al, 
which identified genetic alterations in melanomas at dif-
ferent skin areas with different levels of sun exposure. This 
study indicated that there are different genetic pathways 
in the development of melanoma and describes that mela-
nomas with NRAS or BRAF mutations are more common 
in non-sun-exposed skin.3

The QCI-I (interpretation) tool also provides therapy 
suggestions, shown in Table 2. Table 3 shows that both the 
local metastasis of tumors No. 5 and No. 6 present the same 
gene mutation with the exactly same variant.

TABLE 1
Tumor Localization Surgery Date of 

surgery
Size 
(cm)

Mutated 
Gene

Diagnosis Dermatoscopic Picture

#1 Scapular lateral  
right

Total 
Excision 

10.6.16 3.5x3  NRAS Malignant  mela-
noma with focal 
regressive changes

Asymmetry of color and structure, multicom-
ponent global pattern, area of regression, dark 
blotch and multiple colors.

#2 Scapular medial  
right

Total 
Excision 

10.6.16 2.3x2  BRAF Superficial malignant 
melanoma

Asymmetry of color and structure, bluish-white 
veil, milia like cysts and irregular streaks.

#3 TH 11 +  
paravertebral  
right 

Total 
Excision 

10.6.16 2.6x3.4 NRAS Malignant melanoma Asymmetry of color and structure, a multicom-
ponent global pattern, irregular homogeneous 
brown color and a homogeneous white color.

#4 Lumbal right Total 
Excision 

10.6.16 5.5x5  NRAS Nodular malignant 
melanoma

Asymmetric, ulcerated, exophytic, melanocytic 
lesion.

#5 Lumbal right Total 
Excision 

21.4.17 5x3 NRAS Most likely cutane-
ous metastases

Subcutaneous nodulus.

#6 Abdomen right  Total 
Excision 

26.4.17 2.5x1.2 NRAS Malignant melanoma Lesion shows asymmetry of color and structure, 
irregular brown dots and globules, white color of 
regression and white and negative network.
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CONCLUSION
The presented case is special due to the high frequency of 

developed melanomas on different skin locations within only 
two years and no history of melanoma prior to this event. 

The results of the histopathological findings were concordant 
with the results of the NGS system. All tumors were classified 
as pathogenic and the negative control test was passed. The 
tumors appearing one year later show the same gene mutation 
with the exactly same variant as tumors No. 1 and No. 4. The 
cfDNA analyzed prior to excision showed no highly pathogenic 
signs, which is in line with the fact that there were no hemato-
genic and lymphogenic metastases at this point of time. n
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TABLE 3
Tumor Pathogenic/likely Gene Nucleotide Change Amino Acid Change Impact Loss or gain 
#1 Pathogenic NRAS c181C>A                 p.Q61K missense gain
#2 Pathogenic BRAF c.1789_1799           p.V600R in-frame gain
#3 Pathogenic NRAS c182A>G                p.Q61R missense gain

#4 Pathogenic NRAS c181C>A                 p.Q61K missense gain
#5 Pathogenic NRAS c181C>A                 p.Q61K missense gain
#6 Pathogenic NRAS c181C>A                 p.Q61K missense gain

TABLE 2
Tumor Gene Approved therapies for same cancer Approved therapies for 

other cancer
Therapies associated with resis-
tance

Potential 
Clinical Trials

#1 NRAS
-

Regorafenib, Trifluridine, 
Aflibercept, Ramucirumab, 
Fluoropyrimide, Bevacuzumab

Dabrafenib/Trametinib, 
Vemurafenib, Dabrafenib, Cetuximab, 
Panitumumab

29

#2 BRAF Ipilimumab/Nivolumab, Trametinib, 
Cobimetinib, Cobimetinib/Vemurafenib, 
Nivolumab, Dabrafenib/Trametinib, 
Dabrafenib, Vemurafenib

-

Dabrafenib, Vemurafenib, 
Dabrafenib/Trametinib

9

#3 NRAS
- -

Dabrafenib, Vemurafenib, 
Dabrafenib/Trametinib, Dabrafenib/
Trametinib/vemurafenib

12

#4 NRAS
- -

Dabrafenib/Trametinib, Vemurafenib, 
Dabrafenib, Dabrafenib/Trametinib/
vemurafenib

12

#5 NRAS - - Dabrafenib/Trametinib, Vemurafenib, 
Dabrafenib 11

#6 NRAS - - Dabrafenib/Trametinib, Vemurafenib, 
Dabrafenib 11
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