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Abstract

PRAME (PReferentially expressed Antigen in MElanoma) is a melanoma-associated antigen. 

While diffuse immunoreactivity for PRAME is found in most primary cutaneous melanomas, 

melanocytic nevi express PRAME usually only in a subpopulation of tumor cells or not at all. 

Hence, testing for PRAME expression has the potential to provide useful information for the 

assessment for diagnostically ambiguous melanocytic neoplasms. Many of the latter tumors are 

currently studied by cytogenetic methods for ancillary evidence in support of or against a 

diagnosis of melanoma. In this study we analyzed 110 diagnostically problematic melanocytic 

tumors comparing results for PRAME IHC with those from fluorescence in situ hybridization 

(FISH) and/or single nucleotide polymorphism (SNP)-array, and each with the final diagnostic 

interpretation. In 90% of cases there was concordance between PRAME IHC and cytogenetic tests 

results, and in 92.7% concordance between PRAME IHC and the final diagnosis. The high 

concordance between PRAME IHC and cytogenetic test results as well as the final diagnosis 

supports the use of PRAME IHC as an ancillary test in the evaluation of ambiguous primary 

cutaneous melanocytic neoplasms, especially given its practical advantage of lower cost and faster 

turnaround over cytogenetic or gene expression studies. However, our results indicate that 

PRAME IHC and cytogenetic tests for melanocytic tumors are not entirely interchangeable and on 

occasion each type of test may yield false-negative or false-positive results.
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INTRODUCTION

PRAME (PReferentially expressed Antigen in MElanoma) is a tumor-associated antigen that 

was identified through autologous T-cell epitope cloning in a patient with metastatic 

cutaneous melanoma[1]. It was subsequently found that PRAME is not only expressed in 

cutaneous melanoma, but also ocular melanoma and various non-melanocytic malignant 

neoplasms, including non-small cell lung cancer, breast carcinoma, renal cell carcinoma, 

ovarian carcinoma, leukemia, synovial sarcoma and myxoid liposarcoma[2–11]. PRAME 
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expression in normal healthy tissues is essentially restricted to testis, ovary, placenta, 

adrenals, and endometrium[1, 12]. Because of its expression profile, PRAME is a member of 

the family of cancer testis antigens (CTA), and considered a potential target for 

immunotherapy [7, 13].

PRAME is also a component of a 23-gene array diagnostic assay for cutaneous 

melanoma[14, 15], and one of the two genes used in a non-invasive molecular assay for 

guiding clinicians on the need for biopsy of a melanocytic lesion[16].

We have previously documented the detection of PRAME expression by 

immunohistochemistry in a cohort of 400 melanocytic tumors with histomorphology that 

allowed unequivocal classification as malignant melanoma or benign nevi. We found that 88 

to 94% of non-spindle cell primary cutaneous melanomas show diffuse immunoreactivity for 

PRAME while most nevi (86%) are negative for PRAME with a few benign lesions (~14%) 

showing staining for PRAME in a subset (generally <50%) of lesional cells. Only one case 

(<1%) corresponding to a pigmented junctional Spitz nevus in a child showed diffuse 

PRAME labeling. [17]

While most melanocytic tumors can be classified as benign or malignant based on 

histomorphology and clinical findings, occasionally ambiguous microscopic features and 

clinical context decrease the certainty of classification and complicate the diagnostic 

assessment. Cytogenetic tests, including FISH for melanoma and genome-wide array-CGH, 

have been proven valuable in the assessment of challenging melanocytic tumors.[18–23] 

However, cost, turnaround time, relatively limited availability, as well as limitations in the 

sensitivity and specificity of these tests can be problematic and limit their use in certain 

cases. In current practice, optimal interpretation of ambiguous melanocytic tumors rests in 

the integration of expert histomorphological assessment, results of ancillary tests, and 

clinical context.

Herein we evaluate the use of PRAME IHC in 110 melanocytic tumors with ambiguous 

features by assessing percentage agreement with results of FISH for melanoma and/or single 

nucleotide polymorphism (SNP)-array and final diagnostic interpretation.

