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Zusammenfassung

Ziel: Histopathologische und immunphanotypische Kriterien fur die
Routinediagnostik von spezifischen kutanen Infiltraten der myeloischen Leukamie
(ML) zu etablieren, die insbesondere eine Abgrenzung zu malignen und benignen

Erkrankungen mit ahnlichen morphologischen Merkmalen ermdglichen.

Einleitung: Die Diagnose spezifischer kutaner Manifestationen einer ML ist oft
schwierig und in manchen Fallen kann eine entzindliche Dermatose durch ein
myeloisches Infiltrat imitiert werden. Aufgrund der schlechten Prognose und hohen
Notwendigkeit einer raschen Therapieeinleitung ist eine korrekte Diagnose der
kutanen ML ausschlaggebend. In diesem Zusammenhang ist die
differentialdiagnostische Abgrenzung von benignen Erkrankungen sowie von
anderen hamatologischen Erkrankungen wie der blastaren plasmazytoiden
dendritischen Zellneoplasie (BPDCN) von hochster Bedeutung.

Material und Methoden: Es wurden Biopsien von 48 Patienten mit bestatigter
kutaner ML ausgewahlt. In Fallen mit ausreichend vorhandenem Material wurden
immunhistochemische Farbungen unter Verwendung eines Antikorper-Panels fur
myeloische und lymphatische Zellen, sowie Farbungen fur Naphtol AS-D
Chloracentatereterase (NaSDCI) durchgefuhrt. Zur Evaluation
differentialdiagnostischer Marker wurden die Biopsien der kutanen ML mit
Biopsien von 33 bereits charakterisierten BPDCN Patienten verglichen. Auf3erdem
erfolgte die Korrelation der Falle kutaner ML mit 10 bereits charakterisierten Fallen
von pseudolymphomatésem Granuloma anulare (GA).

Ergebnisse: Unter Berucksichtigung des klinischen und histopathologischen
Bildes konnten zwei Hauptmuster bei kutanen Infiltraten einer ML beobachtet
werden. Das erste Muster ist aus klinischer Sicht durch eine Vielzahl an Knoten
und Plaques sowie histopathologisch durch dichtgelagerte diffuse Infiltrate von
atypischen myelomonozytaren Zellen in der gesamten Dermis gekennzeichnet.
Das zweite Muster zeigt klinisch Merkmale einer entzundlichen Dermatose und
histopathologisch relativ sparliche Infiltrate neoplastischer Zellen in der Dermis.
Immunhistopathologische Farbungen zeigten bei beiden Mustern vergleichbare
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Merkmale und waren in der Mehrheit der Falle durch eine positive Reaktivitat der
Marker CD43, CD4, CD68, MPO und NaSDCI gekennzeichnet. Andere getestete
Marker wie CD33, CD56, CD34, CD117, CD123, CD13 und CD1a waren nur bei

einer geringen Anzahl an Proben positiv.

Diskussion: Die Studie zeigt, dass spezifische kutane Manifestationen einer ML
unterschiedliche Muster aufzeigen kdnnen, wobei eines davon sehr schwierig von
entzundlichen Dermatosen abgrenzbar ist. Einige Antikorper, insbesondere MPO,
CD123, CD56 und in gewissem Ausmalle CDG68, erwiesen sich bei der
Differenzierung der ML von der BPDCN als hilfreich. Die Abgrenzung der kutanen
ML von entzundlichen Dermatosen und insbesondere vom pseudolymphomatdsen
GA beruht auf sorgsamer Prifung der histopathologischen Merkmale und der
Verwendung eines Antikorper-Panels. Eine genaue Korrelation morphologischer
und phanotypischer Merkmale zusammen mit dem Bewusstmachen dieser Entitat,
ermoglichen die korrekte Diagnose und Klassifizierung der kutanen ML sowie in

weiterer Folge die adaquate Behandlung betroffener Patienten.
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Abstract

Objetive: Establish reproducible histological and immunophenotypic criteria for
routine histopathologic diagnosis of cutaneous manifestations of myelogenous
leukemia (ML), and for differential diagnosis from other malignant and benign

cutaneous disorders showing similar morphologic features.

Introduction: The diagnosis of specific cutaneous manifestations of ML is often
difficult, and in some instances skin lesions may mimic inflammatory dermatoses.
A precise diagnosis is very important because of the poor prognosis and the need
to start adequate therapy as soon as possible. In this context, the differential
diagnostic demarcation from benign conditions as well as from other hematological
diseases such as blastic plasmacytoid dendritic cell neoplasm (BPDCN) is

paramount.

Material and Methods: We retrieved biopsies from 48 patients with a confirmed
diagnosis of cutaneous ML. In cases with sufficient material, immunohistochemical
stainings using a panel of antibodies for myelogenous and lymphatic cells as well
as staining for naphthol chloroacetate esterase (NASDCI) were performed. In
order to differentiate cutaneous ML from skin manifestations of BPDCN,
histopathological and immunohistochemical results of biopsies from patients with
cutaneous ML were compared with biopsies of 33 patients with proved diagnosis
of BPDCN, which had been previously characterized. We also included for
comparison 10 cases of pseudolymphomatous granuloma annulare (GA) which
had also been previously characterized.

