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Abstract

A “phenotypic switch” (PS) is a well-known phenomenon that occurs in hematopoietic neoplasms, often after treatment.
However, in cutaneous T cell lymphoma (CTCL), this event has rarely been reported, and thus, very little is known about its
relevance to disease prognosis. We report two cases of patients that were diagnosed with a CD4+ mycosis fungoides with positive
T cell receptor gene rearrangement studies. Both patients originally responded to treatment, but subsequently, their CTCL came
back with a different phenotype of a CD4— CTCL. Gene rearrangement studies were performed on the second occurrence in order
to prove that this was the same lymphoma. Both patients died from their CTCL. Additionally, we collected seven cases of primary
CTCL from the literature with tissue samples from before and after treatment with molecular studies confirming these neoplasms
contained the same T cell clone, providing evidence of a true PS. This too revealed a poor prognosis in the majority of these cases.
CTCL should be worked up to determine whether a PS has occurred after therapy since it could confuse management of patients

and appears to portend a poor prognosis.
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Introduction

Differentiating a recurrent lymphoma from a second primary
lymphoma is often difficult. In the past, a lymphoma in a patient
with a history of a similar lymphoma was considered a recur-
rence [1]. However, presently, the ability to discern a recurrence
from a new lymphoma is simple using gene rearrangement stud-
ies [2]. One reason this is necessary is the ability of hematopoietic
tumors to have a “phenotypic switch” (PS) [3-5]. A PS usually
occurs after treatment and is defined by a tumor retaining its
genetic signature, but its phenotype is altered.
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A PS is a phenomenon that has rarely been reported
with regards to cutaneous T cell lymphoma (CTCL), which
most commonly manifests itself in the form of mycosis
fungoides (MF) [6]. However, recognizing a PS in a MF
patient, instead of a second primary lymphoma, is neces-
sary. The reason for this is that in MF, the recognition of
the same T cell clone in two different locations has been
shown to be prognostically significant [7]. Therefore, if a
PS occurs and it is not recognized, a patient may have an
altered treatment and a worse clinical course than
expected.

PS is a rarely reported phenomenon in the literature by
many hematopoietic neoplasms. There have been authors
who suggest that a PS by CTCL is related to a worse prog-
nosis, but that is based on few cases or single case reports
[8-13]. Herein, we add an additional two cases to the lit-
erature and review the currently available cases of CTCLs
with a PS to shed light on this phenomenon and to possibly
understand the meaning of whether a true PS with the same
T cell clone has any clinical impact.

@ Springer


http://crossmark.crossref.org/dialog/?doi=10.1007/s00428-019-02599-5&domain=pdf
http://orcid.org/0000-0002-4601-0285
mailto:etanmarks@gmail.com

638

Virchows Arch (2019) 475:637-648

Case presentations

The first case is a 92-year-old female with a history of
stage III colorectal cancer who presented to her dermatol-
ogist with pruritic and flakey skin lesions on her ears, face,
and chest. A biopsy of the left cheek and scalp performed a
few months later revealed a lichenoid deep, periadenexal,
and severely epidermotropic infiltrate of large mononucle-
ar cells in the dermis and epidermis which demonstrated
CD3 and CD4 (4:1 CD4/CDS8) (Fig. 1), but had a 40-50%
decreased expression of CD7. $F1, TCRS, Granzyme B,
and TIA-1 were negative as well. T cell receptor gene re-
arrangement studies were performed and showed monoclo-
nal peaks in the gamma (V1-8, 255 bp and V11, 155 bp)
and beta regions (Tube C 312 bp) (Fig. 2). This led to the
diagnosis of mycosis fungoides stage [IB. A PET/CT scan
confirmed that the CTCL was confined to the skin and
subcutis. She was subsequently started on cyclophospha-
mide, prednisone, and etoposide which her lesions initially
responded to and shrunk.

