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Introduction

Cells derived from neoplastic lymphoid infil-
trates usually differ from reactive benign infil-
trate by expression of monotypic antigen
receptor proteins or clonal deoxyribonucleic
acid (DNA) segments of rearranged antigen
receptor genes. Ancillary tests such as cell mem-
brane/cytoplasmic light chain restriction, Vbeta
T-cell receptor, and killer immunoglobulin
receptor (KIR) immunophenotyping by flow
cytometry or immunohistochemistry are used to
evaluate monotypic antigen protein receptors. In
addition, both B- and T-cell genes located in the
nucleus are encoding antigen receptors that rear-
range as the cell undergoes immunologic and
functional maturation. Because cutaneous lym-
phomas, like those arising in the lymph nodes,
show a unique set of rearranged gene segments,
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assays for a unique nucleic acid sequence are
equivalent to a molecular fingerprint identifying
a clone. Hence, neoplasms usually have
expanded population of cells possessing this
unique DNA sequence. A monoclonal B- or
T-cell population may be revealed as a discrete
peak or band by polymerase chain reaction
(PCR) amplification above a background of
polyclonal cell DNA. However, if any lymphoid
population is scant with few cells acting as non-
specific templates, owing to an ultrasensitive
assay, false positives or pseudoclonal bands may
be observed. Similarly, an insufficiently sampled
neoplasm may also provide a false-negative
result.

In general, the main ancillary tests include
cytochemistry, immunophenotyping, and molec-
ular tests. Immunophenotyping includes flow
cytometry, immunohistochemistry (IHC), and
image cytometry. Cytochemistry is useful for
detection of infectious agents, deposits, or
intracellular inclusions. Molecular tests consist
mainly of in situ hybridization (ISH) and PCR-
based tests. ISH tests include detection of
restricted immunoglobulin light chains or
detection of microorganisms. PCR-based tests
consist mainly of detection of B- and T-cell
clonality using IgG and T-cell receptor gene
rearrangements.

89

DOI 10.1007/978-1-4939-0950-6_4, © Springer Science+Business Media New York 2014


mailto:ihcflow@verizon.net

90

Part I. Ancillary Tools to
Characterize Cutaneous Infiltrates

Molecular Fingerprint by PCR
of Antigen Receptor Genes

Molecular T and B receptor gene rearrangement
assays by PCR have a well-defined role in the
workup, diagnosis, and monitoring of cutaneous
lymphoproliferative diseases. PCR using hetero-
duplex and GeneScan capillary electrophoresis
has largely replaced Southern blot as a standard
in clinical practice and in cutaneous hematopa-
thology (Bruggemann et al. 2007; Gallardo et al.
2008; Langerak et al. 2012; Lukowsky et al.
2010; Morales et al. 2008; Sandberg et al. 2003,
2005). Molecular studies are of critical impor-
tance when the histomorphologic and/or clinical
presentation of a skin lesion has features that

Table 4.1 Sensitivity and specificity of PCR tests in
cutaneous lymphomas and hyperplasias

T cells

MF from reactive dermatitis
TCR gamma 87 %; TCR beta 78 % combining the
two: 90 % sensitivity (Lukowsky et al. 2010)

TCR gamma 50-90 %;TCR beta 60-98 %: range of
sensitivity (Sproul and Goodlad 2012)
TCR beta or gamma 64 % sensitivity, 84 %
specificity BIOMED-2; interpretation subject to use
of clinical risk and meaning of oligoclonality
(Zhang 2010)

Granulomatous MF (GMF) from reactive granulomas
PCR sensitivity 94 % GMF and 4-14 % in reactive
granulomas (Pfaltz et al. 2011; Dabiri et al. 2011)

B cells
IgH PCR 73 % sensitivity and 100 % specificity
(Hughes et al. 2001)

CBCL vs. CLH 85 % sensitivity and specificity of
96 % (Morales et al. 2008)

Cutaneous lymphoid hyperplasia (CLH) with clonal

dermatitis

4-61 % positive in CLH (Bouloc et al. 1999; Nihal et al.

2003; Boudova et al. 2005)
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preclude definitive distinction between a benign
process and lymphoma. Although PCR has been
mostly used to detect clonality in a cellular spec-
imen, the standardized EuroClonality consensus
study elaborates on several PCR amplicon signa-
tures that may be seen in patients with skewed
immunity and enhanced immune responses
either from transplantation, therapy, inflamma-
tion, or infections (Langerak et al. 2012); see
Table 4.1. However, judicious use of this test in
appropriate cases, with an adequate cellular
sample, clinical risk estimation, and a rational
algorithm, increases its positive and negative
predictive value (Zhang et al. 2010).

The indications for performing this clonality
test are dictated by the findings in the biopsy:
presumptive morphologic diagnosis with clinical
correlation. It is not useful in the following three
groups of cases: (1) evidence of “other” infil-
trates such as carcinoma, melanoma, sarcoma, or
myelomonocytic leukemia, Hodgkin lymphoma;
(2) clonal light chain restriction by flow cytom-
etry, image cytometry, IHC, or ISH; and (3) prior
diagnostic molecular studies compatible with
the working diagnosis; see Table 4.2. In Table 4.2
we present our experience on the applications
and indications of molecular tests and their role
in cutaneous hematopathology. In that table,
molecular tests are not indicated if the histology
and IHC results are diagnostic of carcinoma, sar-
coma, leukemia, or Hodgkin lymphoma. We also
defer these tests if there was a previous diagnos-
tic test on antecedent biopsy. In addition, if clon-
ality has been confirmed by light chain restriction
by ISH or by IHC or if the morphology is frankly
malignant and dominant markers are diffusely
positive that is characteristically that only in
neoplasms and not a feature seen in reactive
forms, we also do not order the T and B clonality
tests.

Of 160 cutaneous lymphohematopoietic cases
we saw in consultation in Tampa, FL, from 2010

Table 4.2 Incidence of TCR and BCR clonality assay, n=50 cases (either both, or TCR or IgG only)

A. N tested
50(100 %)

TCR+
18 (36 %)

IgG+

10 (20 %)

TCR+/1gG+
24 %)

1gG—; TCR-
10 (20 %); 18(36 %)
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Table 4.3 Cases not requiring PCR clonality assays, n=110 cases

Not indicated

morphology light chains/
B. Not tested IHC tumor marker
Total
N=110(100 %) N=14(13 %) N=57 (51 %)
12 myeloid sarcoma  Histopathology +
1 Merkel cell Immunostains

1 Hodgkin lymphoma

to 2013, 50 cases (31 %) had TCR/IgG gene
rearrangement studies using GeneScan capillary
electrophoresis (BIOMED-2) and 110 cases
(69 %) did not have the tests. Frequency of the
tests are as follows: both TCR and IgG, 31,
62 %; TCR only, 17, 34 %; 1gG only, 2, 4 %. Of
these, 11 (22 %) were repeat biopsies/PCR with
nine out of 11 cases resulting in a change in
diagnosis. Repeat tests were ordered if there was
clinical-pathology discordance or doubt of ade-
quate DNA. Four of five with oligoclonal results
were from shave biopsies and repeated with
excision/punch biopsy which was then adequate.
Of the 11, seven atypical hyperplasias with
equivocal results were positive leading to diag-
nosis of five cutaneous B-cell lymphoma
(CBCL) and two primary cutaneous small and
medium cell T-cell lymphoma (PCSMTCL); two
biclonal cases (IgG + TCR+; IgGoligoTCR+)
with IgG + TCR- and IgG-TCR + repeat results
confirmed CBCL and lymphomatoid papulosis,
respectively (Table 4.2).

Overall, we believe that T and B clonality by
PCR is indicated/helpful in about a third of cases.
Oligoclonal/equivocal results were noted in small
usually shave biopsies. Repeat tests are all useful
results that need careful correlation with clinical
course, histopathology, and immunostaining. In
general, no change of original result supports the
monoclonal or polyclonal nature. A confirmation
may avoid unnecessary expensive treatment or
unnecessary staging tests.

It is generally understood that the results of
these molecular tests are not the gold standard
that equates to a clinical diagnosis considering
that these tests do not detect all neoplasms, that
there are false-positive and false-negative results,

Used instead clonality

Used instead history

of prev tested by PCR
Used instead
N=19 (17 %) N=20(18 %)
8 by kappa or lambda IHC  TCR or IgG
7 by CD30-positive pattern
4 by CD10/BCL6

and that there is a spectrum of skin lesions
that evolve from benign cutaneous lymphoid
hyperplasia to non-clonal atypical lymphoid
hyperplasia, to prelymphomatous * clonal der-
matitis,” to frank lymphoma as determined by a
combined use of clinical behavior, morphologi-
cal, immunohistochemical, and molecular crite-
ria; see Table 4.3.

Basis of PCR Antigen Receptor Gene
Rearrangement Assay

The gene rearrangement sequence as a normal
biology of maturing lymphocytes is illustrated in
Fig. 4.1. The PCR technique employs unique
nucleic acid sequences by generating a set of
primers designed to hybridize with and detect
family-specific common sequences, so that about
seven primers are used instead of the 45 individ-
ual primers for the IgH V family or several prim-
ers for the possible total of nine variable regions
the TCR gamma family.

Examples of assay results and recommended
interpretation according to the EuroClonality
consortium are shown in Figs. 4.2 and 4.3
(Langerak et al. 2012).

The Concept of Pseudolymphomas
(Cutaneous Lymphoid Hyperplasia),
Cutaneous Lymphoid Dyscrasias,
and Prelymphomatous Infiltrates

Because CTCL and CBCL often evolve over a
period of time from an inflammatory
background, the precise boundary between
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lymphoma and benign could be elusive. In early matosis or cutaneous lymphoid hyperplasia;
diseases, cutaneous lymphomas can be difficult hence, it is useful to have descriptors that define
to distinguish from benign inflammatory der- histological niches along this continuum. [t
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Fig.4.2 IgH cell peaks and PCR GeneScan interpretation
according to the EuroClonality consortium. The above dia-
gram represents typical monoclonal peak with small poly-
clonal peaks in the background. ‘“Profiles with one or two
clear peaks or bands are called ‘clonal’, with the option to

a b

ahhia

indicate that the intensities are weak or that a polyclonal
background is seen.” (Langerak 2012). In Sproul and
Goodlad (2012), pseudoclonality is also defined as single
band/peak or doublet with little if any polyclonal back-
ground and rarely reproducible on repeat testing
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Case 1
run 2

B ———]
-
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Fig.4.3 A T beta and gamma gene rearrangement and
PCR GeneScan interpretation. (a) When one to two
peaks or bands are identified that are clearly non-repro-
ducible, this is referred to as “pseudoclonal”; implicit in
this description is that clonal signals are seen, but that
they differ in size between the duplicates as shown by
arrows. The last panel shows a dominant polyclonal
population. (b) T gamma peaks and recommended
interpretations according to the EuroClonality consor-
tium. “Even cases that show a relatively weak clonal

should be emphasized that one benign diagno-
sis in a particular patient does not necessarily
evolve to atypical hyperplasia followed by

peak/band in a polyclonal background can be truly
clonal, as long as the pattern is reproducible and prefer-
ably seen in multiple targets. Profiles with multiple
(defined as three or more) peaks or bands are indicated
with the description “multiple products.” Such profiles
as in case 1 run 1 and 2, are non-reproducible or “pseu-
doclonal,” or in case 2 run 1 and run 2 as reproducible
but reflect multiple consistent clones probably due to a
dominant immune response” and may be reactive in
nature.” (Langerak et al. 2012)

lymphoma. Multiple events required for malig-
nant transformation may not occur for a par-
ticular patient.
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Definitions

Pseudolymphoma is a nonspecific term for a vari-
ety of reactive T- or B-cell infiltrates that simulate
cutaneous lymphoma secondary to drugs, immune
dysregulation, infection, arthropod bite, or chemi-
cal reaction or are idiopathic in origin. Cutaneous
lymphoid hyperplasia is a synonymous term, often
applied to pseudolymphomas with discrete benign
germinal centers. When there is an overlap of clini-
cal and histologic features of hyperplasia or inflam-
matory dermatosis, with atypical findings, the term
pseudolymphoma is often used. A number of clas-
sification schemes have been proposed based on
etiology, architecture, or immunohistology.