Results: Clinically and histopathologically, two main patterns of skin infiltrates of
ML were observed. One was characterized clinically by multiple nodules and
plaques and histopathologically by dense, diffuse infiltrates of atypical
myelomonocytic cells within the entire dermis, whereas the second presented with
clinical features similar to those of inflammatory dermatoses, and
histopathologically by relatively sparse dermal infiltrates of neoplastic cells.
Immunohistochemical stainings revealed in both patterns similar features,
characterized in the majority of cases by positivity for CD43, CD4, CD68, MPO,
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and NaSDCI. Other markers tested as CD33, CD56, CD34, CD117, CD123, CD13
and CD1a were positive only in a minority of specimens.

Discussion: Our study shows that specific cutaneous manifestations of ML may
present with different patterns, one of which is very difficult to distinguish from
inflammatory dermatoses. Some antibodies proved useful in the distinction of ML
from BPDCN, particularly MPO, CD123, CD56 and to a certain extent CDG8.
Distinction of cutaneous ML from inflammatory dermatosis and particularly from
pseudolymphomatous GA rests upon careful examination of the histopathological
features and application of a panel of antibodies. Accurate morphologic and
phenotypic correlation together with a high index of suspicion are necessary for a
precise diagnosis and classification of cutaneous ML, in order to allow a proper
management of affected patients.
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1 Introduction

The diagnosis of specific cutaneous manifestations of acute myelogenous
leukemia (AML) is often difficult. A precise diagnosis is very important because of
the poor prognosis and the need to start adequate therapy as soon as possible. In
this context, the differential diagnostic demarcation from other hematological
diseases such as blastic plasmacytoid dendritic cell neoplasm (BPDCN) on the

one hand and from inflammatory skin diseases on the other is paramount.

The target of this work is to establish reproducible histological and
immunophenotypic criteria for routine histopathologic diagnosis of cutaneous
manifestations of myelogenous leukemia (ML).

1.1 Cutaneous Myelogenous Leukemia

ML are a spectrum of diseases encompassing chronic myeloproliferative diseases,
myelodysplastic disorders, AML and related disorders [Cerroni 2014]. The World
Health Organization (WHO) classification of tumors of hematopoietic and lymphoid
tissues takes into consideration genetic features with clinical, histopathologic and
phenotypic aspects [Swerdlow 2008]. Specific skin infiltrates may be seen in both
AML and chronic myelogenous leukemia (CML); however, in this last they usually
represent a progression of the disease to a more aggressive phase, thus in what
follows in the context of cutaneous manifestations the term ML will be used to refer
to both.

Leukemia cutis (LC) refers to the specific infiltration of the skin by neoplastic
leukemic cells, most often in conjunction with systemic leukemia [Cronin 2009].
Many terms have been used to describe varying presentations of leukemia cutis.
These include granulocytic sarcoma, myeloid sarcoma and chloroma among
others [Cerroni 2014]. However, the term LC is not specific, as the skin may be the
site of specific manifestations of other types of leukemia (e.g., B-cell chronic
lymphocytic leukemia). Thus, we will avoid this non-specific terminology.
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In the last years, many publications showed that a relationship between ML and
BPDCN exists [Cerroni 2014]. As BPDCN presents often with cutaneous lesions,
ML must be differentiated from BPDCN confined to the skin. This may require
extensive immunohistochemical studies [Cronin 2009, Cota 2010].

1.1.1 Clinical features

Specific cutaneous infiltrates in patients with ML show variable clinical and
histopathological features [Kaddu 1999; Chang 2003; Berger 1973; Desch 1993].
sometimes deviating from the conventional presentation characterized by localized
or generalized papules, plaques, unusual clinical features such as solitary skin
nodules, maculopapular eruptions clinically resembling drug or viral eruptions,
vasculitis, or other inflammatory skin diseases. Involvement of mucosal regions is

common [Cerroni 2014, Hsaio 2011].

The clinical differential diagnosis is broad, as a wide range of neoplastic,
inflammatory and infectious skin lesions may be associated with hematologic

malignancies and/or their treatment [Cronin 2009].

In rare cases, specific cutaneous infiltrates of ML represent the first clinical
manifestation of the disease, preceding blood and/or bone marrow changes by
weeks or even month. This is known as “aleukemic" leukemia cutis [Cerroni 2014,
Hejmadi 2008, Kaddu 1999]. The patients should be managed in the same way as
those with cutaneous manifestations of known ML [Cerroni 2014].