MATERIALS AND METHODS

Case Selection

110 melanocytic tumors with ambiguous features upon H&E examination by at least 2 

dermatopathologists were retrieved from our cancer center’s pathology archive under an 

IRB-approved protocol. All cases had FISH for melanoma and/or SNP-array and PRAME 

IHC performed as part of the evaluation of the tumors for clinical care.

Immunohistochemical Analysis

Five-micron thick tissue sections were cut from formalin fixed and paraffin embedded 

(FFPE) tissue blocks of all cases (n=110). A commercially available anti-PRAME 

monoclonal antibody (mAb EPR20330; Abcam, #219650) was used on a Leica-Bond-3 

autostainer platform. The staining of PRAME IHC was recorded as the percentage of 
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immunoreactive tumor cells with nuclear labeling per total number of tumor cells. 0 

indicated no staining at all. Staining of 1 – 25% of tumor cells was scored as 1+. Labeling of 

26 – 50% of tumor cells was scored as 2+. If 51–75% of tumor cells were positive, it was 

designated as 3+. If 76% or more of the tumor cells were positive, it was recorded as 4+ or 

“diffuse”.

FISH for melanoma

FISH analysis was performed on FFPE tissue sections using locus-specific probes and 

centromere probes (CEP) (Abbott Molecular, Inc., Des Plaines, IL) in 77 cases. The four-

color FISH panel consists of locus-specific probes targeting the RREB1 gene (6p25), MYB 
gene (6q23), and CCND1 gene (11q13) and the centromere of chromosome 6 (CEP6) probe, 

with additional probe sets for CDKN2A(9p21)/CEP9. FFPE sections (4 μm) generated from 

FFPE blocks of tumor specimens were pretreated by deparaffinizing in xylene and 

dehydrating in ethanol. Dual-color FISH was performed according to the Vysis protocol for 

FFPE sections (Abbott Molecular) with a few minor modifications. FISH analysis and signal 

capture were performed using fluorescence microscopes (Axio; Carl Zeiss AG, Jena, 

Germany) coupled with an ISIS FISH Imaging System (MetaSystems GmbH, Altlussheim, 

Germany). Thirty tumor cell interphase nuclei were evaluated for each specimen. Cutoff 

values for positive results are as follows: gains of RREB1 > 29%, or relative gains of 

RREB1/CEP 6 > 55%, or relative loss of MYB/CEP 6 > 40%, or gains of CCND1 in > 38%, 

or homozygous loss of CDKN2A (p16) > 33% of the cells examined.

SNP array

SNP array using the Affymetrix OncoScan assay (Affymetrix, Santa Clara, CA) as 

previously described[24] was performed on 40 cases.

Criteria for interpretation of ancillary tests results

Interpretation of PRAME IHC as “positive or in favor of a diagnosis of melanoma” was 

defined as immunoreactivity in >75% of lesional cells (4+). PRAME IHC scores of 0 to 3+ 

were interpreted as “negative or not supportive of melanoma”. Results of FISH for 

melanoma were interpreted as “positive or negative” according to previously published cut-

off values.[25] Results of SNParray were considered “negative or not supportive of 

melanoma” when no unbalanced genomic aberrations were detected or when only an 

isolated aberration known to occur in indolent lesions (e.g. isolated gain of 11p in Spitz 

nevi) were found. Results of SNP-array were recorded as “positive or in favor of a diagnosis 

of melanoma” when ≥ 3 segmental chromosomal aberrations or a combination typical of 

melanoma (e.g. gain in 6p, loss of 6q) were detected.[18, 19, 21, 22, 26] Of the total of 40 cases 

where SNParray results were available, 30 cases could be classified as “positive” or 

“negative” according the aforementioned criteria. The remainder 10 cases showed abnormal 

SNP-array results of uncertain significance that could not readily be classified as “positive” 

or “negative” as per the criteria above, and thus were excluded from inter-test agreement 

calculations between PRAME IHC and cytogenetics studies, and from agreement 

calculations between cytogenetic test results and final diagnosis.
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Final diagnostic interpretation with integration of all available morphologic, clinical, and 

ancillary tests data was performed by consensus of at least 2 dermatopathologists.

RESULTS

Clinical and morphologic characteristics of ambiguous melanocytic neoplasms

110 cutaneous melanocytic neoplasms with ambiguous histomorphology were evaluated. 