After 6 months of therapy, her lesions returned and
began to enlarge. A second biopsy was performed of an
ulcerated cutaneous chest wall lesion which revealed dif-
fuse sheets of medium- to large-sized neoplastic lympho-
cytes. Some of the neoplastic cells were rimming adipo-

Fig. 1 Initial biopsy of case #1. a
There is a lichenoid deep,
periadnexal and severely
epidermotropic infiltrate of small
to medium-sized atypical
lymphocytes with occasional
large mononuclear cells (H&E,
20x). b The neoplastic cells are
positive for CD3 (20x). ¢ The
neoplastic cells are positive for
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cytes and had a panniculitis-like pattern, but extensively
involved the dermis as well. There was no identifiable
epidermis located on any sections. Flow cytometry re-
vealed that the cells expressed CD3, CD26, CD45, CLA
(cutaneous lymphocyte-associated antigen), TCR y9,
Granzyme B, and TIA-1, but not CD2, CD4, CD5, CD7,
CD8, CD30, CD56, or TCRafp (Fig. 3).
Immunohistochemistry was done and showed positivity
for TIA-1, Granzyme B, and CD3, but was negative for
CD5 and CD7 (Fig. 4). Additionally, a TCR gene rear-
rangement study was performed that showed that the same
gene rearrangements present as mentioned above, provid-
ing proof that this was the same neoplasm as previous
(Fig. 5). These findings led to the diagnosis of a cutaneous
v& T cell lymphoma. Within a month of this final diagno-
sis with such a poor prognosis, she succumbed to the dis-
ease and passed away.

The second case was a 58-year-old female who presented
to her dermatologist with erythematous and scaly plaques. A
biopsy was performed and revealed a dense band like infiltrate
of lymphocytes with prominent epidermotropism.
Immunohistochemical stains were performed and revealed
that the infiltrate was CD3+ and had many more CD4+ cells
than CD8+ cells (5:1) with significant loss of CD7 and
Granzyme B was negative (Fig. 6). Additionally, T cell recep-
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Fig.2 Initial T cell receptor gene rearrangement studies of case #1 showing a one peak in the V1-8 gamma region, b one peak in the V11 gamma region,

and ¢ one peak in the beta region in tube C

tor gene rearrangements revealed a monoclonal peak in both
the gamma (VG1-8, 254 bp) and beta regions (Tubes A,
256 bp, and C, 297 bp) (Fig. 7). The patient was diagnosed
with mycosis fungoides stage I1IB. She was treated with topi-
cal steroids, phototherapy, and radiation therapy.

Thirteen years later, she returned with worsening lesions
and now had gastrointestinal complaints. Therefore, anoth-
er biopsy was performed of her cutaneous lesions and her
stomach. Both revealed large atypical cells, but now, they
were positive for CD2, CD3, CD7, Granzyme B, with a
Ki67 of 80% and they were negative for CD4, CDS5,
CDg8, CD20, CD25, CD30, CD56, ALK1, TIA1 (Fig. 8).
T cell receptor gene rearrangements were performed on the
stomach biopsy which revealed the same rearrangements

present as previously (Fig. 9). Plans were made to start her
on systemic chemotherapy, but she passed away shortly
after her recurrence diagnosis.

Methods
Review of the literature

In addition to our case reports, a PUBMED search was
performed looking for published cases of CTCL that had
undergone a PS and had gene rearrangement studies to
prove the presence of the same T cell clone. We recorded
the immunohistochemistry studies, stage of disease if
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Fig. 3 Flow cytometry histograms showing the neoplastic T cells (red) are positive for CD3 and TCR GD, but negative for TCR AB, CD2, CD4, CD5,
CD7, and CD8

available, and clinical outcomes. Patients were excluded if ~ Immunohistochemistry

they did not have a diagnosis of a primary cutaneous T cell

lymphoma or if they did not have a TCR gene rearrange-  Immunohistochemical staining was performed during the
ment study proving the presence of the same clone. original diagnostic work-up of the cases by the use of