In some patients specific manifestations can be observed at the side of cutaneous
inflammation, where circulating leukemic cells may be attracted to the skin by
normal chemotactic stimuli [Diaz-Cascajo 1998]. This phenomenon has been
reported in lesions of Sweet’s syndrome, psoriasis, basal cell carcinoma, needle
puncture and infusion of gabexate mesilate that had leaked from the vein [Diaz-
Casajo1998, Metzler 1997, Urano1999, Deguchi 1977].
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1.1.2 Histopathological features

Histologically, the disposition of the neoplastic infiltrate in cutaneous ML can vary
from mild or moderate to dense, diffuse or nodular dermal infiltrates, often with
perivascular and periadnexal accentuation and sparing of the upper papillary
dermis. Involvement of the subcutis is common [Cerroni 2014, Kaddu 1999].

Frequently prominent single files of neoplastic cells between collagen bundles can
be observed ("Indian filing”), as well as a distinctive "“figurate" pattern
characterized by neoplastic cells arranged in concentric layers around blood
vessels and adnexal structures [Cerroni 2014].

There can be variation in the cytologic appearance of the neoplastic cells, but the
infiltrate is composed mostly of medium-sized, round to oval, mononuclear cells
with a slightly eosinophilic cytoplasm and distinct, sometimes indented, bilobular or
kidney-shaped basophilic nuclei [Kaddu 1999].

Variable numbers of mitotic figures, including atypical mitoses, and apoptotic cells
can be found. In some cases, reactive inflammatory cells are present [Baksh 1998,
Kaddu 1999, Tomasini 1998].

1.1.3 Immunophenotype

Immunohistochemical stains are often necessary to determine the origin of the
neoplastic cells and to confirm a diagnosis of specific skin manifestations of ML
[Kaiserling 1994, Sepp 1993].

Markers that are usually expressed by neoplastic cells in cutaneous ML include
MPO, lysozyme, CD13, CD14, CD15, CD33, CD43, CD45, and CD68, but some
cases may show positivity for only a few of these antigens [Cerroni 2014]. CD68 is
the most sensitive (but not specific) monocitic antigen in cutaneous ML [Benet
2011, Cronin 2009, Kaddu 1999, Cibull 2008]. CD43 staining is consistently
positive but is also present on T lymphocytes, thus it must be evaluated in
conjunction with other T-cell markers [Seep 1993]. CD163 is a monocytic specific
antigen but has a lower sensitivity and is expressed in about 40% of cases
[Jefferey 2011, Garcia 2008].
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Staining for naphtol-ASD-chloracetate-esterase (NASDC1, Leder stain) is positive
mainly in cases with a more mature phenotype, but tends to be negative in more

immature cells [Cerroni 2014].

Cutaneous lesions of ML are commonly positive for CD4, whereas markers like
CD56 or CD123 are usually negative. On the other hand, in a minority of cases
these two markers, too, may be positive, thus presenting overlapping features with
cutaneous lesions of BPDCN, and rendering the differential diagnosis problematic
[Kuwabara 1999, Kaddu 1999, Cota 2010, Cerroni 2014, Cibull 2008, Hejmadi
2008].

A proportion of neoplastic cells in some cases of cutaneous ML may be positive
for S100 protein, thus representing a pitfall in the differential diagnosis with
histiocytic disorders (e.g., Langerhans cell histiocytosis) if complete phenotypic
analyses are not carried out [Cerroni 2014].

1.2 Blastic Plasmocytoid Dendritic Cell Neoplasm

BPDCN, formerly named CD4+/CD56+ hematodermic neoplasm, is a clinically
aggressive tumor derived from the precursors of type Il plasmacytoid dendritic
cells, with a high frequency of cutaneous and bone marrow (BM) involvement and
leukemic dissemination [Facchetti 2008]. The term BPDCN has been adopted by
the new WHO classification of tumors of Hematopoietic and Lymphoid Tissues,
and the entity is listed in the section on AML and related precursor neoplasms
[Swerdlow 2008].

1.2.1 Clinical features

Most patients are elderly adults, but BPDCN can occur at any age, including
newborns [Massone 2004, Jegalian 2010]. There is a predominance of males.
Clinically, patients present with asymptomatic, solitary or multiple skin lesions that
can be plaques or tumors. In some cases a characteristic "bruise-like" violaceous
aspect due to intratumoral hemorrhage can be observed. Ulceration and mucosal
involvement are uncommon [Julia 2013, Cerroni 2014].
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In 30-40% of patients, cutaneous lesions are accompanied by general symptoms
and extracutaneous manifestations in the blood, BM and/or other organs. Regional
lymphadenopathy at presentation is common. Cytopenias are commonly found
[Feuillard 2002].

Cutaneous involvement represents often the first manifestation of the disease, and
primary cutaneous cases without overt leukemia represent examples of
"aleukemic leukemia cutis”. The time interval between the onset of skin lesions
and leukemic dissemination is variable, usually between a few weeks and several
months [Cerroni 2014, Julia 2013].

