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Abstract. Cutaneous T‑cell lymphoma (CTCL) is difficult to 
diagnose at an early stage. Current diagnostic tools include 
clinical examination, histomorphologic analysis, immunohis-
tochemistry, flow cytometry of peripheral blood and/or lesional 
tissue, and evaluation of T‑cell receptor (TCR) clonality by 
gene rearrangement analysis (TCRGR). Advances in genomic 
sequencing, including high‑throughput sequencing (HTS), can 
be used to identify specific clones of rearranged TCR genes. 
Even with all of these tools, CTCL can take as long as a decade 
to definitively diagnose, potentially delaying treatment options 
and causing patient anxiety. This study aimed to evaluate the 
performance of the various ancillary testing modalities used 
to diagnose early‑stage CTCL. In a subset of patients the 
performance of HTS was compared to flow cytometry and 
conventional TCRGR analysis via polymerase chain reaction 
(PCR). Fifty‑five patients, with a total of 68 skin biopsies and 
peripheral blood draws, were evaluated using flow cytometry, 
PCR‑TCRGR, and HTS‑TCRGR to determine the sensitivity 
and specificity of each ancillary test. In tissue biopsies, flow 
cytometry (64%), PCR (71%) and HTS (69%) shared similar 
sensitivities; flow cytometry had the highest specificity (93%), 
followed by HTS  (86%) and PCR (76.9%). However, flow 
cytometry and PCR had insufficient DNA quantities in 
29 and 15% of the specimens, respectively. Peripheral blood 
testing was less sensitive than tissue testing (flow cytometry 
14%, PCR 41%, HTS 33%); in peripheral blood, HTS was the 
most specific test (flow cytometry, 70%; PCR, 62.5%; and 

HTS, 100%). HTS is a highly specific molecular test for iden-
tifying CTCL in peripheral blood and skin biopsy specimens; 
however, our findings suggest a need for a continued search for 
more sensitive tests for early‑stage CTCL.

Introduction

Cutaneous T‑cell lymphoma (CTCL) is the most common type 
of lymphoma involving the skin. It accounts for 80 to 85% of 
all primary cutaneous lymphomas, with approximately 
1,000 individuals in the US newly diagnosed annually (1,2). 
There are multiple variants of CTCL, which are classified on 
the basis of histopathologic and clinical features. The World 
Health Organization's classical categorization of CTCL is 
divided into indolent clinical behavior and aggressive behavior, 
such as that expressed by Sèzary syndrome lymphomas/leuke-
mias (1,3‑5). Mycosis fungoides is the most common subtype 
of CTCL, comprising nearly 50% of all primary cutaneous 
lymphomas (2,3,6). There are 4 distinct clinical (T) stages 
of mycosis fungoides in the skin, which are based on the 
appearance of patch, plaque, tumor and erythroderma, 
respectively (7). A complete history and physical examina-
tion, including a full skin evaluation, must be performed to 
identify lesions suspicious for CTCL, and a diagnostic skin 
biopsy is required to make a definitive diagnosis. Histologic 
criteria that have proven useful for the diagnosis of mycosis 
fungoides include epidermotropism, Pautrier microabscesses, 
dense lymphoid infiltrate, perinuclear halos, and enlarged 
hyperchromatic cerebriform nuclei  (6). However, these 
histologies are more commonly observed in advanced plaque 
and tumor stages of CTCL and are subtle or even absent in 
early patch‑stage CTCL (8). Early‑stage CTCL demonstrates 
borderline histologic changes with variable inflammatory 
reaction patterns (9). Pautrier microabscesses are absent in the 
majority of patch‑stage cases (10).

Accordingly, early‑stage CTCL is challenging to diagnose 
for both the dermatologist and dermatopathologist (11). There 
is significant overlap between the clinical and histopathologic 
features of CTCL and many inflammatory skin diseases, 
especially during the early‑patch stage. Clinically, CTCL 
typically presents as erythematous, scaly macules, patches, 
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and plaques that can be nearly indistinguishable from the 
presentations of eczema, psoriasis, and lichenoid dermatoses. 
The histology of early‑stage CTCL can also show variable 
spongiotic, psoriasiform, and/or interface patterns of derma-
titis. Immunohistochemical (IHC) stains can aid diagnosis by 
demonstrating predominant CD4 positivity within the T‑cell 
infiltrate; however, IHC analyses are limited by the significant 
overlap between the early‑stage features of CTCL and chronic 
dermatitis. A typical IHC panel consists of pan‑T‑cell markers 
as well as CD4 and CD8. Findings that support a diagnosis of 
CTCL include an elevated CD4 to CD8 ratio (12) and/or loss 
of pan‑T‑cell markers, especially CD5 or CD7. However, loss 
of T‑cell markers, such as CD2, CD3, CD4, or CD5, by the 
neoplastic T cells typically occurs in advanced‑stage CTCL 
but is less common in early‑stage lesions. Furthermore, loss 
of CD7 is not specific for CTCL and has been described in 
inflammatory conditions (13‑16).