Using immunohistology, B-cell, T-cell, and
mixed pseudolymphomas are classified if B or T
cells are predominant and mixed if in between.
T-cell pseudolymphoma is either epidermotropic
and band-like or dermal and nodular in appear-
ance. See Chaps. 5 and 8 for discussion
(Rijlaarsdam et al. 1992).

Cutaneous T-cell lymphoid dyscrasias were
coined as a unifying term for a group of idio-
pathic chronic dermatoses with persistent T-cell
clones and have uncommon evolution to CTCL;
see Table 4.4 (Guitart and Magro 2007).

Prelymphomatous infiltrate includes those
skin lesions with a low but defined frequency of
progression to cutaneous B- or T-cell lymphoma;
see Table 4.6.

Clonality by GeneScan: monoclonal pattern is
defined as one or two peaks, with a peak height
substantially higher than the baseline, with or
without a low-level or more prominent smear
(polyclonal amplification) pattern in the back-
ground; see Figs. 4.2 and 4.3.

An oligoclonal pattern is defined as three prom-
inent peaks, with peak height substantially higher
than baseline; see Fig. 4.3. The range of analytic
sensitivity (assay cannot detect clonality below the
given percent of clonal cells over all lymphocytes)
of the T-cell receptor gamma and beta PCR assays
is 5-10 and 10-15 %, respectively.

Although the presumption is that the infiltrate
in pseudolymphoma is benign or reactive, clini-
cians are often advised that a small percentage of
this group can progress to lymphoma, and there-
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Table 4.4 Cutaneous pseudolymphomas (or cutaneous
lymphoid hyperplasia): histoimmunologic types and
clonal pseudolymphomas (citation with clonality studies)
Cutaneous T-cell pseudolymphoma

Lichen planus (Schiller et al. 2000)

PLEVA (Weiss et al. 1987; Weinberg 2002)

Benign lichenoid keratosis (lichen planus like
keratosis) (Arai 2007)

Lymphomatoid contact dermatitis (Brady 1999)
Lichen sclerosus (Lukowsky et al. 2000)
Lymphomatoid drug reaction (Brady 1999; Magro 2003)

Cutaneous B-cell pseudolymphoma (Arai et al. 2005;
Gilliam and Wood 2000; Nihal et al. 2003)

Borrelia-associated cutaneous lymphoid hyperplasia
(CLH) (Tee et al. 2012; Eisendle and Zelger 2009)

Tattoo-associated cutaneous lymphoid hyperplasia
(Camilot et al. 2012)

Autoimmune-associated cutaneous lymphoid
hyperplasia (Magro et al. 1997)

Atypical CLH (Kulow et al. 2002; Anandasabapathy
et al. 2008)

Cutaneous pseudo T/B mixed pseudolymphoma
Mixed nodular pseudolymphoma
Biclonal pseudolymphoma (Kazakov et al. 2006)

Clonal mixed pseudolymphoma of undetermined
significance (Melotti et al. 2010; Flaig et al. 2000; Holm
et al. 2002; Boer et al. 2008)

Solitary nodular clonal mixed pseudolymphoma of
undetermined significance (Beltraminelli et al. 2009)

Cutaneous pseudolymphomatous folliculitis (PF)

PF associated with EGFR antagonist (Kerl 2012;
Kakizaki et al. 2012)

Nodular type of PF (Nakamura et al. 2009)

Clonal PF with undetermined significance (Kazakov
et al. 2008)

Pseudolymphomatous folliculitis (Fujimura et al. 2012)

Table 4.5 Monoclonal T-cell dyscrasia of undetermined
significance (Guitart and Magro 2007)

Hypopigmented interface variant

Pigmented purpuric dermatosis

Atypical lobular lymphocytic panniculitis
Syringolymphoid hyperplasia with alopecia

Idiopathic follicular mucinosis

Pityriasis lichenoides

Parapsoriasis

Clonal erythroderma

fore, long-term follow-up is recommended
(Albrecht et al. 2007; Anandasabapathy et al.
2008; Arai et al. 1999, 2005; Bergman 2010).
Clinical features are used as a guide to therapy or
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planning in equivocal cases with “pseudoclonal-
ity” (Gilliam and Wood 2000).

The explanation for the foregoing is the well-
described pathobiology of cutaneous lymphomas
in which cutaneous lymphomas arise from within
a population with multiple subclones (Cozzio
and French 2008; Ponti et al. 2008) and lymphoid
hyperplasias progress with worsening of appear-
ance with or without evidence of a clonal popula-
tion (Wood 2001; Wood et al. 1989; Kulow et al.
2002). The percentage of clonality detection
increases as the lymphoma progresses to a higher
stage and as histopathological score increases,
especially well documented for mycosis fungoi-
des (MF) (Guitart et al. 2001).

Interpretation of a pseudoclonal result in the
face of a normal skin biopsy or discordant skin
biopsy findings is interpreted by whether the
infiltrate is B or T cell rich or by clinical risk
assessment. If there are a small number of dis-
crete bands consistent with oligoclonality, it is
often difficult to differentiate lymphoma from a
false positive (clonally restricted benign dermati-
tis). Correlation with immunostains is useful and
false positives are often associated with scant
infiltrates or infiltrates rich in opposite lineage (T
clonality in B cell rich or B clonality in T-cell-
rich infiltrate) (Nihal et al. 2000, 2003).

For an excellent introductory review of the
role of molecular pathology in cutaneous lym-
phoma, see Raess and Bagg (2012). Using the
heteroduplex assay, in the evaluation of patients
suspected of having early MF, Murphy et al.
detected identical banded patterns in serial skin
biopsies from the same patient. No dominant
T-cell clones were found in the inflammatory
dermatoses studied (Murphy et al. 2000). In
T-cell assay on paraffin-embedded skin tis-
sue using GeneScan capillary electrophoresis
(BIOMED-2), performance of both TCR gamma
and TCR beta PCR is superior to the use of only
one probe, if a risk assessment algorithm is fol-
lowed (Zhang et al. 2010). Because of these find-
ings and for cost-effective reasons, some centers
use this sequential algorithm. For example, if the
pretest risk is low-moderate according to clinical
criteria and TCR gamma is not detected, TCR
beta analysis is not performed. But if TCR

gamma rearrangement is found, TCR beta is
additionally done, and if both are positive, full
support for lymphoma is reported. If TCR gamma
is positive but TCR beta is negative, a repeat test
is recommended. If the risk is moderate-high and
a positive TCR gamma is obtained, TCR beta is
not performed and the result called positive for
lymphoma. If in this case, TCR gamma is ini-
tially negative, then TCR beta is performed. If
negative, there is no clonal support for lym-
phoma, but if positive, a diagnosis of lymphoma
is supported (Stanford Medical Center esoteric
department 2011; Zhang et al. 2010); see Fig. 4.4.

Comparison of Sensitivity
and Specificity of PCR of Several
Methods

Using the BIOMED-2 method, B-cell clonality
technique in formalin-fixed paraffin-embedded
tissue is as follows: the DNA from the framework
region 3 (FR3) sequence of the IgH genes is
amplified to ascertain the presence of a clonal
IgH gene rearrangement resulting in 73 % sensi-
tivity and 100 % specificity (Hughes et al. 2001).
Similarly, Morales et al. reported IgH clonality
can be detected in formalin-fixed samples of
CBCL with 85 % sensitivity and specificity of
96 % (Morales et al. 2008). For T cells,
BIOMED-2 TCR PCR works well with DNA
from paraffin-embedded tissue, in which clonality
was detected 90 % on average revealing a high-
clonality detection rate in CTCL, and thus is rec-
ommended for routine skin biopsy preparations
(Hughes et al. 2001; Lukowsky et al. 2010; Luo
et al. 2001; Meyer et al. 1997; Morales et al.
2008); see Table 4.1.

Luo et al. compared the capillary electro-
phoresis (CE) method with the standard dena-
turing gradient gel electrophoresis (DGGE)
method using formalin-fixed specimens. Eleven
of 12 (92 %) cases with a definitive diagnosis of
T-cell lymphoma were monoclonal by CE, with
100 % concordance with the DGGE method. Of
nine specimens morphologically suspicious for
T-cell lymphoma, five specimens were positive
by CE analysis compared with four specimens
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Fig. 4.4 Workflow algorithm for sequential use of PCR for T gamma and T beta for gene rearrangement assay for
clonality in assessment in mycosis fungoides (Zhang et al. 2010)

by DGGE. In addition, 14 specimens for stag-

ing from patients with known T-cell lymphoma

were studied using both the CE and DGGE
methods, with a concordance of 86 % (Luo

et al. 2001).

Causes of Pseudolymphomas

Atypical lymphocytic infiltrates that mimic cuta-
neous lymphoma (i.e., pseudolymphomas) are

often observed in skin biopsy specimens from
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Fig. 4.5 (a) Arthropod spider bite from a farmer in
Pensacola, Florida, who noted a spider nicked his neck
and then complained of persistent nodule for several
months which was biopsied. (b) shows T-cell reaction in a

patients with altered immune function or exces-
sive lymphoid reaction to an antigen. The former
may reflect systemic immune dysregulatory states
such as collagen vascular disease, and the latter
may be secondary to exogenous antigen introduc-
tion such vaccination, infection, and arthropod

perivascular nodular pattern in the upper and deep dermis
with epitheliotropism in hair and eccrine areas, low power.
B.CD3 and (¢) mixed cell reaction, with similar pattern of
CD20 B-cell stains

bites; see Fig. 4.5. Among the iatrogenic causes
are drug therapy with agents that dysregulate nor-
mal lymphocyte function; see Table 4.7 for list of
drugs (Brady et al. 1999; Jackson and Nesbit
2012). These drugs encompass those with anti-
prefix such as anticonvulsants, antidepressants
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such as phenothiazines, antibiotics, antihyperten-
sives such as calcium channel blockers, anti-
inflammatory, antihistamines, and antilipidemic
drugs. Chemokines such as interleukins, colony-
stimulating factors (CSF), and inhibitors to angio-
tensin-converting enzyme, tyrosinases and TNF
(tumor necrosis factors), are usually given in a
short list; see Chap. 15.