1.2.2 Histopathology

Histologically, BPDCN is characterized by a diffuse, monomorphous infiltrate of
medium-sized neoplastic cells with a blastoid morphology. The epidermis is
spared as a rule, whereas involvement of the subcutaneous tissues is common.
Angiocentricity and/or angiodestruction, necrosis and granulomatous reactions are

uncommon [Cerroni 2014].

1.2.3 Immunophenotype

Phenotypically, neoplastic cells in BPDCN are typically positive for CD4, CD56,
CD123, TCL-1, and BDCA-2/CD303, and negative for specific myeloid, T-
lymphoid, B-lymphoid, or NK-lymphoid lineage markers [Facchetti 2008, Cerroni
2014, Julia 2014, Cota 2010].

Any of the three cardinal markers for the diagnosis of BPDCN (CD4, CD56 and
CD123) may be negative in given cases, and rarely more than one marker are not
expressed by neoplastic cells [Cota 2010, Facchetti 2008, Argyrakos 2004, Julia
2014]. Diagnosis in such cases relies on broad panels of antibodies and careful
histopathologic-phenotypic correlation. An important role in such cases is played
by TCL-1, which is expressed by neoplastic cells in the majority of BPDCN
[Herling 2003].
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CDG68 is positive in some cases of BPDCN [Julia 2014, Facchetti 2008, Petrella
2005]. In contrast to cutaneous lesions of ML, however, positivity is often granular
and restricted to a subset of neoplastic cells [Cerroni 2014]. In a proportion of
cases, neoplastic cells may express one or more other markers including CD2,
CD7, CD45Ra, Bcl-2, CD43, CD101, BCL11A, CD2AP, and ICSBP/IRF8 [Cerroni
2014].

As already mentioned before, it is important to remember that cutaneous ML is
also positive for CD4, and in some cases may be positive for CD56 and/or CD123.
These markers should always be used together and in conjunction with a panel of
antibodies directed toward lymphoid and myeloid lineages, and only integration of

all stainings can allow a precise diagnosis [Cerroni 2014].
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2 Material and Methods

The study has been conducted at the Research Unit Dermatopathology,
Department of Dermatology, Medical University of Graz, Austria, and has been
approved by the Ethic Committee of the University (EK-Nummer 21-080 ex 09/10).

21 Selection of cases

Files of the histopathological laboratory of the Department of Dermatology,
Medical University of Graz were searched for skin specimens with diagnosis of
cutaneous manifestations of ML. Cases with a confirmed diagnosis were selected.
A total of 48 cases of skin manifestations of ML were included in the study. Data
on some of these patients were published previously [Kaddu 1999, Martinez
Escaname 2013].

In order to differentiate cutaneous ML from skin manifestations of BPDCN, we
compared them with biopsies from 33 patients with a proven diagnosis of BPDCN
that had been previously characterized at our Institution [Cota 2010].

Finally, we included for comparison also 10 cases of pseudolymphomatous
granuloma annulare, a condition that because of the presence of
pseudolymphomatous infiltrates and CD68+ cells may mimic specific skin
manifestations of ML. These cases, too, had been characterized previously at our
Institution [Cota 2012].

2.2 Histopathological and Immunohistochemical Studies

Specimens were stained with hematoxylin and eosin. More than one biopsy were
available for some of the patients. In cases with sufficient material,
immunohistochemical stainings using a panel of antibodies for myelogenous and

lymphatic cells as well as staining for NASDCI were performed.

A standard immunoperoxidase technique with microwave enhancement was

applied according to the manufacturers' protocols. Tonsil tissue and normal skin
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structures served as external and internal controls, respectively. For negative
controls, the primary antibody was omitted and replaced with normal human

serum.
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3 Results

3.1 Clinical data of the patients

Clinical data with a summary of provided clinical diagnoses are summarized in

Table 1. There were 26 males and 22 females (M/F ratio = 1.2:1). The age ranged

from 15 to 89 years (mean 56.6 years, median 59 years). A diagnosis of ML was

known in 25 patients, whereas skin manifestations represented the first sign of the

disease in 23 patients.

Table 1: Clinical Data and Follow-up

Case | Gender/ History | Interval, | Follow-Up
No. Age | Provided Clinical Diagnosis Clinical Findings of ML Month | (Months)
1 M/81 Leukocytoclastic vasculitis Maculopapular eruption Yes 0 D+(1)
2 M/62 Hemorrhagic drug reaction Maculopapular eruption No 18 D+(32)
3 F/56 Sweet syndrome Edematous plaques No 1 A+(19)
4 M/59 Drug reaction Maculopapular eruption No 0 A+(25)
5 M/89 Granuloma faciale Plaques No 0 A+(1)
6 F/24 Eczema Eczematous lesions No 3 A+(14)
7 M/55 Extramedullary hematopoiesis Maculopapular eruption Yes 0 D+(2)
8 M/81 Psoriasis Psoriatic plagques No 0 A+(3)
9 F/31 Drug reaction vs. virus eruption Maculopapular eruption No 2 A+(6)

