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RÉSUMÉ

Mélanome métastatique ayant l’aspect d’une tumeur 
non différenciée de site primaire inconnu: un algo-
rithme immunohistochimique

Introduction. L’identification par immunohisto-
chimie du type et du site d’origine dans les tumeurs 
non différenciées de site primaire inconnu est une 
exigence fréquente dans la pratique pathologique. Il 
existe de nombreuses lésions histologiques montrant 
des aspects morphologiques similaires, avec un dia-
gnostic erroné pouvant entraîner un traitement insuf-
fisant ou excessif. Cela rend la précision du diagnostic 
extrêmement importante à l’ère des thérapies ciblées.
L’objectif de l’étude était d’évaluer le processus de 
diagnostic dans 50 cas de mélanome présentant des tu-
meurs peu différenciées ou non différenciées d’origine 
primaire inconnue, l’accent étant mis sur l’algorithme 
immunohistochimique.

ABSTRACT

Introduction. The identification of the type and site 
of origin in undifferentiated tumours of unknown pri-
mary site using immunohistochemistry is a frequent 
requirement in pathology practice. There are many 
histologic lesions that display similar morphologic as-
pects, with misdiagnosis potentially resulting in over- 
or undertreatment. This makes the diagnostic accura-
cy extremely important in the era of targeted therapies.
The objective of the study was to evaluate the pro-
cess of diagnosis in 50 melanoma cases presenting as 
poorly differentiated or undifferentiated tumours with 
unknown primary origin, with emphasis on the immu-
nohistochemical algorithm.
Methods. 50 cases were selected to analyse the utility 
of IHC testing in diagnosing poorly differentiated ma-
lignancies. The immunohistochemical evaluation was 
based on the staining percentage of cells: focal positive 
<50%, diffuse positive >50%, negative (-) 0%.
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INTRODUCTION

Melanoma accounts for only 1% of all skin can-
cers, but most of skin cancer deaths (75%)1. It is re-
garded as an aggressive malignancy considering the 
phenotypic variety and loss of differentiation mark-
ers. Less than 10% of all melanoma patients present 
with unknown primary tumour site2. Taking into 
consideration that tumours of unknown primary site 
represent up to 5% of all cancers and are among the 
top six causes of cancer deaths3-5, an accurate diag-
nostic decision is crucial as treatment approaches are 
fundamentally distinct for different types of tumor6.

THE OBJECTIVE OF THE STUDY was to analyse the man-
agement of undifferentiated unknown primary site tu-
mours from the pathologist point of view and assess the 
essential features distinguishing malignant melanoma 
from other histologic mimics, with emphasis on the 
immunohistochemical algorithms useful in diagnosis.

MATERIAL AND METHODS

We selected 67 cases addressed in 2018 as un-
differentiated neoplasm, regardless of site, age and 
gender, with no prior known malignancies, from the 
digital registry record of the National Institute of 
Pathology „Victor Babes“, Bucharest, Romania. The 
cas es were referred to the Pathology Department 
for immunohistochemistry (IHC) testing with the 

purpose of finding the primary tumour site or for a 
second opinion. The slides were re-evaluated by two 
experienced pathologists. After the revision, 50 cases 
were selected and the final diagnosis for all 50 cases 
were malignant melanoma.

We analysed the utility of IHC testing and how 
it becomes a necessary tool in diagnosing poorly dif-
ferentiated malignancies, by following the diagnostic 
procedures for the selected cases.

For each case the clinical and pathological re-
ports were submitted, along with the paraffin-embed-
ded tissue. The paraffin blocks were sectioned at 3 
μm thickness. One slide was stained with hematox-
ylin-eosin (HE) and further slides were processed by 
IHC testing.