The appellation of lymphomatoid hypersensi-
tivity reaction has been applied to cases of
drug-associated pseudolymphoma in association
with atopy, high IgE, and external contact sensiti-
zation such as metals contact reaction; see Fig. 4.6.

As mentioned, two types of T pseudolym-
phoma that are CTCL mimics include the band-
like T and nodular pseudolymphomas. Those
with a lichenoid pattern include lymphomatoid
contact dermatitis (Fig. 4.7), lichen planus

Table 4.6 Prelymphomatous or MF variants with differ-
ences in survival (Agar et al. 2010)

Folliculotropic MF variant 12.6 % of series, median
survival 12.2 years, 75 % 5 years and 54 % 10-year
survival, 37 % 20-year survival

Hypopigmented MF 3.4 % of series with 98 % 5 and
10-year overall survival

Poikilodermatous MF 20.1 % of series with

89 %,76 %, 50 % 5, 10, 20-year survival, respectively

Fig.4.6 Lymphomatoid
drug reaction with dense
parakeratosis, spongiosis,
and epidermotropic haloed
lymphocytes composed of
variable sized, small- and
medium-sized, non-cerebri-
form cells (Courtesy of
dermatopathologist M. Patel,
DermPath Dx Tampa, FL)

(Fig. 4.8), and lichen sclerosus (Fig. 4.9). Some
examples of idiopathic band-like or nodular/dif-
fuse T-cell pseudolymphoma without T- or B-cell
gene rearrangement clonal results are shown in
Figs. 4.10 and 4.11, for band-like and nodular/
diffuse, respectively. Lichenoid benign lympho-
matoid keratosis (Fig. 4.12) may show a nodular
pattern and is a differential diagnosis of solitary
primary cutaneous small and medium T-cell lym-
phoma. Many classic dermatitis with lymphoid-
rich reaction in epidermis and hair follicles may
histologically present as pseudolymphoma such
as discoid lupus (Fig. 4.13) and lymphomatoid
folliculitis (Fig. 4.14). Pathologically and clini-
cally, distinction of such cases from cutaneous
lymphoma is often difficult (Brady et al. 1999).
Several unusual and specific entities that may
resemble pseudolymphomas include angiolym-
phoid hyperplasia with eosinophilia (ALHE) or
Kimura’s disease and Castleman’s disease.

Limitation of Molecular Tests

It is important to realize the limitation of molecu-
lar assays. Caution is warranted in interpreting
results out of context. This is because it has been
observed that tumor cells arise from multiple
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Fig.4.7 Lymphomatoid
contact dermatitis with
sparse epidermotropic small
lymphocytes and a vesicle of
Langerhan’s cell hyperplasia,
basket weave parakeratosis,
spongiosis and subepidermal
edema, and perivascular
infiltrates

Fig.4.8 Lichen planus, (a) low
power, with lichenoid lymphocytic
infiltrate with pigment incontinence
and mild acanthosis and epitheliotro-
pism, and (b) high power showing
atypical small lymphocytes with
irregular nuclei with haloes mimick-
ing early MF, but cerebriform cells
are difficult to find (Courtesy of
dermatopathologist M. Patel,
DermPath Dx Tampa, FL)
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Fig. 4.9 Lichen sclerosus, medium power, (a) biopsy
from prepuce with sclerotic dense dermal pink paucicel-
lular bottom and a lichenoid lymphocytic infiltrate. In
higher power, (b) small lymphocytes, some with halo

hugging the base of epidermis and tracking upward,
sometimes with atypia simulating haloed lymphocytes in
mycosis fungoides (Courtesy of dermatopathologist M.
Patel, DermPath Dx Tampa, FL)

Fig.4.10 T pseudolymphoma with band-like pattern is
among the two common patterns of T-cell pseudolym-
phoma. This patient has chest nodules with appearance
of Grover’s disease, lacks T-cell clonality, and has a
CD3+ predominant infiltrate with numerous histiocytes
and pigmented macrophages. This one may mimic
lichenoid or nodular pattern seen in CTCL or that seen

secondary to drug hypersensitivity reactions. Other
types of patterns seen in hypersensitivity lymphomatoid
reactions include interface pattern, psoriasiform derma-
titis with lymphoid atypia, nodular lymphoid hyperpla-
sia with B-cell follicular pattern, angiocentric
lymphocytic pattern, and finally lymphomatoid follicu-
lar mucinosis (Brady et al. 1999)
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Fig. 4.11 T-cell pseudolymphoma with nodular T pat-
tern, which is distinct from the frequently described B-cell
pattern because of the lack of prominent germinal centers,
is composed of small- to medium-sized non-atypical lym-
phocytes admixed with vessels, histiocytes, plasma cells,
and occasional atrophic germinal centers characterized as
an often solitary nodule, not usually in the head and neck
area, by high CD3:CD20 ratio and CD8 predominance, no
aberrancy of T antigens, and lack of clonal T cells by
PCR. Some lichenoid keratosis with deep nodules over-
laps with T-cell pseudolymphoma. Presence of T-cell
clonality and atypia raises concern for a solitary primary
cutaneous small- to medium-sized T-cell lymphoma

Fig.4.12 Benign lichenoid
keratosis is a T-cell pseudo-
lymphoma. Variable
epidermal acanthosis with
closely apposed band-like
dense lichenoid lymphocytic
infiltrate. Variable numbers of
plasma cells, histiocytes, and
eosinophils were identified
along with non-atypical small
lymphocytes and epidermal
parakeratosis, which
distinguish these lesions from
typical lichen planus.
Presence of atypical
lymphocytes and prominent
epidermotropism raises
concern for mycosis
fungoides (Courtesy of
dermatopathologist M. Patel,
DermPath Dx Tampa, FL)

subclones which show instability or clonal het-
erogeneity, often obscured by a background of
reactive cells, in both cutaneous B-cell and T-cell
lymphomas (Ponti et al. 2008). Strategies to
overcome these limitations include repeat biop-
sies, duplicate assays in a single biopsy, and cor-
relation of assay results from more than one site.
Repeat biopsies are often done for insufficient
samples or equivocal results, and in our experi-
ence, superficial biopsy or biopsies with scant
infiltrates predispose to indeterminate or possibly
false-positive or false-negative test results.
Equivocal, oligoclonal, or pseudoclonal results
may arise as a reflection of the inherent biology
and heterogeneity of these lymphoproliferations.
Pitfalls include clonal heterogeneity and false
negativity due, respectively, to (1) inherent multi-
band clonal neoplasm or (2) from a limited
primer set or ineffective primer annealing due to
somatic point mutations. False-positive results
may be due to preferential amplification of indi-
vidual amplicon within a limited pool of poly-
clonal cells. In specimens submitted for diagnosis,
it is also important to keep in mind that detection
of clonality is not by itself diagnostic of malig-
nancy as there are many examples of “clonal
dermatitis” (Nihal et al. 2000, 2003). In this
regard, clinical correlation is of crucial
importance: correlative histopathology with
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Fig. 4.13 Benign, discoid lupus erythematosus (DLE).
Basal layer epithelial vacuolar degeneration, atrophy,
parakeratosis, pigment incontinence and thickened base-
ment membrane, deep perivascular and periappendiceal
lymphocytic infiltrate, and dermal fibroplasia in this long-
standing lesion, with beaded basophilic pale areas positive
for dermal mucin (Courtesy of dermatopathologist M.
Patel, DermPath Dx Tampa, FL)

clinical information, prior history, and/or drug
intake. In addition, about 14 % show clonal PCR
in well-documented drug-induced pseudolym-
phoma (Brady et al. 1999). Performance of both
tests for TCR gamma or beta gene rearrangement
or even better to use a sequential gamma then
beta test algorithm incorporating clinically deter-
mined low- or high-risk probability of disease, as
reported and validated by Zhang et al., tends to
maximize predictive value and offer cost-effec-
tive and rational workup (Zhang et al. 2010); see
Fig. 4.4 for diagram of workflow.

Normal TCR gamma/delta gene segments
show a restricted TCR repertoire of only 9-11
rearranged segments when compared with 67
segments for TCR beta rearrangements (van
Dongen et al. 2003b). In addition, in some viral
infections and after organ transplantation,

Fig. 4.14 Benign lymphomatous folliculitis in a patient
with follicular plugging and dermal basophilic-beaded
mucinous degeneration (bottom) consistent with folliculo-
tropic DLE. Idiopathic pseudolymphomatous folliculitis
mimics folliculotropic mycosis fungoides, commonly
located on the face as solitary erythematous papules or
nodules characterized by regression. Here, a nodular peri-
follicular infiltrate of lymphocytes with infiltration of fol-
licular structures and dermis, immunostained as a mixture
of B and T cells and lack of clonality by PCR

immune response of T cells generates only a lim-
ited number of TCR gamma-rearranged seg-
ments which present a small number of targets
for gene rearrangement assays. Hence, the
results can show as few oligoclonal or multiple
small bands in PCR. Contrary to some notion
that this is often a failure of the test, in reality,
this multiband peaks could be a reflection of the
inherent biology of reactive lymphoid infiltrate
in above settings (Kluin-Nelemans et al. 1998;
Mariani et al. 2001). Given the highly sensitive
PCR, the oligoclones which manifest in these
settings are in reality part of a polyclonal
response (van Dongen et al. 2003a). In high clin-
ical risk setting, however, oligoclones may indi-
cate a neoplastic population presenting with
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several dominant or transformed tumor clones
(Zhang et al. 2010).

Pseudoclonality and quantity of lymphocytes:
In reactive conditions, DNA in cutaneous lym-
phoid infiltrates produces a polyclonal pattern
when amplified by PCR, but when this DNA is
serially diluted, a critical level is reached when an
apparent clonal peak appears. This is paralleled by
microdissected lymphocytes from reactive prolif-
erations that give rise to pseudoclonality by PCR. It
is estimated that 800—2,000 lymphocytes or 20—40
ng of DNA is the threshold where pseudoclonality
becomes an issue (Sproul and Goodlad 2012).

Role of Flow Cytometry and Image
Cytometry

In the past decade, flow cytometric immunophe-
notyping has proven to be more reliable than mor-
phologic examination in assessing for lymphoma
(Sezary cells) in the peripheral blood of patients
with mycosis fungoides and Sezary syndrome, as
the neoplastic cells have an aberrant immunophe-
notype (Borowitz et al. 1993; Klemke et al. 2006;
Washington et al. 2002; Meyerson 2008).