Drug reaction vs specific
10 M/63 manifestations of ML Maculopapular eruption Yes 0 D+(26)
Rule out specific manifestations
11 M/70 of ML Maculopapular eruption Yes 0 D+(5)
12 M/72 Drug reaction Maculopapular eruption Yes 0 A+(2)
13 F/15 Drug reaction Maculopapular eruption No 0 A+(1)
Drug reaction vs specific
14 F/27 manifestations of ML Maculopapular eruption Yes 0 D+(15)
15 M/55 Drug reaction Maculopapular eruption No 1 A+(5)
16 M/71 Drug reaction Maculopapular eruption No 0 A+(1)
Specific cutaneous manifestation
17 M/74 of ML Plaques and tumors Yes N/K NA
Specific cutaneous manifestation
18 M/68 of ML Maculopapular eruption Yes N/K NA
19 M/53 Sebaceous hyperplasia Plaques Yes N/K NA
20 F/67 Lymphoid infiltrate Plaques and tumors No N/K NA
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Case | Gender/ History | Interval, | Follow-Up
No. Age Provided Clinical Diagnosis Clinical Findings of ML Month (Months)
21 F/51 Myelosarcoma Solitary tumor Yes 24 A+(2)
22 F/54 Sweet syndrome Edematous plaques No N/K NA
23 F/70 N/K Solitary tumor Yes 9 D+(23)
24 F/49 N/K Multiple tumors No 13 D+(3)
25 F/59 N/K Multiple tumors Yes 13 D+(5)
26 F/35 N/K Multiple tumors Yes 12 D+(3)
27 F/21 N/K Multiple tumors Yes 6 D+(12)
28 M/49 Drug reaction vs viral eruption Maculopapular eruption No 0 D+(12)
29 M/29 Drug reaction vs viral eruption Maculopapular eruption No 0 D+(1)
30 F/53 Drug reaction vs viral eruption Maculopapular eruption No 0 D+(5)
Maculopapular eruption,

31* M/49 N/K infiltration of orbit No 2 D+(1)
Solitary tumor, swollen

32 F/52 N/K gums, infiltration of pharynx Yes 10 D+(21)
Plaques and tumors,

33 F/70 N/K swollen gums No 0 D+(5)
Maculopapular eruption,

34 F/27 N/K swollen gums No 0 D+(15)
Solitary tumor, swollen

35 F/63 Reaction by Tuberculin-test gums No 3 D+(6)
Plaques and tumors,

36 F/83 N/K infiltration of orbit No 0 D+(12)

37 M/53 Drug reaction vs viral eruption Maculopapular eruption No 0 D+(1)

38 F/70 N/K Maculopapular eruption No 0 D+(1)
Plaques and tumors,

39 M/63 N/K swollen gums Yes 11 D+(4)

40 F/22 N/K Plaques and tumors Yes N/K NA

M M/79 N/K Plaques and tumors Yes N/K D+(3)
Plaques and tumors,

42 F/45 N/K infiltration of orbit Yes N/K NA

43 M/63 N/K Plaques and tumors Yes 72 D+(1)

44 M/63 N/K Plaques and tumors Yes 60 D+(17)

45 M/67 N/K Plaques and tumors Yes N/K NA

46 M/55 Drug reaction vs viral eruption Maculopapular eruption Yes 40 D+(15)

47 M/85 N/K Solitary tumor Yes N/K NA

48 M/67 Drug reaction vs viral eruption Maculopapular eruption Yes 36 D+(13)

A+, alive with systemic disease; D+, dead of leukemia; F, female; Interval, interval between skin biopsy and diagnosis of

extracutaneous leukemia; M, male; ML, myelogenous leukemia; N/K unknown, NA, not available.
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Two main, different patterns of skin infiltration were observed. One was
characterized by larger, more infiltrated plaques and tumors that rose the clinical
suspicion of specific skin manifestations of a known leukemia (Figure 1 and Figure
2, patient 39) (22 cases).

Figure 1: Patient 39: Several red-brown plaques and tumors on the leg
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Figure 2: Patient 39. Livid swollen gums is a typical manifestation of ML

The second pattern was characterized by incospicuous, exanthematic macules
and papules, sometimes with hemorrhagic aspect (26 cases) (Figure 3, patient 2
and Figure 4, patient 16). The most common clinical diagnosis was drug reaction.
A history of ML was present in 9 of these patients. In 6 cases only (all of them with
history of ML) a clinical differential diagnosis of cutaneous manifestations of ML
was provided.

Finally, in 2 cases a clinical suggested diagnosis of Sweet's syndrome was made.