Fig. 4 Subsequent biopsy of the
ulcerated lesion in case #1. It
shows a diffuse sheets of
medium- to large-sized neoplastic
lymphocytes, some cells rimming
adipocytes, in a panniculitis-like
pattern. The cells have coarsely
clumped chromatin with some
large cells with vesicular nuclei
and prominent nucleoli (H&E
40x). b The neoplastic cells are
CD3 positive (20%). ¢, d TIA-1
and Granzyme-B, respectively,
showing cytotoxic phenotype
(40%)
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Fig.5 Subsequent T cell receptor gene rearrangement studies of case #1 showing the same gene rearrangements a one peak in the V1-8 gamma region, b
one peak in the V11 gamma region, and ¢ one peak in the area of gaussian distribution in the beta region in tube C

formalin-fixed paraffin-embedded tissue sections and an
automated immunostainer (Dako, Carpinteria, CA, USA).
Antigen retrieval was performed with either a citrate buff-
er (pH 6.1), EDTA buffer (pH 9), or Trilogy. Our labora-
tory uses the Dako EnVision+ system, horse-radish per-
oxidase two-step immunohistochemical staining tech-
nique. The specific immunohistochemical stains used
were CD3 (1:100, F7.2.38), CD8 (1:200, C8/144B),
CD56 (1:100, 123C3), Granzyme B (1:25, GrB-7), Ki67
(1:50, MIB-1) (Dako North America), and CD4 (1:25,
4B12) (Thermo Scientific) and TIA-1 (1:200,
2G9A10F5) (Beckman Coulter). Similar methods were
used for the other immunohistochemical stains. A case

was scored as positive for each marker if there was stain-
ing in >20% of the neoplastic cells with the appropriate
localization for the specific stain and with appropriate
staining of controls.

TCR gene rearrangement method

TCR studies were performed at the time of diagnosis on
formalin-fixed paraffin-embedded (FFPE) tissue.
Deparaffinization and DNA extraction were performed.
Briefly, 20-30 sections of the FFPE tissue were cut at a
thickness of 5 wm. The tissue sections were incubated in a
detergent made of d-Limonene and Butylated
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Fig. 6 Initial biopsy of case #2. a,
b Dense infiltrate comprised large
atypical cells that are ¢ positive
for CD3 and d CD4

hydroxyanisole. The tissue mixed with detergent was then
centrifugated and the detergent was removed and EtOH
was added, and the specimen was incubated for another
5 min, centrifugated for 5 min, and then the tissue was
washed with EtOH. PK buffer was added proportionally
to the size of the pellet, approximately 2—3 times the size,
and a pinch of PK powder was added. The sample was
digested for at least 2 h in a 37 °C incubator. Another pinch
of PK was added to the sample and incubated at 60 °C for
1-3 nights with shaking at 150 RPM. The DNA was then
purified using a Qiagen DNA mini kit (QIAGEN Str.
140724 Hilden, Germany). Polymerase chain reaction
was performed on genomic DNA. The TCR gamma V1-
8-J, V9-J, V10-J, and V11-] regions and/or TCR beta gene
V-J and D-J regions were amplified. The amplified prod-
ucts were analyzed using capillary electrophoresis with the
ABI Genetic Analyzer (Waltham, Massachusetts, USA). T
cell receptors were analyzed using a set of multiplex prim-
er sets (BIOMED-2), which were purchased from
Invivoscribe Technologies (San Diego, CA). As is the in-
terpretive guidelines in our laboratory, only one or two
peaks that are three times the size of the background were
considered monoclonal. Any case containing three or more
peaks was considered oligoclonal or polyclonal and ex-
cluded from further analysis.

@ Springer

Results

In addition to our cases, we collected a total of seven patients
from our review of the literature with any diagnosis ofa CTCL
that had undergone a PS. All patients had TCR gene rear-
rangement studies performed on samples before and after
treatment providing evidence that the T cell clone was the
same.