Although immunohistochemistry is the most
convenient immunophenotyping method in office
clinical practice, flow cytometry is the preferred
method in multiparameter interrogation of cell
characteristics. Included in most cutaneous
hematopathology reports is the recommendation
to the clinician for additional use of flow cytom-
etry in fresh biopsied tissue for confirmation and
for further workup. In flow cytometry-equipped
centers, 4-8 mm skin biopsies in fresh state
appear adequate for the workup of early CTCL
and non-MF cutaneous lymphomas (Novelli
et al. 2008; Meyerson 2008; Jokinen et al. 2011).
Some biopsies may have scant infiltrate and may
not yield adequate cells for analysis; however,
some centers can analyze as few as 20 cells and
find them to be informative (Wood 2006; Finn
et al. 1998). In addition, the remaining cellular
specimen can be submitted for molecular PCR
analysis, after histologic evaluation.

It is also important to know the limitation of
flow cytometry. T-cell antigenic alterations are
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not entirely specific for mycosis fungoides or
Sezary syndrome and have been observed in
some reactive conditions (Harmon et al. 1996). In
addition, in MF there is heterogeneity with a
fraction comprised of tumor cells in a back-
ground of reactive T cells, averaging 28 % of
lymphocytes in skin as malignant. In about half
of MF cases, fewer than 10 % are the malignant
“cerebriform” component, and therefore judi-
cious gating of these malignant cells by skillful
use of flow cytometry list-mode data is a
well-known strategy (Meyerson 2008; Novelli
et al. 2008). Without this added manipulation, the
neoplastic cells may be submerged or lost within
the cluster of reactive T- or B-cell population.
Furthermore, the use of numerical or intensity-
based diagnostic criteria may enhance the flow
cytometry sensitivity.

Discrete patterns of enumerated cells and their
antigen density patterns are useful criteria. Cluster
analysis of patterns revolves around three useful
flow cytometry applications in skin lymphomas:
1. Enumeration (quantification)

2. Antigen density expression
3. Documenting clonality

The following diagnostic and supportive crite-
ria applied to flow cytometry of skin biopsy are
recommended: (Meyerson 2008)

1. Diagnostic evidence:

On CD45 x side scatter gate, discrete cluster of
either:

CD4+ CD8-

CD8+ CD4-

CD4+ CD8+

CD4- CDS8-

And presence additionally within this gate of :
Altered or absent CD2, CD3, CD4, CD5, CD7,

CDS8, or CD26
Aberrant expression of CD10 or CD158k (killer

immunoglobulin receptor)

OR
2. Presence of Clonal population by TCR Vbeta

analysis
Supportive, but not diagnostic evidence:
Greater(>) than 50 % CD3+ CD4+ CD7negative

(based on CD4 cells)

Greater(>) than 80 % CD3+ CD4+ CD26negative

(based on CD4 cells)
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Fig.4.15 Kappa vs. lambda light chain interrogation of
cutaneous lymphoid infiltrate showing skewed distribu-
tion on kappa side vs. lambda side indicating presence of
a monoclonal kappa B-cell population by flow cytometry
light chain analysis

CD4 to CD8 ratio >10:1

CD30 expression

CD25, HLADR,
expression

Documenting clonality in a B-cell population
is relatively easy by showing a skewed distribu-
tion of light chains on B lymphocytes (Fig. 4.15).
For T-cell neoplasm, T-cell receptor variable
region beta (Vbeta) analysis is used and available
in many reference laboratories.

Flow cytometric analysis of T-cell receptor-
Vbeta expression is an alternative method to
assess and quantify a T-cell clone. Unlike PCR
for TCR, a phenotypic signature of the neoplastic
population can be monitored post-therapy by a
relatively more accessible flow cytometry tech-
nique. Moreover, the flow assay will take hours
instead of days, when compared with GeneScan
CE PCR.

For example, a population of polyclonal T
cells will express a random relatively equal dis-
tribution of Vbeta proteins on the surface. Flow
cytometry, in a patient with neutropenia and lym-
phocytosis, can detect a population with low
expression of antigen such CD5 and, using back-
tracking, follow that population along tubes of
different Vbeta probes; see Fig. 4.16. Clonality

and CD45RA/RO uniform
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can be determined by showing an expansion of
cells reacting to a single Vbeta antibody, called
direct evidence, or alternatively an absence of
reactivity to all panel, called indirect evidence,
suggestive of a clone. Lundell et al. directly iden-
tified 77 % and indirectly in 23 % of their cases
that were PCR confirmed as clonal T cells
(Lundell et al. 2005) (Fig. 4.17). Commercially
available Vbeta panels (such as Beta Mark TCR
repertoire kit by Beckman Coulter) detect about
70 % of the Vbeta families (among a panel
directed at 24 markers of Vbeta families). Earlier
studies showed concordant results by using a
panel covering over 65 % of the T-cell receptor-
Vb repertoire. Langerak et al. showed in their
study of 47 T-cell lymphoma samples that flow
cytometry antibodies detected single Vbeta
domain usage in 31 (66 %) and were non-reactive
in 16 (34 %), showing 100 % concordance with
PCR analysis of the T-cell receptor beta gene
(Langerak et al. 2001). Morice et al. studied 29
T-cell lymphoproliferative disorders by flow
cytometric Vbeta analysis, including ten cases of
cutaneous T-cell lymphoma, and showed a good
correlation with molecular methods. This group
expanded their study to include 11 Sezary syn-
drome and six mycosis fungoides cases and
showed that Vbeta analysis by flow cytometry
was helpful for assessing clonality and quantify-
ing the peripheral blood tumor burden (Morice
et al. 2006). Feng et al. validated the clinical util-
ity of flow cytometric T-cell receptor-Vbeta anal-
ysis in blood staging of mycosis fungoides and
Sezary syndrome patients (Feng et al. 2010).

In addition, the promise of monitoring a
tumor specific antigen is realized in flow cytom-
etry analysis compared to a PCR. Killer
immunoglobulin-like receptors or killer inhibi-
tory receptors (KIR assays) for CD158k have
been shown to be useful in detecting clonality in
MF and Sezary syndrome. Antibody Q66 and
AZ158 in flow cytometry appear to be unique to
MF/Sezary and not in reactive T cells, occurring
in 88-95 % of circulating cells and in 60 % of
skin lesions (Bahler et al. 2008; Lundell et al.
2005; Poszepczynska-Guigne et al. 2004,
Wechsler et al. 2003), and additionally
useful in large granular lymphocytic leukemia
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Fig.4.16 (a) Forward (FS) and side (SS) scatter distribu-
tion dot plot of small- to medium-sized lymphocytes on
left panel with backgating selection, on right panel using
(red polygon) choosing the dim CDS5 and dim CDS as the

(Lundell et al. 2005). Application of KIR family
of CD158a-k panel or similar lectin-like recep-
tor CD94 was noted to be useful in skin biopsy
detection of NK cell lymphomas (Dukers et al.
2001) and by flow cytometry identifying
restricted expression of human CD8 KIR sub-
sets (Bjorkstrom et al. 2012).

Commonly seen in clinical practice of
cutaneous hematopathology is the infrequent
availability of fresh biopsied tissue that is
needed by flow cytometry or the less than
widespread request for a Vbeta assessment of
T-cell clonality; hence, testing using molecular
PCR in formalin-fixed paraffin-embedded tis-
sue to supplement flow cytometric findings is
recommended by the International Society for

target suspicious cluster of abnormal cells (user labeled as
red-colored cluster). (b) Dim CDS5 and CD8+ (blue poly-
gon) dual parameter flow cytometry enumeration, with
user-selected backgating strategy as the target population

Cutaneous Lymphomas (Pimpinelli et al. 2005)
and WHO-EORTC and WHO 2008 (Swerdlow
et al. 2008).

However, when fresh tissue is not available
for flow cytometry specimen, another tissue
assay modality or technique may be used. Flow
cytometry requires adequately sampled fresh
biopsied tissue, which are not available since
skin biopsies are often submitted and processed
as formalin-fixed paraffin-embedded tissue. In
the absence of flow cytometry, alternative strate-
gies for enumeration and clonality analysis may
include image analysis. Image cytometry is the
application of image analysis in immunohisto-
chemistry-stained tissue. These are advanced
specialized tools for nuanced counting of tumor
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Fig.4.17 Flow cytometry multiparameter panel of Vbeta antibodies, vbetal to vbeta22, illustrating indirect evidence,
clone in red cluster in quadrant III, clonality confirmed by T-cell PCR rearrangement

cells especially useful in biopsies already sub- Image Cytometry

mitted in paraffin-embedded tissue. In the era of
whole slide digital pathology and its applica-
tions, image cytometry ranks high as a “holy
grail” in desired specialized application.

Quantitative immunohistochemistry and 2-
dimensional image analysis software tools appear
to be upward in outlook and poised to be clinically
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applicable in the distinction between entities
in cutaneous hematopathology. Commercially
available systems can quantify tissue immunos-
tains. Garcia-Herrera et al. studies documented a
group of patients with a histologic picture of pri-
mary cutaneous small and medium T-cell lym-
phoma that, however, behaved aggressively. They
noted that this group could be adequately delin-
eated from those that behaved indolently by the
use of image cytometry accurately enumerating
Ki-67 and CD8+ cells; see Chap. 10 on
PCSMTCL discussion (Garcia-Herrera et al.
2008). This technique was successfully applied
previously by Carreras et al. who quantified T
regulatory cells, CD3, and CD4 T helper cells in
whole-tissue sections of follicular lymphoma and
reactive follicles using automated scanning
microscope and image analysis systems (Ariol
2.1, SL-50; Applied Imaging Corporation,
Newcastle on Tyne, United Kingdom) (Carreras
et al. 2006). In addition, this technique was suc-
cessfully implemented in automatically enumer-
ating Ki67 in paraffin-embedded tissue using
VirtualFlow method (PC software module pro-
vided by IHCFLOW, Inc. Lutz, FL) in Technology
and Innovation (Lloyd et al. 2013). The applica-
tion of the IHCFLOW technology is described in
greater detail as follows since this is a relatively
new technique.

The number of Ki67-positive T cells was
quantified in whole-tissue sections of all samples
using an automated scanning microscope and
image analysis system (VirtualFlow 10.10;
IHCFLOW, Inc, Lutz, FL). Quantification of the
Ki67-positive cells was performed with the
nuclear Ki67-module using the following strat-
egy. First, the tissue scanning phase was per-
formed with a 4x objective, followed by an
automated 20x medium-magnification capture of
the field. Subsequently, the optimal evaluation
areas, which accounted for 60-100 % of the
whole section, were captured by the two observ-
ers using DPlan 20x objective and three color
charged-coupled device (CCD) with 1,200 x 1,600
pixels. In the next analysis phase, a nuclear high-
resolution classifier which was previously trained
for all facets and variables in Ki67 nuclear stain-
ing was used. The knowledge-domain-based
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supervised classifier consisted of a color class
definition for the positive and negative nuclei,
cytoplasm, and background and a shape-size
class definition for the positive and negative
nuclei. The color class was defined by the hue,
saturation, and intensity parameters, whereas the
shape class was defined by the spot width and
pixel diameter parameters. The high-throughput
classifier was trained in several areas within a tis-
sue sample, often with field with 7,000—10,000
cells in order to avoid miscalculation due to dif-
ferences in staining and cell composition. The
classifier was always trained and recalibrated
under the visual supervision of the pathologist.
Ki67-positive and Ki67-negative cells were
counted independently in the selected compart-
ments. The total number of cells was recorded by
adding counts for all compartments. To minimize
the heterogeneous distribution of positive cells, a
minimum number of ten complete regional areas
were selected. Capture to analysis of each image
field took 2—10 s in Intel PC, I5, 2.9 mhz CPU. In
addition to Ki67, CD8 enumeration of reactive
lymphocytes in B-cell lymphomas was per-
formed using VirtualFlow image cytometry in
lymph nodal mantle cell lymphomas (Cualing
et al. 2007) and a large panel of skin lymphoma-
associated antibodies (Fig. 4.19).