Because of these diagnostic challenges, the diagnosis of 
CTCL is often delayed; the mean time from initial presenta-
tion to an accurate diagnosis of CTCL is approximately 4 to 
6  years  (17,18). Fortunately, skin‑limited CTCL is often 
indolent, and patients with patch/plaque‑stage disease have a 
life expectancy similar to controls matched for age, sex and 
race (7). Nonetheless, the advent of effective therapies for 
early‑stage disease, as well as the desire to alleviate patient 
anxiety, has led to the search for more sensitive and specific 
ancillary methods for an early diagnosis.

These putative ancillary diagnostic techniques are often 
employed in the initial workup of CTCL. They include 
flow cytometry of skin biopsy tissue and peripheral blood 
and molecular evaluation of T‑cell clonality using T‑cell 
receptor gene rearrangement by polymerase chain reaction 
(TCGR‑PCR), with PCR being the standard molecular tech-
nique for TCRGR analysis. Although PCR is a useful tool, 
its ability to identify TCRGR can be limited. Especially 
in early‑stage lesions, the identification of a clone using 
PCR is associated with a high false‑negative rate  (19). 
Flow cytometry of peripheral blood is mostly used in the 
evaluation of erythrodermic patients, but its sensitivity and 
specificity in early‑stage disease has only rarely been inves-
tigated. A recent study demonstrated sensitivity of 78% and 
specificity of 71%  in a group of 128  samples of various 
stages, including early‑stage mycosis fungoides (20) while 
an earlier study showed lower sensitivity of only 6%  in 
440 cases (21). Likewise, flow cytometry performed on skin 
biopsies is not in widespread use, although a small study 
showed promising sensitivity of 75% (22). Therefore, there 
remains considerable debate concerning the value of all of 
these ancillary studies, particularly in regards to early‑stage 
or suspected CTCL.

With the advent of next generation sequencing, the use of 
high‑throughput single cell T‑cell receptor sequencing‑high 
throughput screening (HTS) to identify TCRGR has shown 
better specificity in distinguishing definitive CTCL from 
inflammatory processes  (23). The tumor clone frequency 
quantified by using HTS may be used to identify patients with 
early‑stage CTCL who are at a higher risk of progression (24). 
Additionally, HTS has been shown to be more sensitive and 
specific than flow cytometry in identifying minimal residual 
disease in patients with Sèzary syndrome (25).

However, the optimal use of T‑cell receptor (TCR) clon-
ality and flow cytometry studies, especially for evaluation of 
the patient with suspected and/or early‑stage CTCL, has not 
been clearly defined. A better understanding of the yield of 
these ancillary tests can facilitate more cost‑effective care. 
Furthermore, defining the tests with optimal yield may obviate 
the need for repeated clinical visits and/or additional biopsies 
to establish a definitive diagnosis. In the current study, we 
describe the yield of the more commonly used ancillary tests 
and the more recently available TCR‑HTS studies that are 
performed on skin biopsy tissue and peripheral blood speci-
mens from patients who were evaluated for suspected CTCL 
at a cutaneous lymphoma referral clinic.

Patients and methods

Patients. Following approval of the Institutional Review Board 
of the University of South Florida, we retrospectively reviewed 
the medical records of patients who were referred to the multi-
disciplinary cutaneous lymphoma clinic at our tertiary care 
cancer center between April 1, 2017 and December 6, 2017. 
We analyzed sequentially all new patients who were referred 
for skin disease which was suspected clinically to be a new 
diagnosis of CTCL, as well as patients with a prior history 
of CTCL who had responded to treatment but were being 
evaluated for a suspected new clinical recurrence, and who 
underwent skin biopsy, flow cytometry of skin and/or periph-
eral blood, and gene rearrangement analysis of skin biopsy as 
part of their workup. Patients were excluded if they were not 
clinically suspicious for CTCL before undergoing a diagnostic 
biopsy or had no identifiable lymphoid infiltrates on pathologic 
examination. Patients with a diagnosis of CTCL who had biop-
sies to evaluate for progression of already established CTCL 
were also excluded.