For immunostaining, deparaffinized and rehy-
drated sections were heat-treated to retrieve antigenic 
activity. Endogenous peroxidase was inhibited with 
0.3% hydrogen peroxide. The sections were incubated 
using commercially available antibodies. The colour 
was developed with diaminobenzidine or Fast Red, 
followed by hematoxylin counterstaining. The anti-
body panel composition was determined based on 
the clinical data, original diagnosis and site for each 
case. Appropriate positive and negative controls were 
also used. The immunohistochemical evaluation was 
based on the staining percentage of cells: focal posi-
tive <50%, diffuse positive >50%, negative (-) 0%. The 
slides were examined under a light microscope (Leica 
DM750, Leica Microsystems, Wetzlar, Germany).

Méthodes. 50 cas ont été sélectionnés pour analyser 
l’utilité des tests IHC dans le diagnostic de tumeurs 
malignes différenciées. L’évaluation immunohisto-
chimique était basée sur le pourcentage de coloration 
des cellules: positif positif <50%, positif positif diffus> 
50%, négatif (-) 0%.
Résultats. Après application de l’algorithme de Fan 
Lin, dans la plupart des cas (45), la cytokératine et le 
CD45 ont donné des résultats négatifs, tandis que 
S100 et la vimentine étaient positifs selon un modèle 
diffus ou zonal. Pour les 3 cas analysés en appliquant 
l’algorithme de Turin, le premier panneau d’anticorps 
consistait dans un test CK7 / CK20, qui n’a montré 
aucune expression pour les 3 cas.
Conclusions. Dans cette étude, nous avons démon-
tré que l’examen immunohistochimique de tumeurs 
malignes faiblement différenciées est un test fiable 
et précieux. Il est recommandé comme une méthode 
standard de diagnostic, ainsi que les corrélations avec 
les données cliniques et histologiques.

Mots-clés: mélanome métastatique, tumeur non dif-
férenciée, algorithme d’immunohistochimie.

Results. After applying the Fan Lin algorithm, for 
most of the cases (45), the cytokeratin and CD45 
proved negative, while S100 and vimentin were pos-
itive in diffuse or zonal patterns. For the 3 cases an-
alysed by applying the Turin algorithm, the first an-
tibody panel consisted in testing CK7/CK20, that 
showed no expression for all 3 cases.
Conclusions. In this study, we demonstrated that 
the immunohistochemical examination of poorly dif-
ferentiated malignant tumours is a reliable and valu-
able test and is recommended as a standard method in 
diagnosis along with the correlations with clinical and 
histological data.

Keywords: metastatic melanoma, undifferentiated 
tumour, immunohistochemistry algorithm.
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RESULTS

The majority of patients were females (60%), and 
the age range was between 41 and 86 years. In terms 
of primary tumour location, 4 cases presented as 
breast tumours, 3 brain tumours, 11 lung tumours, 1 
intestinal tumour, 1 maxillary sinus tumour, 4 lower 
limb tumours, 18 lymph node metastases, 8 intrader-
mic tumours (Fig. 1).
The Fan Lin algorithm5 used for diagnostic 
approach of the tumours recommends the 
following:
.  Reviewing the HE slides.
.  Considering the basic clinical information (age, 

sex, tumour location, and prior malignancy).
.  Re-evaluating the morphologic features of the tu-

mour and predicting the most likely category (car-
cinoma, melanoma, sarcoma, lymphoma, or germ 
cell tumour).

.  Determining the first IHC panel to order.
.  Additional to Fan Ling algorithm7, for the exam-

ined lot, a second staining was used with the pur-
pose of securing the first panel’s findings.

In the attempt to extract useful clues regarding 
the cell of origin, the morphological examination of 

the tumours on HE stain showed the following: in 47 
cases it was a lack of relationship with the epidermis, 
the tumours had poorly differentiated proliferations, 
with no specific architectural features, mostly com-
posed of sheets of atypical epithelioid cells or, much 
more rarely, spindle cells mixed with epithelioid cells 
comprising necrotic regions. There was a lack of typi-
cal growth patterns or morphological signs of dif-
ferentiation, showing no diagnostic features and no 
attributes suggestive for a primary site. Four cases (2 
lymph node metastases, 1 breast tumour and 1 skin 
metastasis) showed morphological differentiation 
clues as presented in Table 1.