Likewise, immunostain enumeration was also
applied to CD30+ skin lymphomas. A panel of
skin target markers in lymphomatoid papulosis
(LyP), cutaneous anaplastic large cell lymphoma
(ALCL), and systemic ALCL was studied by
Rezania et al. (2008) (Fig. 4.19).The count sta-
tistics are shown in Table 4.8. Results with sta-
tistical significance data suggested the utility of
some antibodies, like TRAF-1 in distinction of
primary cutaneous CD30+ skin lymphomas and
systemic CD30+ ALCL, which has also been
observed by Assaf et al. (2007). EMA has also
been useful in this regard with positive anaplas-
tic large cells favoring a systemic form with skin
involvement. Another application germane to
this field was presented as Oral abstract 088 at
2nd world Congress of Cutaneous Lymphomas,
Berlin 2013. Using the NUANCE imaging sys-
tem, low-level CD30 expression was detected in
CTCL and was proffered as an explanation for
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Fig.4.18 A Ki67 (a) positive immunostained lymphocytes
in formalin-fixed paraffin-embedded tissue, 20x magnifica-
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staining in dermal lymphoid infiltrate (a) and corresponding
enumerated nuclei on the right (d). Blue dot plot negative,
Red dots are positive. Cell size vs. intensity (Courtesy of
IHCFLOW, Lutz, FL).

Fig. 4.19 TRAF-1 immunostain on skin biopsy of
patients with LyP, cALCL, and sALCL, respectively. The
left panel with blue (negative, hematoxylin only) and red
dot (positive brown chromogen-decorated cells) plots are

the enumeration results with corresponding tissue stains
in immediate right of results, respectively. Image cytom-
etry enumeration on alternated panels from left and cor-
responding immunostains on its right
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Table 4.7 List of drugs associated with pseudolymphoma

B-cell pseudolymphoma
Anmitriptyline
Fluoxetine

T-cell pseudolymphoma

ACE inhibitors

Allopurinol

Anticonvulsants (carbamazepine, dilantin,
phenobarbital)

Antipsychotics
Beta-blockers
Benzodiazepines
Calcium channel blockers
Cyclosporine

Dapsone

Diuretics dyazide
Flexeril

Histamine-2 antagonists
Klonopin

NSAIDs

Nitroprusside

Prozac

Relafen

Sulfa drugs

why anti-CD30 (brentuximab) monoclonal anti-
body treatment was effective in CTCL. (In
Krathen MS, Bashey S, Slava K, Wood G et al.,
brentuximab vedotin demonstrates clinical activ-
ity in mycosis fungoides and Sezary syndrome
irrespective of tissue CD30 expression by rou-
tine immunohistostaining.)

There has been scant literature in image
cytometry application in cutaneous lymphoid
infiltrates with few exceptions, despite perceived
advantages (Fucich et al. 1999). The direct
advantages include optimal use for enumerating
the infiltrative areas typical of skin biopsy, which
are almost always limited in amount or almost
always fixed in formalin. These characteristics
lend themselves to tests that are done in situ such
as image cytometry, in contrast with a fresh tissue
requirement, with disaggregation to single live
cells, required in flow cytometry or laser scan-
ning cytometry. The image analysis applications
are already commercially available, and its wide-
spread use promises a nuanced distinction
between similarly looking entities using tissue-
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Table 4.8 Differential expression of image cytometry
enumerated antigens in LyP, cALCL, and systemic ALCL

Image cytometry (mean antigen expression (%) = SD)

LyP pcALCL  sALCL
BCL2 432£169 264%28.5 49.6+353
CLA 524251 28.6%127 65+7.6
TRAF-1 25.1+224 3282223 0914
NFKB2(p<0.001) 0 273+29.7 13.8+32.4
CD56 (p=0.5283) 02+04  0.1£03 0

Fascin 16.4+12.7 559+12.7 67.1+38.9

There was no significant difference of TRAF-1 staining
between LyP and pcALCL (p>0.05)

There were significant differences between LyP and
SALCL (p<0.01) and between pcALCL and sALCL
(p<0.001)

The tumor cells of all cases of SALCL case were negative
for TRAF-1 (p=0.0003)

based enumeration. Definiens is an image annota-
tion tool which is also commercially available
and has wide application of image cytometry in
chromogen-immunostained tissue and excels
with its annotation technique (Baatz et al. 2009).
VirtualFlow image cytometry software tool is
similar in function but takes advantage of the
already available camera-equipped microscope
with microcomputer interface in typical labora-
tory settings plus provides a flow cytometry-like
enumerated statistic with detection sensitivity
from low threshold to high level (0—4+ using the
25 % quartile division) (Rezania et al. 2008)
(Table 4.8).

Part Il. Spectrum of Nonneoplastic
Dermatitis, Atypical Phase or
Dyscrasia, and Neoplastic
Cutaneous Disorders

Spectrum of Dermatitis, Dyscrasia,
Prelymphoma to Lymphoma

Although using morphologic criteria alone is nei-
ther sensitive nor specific (Lutzner et al. 1971;
van der Loo et al. 1981), identification of defined
clinical entities is initially approached using his-
tomorphology and, when combined with clinical
information and results of ancillary tests, identi-
fies a more precise point along this benign to
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Fig.4.20 Erythroderma,
drug induced, showing
keratohyaline degeneration,
mild perivascular infiltrate,
and mild basal spongiosis
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malignant spectrum. Guitart et al. identified eight
distinct but idiopathic, clinicopathological condi-
tions characterized by frequent clonal detection,
chronic course often resistant to topical treat-
ment, and lack of evidence or potential for CTCL
and called them cutaneous T-cell lymphoid dys-
crasia (Table 4.5) (Guitart and Magro 2007). We
extend the list to ten partners.

Putative Partners Often Cited as a Clinical and
Pathological Differential with a Continuous
Spectrum of Lymphoproliferative T and B
Entities from Benign to Malignant

1. Benign erythroderma to clonal erythro-
derma dyscrasia to erythrodermic MF/
Sezary syndrome

2. Vitiligo to hypopigmented interface variant
to hypopigmented MF

3. Pityriasis lichenoides to pityriasis lichenoides
dyscrasia to MF, variant possibly CD8 type

4. Parapsoriasis to parapsoriasis dyscrasia to
parapsoriasis grand plaque to MF

5. Syringolymphoid hyperplasia with alopecia
to syringolymphoid MF

6. Benign follicular mucinosis to follicular
mucinosis dyscrasia to follicular MF

7. Lupus profundus to atypical lobular lympho-
cytic panniculitis to indolent subcutaneous

H.D. Cualing and M.E. Kadin

lymphoma to subcutaneous panniculitic
lymphoma

8. Benign granulomatous lesions to granulo-
matous dyscrasia to granulomatous MF

9. Cutaneous B-cell hyperplasia to atypical
cutaneous B-cell hyperplasia to cutaneous
B-cell lymphoma

10. Solitary pseudo T-cell lymphoma to solitary
T-cell nodule of uncertain significance to
primary cutaneous small and medium T-cell
lymphoma

Benign Erythroderma to Clonal
Erythroderma Dyscrasia

to Erythrodermic MF/Sezary
Syndrome

Erythroderma is an inflammatory skin reaction
affecting greater than 90 % of body, with an
annual incidence of one per 100,000 population
(Sigurdsson et al. 2001). Benign causes include
eczemas, psoriasis, and drug reaction, but idio-
pathic erythroderma, which accounts for
15-30 %, appears to have potential to progress to
MF (Akhyani et al. 2005; Botella-Estrada et al.
1994; Sigurdsson et al. 1997) (Fig. 4.20).
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Chronic idiopathic erythroderma or “red man
syndrome” is recalcitrant to therapy, and about
5-12 % from this group may progress to MF/
Sezary syndrome (Sigurdsson et al. 1997,
Vonderheid 2006). The group that developed MF
fulfilled the criteria of pre-Sezary syndrome:
chronic erythroderma, Sezary count less than
1,000/ul, lymphadenopathy, and increased IgE
(Buechner and Winkelmann 1983; Winkelmann
et al. 1984).

Another group that appears to be similar to
pre-Sezary syndrome, with clonal expansion of T
cells with CD4+ CD7-CD26- but which has not
yet developed CTCL after 4 years follow-up, is
called monoclonal T-cell dyscrasia of undeter-
mined significance (Gniadecki and Lukowsky
2005). Of 30 patients studied, Gniadecki et al.
described ten patients with idiopathic erythro-
derma, and five showed clonal idiopathic recalci-
trant erythroderma which did not fulfill criteria
for MF or Sezary syndrome. These five patients
had circulating clonal T cells; one of five had
both clonal skin and blood findings, with a phe-
notype of CD4+ CD7-CD26—, and was called
clonal erythroderma dyscrasia. The following are
characteristics of chronic recalcitrant erythro-
derma in the elderly labeled as monoclonal T-cell
dyscrasia of undetermined significance: (1)
symptoms persisting more than 6 months without
any response to local or systemic glucocorticoid
treatment; (2) monoclonal T cells with a CD7-
CD45RO+ phenotype in 37-86 % of cells in the
blood, Sezary count less than 5 % or less than
1,000/ul, and a low CD4/CDS$ ratio; (3) no
lymphadenopathy or bone marrow involvement;
(4) blood with increased IgE or eosinophils; and
(5) morphologically the CD7— and CD4+ cells
are small lymphocytes and not cytologically
typical Sezary cells. Skin biopsy shows a superfi-
cial perivascular lymphocytic infiltrate which
also may be seen in true Sezary syndrome (see
Chap. 6).

Non-cerebriform lymphocytes may show a
monoclonal CD4+ CD7-CD45RO+ in patients
with autoimmune and inflammatory diseases.
Rheumatoid arthritis is a typical example
(Schmidt et al. 1996). Finding clones of T cells in
blood in random studies of patients without T

lymphomas may indicate a group called T-cell
clones of undetermined significance (Muche et al.
2003). Clonal T-cell populations of undetermined
significance are more commonly found in elderly
individuals, which is the age group affected by
Sezary syndrome (Clambey et al. 2005). However,
these clonal T cells of the elderly are derived from
CD8+ memory cells which are different from the
CD4+ Sezary cell phenotype.

Erythrodermic MF/Sezary Syndrome criteria
are well described and include finding clonal T
cells and Sezary cell counts of more than 1,000/
ul in blood (Olsen et al. 2007; Pimpinelli et al.
2005; Swerdlow et al. 2008) (Fig. 4.21).