Patient ages ranged from 2 to 90 years (mean = 41.1, median =41.5). 57 were female 

(51.8%), 53 were male (48.2%). Tumors arose in the trunk (31.8%), head and neck (24.5%), 

lower extremity (23.6%), upper extremity (17.3%), perineum (1.8%), and site was unknown 

in one case (0.9%). All lesions were either intradermal or compound (with epidermal and 

dermal components). They were grouped by the diagnostic challenge they posed as atypical 

Spitz tumor/nevus versus spitzoid melanoma (n=42), dysplastic nevus versus melanoma 

(n=26), and traumatized or mitotically active nevus versus nevoid melanoma (n=33). 

Additional 9 cases involved the following diagnostic problems: combined nevus versus 

melanoma (n=3), deep penetrating nevus versus melanoma (n=2), pigmented epithelioid 

melanocytoma versus melanoma (n=2), sclerosing blue nevus versus desmoplastic 

melanoma (n=1), and acral nevus versus melanoma (n=1) (Table 1).

PRAME IHC, FISH for melanoma and/or SNP-array inter-test concordance

Immunohistochemistry for PRAME was performed in all lesions (110 cases). As defined in 

the Methods section, only diffuse (4+) immunoreactivity for PRAME (i.e. >75% of lesional 

cells staining) was regarded as positive, i.e., in favor of melanoma. FISH for melanoma was 

performed in 77/110 cases. SNP-array was performed in 40/110 cases. In 7 cases results for 

both FISH for melanoma and SNP-array were available with all 7 cases showing FISH and 

SNP array inter-test agreement in support or against melanoma. In 10 cases SNP-array 

results were abnormal, but in a way that could not be confidently classified as “in favor of 

melanoma or not” (FISH for melanoma was not performed in these cases). Because the 

observed genomic aberrations were of uncertain significance, these 10 cases were excluded 

from percentage agreement calculations of cytogenetic results with PRAME IHC as well as 

from percentage agreement calculations of cytogenetic results with final diagnosis.

There was inter-test agreement between PRAME IHC and FISH for melanoma and/or SNP-

array results in 90/100 (90%) of cases. Of the 10 cases with discordant results, 8 cases had 

cytogenetic findings (6 by FISH only; 2 by FISH and SNP array) in favor of melanoma and 

non-diffuse PRAME immunoreactivity (score of 0–3+). Two cases with negative FISH 

results showed diffuse 4+ PRAME immunoreactivity (Table 2).

Comparison of final diagnostic interpretation with PRAME IHC and cytogenetic tests 
results

There was agreement in PRAME IHC and final diagnostic interpretation in 102/110 (92.7%) 

of cases. Of the 28 cases with final diagnosis of melanoma, 21 showed 4+ PRAME IHC 

(75% sensitivity). Of the 82 tumors interpreted as benign or indolent, 81 cases showed non-

diffuse PRAME IHC (98.8% specificity) (Table 3; Figures 1, 2, and 3).
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There was agreement between cytogenetic tests results (FISH for melanoma and/or SNP 

array) and final diagnostic interpretation in 96/100 cases (96%). 24 out 26 cases with final 

diagnosis of melanoma showed cytogenetic abnormalities classified as “positive or in favor 

of melanoma” (92.3% sensitivity). In the remainder 74 cases judged as indolent 72 cases 

lacked cytogenetic aberrations of melanoma (97.3% specificity).

Of note, two cases with negative FISH test results were interpreted as melanoma. One of 

them corresponded to a melanoma with nevoid features and 4+ PRAME immunoreactivity 

and the other corresponded to a melanoma arising in a nevus. The latter lesion was 

composed of a biphenotypic population of melanocytes with diffuse immunoreactivity for 

PRAME detected in the atypical population of cells with distinct morphology from the 

PRAME-negative associated nevus (Figure 4). In 2 lesions, both from 3-year-old children, 

cytogenetic abnormalities were found (1 case by FISH only; 1 case by FISH and SNP array), 

but based on the clinical context and histopathologic features, the findings were felt to be 

insufficient for a malignant Spitz tumor, and a diagnosis of atypical Spitz tumor was favored. 

Both of these tumors were completely negative for PRAME.