Follow-up data are summarized in Table 1. All patients developed systemic signs
of ML within 0-72 months after skin biopsy. Twenty-eight patients died of leukemia
(range: 1-32 months); 11 are alive with leukemia (range: 1-25 months). In 9

patients follow-up data were not available.
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Figure 3: Patient 2: (A) generalized hemorrhagic papules; (B) detail of clinical lesions. The
provided clinical diagnosis was hemorrhagic drug eruption.
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Figure 4: Patient 16: (A) Generalized inconspicuous erythematous papules; (B) detail of
the lesions. In this case the provided clinical diagnosis was drug eruption.

3.2 Histopathological features

Different biopsies from the same patients gave similar results.

From a histopathological standpoint, too, two main patterns of cutaneous infiltrates
of ML were observed.

The first pattern showed histopathologically dense, diffuse or nodular dermal
infiltrates with perivascular and periadnexial accentuation and sparing of the upper
papillary dermis (Figure 5, patient 36 and Figure 6 A, patient 24). Involvement of
the subcutaneous tissue was observed. In most cases the infiltrate was composed
of medium-sized, round to oval cells with a slightly eosinophilic cytoplasm and
distinct, sometimes bilobular or kidney-shaped basophilic nuclei (atypical
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monocytoid cells). In the majority of cases prominent single files of neoplastic cells
between collagen were observed (Figure 6 B, patient 24).

L\
-
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e

Figure 5: Patient 36 (A) Several plaques and flat red-brown tumors on the thigh; (B)
Nodular-diffuse infiltrate within the entire dermis; (C) Atypical myelomonocytic cells with
several mitoses
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Figure 6: Patient 24: (A) Diffuse infiltrate within the entire dermis and visible subcutaneous

fat. (B) Linear arrangement of neoplastic cells (“Indian filing)
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Figure 7: Patient 12: (A) Clinical picture showing poorly demarcated inconspicuous

macules and a few papules; (B) histology showing sparse dermal perivascular and

5

interstitial infiltrates; (C) interstitial infiltrate with minimal ‘Indian filing” of cells between

collagen bundles.

The second pattern was characterized by sparse, superficial and mid-dermal
infiltrates with minimal perivascular and periadnexal accentuation (Figure 8 A, B
patient 1 and Figure 9 A, B, patient 16) and with only occasional single-array of
cells between collagen bundles (Figure 7 A-C, patient 12). The epidermis and the
subcutaneous tissues were not involved. The cytomorphology consisted mainly of
medium-sized blastoid monocytoid cells with a characteristic eosinophilic
cytoplasm and round-oval, slightly lobulated nuclei with finely dispersed chromatin.
In some cases, the cells displayed small but distinct nucleoli. Variable amounts of
inflammatory cells were present in most cases, but never represented the

prominent cell population.
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Figure 8: Patient 1: (A) Sparse, superficial and mid-dermal infiltrates of mononuclear cells;

(B) detail of perivascular monocytoid cells.
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Figure 9: Patient 16: (A) Superficial and mid-dermal sparse perivascular infiltrates; (B)

perivascular cells with monocytoid appearance

Page 30 of 44



3.3 Histochemical and Immunohistochemical Findings

Neoplastic cells in the majority of cases were positive for the three markers CD4 in
47 cases (97.9%), (Figure 10, patient 25), CD68 in 45 cases (93.8%) (Figure 11,
patient 16), MPO in 38 cases (79.2%), (Figure 12, patient 13 and Figure 13,
patient 24) and NaSDCI in 30 cases (62.5 %). All cases were positive for CD43
(Figure 14, patient 25). Other markers were positive only in a minority of cases:
CD33 in 18 cases (37.5%), CD56 in 10 cases (20.8%), CD34 in 5 cases (10.4%),
CD117 in 4 cases (8.3%), CD123 in 4 cases (8.3%) and CD13 in 3 cases (6.3%).
CD1a was negative in all cases. Stainings for T-cell and B-cell markers revealed

positivity only a few reactive lymphocytes.

Figure 10: Patient 25: Staining for CD4 positive in neoplastic cells
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Figure 11: Patient 16: Staining for CD68 revealed positivity of most neoplastic cells
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Figure 12: Patient 13: Neoplastic cells positive for MPO
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Figure 13: Patient 24: Strong positivity for MPO deceted in all neoplastic cells

Figure 14: Patient 25: Neoplastic cells positive for CD43
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4 Discussion

We presented 48 patients with cutaneous infiltrates as specific manifestations of
ML (both CML and AML). Provisional clinical diagnoses included drug eruption,
viral exanthema, Sweet syndrome, leukocytoclastic vasculitis, granuloma facial

and psoriasis among others.

From the histopathological standpoint, two main patterns of skin infiltration by ML
could be observed: one was characterized by dense, diffuse or nodular dermal
infiltrates with perivascular and periadnexial accentuation and sparing of the upper
papillary dermis. In a majority of cases prominent single files of neoplastic cells
(“Indian filing”) between collagen were observed. The second pattern showed
sparse, superficial and mid-dermal infiltrates with minimal perivascular and
periadnexal accentuation, with only occasional single-array of cells between
collagen bundles. The epidermis and the subcutaneous tissues were not involved.
Variable amounts of inflammatory cells were present in most cases, but never

represented the prominent cell population.