Vitiligo to Hypopigmented Interface
Variant to Hypopigmented MF

Early inflammatory lesions of vitiligo show epi-
dermotropic features mimicking hypopigmented
MEF. Exocytosis of lymphocytes into the lower
epidermis, and lichenoid pseudolymphomatous
lesions in inflammatory vitiligo, and absence of
both clinical features of MF and clonality favor
vitiligo over MF but sometimes the border
between these disorders remains obscure. The
most often cited differential diagnosis is benign
vitiligo, pityriasis alba, tinea versicolor, and
others (El-Darouti et al. 2006).

Guitart et al. described a hypopigmented inter-
face variant that does not fulfill the criteria for
hypopigmented MF (Guitart and Magro 2007;
Pimpinelli et al. 2005) and is often asymmetric,
with minimal scale and no atopic diathesis.
Biopsies show basally located epidermotropic
CD8+ lymphocytes; these cases respond well to
phototherapy with repigmentation (Lambroza
et al. 1995; Stone et al. 2001).

However, true hypopigmented lymphomas
arising from patients with erythrodermic MF and
Sezary syndrome are documented (Bouloc et al.
2000).

Hypopigmented MF characteristics: An over-
representation of the hypopigmented variant of
MF has been described in dark-skinned children
of mostly of Asian and African-Caribbean descent
although Caucasian patients are also reported
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Fig.4.21 Palmar erythema
with scaly excoriations in a
patient with long-standing
Sezary syndrome
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Fig. 4.22 (a) Hypopigmented interface variant of T-cell
dyscrasia, biopsied from a mulatto teen from Ascension
Is. (see Chap. 6 for clinic picture); low-power histopathol-
ogy shows hypopigmented epidermis with small to inter-

(Ardigo et al. 2003). Most patients with child-
hood-onset hypopigmented disease have experi-
enced no progression beyond stage IB disease
(Neuhaus et al. 2000; Whittam et al. 2000), and
this subgroup of hypopigmented childhood-onset
MF appears to have an excellent prognosis
(Fig. 4.22). See Chap. 6 for clinic picture.

.. -
VNl TP . it
1

mediate cells along basal layer and perivascular upper
dermal infiltrate. (b) High-power view with basal local-
ized haloed atypical lymphocytes, which on PCR demon-
strated oligoclonal T gamma bands

Clonality: Both presence (Ardigo et al. 2003)
and absence of T-cell clones have been reported,
and those without clones were called mimics of
hypopigmented MF (Petit et al. 2003; Werner
et al. 2005). All seven Caucasian patients
reported by Ardigo et al. have had PCR detected
T-cell clones. In general, clonality favors CTCL


http://dx.doi.org/10.1007/978-1-4939-0950-6_6
http://dx.doi.org/10.1007/978-1-4939-0950-6_6

4 Role of Molecular Genetics and Flow Cytometry Analysis in Cutaneous 113

over inflammation. Clonality was demonstrated
in 83.5 % of CTCL and in 2.3 % of benign
inflammatory disease using heteroduplex PCR
(»<0.001) (Ponti et al. 2008).

Pityriasis Lichenoides to Pityriasis
Lichenoides Dyscrasia to Cytotoxic
Variant MF

Pityriasis lichenoides is an interface dermatitis
with necrotic keratinocytes, migration of lym-
phocytes into all layers of the epidermis, and
extravasated red cells. Pityriasis lichenoides
lesions frequently contain clonal T cells.
Progression to malignant lymphoma (mycosis
fungoides) is rare (Boccara et al. 2012; Magro
et al. 2007). The rare pityriasis lichenoides cases
that progress include those reported to evolve to a
CD8+ type of MF (Tomasini et al. 2002; Wenzel
et al. 2005).

PLEVA (pityriasis lichenoides et varioliformis
acuta) is the acute form, and PLC (pityriasis
lichenoides chronica) is the chronic type, with the
former showing predilection for younger patients
and the latter for older patients. Clinically, hemor-
rhagic flares with scarring are seen in the acute
form which has been described as predominantly
CD8+ cytotoxic in contrast to the predominantly
CD4 infiltrate in the chronic form. Phenotypic
aberrancy with loss of CD7 is seen in both forms,
and despite frequent demonstration of T-cell clon-
ality by PCR, from 57 % (Weinberg et al. 2002) to
67 % (Dereure et al. 2000), most do not progress
to clinical MF (Dereure et al. 2000; Kadin 2002;
Weinberg et al. 2002; Ko et al. 2000; Magro et al.
2002, 2007). See Chap. 6 for figures and discus-
sion of these cases.

CD8+ MF is arare variant of MF occurring in
less than 5 % of all MF and is associated with an
indolent course and frequent poikilodermatous
presentation  (hypo- or  hyperpigmented)
(Nikolaou et al. 2009) or junctional localization
(Dummer et al 2002). These could arise de novo
or in association with LyP or pityriasis lichenoi-
des or follicular MF (Diwan and Ivan 2009;
Nikolaou et al. 2009; Tomasini et al. 2002;
Dummer et al. 2002). These cases have to be dif-

ferentiated from aggressive CD8 epidermotropic
T-cell lymphoma (Agnarsson et al. 1990; Diwan
and Ivan 2009; Nofal et al. 2012; Berti et al.
1999) and from the CD8+ nodular variant of
PCSMTCL with predilection to the ear and nose.
See Chap. 10 for discussion.

Parapsoriasis to Parapsoriasis
Dyscrasia to Parapsoriasis Digitate,
“En Grande” Plaque, MF

Parapsoriasis is a group of chronic dermatoses
with scaly erythematous patches resembling pso-
riasis. It has been stated that most MF belong to
the conceptual group of parapsoriasis lichenoides
(Wolf et al. 2009), and those not fulfilling the MF
criteria may be part of the group of parapsoriasis
dyscrasias (Guitart and Magro 2007).

For those not fulfilling the criteria for a
diagnosis of MF and those cases with a clinical
picture of parapsoriasis with minimal epidermot-
ropism, perivascular and interstitial small lym-
phocytes with insignificant atypia, and lacking
Pautrier’s microabscesses but showing clonal
T cells on PCR, may belong in the spectrum of
parapsoriasis-lymphoid T-cell dyscrasia (Guitart
and Magro 2007).

Pre-mycosis fungoides: Although controver-
sial, some evidence indicates that “digitate and
large plaque” parapsoriasis may be pre-mycosis
fungoides or clinical manifestations of MF, respec-
tively. In small “plaque” (digitate patch) type with
patchy lesions, the size and shape of fingerprints
have a low frequency of clonal T cells, but 10 % of
cases evolve to MF (Vakeva et al. 2005; Burg and
Dummer 1995; Hu and Winkelmann 1973;
Haeffner et al. 1995; Muche et al. 1999). Some
authors believe that cases evolve into CTCL and
hence are part of the MF spectrum, but it must be
stressed that such instances appear to be rare (Burg
et al. 1996, 2002; Belousova et al. 2008).
Conservative management is therefore recom-
mended (Cerroni et al. 2009).

A comparison of clonality in early MF and
large plaque parapsoriasis showed reproducible
results by GeneScan method implying true
clones instead of pseudoclonality. A monoclonal
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Fig.4.23 Parapsoriasis dyscrasia, showing (a) epidermis
with psoriasiform hyperplasia, keratinized stratum cor-
neum, superficial perivascular, and interstitial lymphoid
infiltrate, with (b) mild atypia on high-power view show-

T-cell infiltrate was demonstrated by repeated
TCR-gamma-PCR in lesional skin specimens in
19.2 % of parapsoriasis patients and in 66.6 % of
early-stage MF cases (p=0.013) (Klemke et al.
2002). Many, therefore, consider “large plaque
psoriasis” to a be part of the early presentation of
classic MF (Cerroni et al. 2009, Costa et al.
2003; Tamagawa et al. 2005). Some studies doc-
ument 50 % of “large plaque psoriasis” to con-
tain clonal T cells (Simon et al. 2000) (Fig. 4.23).

Syringolymphoid Hyperplasia
with Alopecia to Syringolymphoid
Dyscrasia to Syringolymphoid MF

Syringolymphoid hyperplasia with alopecia has
been originally described in patients with hyper-
plastic lymphoid lesions centered on eccrine
glands with syringometaplasia (Hobbs et al.
2003; Sarkany 1969). These cases are sometimes
associated with MF or follicular mucinosis
(Tannous et al. 1999; Thein et al. 2004) and simi-
lar histologically to the lymphoepithelial lesions
seen in Sjogren’s syndrome (Fig. 4.24). Finding
atypical to cerebriform lymphoid cell infiltrate
with epidermotropism and eccrinotropism in a
case with syringolymphoid hyperplasia raises

ing clusters of irregular hyperchromatic lymphocytes
around haloes of Langerhan’s cells. This patient’s biopsy,
taken from isolated large plaques, showed T-cell clonality
by PCR

concern for a syringotropic cutaneous T-cell lym-
phoma (Burg and Schmockel 1992). Scant
molecular clonality data are described (Thein
et al. 2004; Tannous et al. 1999).

Some patients with syringolymphoid hyper-
plasia with alopecia may be asymptomatic or
may have pruritic skin lesions, may not respond
to corticosteroids, and may have an associated
Sjogren’s syndrome (Huang et al. 1996). The
clinical differential includes alopecia areata, ker-
atosis pilaris, exanthema, and eczema and, if
atypical morphology is lacking, raises a diagnos-
tic dilemma between benign eccrinotropic pseu-
dolymphoma and if with clonality the differential
is between adnexotropic dyscrasia or syringotro-
pic mycosis fungoides (Guitart and Magro 2007).

This group with syringolymphoid MF over-
laps with some cases of folliculotropic mycosis
fungoides, which is generally considered to be a
variant of MF. Hobbs described two patients
(Hobbs et al. 2003), Thein et al. five cases, (Thein
et al. 2004) and Pileri et al. 14 cases, the largest
among these series. The clinicopathologic fea-
tures of these 14 patients with syringotropic MF
showed a M:F of 1:4, with a median age of 59
(range, 33-83 years). Eight patients had multiple
generalized lesions, and six patients had large,
solitary patches or plaques in the extremities,
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Fig.4.24 Syringolymphoid
hyperplasia, benign, with
small lymphocytic infiltrate
in the eccrine coil with
hyperplasia of the eccrine
epithelium in a patient with
alopecia, but without
associated folliculotropic
lymphoid infiltrate or clonal
T cells

trunk, and eyebrows. Four of these eight patients
had existing MF. Histologically, these show
prominent involvement of the eccrine glands,
some syringometaplasia of glands surrounded by
dense lymphoid infiltrates with prominent epith-
eliotropism. Frequent overlap with typical MF is
seen since the epidermis, and hair follicles are
described to be involved in 13 and 8 biopsies,
respectively (Pileri et al. 2011).

Benign Follicular Mucinosis
to Follicular Mucinosis Dyscrasia
to Follicular MF

Follicular mucinosis refers to both benign and
chronic idiopathic dermatosis in children and
lymphoma-related follicular mycosis fungoides
or folliculotropic MF (F-MF) in adults with asso-
ciated follicular mucinosis. Clinical presenta-
tions of this MF variant of F-MF include reddish
plaques with follicular accentuation, often in the
head, scalp, and neck areas in contrast to the
often body-suit-localized distribution of typical
mycosis fungoides. Pilotropic MF is the term
applied to cerebriform infiltrate in hair follicles
without mucinosis.