Demographic data such as age, sex, and race were obtained. 
The clinical appearance of skin lesions (patch, plaque, tumor) 
at the time of presentation and the diagnostic results of flow 
cytometry, TCR, and HTS analyses, along with the final 
consensus diagnosis of each patient, were recorded. If lesions 
of >1 morphology were present, the clinical categorization was 
that of the most advanced morphology.

Skin biopsy evaluation. Each patient underwent one skin 
biopsy, either a 3‑mm punch biopsy or a shave biopsy measuring 
at least 4 mm, of each skin lesion with patch, plaque, and/or 
tumor morphology. Biopsies were submitted in formalin for 
hematoxylin and eosin (H&E) and IHC evaluation, TCR‑PCR 
and/or TCR‑HTS analysis. Most patients underwent an addi-
tional 3‑mm punch biopsy which was submitted fresh for flow 
cytometry analysis in some cases; the shave or punch for patho-
logic diagnosis was bisected and one half was submitted fresh 
for flow cytometry with the remainder for H&E. H&E‑stained 
slides were evaluated for histologic features diagnostic of 
CTCL, including band‑like dermal lymphocytes, epidermotro-
pism, Pautrier microabscesses, follicular mucinosis, cytologic 
atypia of lymphocytes, and wiry papillary dermal fibrosis.

Immunohistochemistry. IHC staining was performed on 
a Ventana immunostainer (Ventana Benchmark Ultra, 
Roche Diagnostics). Antibodies included CD2 (Cell Marque); 
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CD3, CD4, CD5, CD7, CD20, CD30 (Ventana/Roche); and 
CD8 (Dako/Aligent). Positive staining was visualized with 
diaminobenzidine chromogen.

Flow cytometry. Fresh tissue biopsies submitted for flow 
cytometry analyses were transported at room temperature 
in Roswell Park Memorial Institute (RPMI)‑1640 media to 
the flow cytometry laboratory and manually cut into 1  to 
2 mm3 pieces with a scalpel. They were then loaded on a 
Medimachine sample preparation system (BD Biosciences) 
and processed per manufacturer's instructions. Briefly, this 
system uses disposable polyethylene Medicon chambers with 
immobile stainless‑steel screens that contain microblades 
around each hole in the screen, which allow for tissue disag-
gregation. After 45 sec, the disaggregated tissue was collected 
and filtered through a 50‑µm Filcon filter membrane, then 
centrifuged for 5 min at 250 x g. The pellet was resuspended 
in RPMI‑1640 medium. Cell count and viability assessments 
were performed; the concentration was between 5x105 to 
1x106 cells/ml. Aliquots of the resulting cell suspension were 
stained in the dark for 15 min at room temperature with 
combinations of monoclonal antibodies conjugated to fluo-
rescein isothiocyanate, phycoerythrin‑Texas Red, peridinin 
chlorophyll protein CyChrome 5.5, phycoerythrin‑cyanine 7, 
allophycocyanin, allophycocyanin‑Alexa Fluor 700, allophy-
cocyanin‑Alexa Fluor 750, Pacific Blue, and Krome Orange. 
Red blood cells were lysed with BD FACS lysing solution 
(BD  Biosciences), and nucleated cells were resuspended 
in phosphate‑buffered saline containing 2%  paraformal-
dehyde. Events were acquired on a Gallios flow cytometer 
(Beckman Coulter). The one‑tube panel for skin consists 
of CD2, CD26, CD3, CD5, CD7, CD30, CD19, CD4, CD8, 
and CD45 (Beckman Coulter). Listmode files were analyzed 
using Kaluza version 1.2 (Beckman Coulter). The lymphoid 
population was obtained on a dot plot of ungated forward 
scatter/side scatter and CD45/side scatter gating for all 
lymphocytes. A positive flow cytometry is diagnosed when 
a distinct aberrant T‑cell cluster is identified, such as a T cell 
population with aberrant loss of CD7, CD26, or any other 
pan–T‑cell markers.