The age range for this group was 46-91 years old (mean of
67 years old) and the M/F ratio was 6:3. As stated above, each
patient had TCR gene rearrangement studies proving the tu-
mor was made up of the same clone before and after treatment.
Also, everyone in this group had a PS either from a CD4+ T
cell lymphoma to a CD8+ phenotype or to a cytotoxic pheno-
type that was CD4—/CD8—. The clinical stages of the patients
included IA, IB, IIB, and IVA. One patient did not have an
initial recorded stage. Seven of the patients had DOD, one
patient was in remission, and one patient had stable disease.
All patients had a PS from a CD4+ phenotype (Fig. 3) to a
cytotoxic (Fig. 4) or a CD8+ phenotype. Treatments between
the two biopsies that revealed a PS in this group included
phototherapy, excracorporeal photopheresis, bexarotene, cy-
clophosphamide, adriamycin, vincristine, prednisone, radia-
tion therapy, and stem cell transplant, among others.
Findings are summarized in Table 1.
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Fig. 7 Initial T cell receptor gene rearrangement studies of case #2 showing a one peak in the V1-8 gamma region, b one peak in the beta region tube A,

and ¢ one peak in the beta region in tube C

Discussion

CTCL is often a difficult to identify disease that requires a keen
eye to detect. Therefore, histologic criteria have been devel-
oped to aid the pathologist in diagnosis [14]. However, one of
the most sensitive tools in the pathologist’s armament for diag-
nosing all types of CTCL is the TCR gene rearrangement mo-
lecular test which has been shown to detect up to 94% of clonal
T cell populations [15]. Another method used to aid in the
diagnosis of CTCL is immunohistochemical staining patterns,
as the usual phenotype is CD3+, CD4+, CD8—, and there is a
decreased expression of CD7 [16, 17]. This method can be used

in many instances in place of TCR gene rearrangement studies,
especially when these molecular studies are unavailable. In
fact, many pathologists use immunophenotype to follow MF/
CTCL to ascertain if a tumor is a continuation of a clonal
process or a second primary lymphoma. This can lead to a
diagnostic dilemma as Nikolova et al. initially showed that a
PS can occur from a CD4+/CD8— to a CD4—/CD8+ phenotype,
even in tumors that are identified to be the same T cell clone by
TCR gene rearrangement studies [18].

Recognizing the difference between a PS and a second
primary CTCL is of the utmost importance as Washington
et al. have reported that CTCLs have “stable phenotypically

@ Springer
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Fig. 8 Subsequent biopsy of the skin in case #2 shows a diffuse sheets of
medium- to large-sized neoplastic lymphocytes some having vesicular
nuclei and some having hyperchromatic nuclei (H&E 20x). b Similar
findings in the stomach biopsy. ¢ The neoplastic cells are CD3 positive

i S @ i

aberrant T-cell populations ... and can be used to monitor
response to therapy.” [19] Therefore, if a phenotypic switch
does occur and this method is used, clinical management will
be altered and the patient’s outcome could be uncertain.

We identified seven cases in the literature [8—13] of patients
with a PS with the same T cell clone present and two cases
from our own institution. A PS in CTCL is thought to be a rare
occurrence, but another possibility is that it is simply a poorly
recognized phenomenon that is missed. Nevertheless, in these
nine cases, the PS occurred after treatment for the patient’s
CTCL was begun and it appears to portend a worse prognosis,
as 7/9 of these patients DOD.

This phenomenon of phenotypic switch has previously
been described in primary cutaneous yd T cell lymphoma in
a series of nine cases [20]. This case series considered the
lymphoma to have an immunophenotypic switch if any anti-
gen was different between the first and subsequent biopsies.
They found that there was at least one case of the nine that had
a shift of either increased or decreased expression of CD4,
CDs5, CD7, CD8, CD30, CD56, TIA-1, granzyme B, TCRYy,
and TCRf3. However, only four of the cases were confirmed to
have the same molecular signature by PCR methods.
Therefore, it seems uncertain whether the other five cases
represent a true phenotypic switch or a new lymphoma that
subsequently developed. Our cases are both unlikely to have
been primary cutaneous y$ T cell lymphomas since the first
biopsy of the first case was negative for TCRO. Additionally,
the time between the first and second biopsy of the second
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(40x). d The cells show a high percentage of positivity for Ki-67 (40x). e
The cells are now positive for Granzyme-B, showing cytotoxic phenotype
(40x). f However, the cells are now negative for CD4 (40x)

case was 13 years, which is highly unlikely with primary
cutaneous yd T cell lymphomas [21], and the original pheno-
type is inconsistent with a 'y phenotype since CD4+ primary
cutaneous yd T cell lymphomas are exceedingly rare.