DISCUSSION

PRAME, as a cancer testis antigen (CTA), shows an expression profile predominantly 

restricted to various cancer cells, especially melanoma [7, 13, 27]. However, PRAME does not 

map to the chromosome X and its mRNA is also found in non-neoplastic cells, such as testis, 

ovary, placenta, adrenals, and endometrium qualifying PRAME as a non-classical CTA 
[1, 28–30]. Having an antibody to visualize PRAME expression in tissue sections by 

immunohistochemistry, we previously demonstrated markedly different results in benign 

versus malignant melanocytic neoplasms. We documented that 88–94% of non-spindle cell 

cutaneous melanomas show nuclear immunoreactivity for PRAME in >75% of tumor cells. 

Conversely, we found that benign nevi express PRAME by immunohistochemistry in a 

minority of cases (13.1%) and when immunoreactivity is present, this is generally focal 

(present in <50% of cells).[17]

Given prior evidence of PRAME as biomarker and its expression profile we reasoned that 

IHC for PRAME could be useful in the assessment of challenging melanocytic neoplasms. 

While routine H&E histomorphology remains the gold standard for the evaluation of 

melanocytic tumors, there is recognized value in incorporating data of cytogenetic and other 

ancillary tests as an additional layer of evidence for diagnostic interpretation of difficult 

cases. We then sought to compare results of PRAME IHC to those of the FISH for 

melanoma assay and SNP-array, and correlate them with final diagnostic interpretation in a 

cohort of 110 melanocytic tumors with challenging histomorphology.

With a threshold of 4+ staining (>75% of tumor cells showing immunoreactivity) to regard 

PRAME IHC as in support of a diagnosis of melanoma, we demonstrated that there is high 

agreement (90% concordance) between results of PRAME IHC, FISH for melanoma, and 

SNP-array. Of 10 cases with discordant PRAME IHC and cytogenetic results, 6 

corresponded to lesions with non-diffuse PRAME immunoreactivity (score 0 to 3+) in which 

cytogenetic results and final interpretation favored melanoma. In 2 cases with diffuse 4+ 
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PRAME IHC and negative cytogenetic results, the final diagnostic interpretation favored 

malignant melanoma. Conversely, in 2 cases with final diagnostic interpretation favoring an 

indolent Spitz tumor in pediatric patients, PRAME IHC was negative while cytogenetic 

studies were suggestive of melanoma.

Sensitivity and specificity of the FISH for melanoma assay has been reported at around 85% 

and 95%, respectively, and varies in different cohorts and subsets of melanocytic tumors. 

Array CGH has an estimated sensitivity of >90% and specificity of ~95% for melanoma.
[23, 24] However, in clinical practice besides test performance metrics additional relevant 

considerations on the use of ancillary studies are tumor volume requirement, cost, 

turnaround time, and availability, which can be problematic for molecular cytogenetic 

testing.

Immunohistochemistry offers advantages of more rapid turn around time, lower cost, and 

availability in most pathology laboratories. However, PRAME IHC, can yield false negative 

and false positive results. As previously documented, bona fide primary cutaneous and 

metastatic melanomas can be completely negative for PRAME by IHC or display only focal 

immunoreactivity. Although very rarely in our experience, diffuse PRAME staining can 

occur in benign nevi. Our previous results showed that diffuse (4+) immunoreactivity for 

PRAME has a sensitivity of ~90% and specificity of ~99% for unequivocal non-spindle cell 

primary cutaneous melanomas.[17] Bearing in mind the unusual set of cases in this series, the 

sensitivity of diffuse (4+) PRAME expression for detecting melanoma in this cohort was 

only 75%, with specificity of 98.8%. Overall agreement between PRAME IHC results and 

final diagnostic interpretation was 92.7%.

A gene-profiling assay (Myriad Mypath) that includes detection of PRAME mRNA as one 

of the targets of its panel[14, 15, 31] has been previously compared with results of FISH for 

melanoma in a cohort of challenging melanocytic lesions. Sensitivity and specificity were 

found to be similar in the group of spitzoid melanocytic lesions with overall agreement with 

final interpretation of ~87% for both tests, whereas FISH was reported to show better 

performance -sensitivity of 67% against 50%, and agreement with final interpretation of 

75% versus 54%- in nevoid lesions.[32] Our results show high overall agreement between 

results of PRAME protein detection by IHC and cytogenetic test results (concordance of 

90%) and with final diagnostic interpretation (concordance 92.7%).