Flow cytometry analyses of peripheral blood were 
conducted as follows. Peripheral blood cell counts were 
calculated by using an XE‑2100 automated hemocytom-
eter (Sysmex, Hyogo, Japan). Aliquots of 100 µl of whole 
blood in sodium heparin were incubated in the dark 
for 15  min at room temperature with combinations of 
monoclonal antibodies conjugated to the above‑described 
fluorochromes. Red blood cells were lysed with BD FACS 
lysing solution (BD Biosciences), and nucleated cells were 
resuspended in phosphate‑buffered saline containing 
2% paraformaldehyde. Events were acquired on a Gallios 
flow cytometer (Beckman Coulter). The panel consisted 
of 5  tubes containing the following combinations: CD2, 
CD26, CD3, CD5, CD7, CD30, CD19, CD4, CD8, and 
CD45; TCR  γ/δ, TCR  α/β, CD3, CD279, CD10, CD194, 
CD25, CD4, CD8, and CD45; CD45RA, CD52, CD62L, 
CD56, CD7, CD16, CD4, CD3, CD57, and CD45; TCR γ/δ, 
TCR α/β, CD8, CD5, CD7, CD16, CD56, HLA‑DR, CD57, 
and CD45; and κ‑light chain, λ‑light chain, CD8, CD5, 
CD10, CD20, CD19, CD4, CD3, and CD45. All antibodies 

were obtained from Beckman Coulter. Lymphoid popula-
tions were identified and categorized. Fig.  1 provides a 
summary of the antigens evaluated via f low cytometry 
analyses of skin biopsies and peripheral blood.

TCRGR by PCR. This test was performed on DNA prepared 
from paraffin‑embedded skin biopsy tissue and/or an aliquot 
of the cell suspension in RPMI‑1640 medium produced by the 
flow cytometry laboratory. Total cellular DNA was extracted 
and PCR amplification was performed on 5 multiplex PCR tubes 
with analyte specific reagent Biomed‑2 primers (Invivoscribe 
Technologies) targeting TCR Vβ, Dβ, Jβ, Vγ, and Jγ regions. 
The products were separated and detected by capillary gel 
electrophoresis on the ABI PRISM 3130xl Genetic Analyzer 
(Applied Biosystems). A positive PCR result is defined as a 
single peak that is >2.5x larger than adjacent polyclonal peaks.

TCRGR by HTS. DNA extracted from paraffin‑embedded skin 
biopsy specimens was submitted for TCR‑HTS to Adaptive 
Biosciences for Clonoseq testing. TCR‑β complementary 
determining region 3  (CDR3) was targeted and amplified 
by using multiplex PCR, with bias‑controlled V and J gene 
primers. The amplified segments were sequenced using HTS. 
Cases were considered positive if there was at least one unique 
sequence comprising >5% of all sequences identified. For 
these cases, the number and sequence(s) of clones containing 
unique CDR3 regions/1 million cells reported. Cases with 
unique sequences at lower than 5% frequency were considered 
polyclonal.

Data analysis. For each of the testing modalities, the number 
of adequate specimens per patient tested, as well as the rate 
of positivity of adequate specimens was compiled for each 
lesion morphology. The sensitivity (true positives/true posi-
tives + false negatives) and specificity (true negative/true 
negatives +  false positives) of TCR‑PCR, TCR‑HTS, and 
flow cytometry studies performed were calculated for each 
patient using the final integrated diagnosis (CTCL or not 
CTCL), which was based on the integration of clinical, histo-
pathologic, and molecular analyses of all biopsy specimens 
from that patient. A final integrated diagnosis of mycosis 
fungoides included at least 2 of the following findings: A 
chronic cutaneous eruption clinically suspicious for CTCL 
exhibiting an abnormal clone of CD26‑expressing T cells on 
flow cytometry analyses, a positive TCRGR for β and γ genes 
by PCR and/or HTS, an epidermotropic lymphoid infiltrate 
on H&E staining with an altered CD4 to CD8 ratio (either >5 
or <2), and/or a loss of pan‑T‑cell antigen(s), such as CD2, 
CD5, or CD7.