The clinical information was mostly minimal, 
with no data on prior known malignancies. The first 
step in the IHC evaluation is to confirm the tumour 
lineage8 (epithelial, mesenchymal or melanocytic) us-
ing the appropriate markers (Table 2)9. In the exam-
ined lot, we proceeded accordingly:
  the Fan Ling algorithm was applied for the 46 cas-

es classified as undifferentiated tumours and for 
the case with brown pigmentation, using the 4-an-
tibody panel, with expected positive and negative 
staining (Table 3), thus avoiding a false result in the 
case of aberrant expressions10;

Table 1. Morphological differentiations in 4 cases from the selected lot.
Case presentation Morphologic clue Suggested tumor type

lymph node metastasis brown pigment deposits (Fig. 4) melanoma

lymph node metastasis signet ring cells (Fig 2.A) adenocarcinoma

breast tumor scattered tubules (Fig. 3) adenocarcinoma

skin metastasis foci of stromal mucin carcinoma

Fig.1. Tumor locations in the studied group
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Table 2. IHC markers by type
Type IHC marker

Epithelial markers CAM 5.2, AE1-AE3, CK7, CK20, CEA, EMA

Melanocytic markers S100, HMB45, MelanA, MITF, BRAF

Lymphoid markers CD45, CD20 (B cells), CD3 (T cells), CD15, CD30 (Hodgkin)

Histiocytic markers CD68, CD1a

Neuroendocrine markers NSE, chromogranin, synaptophysin, CD56, CD57

Mesenchymal markers Vimentin, CD31, CD34, D2-40, SMA, desmin

Table 3. IHC panel for staining the undifferentiated tumors – Fan Lin algorithm

Cell type IHC marker Specificity Producer Dilution Clone

Epithelial AE1/AE3 Pan cytokeratin Abcam, Cambridge, 
MA, USA 1:50 ab1747070

Melanocytic S100 Human S-100 protein Leica Microsystems, 
Wetzlar, Germany 1:40 S1/61/69

Lymphoid CD45 
Receptor-type tyros-

ine-protein phosphatase 
C

Dako Omnis, Agilent, 
Santa Clara, CA, USA 1:100 2B11+PD7/26

Mesenchymal Vimentin Vimentin Dako Omnis, Agilent, 
Santa Clara, CA, USA 1:1000 V9

Table 4. IHC panel for carcinomatous origin – Turin algorithm
IHC marker Specificity Producer Dilution Clone

CK7 Keratin, type II cy-
toskeletal 7

Dako Omnis, Agilent, Santa Clara, CA, 
USA 1:100 OV-TL 12/30

CK20 Keratin, type I cytoskel-
etal 20

Dako Omnis, Agilent, Santa Clara, CA, 
USA 1:600 Clone Ks20.8

PSA 34 kD protein Leica Microsystems, Wetzlar, Germany 1:200 35H9

MelanA Melanoma antigen rec-
ognized by T-cells 1

Dako Omnis, Agilent, Santa Clara, CA, 
USA 1:50 Clone A103

Vimentin Vimentin Dako Omnis, Agilent, Santa Clara, CA, 
USA

1:1000 V9

Fig 2. (A, B) Epithelioid proliferation with signet ring cells 
A. HE stain, 200x magnification. B. S100 stain, 200x magnification
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Fig 5. Fan Lin IHC algorithm staining results

Fig 3. Epithelioid proliferation 
with scattered tubules, HE, 200x

Fig 4. Pigmented lesion, HE, 200x
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  the Turin algorithm was applied for the 3 cases 
with morphologic features that suggest a carcino-
matous origin (Table 4).