A special challenge is encountered in lesions where a diagnosis of melanoma arising from or 

immediately adjacent to a nevus is suspected. In these cases, additional considerations apply 

to the interpretation of PRAME IHC as it does to other ancillary studies including 

cytogenetic tests. In this regard, diffuse immunoreactivity for PRAME in the most 

cytologically and/or architecturally atypical component of a biphenotypic tumor would lend 

support to the suspicion of melanoma (Figure 4 illustrates an example). Such scenarios 

emphasize the importance of interpreting PRAME IHC in conjunction with careful routine 

H&E examination: recognition of a morphologically distinct population of atypical cells 

allows interpretation of PRAME IHC as 4+ in the population of concern, in support of 

melanoma associated to nevus.
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In this cohort, 3 cases showed 3+ immunoreactivity for PRAME i.e. lesions with over 50% 

to 75% of tumor cells positive for PRAME IHC (as defined in the methods section), a result 

that can be problematic in terms of reproducibility of test interpretation. Although not 

common in this cohort, we acknowledge that most dermatopathologists would likely find 

such 3+ PRAME IHC results to be either non-informative or too ambiguous to inform their 

interpretation of challenging lesions for clinical care. Indeed, we agree that in the context of 

current knowledge on this marker it would be prudent to consider obtaining further evidence 

to support a diagnosis in such cases.

Limitations of this study include the relatively low number of cases with a final diagnosis of 

melanoma (28/110), but this reflects the composition of most cohorts of ambiguous tumors – 

they tend to be enriched with atypical but indolent tumors. For the majority of cases, 

PRAME IHC and cytogenetic studies were performed concurrently as part of the evaluation 

of each lesion prior to rendering a final diagnostic interpretation with dermatopathologists 

having access to all available test results (non-blinded study). Furthermore, there is an 

inherent element of subjectivity in the histomorphologic examination of challenging 

melanocytic neoplasms, which in turn can limit reproducibility of diagnostic interpretation 

even amongst expert dermatopathologists.[33]

In conclusion, we have documented that PRAME IHC shows good concordance with results 

of FISH for melanoma and/or SNP-array and with final diagnostic interpretation in a cohort 

of challenging melanocytic lesions. Our results support the value of PRAME IHC as an 

ancillary tool in the evaluation of challenging melanocytic lesions to be used in combination 

with expert morphologic examination, other available ancillary test results, and clinical 

context. Additional studies by other groups and evaluation of cohorts with long-term follow 

up are needed to further assess sensitivity and specificity of PRAME IHC in ambiguous 

melanocytic tumors and to provide insight on its limitations.
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Figure 1. 
(A, B) Nevoid melanoma, H&E stain. (C, D) Diffuse (4+) PRAME immunoreactivity. (E) 

SNParray showing multiple aberrations including loss of chromosome 3, segmental loss in 

5q, segmental loss in 9p, segmental losses in 11p, segmental loss in 11q, loss of 

chromosome 21.

chr= chromosome, seg= segmental
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Figure 2. 
(A, B) Nevoid melanoma, H&E stain. (C) Tumor cells are completely negative for PRAME 

IHC. (E) FISH showed gains in RREB1 (red probe) and CCND1 (green probe) meeting cut 

offs supportive of melanoma.
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Figure 3. 
(A, B) Atypical Spitz tumor arising in the upper extremity of a 6-year-old child, H&E stain. 

(C, D) Tumor cells are diffusely positive for PRAME IHC. (E) SNParray showed aberrations 

of uncertain significance including loss of whole chromosomes 9, 13, and 14. No 

homozygous deletion of CDKN2A (9p21) was detected in tumor cells by FISH (not shown). 

chr= chromosome
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Figure 4. 
(A, B) Posterior shoulder of 80-year-old male showing a biphenotypic melanocytic 

neoplasm that corresponds to melanoma arising in a nevus, H&E stain. (C, D) PRAME IHC 

is diffusely positive in the markedly atypical epithelioid cells of the lesion that show distinct 

expansile growth in the superficial dermis, while smaller melanocytes showing maturation 

with depth are negative for PRAME. Results of the FISH assay did not meet criteria for 

melanoma (not shown).
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Table 1.