Results

A total of 55 patients referred to the cutaneous lymphoma 
clinic between April 1, 2017 and December 6, 2017 met the 
inclusion criteria. The patients ranged from 21 to 85 years 
of age. Clinicopathologic characteristics are summarized in 
Table I. Representative examples of results for a patient with 
patch‑stage disease (clinical images, histology, flow cytometry 
and PCR results) are shown in Fig. 2, and for plaque disease 
in Fig. 3.

https://www.spandidos-publications.com/10.3892/or.2020.7865
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Clinical lesions that were biopsied included patches 
(n=45 biopsies from 28  patients), plaques (n=43 biopsies 
from 24  patients), nodules/tumors (n=5 biopsies from 

3 patients), and erythroderma (n=9 biopsies from 6 patients); 
6 of these patients had both patches and plaques submitted. 
One  hundred and two  (102) skin biopsy specimens were 

Table I. Clinicopathologic characteristics of the cases.

Characteristics	 Patch morphology	 Plaque morphology	 Tumor morphology	 Erythroderma

Age in years				  
  Median	 62	 58	 68	 77
  Range	 29‑80	 21‑76	 52‑69	 66‑85
Sex, n (%)				  
  Male	 15 (68)	 13 (54)	 3 (100)	 3   (50)
  Female	   7 (32)	 11 (46)	 0     (0)	 3   (50)
BSA, n (%)				  
  <1%	   3 (14)	   1   (4)	 0	 0
  1‑9%	 10 (45)	 12 (50)	 1   (33)	 0
  10‑79%	   8 (36)	   5 (21)	 0	 0
  >80%	   0	   0	 0	 6 (100)
  Unknown	   1   (5)	   7 (29)	 2   (67)	 0
Clinical presentation, n (%)				  
  New patients	 16 (73)	 22 (88)	 2   (67)	 3   (50)
  Recurrent patients	   6 (27)	   3 (12)	 1   (33)	 3   (50)
Final diagnosis, n (%)				  
  MF	 14 (64)	 16 (67)	 1   (33)	 4   (67)
  Non‑MF	   8 (36)	   8 (33)	 2   (67)	 2   (33)
Patients (total, N=55), n	 22	 24	 3	 6

BSA, body surface area;  MF, Mycosis fungoides.

Figure 1. T‑cell panel flow cytometry markers analyzed in (A) biopsy tissue and (B) peripheral blood. CTCL, cutaneous T‑cell lymphoma.
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submitted for H&E histologic evaluation, with associated 
flow cytometry (n=59  tests from 53  patients), TCR‑PCR 
(n=50 tests from 50 patients), and/or TCR‑HTS (n=26 tests 
from 23 patients) studies performed. There were 21 concur-
rent tissue TCR‑PCR and TCR‑HTS specimens. Peripheral 
blood specimens were submitted for flow cytometry (51 from 
51 patients), TCR‑PCR (50 from 50 patients) and TCR‑HTS 
(16  from 16  patients), with 15  concurrent TCR‑PCR and 
TCR‑HTS blood specimens. Thirty‑five (64) patients had a 

final integrated diagnosis of CTCL. Representative clinical 
images, H&E slides, flow cytometry, and TCRGR results are 
presented for a patient with patch‑stage mycosis fungoides 
(Fig. 3) and plaque stage mycosis fungoides. A representative 
example of immunohistochemical staining used to support 
a diagnosis of plaque‑stage mycosis fungoides is shown in 
Fig. S1. An example of a high‑throughput sequencing report 
on a patient with plaque‑stage mycosis fungoides is shown 
in Fig.  S2. The diagnoses of the remaining 20  patients 

Figure 2. Patient with patch‑stage mycosis fungoides showing (A) erythematous scaly patch and (B) sparse dermal infiltrate of hyperchromatic lymphocytes 
with epidermotropism (magnification, x20). (C) Atypical population of CD2/CD3-positive T lymphocytes expressing dim CD2 and lacking CD7 as identified 
via flow cytometry from skin tissue. (D) Single prominent peak showing TCR gamma gene clonal rearrangement. TCR, T‑cell receptor.

https://www.spandidos-publications.com/10.3892/or.2020.7865
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were pseudolymphoma  (n=7), no evidence of/inactive 
disease (n=4), atypical lymphoid infiltrate not diagnostic 
for CTCL (n=1), lymphomatoid papulosis (n=1), superficial 
perivascular dermatitis  (n=2), phototoxic dermatitis  (n=1), 
postinflammatory pigment alteration (n=1), interstitial granu-
lomatous dermatitis (n=1), Staphylococcus folliculitis (n=1) 
and morphea (n=1).