Idiopathic follicular mucinosis was first
described in 1957 by Pinkus with follow-up
descriptions (Pinkus 1983) and Jablonska et al.
who proposed the term “follicular mucinosis”
(FM). The histology of juvenile idiopathic form
of FM is characterized by follicular retention and
follicular hyperkeratosis accompanied by lym-
phocytic infiltration with an eosinophilic compo-
nent (Jablonska et al. 1959).

Role of clonal assessment: Consequently, in
these cases, T-cell gene rearrangement is often
ordered. Absence of clonality along with known
etiology favors benign FM, but its absence with a
clinically suspected lesion does not rule out fol-
licular MF, since false-negative results occur in
early or equivocal cases. However, the presence
of clonality, although it favors follicular MF, does
not always portend an ominous course, in a set-
ting of follicular mucinosis. For example, Brown
et al. reported a 10-year follow-up of seven
patients younger than 40 years with primary FM
without evidence of associated dermatoses or
lymphoma of whom five had clonal T-cell
receptor (TCR) gene rearrangements. After fol-
low-up ranging from 5 to 23 years, no patient
showed progression to cutaneous T-cell lym-
phoma and although some patients had persistent
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manifestations of FM despite various treatments
(Brown et al. 2002). It is important to distinguish
benign FM from FM associated with mycosis
fungoides because the latter carries a grave prog-
nosis (Olsen et al. 2007; van Doorn et al. 2000).

Cerroni et al. 2002 reviewed data from 44
patients with FM divided into two groups, (“idio-
pathic” FM; mean age 37 -5 years) comprised 15
patients. Group 2 included 28 patients (mean age
52-2 years) with FM associated with mycosis
fungoides (MF) or Sézary syndrome. The mean
age of patients with “idiopathic” FM was lower,
but there were three areas of overlap between the
two groups: (1) both appear to localize on the
head and neck; (2) the histopathological findings
were similar; and (3) about 50 % of tested patients
of each group show a monoclonal rearrangement
of the TCR vy gene. Differences: One difference is
11/16 (69 %) with “idiopathic” FM had solitary
lesions at presentation versus only 2/28 (7 %)
with lymphoma-associated FM. Moreover, the
lymphoma-associated FM shows lesions in other
body sites including body-suit areas. Therefore,
the authors proposed that despite overlapping cri-
teria to differentiate “idiopathic” from lymphoma-
associated FM, they suggest that “idiopathic” FM
might be a localized form of T-cell lymphoma
with excellent prognosis but requiring long-term
follow-up. Despite and according to these results,
it seems idiopathic follicular mucinosis and fol-
licular MF may be distinguishable. For cases that
are not clear-cut, it may be useful to recommend
long-term follow-up for emergence of MF and
similar to the recommendations for the localized
variant of pagetoid reticulosis (Woringer—Kolopp
disease), solitary MF, and parapsoriasis en
plaque. Therefore, long-term follow-up is neces-
sary in patients with so-called “idiopathic” FM
(Cerroni et al. 2002). Other authors concur (Boer
and Ackerman 2004; Boer et al. 2004).
Meanwhile, true benign forms of follicular muci-
nosis are common in clinical practice.

Benign or reactive follicular mucinosis, when
seen in adults, in contrast to the idiopathic variety
common in children, may be associated with
other clinical conditions such as eczema, discoid
lupus erythematosus, or drug induced associated
with antidepressant therapy (Magro and Crowson
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1996). If the histology is mainly pilotropic, with-
out mucinosis, a suspicion for pilotropic MF
without FM is warranted especially if the infil-
trate is atypical and clinically shows a body-suit
distribution and a clinical picture typical of MF.
Lacking atypia or typical MF appearance, pilo-
tropic or follicular mucinosis dyscrasia is the
recommended terminology by Magro et al.
(Guitart and Magro 2007). In addition, patients
with follicular MF are usually older than 40 years,
defined histologically with perifollicular and fol-
licular localization of atypical and cerebriform
small lymphocytes with or without mucin or
hyaluronic acid deposits in hair follicles (colloi-
dal Fe or Alcian blue detection of follicular muci-
nosis) (Fig. 4.25).

Lupus Profundus to Atypical Lobular
Lymphocytic Panniculitis to Indolent
Subcutaneous Lymphoma

to Subcutaneous Panniculitic
Lymphoma

In addition, subcutaneous lymphoid dyscrasia
was also referred by Guitart et al. to a group that
includes lupus profundus to atypical lymphocytic
lobular panniculitis to indolent panniculitic lym-
phomas (Magro et al. 2001, 2004, 2008; Magro
and Wang 2012). The discussion below suggests
that clonal T cells in a biopsy of a patient with
lobular panniculitis do not necessarily equate to a
lymphoma.

Lupus profundus or lupus panniculitis is char-
acterized by multiple nodules, plaques, ulcer-
ation, and histology of discoid lupus or not with
lipoatrophy and septal and lobular panniculitis,
along with karyorrhexis, lymphocytic infiltrates
with plasma cells and vasculopathy, as well as
mucin deposits (Fig. 4.26). These cases show no
clonal T cells (Massone et al. 2005). It is a
chronic disease, frequently in adult women with
or without lupus epidermal changes, presence of
hyaline fat necrosis and hyalinization of lobules
and septa, and frequent lymphocytic infiltrates at
the periphery of fat lobules, in contrast to the
typical findings of rimming of lymphocytes in fat
lobules and clonal T cells in subcutaneous pan-
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Fig.4.25 (a) Follicular mucinosis, low-power view, with
folliculotropic lymphocytes in outer root sheath and
expanded root with mucinous degeneration on right of the
picture. (b) Oil power magnification view of the atypical

niculitic T-cell lymphoma. In a setting of immu-
nosuppression or organ transplant,
infection-related panniculitis is a differential
diagnosis characterized by frequent neutrophil-
rich infiltrate and granulomatous inflammation,
in contrast to the lymphoid-rich infiltrate of lupus
panniculitis. Alcohol or chronic pancreatitis-
related panniculitis may be considered within the
contextual setting, in a male patient with an ele-
vated lipase serology, and presents with painful
panniculitis in extremities. Biopsy usually shows
presence of ghost necrotic adipocytes.

Atypical lymphocytic lobular panniculitis
(ALLP) is a subcutaneous lymphoid dyscrasia
often in young male patients with painless nod-
ules in the extremities (Magro et al. 2004), unre-
lated to lupus panniculitis, histologically with

hyperchromatic small- to medium-sized lymphocytes on
middle panel. (¢) Colloidal Fe stain with bluish red muci-
nous vacuoles inside follicular spaces

eccrinotropic and lymphohistiocytic infiltrate,
nuclear atypia, and focal necrosis associated with
clonal T cells (Fig. 4.27). Constitutional symp-
toms herald overlap with subcutaneous pannicu-
litic T-cell lymphoma(SPTCL) (Guitart and
Magro 2007). Both conditions have persistent
clonal T cells, small-intermediate size atypical
lymphocytes, and aberrant loss of T antigens.
However, several differences are seen. SPTCL
has a severe angiodestructive pattern with vessel
thrombosis, karyorrhectic debris, rimming of
hyperchromatic lymphocytes, and fat necrosis,
but not seen in ALLP; with less lymphocytic
infiltration in ALLP; and with inconspicuous
hemophagocytosis in ALLP. Mixed CD4:CDS§
with decreased ratio is seen more in ALLP com-
pared to the CD8 predominance in SPTCL or
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Fig. 4.26 Lupus panniculitis, low power, and on high
power in other areas of the biopsy, hyalinosis of fat lob-
ules (lower inset), and mucin deposition (upper inset)

double CD4 and CD8 loss in gamma delta T-cell
lymphoma, another cytotoxic lymphoma with
frequent panniculitic localization. In addition,
presence of germinal centers, prominent mucin
deposits, and hyalinosis of fat lobules is more in
favor of lupus panniculitis and not ALLP or
SPTCL.

Additionally, histologically finding “bean-
bag” cytophagic histiocytes in panniculus raises
the differential diagnosis of cytophagic histio-
cytic panniculitis, especially in a setting with
fever and hemorrhagic diathesis (Fig. 4.28)
(Requena and Sanchez 2001; Winkelmann
1980; Craig et al. 1998). Cytophagic histiocytic
panniculitis (CHP) is a reactive process second-
ary to a variety of diseases (neoplastic and non-
neoplastic) associated with cytophagocytosis,
beanbag” histiocytes — composed of macro-

phages with phagocytosed erythrocytes and
leucocytes bulging the cytoplasm — and lobular
panniculitis. Most CHP are possibly the clinical
harbinger of SPTCL.

There is an overlap between clonal ALLP and
clonal CHP, and some of these cases may be part
of the early SPTCL. In both CHP and SPTCL, T
lymphocytes and histiocytes infiltrate the lobules
in sheets or lacelike pattern. A CD4-secreted
phagocytic-inducing factor (PIF) may account for
the cytophagic properties of the benign histiocytes
in CHP. A mixed CD4 CDS8 population may be
seen in early SPTCL simulating ALLP. Although
bone marrow may not show T-cell lymphoma,
hemophagocytic syndrome may be seen. Presence
of an atypical aggressive clinical presentation with
T-cell clonality, CDS cytotoxic infiltrates, and fatal
hemophagocytic syndrome suggests a diagnosis of
subcutaneous panniculitic T-cell lymphoma
(Gonzalez et al. 1991; Salhany et al. 1998).

Benign Granulomatous Lesions
to Granulomatous Dyscrasia
to Granulomatous MF

Granulomas are seen in about 2 % of either B-cell
or T-cell lymphomas of skin (Scarabello et al.
2002). Histiocytic infiltrates of single cells and
clusters are a common component of pseudolym-
phomas and in the presence of a pseudoclone
may lead to a false diagnosis of granulomatous
cutaneous lymphoma (Fig. 4.29) (Boer et al.
2008). Significant granulomatous infiltrates com-
prise at least 25 % of the skin biopsy (Scarabello
et al 2002). Giant cells may accompany these
clusters or be part of an epithelioid granuloma-
tous infiltrate. Lymphocyte-poor epithelioid
granulomas in skin raise sarcoidosis as the pri-
mary diagnosis, but lymphoid-rich epithelioid
granulomas are most concerning for lymphoma-
associated granulomas.

In a setting of mycosis fungoides with granu-
lomas, granulomatous MF and granulomatous
slack skin disease are considerations. The histol-
ogy of these two types is overlapping, but clini-
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Fig. 4.27 Atypical lobular lymphocytic panniculitis, (a)
with lymphoid-rich lobular panniculitis, and on molecular
test, the lymphocytes are monoclonal T cells by GeneScan
PCR but clinically presented with a solitary nodule with
no evidence of lymphoma over the years. (b) High-power
view with atypical hyperchromatic lymphocytes, perme-
ating interstitial spaces, without rimming of fat spaces. (c)

cally bulky skin folds in intertriginous (groins,
scrotal, and axillary) areas favor granulomatous
slack skin disease, which tends to have a more
favorable long-term course. Recently, a t(3:9)
(q12p24) karyotypic marker has been described
in GSS (Ikonomou et al. 2007).