Summary of characteristics of 110 ambiguous melanocytic tumors.

Gender (%) Age range 
(mean; 
median)

PRAME IHC FISH SNP-array Dx PRIHC & 
FISH/SNPa 
agreement 
(%)

PRIHC & Dx 
agreement 
(%)

Spitzoid 
neoplasm 
(n=42)

F: 23
(54.8)
M: 19
(45.2)

2–78
(27.3; 19)

4+: 6
0–3+: 36

Pos: 4
Neg: 12

Pos: 4
Neg: 17
Ab: 8

MM: 7
Ind: 35

31/34
(91.2)

39/42
(92.9)

DysN vs MM
(n=26)

F: 9
(34.6)
M: 17
(65.4)

19–81
(50.6; 47.5)

4+: 5
0–3+: 21

Pos: 5
Neg: 20

Pos: 0
Neg: 0
Ab: 1

MM: 6
Ind: 20

23/25
(92)

25/26
(96.2)

Nevoid (n=33) F: 19
(57.6)
M: 14
(42.4)

13–90
(50.5; 51)

4+: 9
0–3+: 24

Pos: 11
Neg: 18

Pos: 4
Neg: 4
Ab: 0

MM: 13
Ind: 20

28/33
(84.8)

29/33
(87.9)

Combined 
nevus vs MM 
(n=3)

F: 3 (100) 5–31
(21.3; 28)

4+: 0
0–3+: 3

Pos: 0
Neg: 2

Pos: 0
Neg: 0
Ab: 1

MM: 0
Ind: 3

2/2 3/3

DPN vs MM
(n=2)

F: 1
M: 1

35, 73 4+: 1
0–3+: 1

Pos: 1
Neg: 1

Pos: 0
Neg: 0
Ab: 0

MM: 1
Ind: 1

2/2 2/2

PEM vs MM
(n=2)

F: 1
M: 1

25, 81 4+: 1
0–3+: 1

Pos: 0
Neg: 1

Pos: 1
Neg: 0
Ab: 0

MM: 1
Ind: 1

2/2 2/2

Acral nevus vs 
MM (n=1)

F: 1 46 4+: 0
0–3+: 1

Pos: 0
Neg: 1

Pos: 0
Neg: 0
Ab: 0

MM: 0
Ind: 1

1/1 1/1

Blue nevus vs 
MM (n=1)

M: 1 67 4+: 0
0–3+: 1

Pos: 0
Neg: 1

Pos: 0
Neg: 0
Ab: 0

MM: 0
Ind: 1

1/1 1/1

Total (n=110) F: 57 (51.8)
M: 53 (48.2)

2–90
(41.1; 41.5)

4+: 22
0–3+: 88

Pos: 21
Neg: 56

Pos: 9
Neg: 21

Ab: 10*

MM: 28
Ind: 82

90/100*
(90)

102/110
(92.7)

DysN= dysplastic nevus, MM= malignant melanoma, DPN= deep penetrating nevus, PEM= pigmented epithelioid melanocytoma, F= female, M= 
male, IHC= immunohistochemistry, FISH= fluorescence in situ hybridization for melanoma, Pos= positive, Neg= negative, SNPa= SNP-array, Ab= 
abnormal SNP-array result of uncertain significance, Dx= diagnosis, Ind= indolent (including nevi and low risk AST), PRIHC= 
immunohistochemistry for PRAME

*
10 cases with abnormal SNP-array results of uncertain significance are excluded from agreement calculations between PRAMEIHC and 

cytogenetic test results
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Table 2.

Correlation of PRAME IHC with FISH and/or SNP-array (SNPa) results

FISH/ SNPa
positive

FISH/ SNPa
negative

Total cases

PRAME IHC 100 Inter-test agreement 90%

4+ 18 2

0–3+ 8 72

IHC= immunohistochemistry, FISH= fluorescence in situ hybridization for melanoma, SNPa= SNP-array
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Table 3.

Correlation of PRAME IHC with final diagnostic interpretation

Favor malignant Favor indolent Total cases

PRAME IHC 110 Agreement 92.7%

4+ 21 1 Sensitivity 75%

0–3+ 7 81 Specificity 98.8%

IHC= immunohistochemistry
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