The positivity for yd of the subsequent biopsy of the first
case does raise the question, how does one differentiate be-
tween a primary cutaneous yd T cell lymphoma and a case of
MF with a y6 phenotype? Two different histologic patterns
have been recognized by primary cutaneous yd T cell lym-
phoma, strictly epidermotropic and dermal [22]. The histolog-
ic pattern that involves the dermis with or without the subcutis
has been shown to have a much worse prognosis than the
pattern that strictly involves the epidermis with minimal in-
volvement of the dermis (epidermotropic). Differentiating MF
from primary cutaneous Y8 T cell lymphoma appears to only
be necessary in the dermally involved yé T cell lymphoma
variant, since that has a worse prognosis even when matched
for stage. The epidermotropic version appears to have a sim-
ilar prognosis to MF of a similar stage, but has been shown to
appear at a more advanced stage than typical MF [22].
Although it is rare to have a 'y phenotype by MF, it has been
reported and the only true way to differentiate these entities
are with clinical correlation and follow-up [23].

Why do some cases of CTCL have a PS while others keep
the same immunophenotype? If there were no TCR gene re-
arrangements performed, this could simply be answered with
the idea of clonal heterogeneity revealed by Vega et al. [24]
They showed that there are several cases of MF where a
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Fig. 9 Subsequent T cell receptor gene rearrangement studies of case #2 showing a one peak in the V1-8 gamma region, b one peak in the beta region

tube A, and ¢ one peak in the beta region in tube C

subsequent biopsy of MF in a different location can have a
different TCR gene rearrangement, revealing a different T cell
clone. However, in our cases, the TCR gene rearrangement
studies have proven that we are dealing with the same T cell
clone. Therefore, how can we explain the PS?

One possible explanation for a phenotypic switch by CTCL
is based on the idea that thymic T cells that are CD3+/CD4+/
CD8+ become mature high density CD3+ single CD4+ or
CD8+ T cells able to respond to foreign antigen. Boumsell
et al. found that a single clone of CD3+/CD4+/CD8+ T cells
could be multipotent, able to give rise to both single CD4+ or
CDB8+ T cells [25]. Theoretically, this could explain our PS with
the same T cell clone as proven by TCR gene rearrangement
studies. A case of CTCL that undergoes PS could be a case of a
neoplastic CD3+/CD4+/CD8+ thymic T cell. The thymic T cell

clone could be predominantly producing a central CD4+ T cell
that travels to the skin and, after therapy, it could start producing
predominantly a CD8+ T cell. Additionally, for cases that sub-
sequently reveal a cytotoxic phenotype with CD4—/CD8—, this
process would involve an even more immature thymic T cell,
capable of greater multipotency. This would also explain the
seemingly aggressive behavior seen in our cases of a PS be-
cause the more immature a cell is the more aggressive it has
been shown to be [26, 27].

Conclusion

Our cases, along with the review of the literature, show that a
PS appears to portend a bad clinical outcome. However, the
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mechanism and cause for this PS still remain a mystery. It is
unclear if this occurrence is related to treatment, genetic alter-
ations, tumor microenvironment, or chance. Also, it appears
that PS in CTCL is infrequent, but it is important for the
pathologist to keep this possibility in mind when assessing a
potential recurrence of CTCL because, if proper care is not
taken, the appropriate treatment may be delayed, or not pur-
sued at all. In fact, many cases of CTCL are diagnosed based
solely on morphology or minimal immunohistochemical
stains. Therefore, it is likely that many cases with a PS have
been overlooked. We hope that this report can increase aware-
ness of the possibility of a PS in CTCL.
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