A diffuse, nodular, and perivascular pattern is
seen in granulomatous MF, and in one of five
patients, CD30+ transformed nodules of large
MF cells were associated with granulomatous
MEF. Granulomatous MF typically presents with
hyperpigmented or reddish plaques or nodules in
an adult male with a 1.5M:F ratio and median age

Subcutaneous panniculitic T-cell lymphoma, T alpha—
beta cell phenotype, with lobular and septal panniculitis,
and minimal dermal involvement, medium-power view.
(d) High-power view showing rimming of fat cells with
hyperchromatic pleomorphic small- and medium-sized
lymphocytes and mixed with cytophagic histiocytes with
karyorrhexis and cytophagic granular debris

of 46 years (22-71). Histologically, a granuloma
annulare-like pattern is not seen and most cases
are CD4+ and CD8 negative, similar to MF.
Unlike typical MF, epidermotropism in granulo-
matous MF is absent in half of the cases.
Distinction is important because the granuloma-
tous MF variant shows increased extracutaneous
spread, therapy resistance, and associated trans-
formed MF and hence shows a decreased disease-
specific survival rate of 66 % compared to
non-granulomatous Alibert-Bazin MF (Kempf
et al. 2008). Large vessel infiltration and multi-
nucleated giant cells are noted in one-third of
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Fig. 4.28 (a) Cytophagic histiocytic panniculitis, high-
power view, of angiocentric lymphoid infiltrate with
admixed erythro-cytophagic histiocytes (arrow), and
mostly non-atypical small round lymphocytes clustered
on vessels and in between fat cells, in a patient with hemo-
phagocytic syndrome, and (b) Giemsa-stained bone mar-
row imprint with a histiocyte (arrow) with red cell and
platelets phagocytosis

cases (LeBoit et al. 1988) (Fig. 4.30). Sarcoid-
like granulomas are seen in most of the dermis. A
juvenile granulomatous variant with onset in
childhood appears to have a higher risk for devel-
opment of another lymphoma.

Most cases (87 %) of granulomatous MF
contain clonal T cells, which is a useful distinc-
tion from cutaneous sarcoidosis (Kempf et al.
2008). However, finding clonal T cells in a
granulomatous dermal lesion is not always
diagnostic of granulomatous MF. In a setting of
known treatments, a drug-induced granuloma-
tous dyscrasia is a consideration, given that
antigen loss and clonal T cells are also present
in this group. “Drug-induced lymphoid and
granulomatous lymphoid dyscrasia” were
recently described in ten patients with revers-
ible lesions by Magro et al. as belonging to the
group with persistent T-cell clonal granuloma-
tous dermatitis that resemble granulomatous
MF histologically (Magro et al. 2003, 2010).

Cutaneous B-Cell Hyperplasia
to Atypical Cutaneous B-Cell
Hyperplasia to Cutaneous B-Cell
Lymphoma

A cutaneous B-cell hyperplastic pattern with
clonal population by PCR was well described
(Nihal et al. 2000, 2003) suggesting a continuum
of hyperplasia to lymphoma, perhaps analogous
to the concept of dyscrasia. We have observed this
in practice on repeated biopsies of patients with
long-standing cutaneous lymphoid hyperplasia
that show slowly progressive histoimmunologic
changes that evolve to a B-cell lymphoma (Kulow
et al. 2002). We observed an intervening period
we call atypical cutaneous lymphoid hyperplasia
where histology shows disorganized germinal
centers, haphazard mixture of Bcl6+ centroblast
clusters with interfollicular T cells, increasing
CD20 positive clusters, and deep localization of
nodules (Fig. 4.31).The concept of progression
from premalignant to malignant B-cell disorder is
already well accepted in plasma cell dyscrasia as
in the MGUS to myeloma spectrum and in blood
lymphocytosis with monoclonal lymphocytosis of
uncertain significance to CLL.
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Fig.4.29 Lymphohistiocytic
clusters on right lower area
and on left, (a) Langhans
multinucleated giant cell;
findings frequently seen in
pseudolymphomas

Fig. 4.30 (a) Granulomatous MF with nodules of lym-  granuloma in granulomatous MF, with surrounding lym-
phoid aggregates mixed with paler epithelioid granulomas  phohistiocytic clusters
in dermis and minimal epidermotropism. (b) Perivascular
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Solitary Pseudo T-Cell Lymphoma

to Solitary T-Cell Nodule of Uncertain
Significance to Primary Cutaneous
Small and Medium T-Cell Lymphoma

In a study of a large group of PCSMTCL, with
many showing clonal T cells, the same group of
Beltraminelli et al. upon review of 136 and
Leinweber et al. in 26 patients proposed the term
“solitary T-cell nodule of uncertain significance”
because it appears in both studies to show very
rare progression to skin malignancy or skin
recurrence in solitary cases. In the group of 136
patients with (male to female=1:1; median age:
53 years, age range: 3-90 years) cutaneous
lesions classified as small-/medium-sized pleo-
morphic T-cell lymphoma, all but three patients
presented with solitary nodules located mostly
on the head and neck area . Histopathologic fea-
tures showed nodular or diffuse infiltrates of
small- to medium-sized pleomorphic T lympho-
cytes, and monoclonal T-cell receptor gamma
gene was found in 60 % of tested cases
(Fig. 4.32). Follow-up data of 45 patients
revealed that 41 patients were alive without lym-
phoma after a median time of 63 months (range:
1-357 months), whereas four were alive with
cutaneous disease (range: 2-16 months).
Because of these findings, “cutaneous nodular
proliferation of pleomorphic T lymphocytes of
undetermined significance” was recommended
as properly descriptive of these cases, akin to
monoclonal lymphocytosis of uncertain signifi-
cance and monoclonal gammopathy of uncertain
significance in the B-CLL-group and myeloma
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spectrum, respectively (Beltraminelli et al. 2009;

Leinweber et al. 2009)

Conclusion
Despite the judicious use of molecular genet-
ics and flow cytometry, the distinction of
benign dermatitis from malignant lymphoma
may not be possible in a select few cases,
because of the prevailing widely held notion
that lymphoid clones may be found in cutane-
ous biopsies along the clinical spectrum from
benign dermatitis to frank lymphoma.
Detected clones may be small but because of
the ultrasensitive PCR technique are easily
recovered from a reactive milieu. Several
approaches to clarify an equivocal molecular
result in the face of clinical and immunopath-
ological findings may be employed, as we
have found useful in cutaneous hematopathol-
ogy community practice.

We noted in general that this approach is
welcome and encouraged by practicing der-
matologists who refer challenging biopsies.
Hence, confirmation of “true” monoclonality
versus clonality in pseudolymphoma is impor-
tant, and the following strategy and/or recom-
mendations are made:

1. Search for monoclonal gene rearrange-
ments showing identical results from mul-
tiple skin biopsy sites, if there are multiple
lesions, concurrently or on follow-up.

2. Look for monoclonal identical bands or
peaks noted from GeneScan histograms in
skin and extracutaneous tissues, such as
lymph node or blood.

»
>

Fig. 4.31 Atypical cutaneous lymphoid hyperplasia
(ACLH). (a) Large multinodular infiltrate with a top
heavy pattern extending to the border of subcutaneous tis-
sue, with fragmented and disorganized germinal centers
surrounded by darker mantle zone. The loss of typical
biphasic pattern of a normal germinal center (arrow) is
often the harbinger of atypical cutaneous B-cell hyperpla-
sia. The figure immediately below A shows atypical pleo-
morphic cells within a germinal center, a cytologic feature

of atypical cutaneous lymphoid hyperplasia. (b) Bcl6-
disorganized pattern in ACLH reflective of histology. (c¢)
Similarly, change in Ki67 polarized normal pattern to a
haphazard or disorganized pattern is also seen in both
ACLH and cutaneous lymphoma. (d). Normal medium-
power histology of cutaneous hyperplastic germinal cen-
ter favoring a benign pattern with the, (e), corresponding
polarized Ki67 normal staining with organized polarity of
high and low gradation
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Fig.4.32 Solitary CD3+

T-cell pseudolymphoma

showing a dense nodular and

perivascular and eccrinotro-

pic infiltrate extending deep 7
and hugging the dermoepi- o
dermal junction P

3. When confronted with suspiciously insuf-
ficient DNA from unrepresentative sam-
ples, request repeat or excisional biopsy of
the entire lesion, or a larger lesion may be a
clinically important confirmatory approach.
Shave and punch biopsy of a large lesion is
often performed to minimize cutaneous
morbidity, but if the biopsy turns out to be
lymphohematopoietic, a more representa-
tive excision or excision of the mass may
be a more representative specimen.

4. On repeated T or B-cell gene rearrange-
ments, change in status of clonality and
change of status from negative to positive,
from biclonal to monoclonal, and from
monoclonal to polyclonal are all useful
results that require correlation with the clini-
cal course, histopathology, and immunophe-
notyping. In general, no change of original
result supports the monoclonal or polyclonal
nature. Confirmation may avoid unneces-
sary expensive treatment or unneeded
expensive laboratory or staging workup
(Cualing and Morgan 2013).

5. Clonal identity or persistence of identical
monoclonal band clone from dual sites
concurrently or from sequential biopsy of
different or same sites provides firm evi-
dence of a stable clone of T cells favoring
neoplasm over reactive clonal dermatitis
(Mahalingam 2003; Thurber et al. 2007;
Wood 2001; Zhang et al. 2010) and may
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reveal transformation of a cutaneous lym-

phoid hyperplasia to a frank lymphoma in

B-cell neoplasm (Kulow et al. 2002).

In those cases with a benign clinical course
or a solitary long-standing lesion, despite the
finding of confirmed clonality, the positive
result may not necessarily be diagnostic of lym-
phoma, especially when the lesion has disap-
peared, regressed, or did not progress over
several months or years of follow-up. An exam-
ple may be because of very indolent and unpro-
gressive behavior of some of the cases diagnosed
as PCSMTCL,; these cases, especially if they are
solitary or not monoclonal, may be called “cuta-
neous nodular proliferation of pleomorphic T
lymphocytes of undetermined significance” or
“solitary small- to medium-sized pleomorphic
T-cell nodules of undetermined significance” as
a tenable interpretation (Beltraminelli et al.
2009; Leinweber et al. 2009).

The concept that there is a spectrum of
findings between frank reactive inflammatory
mimics of lymphoma to clonal dermatitis to
frank lymphoma is not new, as we and other
authors have reported. However, very few of
the persistent clonal but reactive cases prog-
ress to lymphoma, and conservative but
watchful management appears to be the best
plan (Wood 2001; Kulow et al. 2002;
Gniadecki 2004; Gniadecki and Lukowsky
2005; Burg et al. 2001, 2005; Guitart and
Magro 2007).
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