The panels were designed using reliable mark-
ers with high sensitivity and specificity and stable 
clones11. The antibody panel for the determination 
of tumour lineage comprised: cytokeratin AE1/AE3; 
S100; Vimentin; CD45. After applying the Fan Lin 
algorithm, for most of the cases (45), the cytokeratin 
and CD45 proved negative (except for one case that 
focally expressed cytokeratin), while S100 (Fig 2.B.) 
and vimentin were positive in diffuse or zonal pat-
terns. Having established the cell of origin for most 
of the cases, the procedure continued with a second 
IHC staining adding melanocytic markers to support 
the obtained data, avoiding diagnostic errors in case 
of false positive/negative results. HMB45, MelanA 
and MITF were used for the final step of the proce-
dure, with all the aforementioned antibodies positive 
for the entire examined lot (Fig 5).

One case proved negative for all the tested IHC 
markers, and after excluding a preanalytical error, the 
case was referred to molecular biology where a BRAF 
mutation was detected. For the 3 cases analysed by ap-
plying the Turin algorithm, the first antibody panel 
consisted in testing CK7/CK20, that showed no ex-
pression for all 3 cases. According to the algorithm, 
the next panel comprises testing for PSA, vimentin and 
MelanA. Vimentin and MelanA were diffusely positive, 
confirming a melanocytic origin tumour mimicking a 
carcinomatous morphology. An average number of 7 
antibodies/case was used in the diagnostic process.

DISCUSSION

Pathologists are seldom confronted with difficul-
ties in the examination process of undifferentiated 
neoplasms, like identifying the tumour type or estab-
lishing the primary site12. It is complicated to make 
a diagnosis only on routinely HE stains in optical 
microscopy. Typically, when presented with a poorly 
differentiated tumour without morphologic features 
of lineage differentiation and/or no evident primary 
origin, we classify it as undifferentiated tumour of 
uncertain origin and follow the IHC workup.

Thereupon, after the HE examination and the 
study of clinical data, the first IHC panel antibodies 
must be selected. There are two paths that can be fol-
lowed, depending on HE examination:
  either the tumour is undifferentiated, and we must 

include a broad category of markers to rule out car-
cinoma, sarcoma, melanoma or lymphoma in the 
differential diagnosis7;

  or there are morphological features that imply a 
lineage differentiation, recommending specific 

antibodies for the site of origin (e.g., if we suspect 
a carcinoma, we must use cytokeratins like CK7, 
CK20 etc).

There are several algorithms available. If there 
is a suspicion of a carcinomatous origin for an un-
known primary origin tumour, we have the possibili-
ty to use one of the following:
. The 18 markers algorithm (MD Anderson)13;
. The 12 markers algorithm (Turin, Italy)14;
. The 15 markers algorithm (Tokyo, Japan)15;
. The Fan Lin algorithm for undifferentiated neo-

plasm/tumour of uncertain origin7.
he first 3 aforementioned algorithms are based on 

the evaluation of CK7 and CK20 with 4 pheno-
types:

a.  CK20+/CK7– suggestive of colon primary 
tumor7;

b.  CK20–/CK7+ suggestive of lung, breast, 
ovarian, endometrial, cholangitic and pan-
creatic origin;

c.  CK 20+/CK7+ mostly urothelial, ovarian pri-
mary tumour;

d.  CK7–/CK20– hepatic, renal, prostate or 
squamous origin.

For an undifferentiated neoplasm, the Fan 
Lin approach must be used7. The algorithm starts 
with a panel of 4 antibodies – CK, S100, vimentin, 
LCA intended to highlight the original cell lineage. 
Following this setting out phase, an additional stage 
to further define the tumour lineage is necessary.

The differential diagnosis must be narrowed 
down to 1-3 possibilities. According to Anderson et 
al9, pathologists can identify the tumour origin as 
their first choice in 50-55% of cases or as their first, 
second, or third choice in 67% to 74% of cases. The 
decisional process involves clinical data (patient’s age, 
tumour site, evolution) and tumour histology (cyto-
logical and architectural features)12.