Performance of flow cytometry analyses of skin biopsy 
samples. The sensitivity and specificity of each diagnostic 
modality were calculated for patients on the basis of lesion 
type and were divided into 4 groups on the basis of clinical 
presentation (Table  II). The per patient sensitivity of flow 
cytometry analyses of skin biopsy specimens was 55% for 
clinical patches, 75% for plaques, and 0% for nodular disease, 
and 100% for erythroderma, for an overall sensitivity of 66%. 
The per patient specificity of flow cytometry analyses was 
100% for patches, plaques, nodular disease, and erythroderma, 

with an overall specificity of 100%. Specimens with insuf-
ficient cellularity were excluded from the final calculations; 
these included 33%  of patches, 9%  of plaques, 0%  of 
nodules/tumors, and 33% of erythrodermic skin. Therefore, 
a total of 21% of specimens submitted for flow cytometry 
analysis were insufficient.

Performance of molecular analyses of skin biopsy samples. 
A total of 72% of skin biopsies had sufficient DNA for perfor-
mance of TCR‑PCR. The sensitivity of TCR‑PCR analyses of 
skin biopsy samples was 55% for patients with clinical patches, 
82% for plaques, and 0% for both the 1 tumor‑stage CTCL 
case and the 1 erythrodermic CTCL case; overall sensitivity 
was 61%. The specificity of TCR‑PCR analyses was 66% for 
patients with patches, 50% for plaques, 100% for nodular 
disease, and 50% for erythroderma, for an overall specificity 
of 64%. TCR‑HTS on skin biopsy samples had a per patient 
sensitivity of 25% for clinical patches, 89% for plaques, and 

Figure 3. Patient with plaque‑stage mycosis fungoides, showing (A) erythematous scaly vaguely annular plaque and (B) dense, band‑like dermal infiltrate of hyper-
chromatic cerebriform lymphocytes with epidermotropism (magnification, x20). (C) Population of T lymphocytes with expression of CD2 and CD3 but aberrant 
loss of aberant loss of CD7 and CD26 as identified via flow cytometry from skin tissue. (D) Monoclonal peaks identified via beta and gamma gene rearrangement 
analyses.
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0% for the 1 erythrodermic CTCL case tested, for an overall 
sensitivity of 60%. TCR‑HTS analyses had a specificity of 
100% for patients with patches and 80% for plaques, with an 
overall specificity of 87%. Samples submitted for TCR had 
a higher rate of sufficient DNA: 89% for PCR and 100% for 
HTS, although inadequate specimens were more frequent with 
patch‑stage disease (25%). There were 16 patients with concur-
rent PCR and HTS results; these were concordant in 75% of 
cases. In the four discordant cases, there were equal numbers 
of false‑positive and false‑negative results for both types of 
testing.

Performance of flow cytometry analyses of peripheral blood 
samples. Table  III demonstrates the yield, sensitivity and 
specificity of peripheral blood analysis by flow cytometry and 
molecular analysis in the lesion subgroups and entire group 
of patients. Flow cytometry analyses of peripheral blood 
samples identified an abnormal clone in 23% of patients diag-
nosed with patch‑stage CTCL, 0% with plaque‑stage CTCL, 
0% with tumor‑stage CTCL, and 50% with erythrodermic 
CTCL/Sèzary syndrome, for an overall sensitivity of 14%. 
The specificity of flow cytometry analyses of peripheral 
blood samples was 85% for clinical patches, 83% for plaques, 
100% for nodular disease, and 75% for erythroderma, for an 
overall specificity of 88%.

Performance of molecular analyses of peripheral blood 
samples. TCR‑PCR analyses of peripheral blood samples 
were positive in 38% of patients diagnosed with patch‑stage 
CTCL, 36% with plaque‑stage disease, 0% with tumor‑stage 
disease, and 75% diagnosed with erythrodermic CTCL/Sèzary 

syndrome, for an overall sensitivity of 40%. The specificity of 
TCR‑PCR analyses of peripheral blood samples was 71% for 
clinical patches, 57% for plaques, 0% for nodular disease, and 
100% for erythroderma, for an overall specificity of 61%.