Cases presenting histopathologically with the second pattern may represent a
pitfall in the histopathological diagnosis, as they may be misinterpreted as an
inflammatory skin disorder. In fact, many of these cases clinically were not
suspected to be related to ML and a history of ML was present only in 25 patients
and in only 6 cases, a specific manifestation of ML was mentioned as a differential
diagnosis.

Although clinicopathologic features of specific cutaneous manifestations of ML
usually allow a precise diagnosis, as in 27 of our cases, clinical manifestations
mimicking benign skin conditions have been described [Chang 2003, Benez 2001,
Hsaio 2011, O’Donnell 1982, Kim 2010]. Accurate diagnosis therefore relies on a
high index of suspicion together with the ability to recognize the cytomorphologic
features of tumor cells [Berger 1973, Benet 2011]. In this context, unlike
conventional dermatoses, specific infiltrates of ML, even when sparse, are
characterized by a predominance of myelomonocytic cells with only small numbers
of lymphocytes.
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Immunohistochemistry is crucial in order to correctly classify these cases.
Previous studies have shown that CD68, lysozyme, and CD33 have very good
sensitivity, being positive in approximately 90% of cutaneous ML cases [Cibull
2008, Benet 2011]. The markers MPO, CD4, and CD163 were positive in 50% —
70% of cases; CD117, CD56 and CD14 in 30%— 40% of cases; and CD34, CD56,
CD123, and CD303 in less than 20% of cases [Cibull 2008, Benet 2011, Harms
2010]. These findings are comparable to those observed in our study, where
phenotypic analysis reveled similar features irrespective of the histopathological

pattern.

In our study, the markers CD68 and MPO showed a positivity in 93.8% and 79.2%
of cases, respectively. In addition, we could demonstrate that staining for NaSDCI
is also a sensitive marker, being positive in 62.5% of cases. A lower percentage of
MPO-positive cases (42%) was found by Cronin and colleagues [Cronin 2009].
CD68 is a marker of monocytic/histiocytic lineage, and it is not surprising for ML to
be consistently immunoreactive to it. [Jeffery 2011]. CD68 is considered as the
most sensitive immunohistochemical marker for the detection of myeloid leukemia
cutis regardless of FAB subtype [Cibull 2008]. In fact, absence of CD68 staining in
cutaneous manifestations of ML is rare and should prompt to consider also
alternative diagnoses. Positivity for CD68 is useful in differentiating ML from drug
reactions, as only a minority of cells (20%) is positive for CD68 in skin specimens
of this last condition. [Yawalkar 2000].

In the study by Cronin et al, [Cronin 2009] CD56 was positive in 47% of cases of
cutaneous ML, which is higher than the percentage observed in our study (20.8%).
The reasons for these discrepant results may reside in the selection and
classification of cases. In fact, positivity for CD56 in cases of cutaneous ML should
be differentiated from other CD56 positive hematologic neoplasms, particularly
BPDCN [Cota 2010]. Because CD4 is usually positive both in ML and BPDCN,
and because CDG68 can be expressed by neoplastic cells of BPDCN (although with
a granular pattern different from that observed in cutaneous ML, see below),
differentiation of these two entities relies on a wide panel of antibodies including
myelomonocytic markers, TCL-1, BDCA-2, and CD123.
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Immunohistochemical studies in cutaneous ML are of particular importance in
those cases presenting with scant infiltrates of neoplastic cells, as reactive,
inflammatory dermatoses represents an important differential diagnosis. Thus, a
broad panel of antibodies should be applied any time that cutaneous
manifestations of ML represent a differential diagnostic concern.

Besides mimicking reactive, benign skin conditions, cutaneous ML infiltrates may
also arise within pre-existing inflammatory or neoplastic skin conditions, posing
further diagnostic problems. One of our patients (case 8, previously reported by
Metzler et al [Metzler 1997] had a history of psoriasis and developed ML with
specific manifestations of the disease within the psoriatic plaques.
Histopathological examination showed large atypical mononuclear cells in the
upper dermis along with typical findings of psoriasis. The cells were positive for
MPO, NaSDCI, CD68, CD74, CD43, and lysozyme. Similarly, Diaz-Cascajo and
Bloedern-Schlicht [Diaz-Cascajo 1998] reported a case of a basal cell carcinoma
in association with a dense myeloblastic infiltrate in a patient with chronic ML. It
was postulated that circulating blast cells were attracted to neoplastic or

inflammatory lesions in response to antigenic stimuli.