From the 50 cases we analysed, 4 of them ex-
pressed specific patterns, and the rest did not, al-
lowing us to classify most of the tumours (46) as un-
differentiated, and proceed to establishing tumour 
cell type. Given that cytokeratins and CD45 were 
negative, and 45 cases were S100 and vimentin posi-
tive, a second testing followed in order to confirm 
the origin of the tumours. The purpose of this step 
is to establish the broad category of the neoplasm 
examined. As stated in Table 1, AE1/AE3 antibody 
is usually functional for identifying an epithelial lin-
eage, but insufficient to exclude it in case of nega-
tive staining16. We must take into consideration that 
S100 and vimentin17, although nonspecific markers, 
can highlight almost all melanomas, but using CD45 
alone is not enough to eliminate a hematopoietic pro-
liferation18.



Metastatic melanoma presenting as undifferentiated tumour of unknown primary site… – ALI et al

678 / vol. 54, no. 4

The final step of the process must confirm the 
previous data and determine the diagnosis. For this 
outcome we must use tissue-specific markers. As the 
literature states, there are no antibodies entirely spe-
cific for a certain tumour19, however, there are panels 
where 2 or 3 antibodies are associated to support the 
diagnosis20.

The metastatic melanoma has many faces in 
terms of morphological expression and there is a high 
need to underline the necessity of IHC confirmation. 
Therefore, an accurate decision is crucial for further 
treatment of the patient6; in our study, 3 of the exam-
ined cases overlapped this situation.

Melanoma has a diversity of clinical, cytological 
and morphological characters8,21,22. The cells have 
various shapes, different sizes, different nuclear/cyto-
plasm ratio and aspects. The architectural structure 
has various patterns. It is difficult to differentiate 
melanoma from epithelial, mesenchymal or hae-
matological tumours only by routine microscopy23. 
Consequently, immunohistochemical stains are fun-
damental to distinguish melanoma from other neo-
plastic proliferations. In addition, more issues emerge 
in case of spindle cell morphology or special types 
of melanoma like desmoplastic or dedifferentiated 
melanoma. There are several reports of metastatic 
melanoma with papillary features24, melanoma mim-
icking giant cell variant of glioblastoma multiforme25 
or metastatic melanoma presenting as primary breast 
malignancies26.

It is common knowledge that with the evolution 
of the immunohistochemical markers, a melanoma 
diagnostic panel emerged, comprising antibodies 
as S-100 (most sensitive for melanocytic lesions), 
HMB-45, Melan-A, MITF, vimentin. Current stud-
ies assess that there are cases of melanomas that can 
display uncommon expression when performing IHC 
tests27. In our group, we encountered the situation 
of focal cytokeratin expression in two melanomas 
presenting as a primary breast, and a lung tumour. 
There is also the situation in which melanomas no 
longer express specific markers28 (explained by the 
dedifferentiation of the lesion), like S100, frequently 
negative in uveal or sinonasal located melanomas29. 
We encountered this setting in only one case from 
the studied group. It had a total loss of antigenicity, 
confirmed as a melanoma by molecular biology, as 
about 50% of advanced type melanomas have BRAF 
mutation30. Drugs like vemurafenib and dabrafenib 
target the mutated BRAF kinase, with long-term ben-
efits31. Biological therapies have an important role in 
advanced clinical stages and are recommended in the 
presence of potential targets (BRAF mutations) dem-
onstrated by PCR or IHC methods6,32-34.

CONCLUSIONS

The major role for IHC in diagnosing melano-
cytic lesions is to determine the melanocytic nature 
of a given tumour and to rule out other non-melano-
cytic histologic mimics. Another role of IHC is to 
define the potential biological behaviour of a given 
lesion, once its melanocytic origin has been demon-
strated.

In this study we demonstrated that the immu-
nohistochemical examination of poorly differentiated 
malignant tumours is a reliable and valuable test and 
is recommended as a standard method in diagnosis 
along with the correlations with clinical and histo-
logical data. Particularly in the case of melanoma, 
the tumours must be confirmed by an IHC panel, 
as some of them may have aberrant expressions for 
other markers.
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