In this context, one of the most important differential diagnoses of cutaneous
specific manifestations of ML is with Sweet syndrome. One study revealed CD68
and MPO positivity in 6 of 11 cases of conventional Sweet syndrome with co-
expression of the 2 markers in all cases [Corazza 2008]. Intense immunoreactivity
was especially seen in the histiocytoid variant of Sweet syndrome.[Requena
2005]. It was postulated that immature myeloid cells were released by the BM in
early acute stages of the disease in this condition, thus accounting for the peculiar
histologic and phenotypic features. On the other hand, the presence of specific
cells of ML has been described within lesions of Sweet syndrome [Urano 1999],
thus complicating the diagnosis in such cases. However, conventional Sweet
syndrome presents histopathologically with dense superficial and mid-dermal
neutrophilic infiltrates accompanied by moderate to intense papillary dermal
edema, in contrast with the minimal inflammatory infiltrate seen in the patients with
ML described in this study.
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Cutaneous ML must be differentiated from BPDCN. In this context, it must be
underlined that a relationship between these 2 entities has been postulated
[Facchetti 2008, Kazakov 2003]. In fact, similarities in clinical presentation,
histology and immunophenotype have been described [Bekkenk 2004]. In addition,
evolution into ML can be observed in 20% of cases of BPDCN, and sometimes an
association with a previous myelodisplastic syndrome has been recorded as well
[Assaf 2007].

BPDCN is phenotypically characterized by coexpression of CD4 and CD56, the
expression of CD123 and TCL-1, and the absence of any specific myeloid, T-
lymphoid, B-lymphoid, or NK-lymphoid lineage markers [Julia 2014]. In addition,
double negativity for CD56 and CD123 has not been observed in cases of BPDCN
[Cota 2010, Julia 2014]. However, cases of BPDCN lacking expression of CD4,
CD56 and/ or CD123, TCL-1 have been reported in the literature [Ascani 2008,
Cota 2010, Mariafioti 2008].

Julia reported in a study that when only CD4, CD56, and CD123 are positive and
BDCA-2 and TCL-1 are negative the differential diagnosis should be carefully
considered because CD56 and CD123 are also frequently expressed in cutaneous
ML. In such cases, it is important to demonstrate myeloid marker negativity [Julia
2014]. However, lesions of specific cutaneous manifestations of ML tend to be
negative for CD56 and CD123. As noted before, the positivity of only one of both
markers CD56 and CD123 is not sufficient to differentiate BPDCN from ML. In this
case markers which show higher sensitivity for ML compared to BPDCN should be
tested [Mariafioti 2008].

Our study revealed that most cases of cutaneous ML are positive for CD4, MPO,
CD68, and NaSDCI. Of these 4 markers, CD4 cannot be used in the differential
diagnosis with BPDCN, as it is expressed in most cases of this hematological
disorder as well. On the other hand, positivity for MPO and/or NaSDCI rules out
the diagnosis of BPDCN [Cota 2010, Cerroni 2014]. A wide panel of antibodies
should be always applied, particularly in cases of ML that do not express CD68
and/or MPO [Cronin 2012].
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Besides quantitative differences between ML and BPDCN, the pattern of CD68
positivity, too, is different among these two entities: cutaneous ML shows a diffuse
cytoplasmatic positivity of most neoplastic cells, whereas BPDCN is characterized
by a granular positivity of a minority of neoplastic cells [Cota 2010, Cerroni 2014].
Petrella and Facchetti have reported CD68 is positive in about of 50% of BPDCN
cases and they also described granular positivity in the neoplastic cells [Petrella
2005, Facchetti 2008]. Gao and colleagues consider the expression of CD68
usually negative in BPDCN, and postulated that positivity for CD68 could indicate
a transformation into ML [Gao 2015].

In contrast to cutaneous ML, where inflammatory dermatitis-like infiltrates could be
observed in 56% of cases, a similar deceptive presentation was found only in 20%
of BPDCN biopsies [Cota 2010]. In these cases neoplastic cells were admixed
with reactive lymphocytes, sometimes resembling the picture of a cutaneous
inflammatory disorder [Cota 2010].

As already mentioned, cutaneous ML presenting with sparse infiltrates should also
be differentiated from inflammatory skin conditions. An important differential
diagnosis is represented by the pseudolymphomatous variant of GA, because the
histiocytic cells may be positive for CD68 with a pattern similar to that observed in
cutaneous ML. The pseudolymphomatous type of GA may have some histological
resemblance to ML as it is characterized by perivascular infiltrates and an indian
filing-like arrangement of histiocytes. However, in the pseudolymphomatous
variant of GA most of the infiltrate is represented by lymphocytes, unlikely what is
seen in cutaneous ML, and the phenotype is positive only for CD68 and CD163
but never for other myelogenous markers [Cota 2012].

In summary, we presented a group of patients with cutaneous infiltrates as specific
manifestations of ML, often representing a problem in the histopathological
diagnosis and differential diagnosis from other hematological conditions or from
inflammatory dermatoses. Accurate morphologic and phenotypic correlation
together with a high index of suspicion allows a precise diagnosis and
classification of these cases.
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