TCR‑HTS analyses of peripheral blood samples was posi-
tive in 0% of patients diagnosed with patch‑stage CTCL and 
50% with plaque‑stage CTCL; TCR‑HTS analyses were not 
performed in cases of tumor‑stage CTCL or erythrodermic 
CTCL/Sèzary syndrome. The overall sensitivity of TCR‑HTS 
analyses was 30%. The specificity of TCR‑HTS analyses of 
peripheral blood samples was 100% for patches, 100% for 
plaques, and 100% for nodular disease. TCR‑HTS analyses 
were not performed on peripheral blood samples of patients 
with erythrodermic skin (Table III). Forty‑nine (49) patients 
had concurrent peripheral blood flow cytometry and clon-
ality analysis, either by PCR or HTS. Thirty‑four (34) (69%) 
of these patients had concordant results. The most common 
cause of discordant results was false‑negative flow cytom-
etry  (9/15  discordant results) followed by false‑positive 
molecular results (4/15 discordant samples) and false‑negative 
molecular results (2/15 samples).

Discussion

Cutaneous T‑cell lymphoma (CTCL) is a cutaneous lymphoma 
that clinically mimics a variety of inflammatory dermatoses. 
A skin biopsy demonstrating characteristic histologic features, 
including a predominant CD4+ superficial lymphoid infiltrate 
with atypical cerebriform nuclei, epidermotropism, Pautrier 
microabscesses, and loss of ≥1 pan‑T‑cell antigens (CD2, CD3, 
CD5), can be used to affirm the diagnosis (8). Although these 

Table II. Sensitivity and specificity of flow cytometry, TCR‑PCR and TCR‑HTS analyses of skin biopsy specimens. 

					     Per patient
		  No. of adequate	 No. of positive	 Per patient sensitivity	 specificity
Clinical		  specimens/patients	 specimens/adequate	 in adequate	 in adequate
morphology	 Study	 tested (%)	 specimens %	 specimens, %	 specimens, %

Patch 	 Flow cytometry	 14/21   (67)	   5/14 (36)	 55	 100
	 TCR‑PCR	 15/20   (75)	   7/15 (47)	 55	   66
	 TCR‑HTS	   7/7   (100)	   1/7   (14)	 25	 100
Plaque	 Flow cytometry	 21/23   (91)	   9/21 (43)	 75	 100
	 TCR‑PCR	 19/20   (95)	 15/19 (79)	 82	 50
	 TCR‑HTS	 17/14 (100)	   9/14 (64)	 89	 80
Nodule/tumor 	 Flow cytometry	   3/3   (100)	   0/3     (0)	 0	 100
	 TCR‑PCR	   3/3   (100)	   0/3     (0)	 0	 100
	 TCR‑HTS	   1/1   (100)	   0/1     (0)	 0	 NP
Erythroderma 	 Flow cytometry	   4/6     (67)	   2/4   (50)	 100	 100
	 TCR‑PCR	   4/3   (100)	   1/3   (33)	 0	   50
	 TCR‑HTS	   1/1   (100)	   0/1     (0)	 0	 NP
All lesions	 Flow cytometry	 42/53 (100)	 16/42 (38)	 66	 100
	 TCR‑PCR	 41/46   (89)	 23/41 (56)	 61	   64
	 TCR‑HTS	 26/23 (100)	 10/23 (43)	 60	   87

NP, not performed; TCR‑HTS, T‑cell receptor gene high‑throughput sequencing; TCR‑PCR, T‑cell receptor gene rearrangement by polymerase 
chain reaction.
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pathognomonic features are seen in well‑established cases of 
CTCL, they are rarely observed in cases of early‑stage CTCL, 
in which differentiation between neoplastic and reactive T‑cell 
infiltrates is difficult.

The diagnostic workup for suspected CTCL includes the 
use of ancillary diagnostic techniques, which have been shown 
to have promising results in the diagnosis of CTCL (26,27). 
The identification of T‑cell monoclonality within the lymphoid 
infiltrate can provide strong evidence of the diagnosis of 
CTCL. In well‑established CTCL cases, T‑cell receptor (TCR) 
has been shown to detect T‑cell monoclonality in 52 to 90% of 
established CTCL biopsy specimens (5,28‑30). Kirsch et al 
demonstrated superior results using high‑throughput 
sequencing (HTS), which detected expanded T‑cell clones in 
100% (46 out of 46) of established CTCL cases (19).

Little is known about the usefulness of these ancillary 
studies in early or pathologically borderline/equivocal CTCL 
cases. Ashton‑Key et al analyzed clinically suspicious, histo-
logically borderline CTCL biopsy specimens of lesions from 
22 patients who subsequently developed mycosis fungoides 
and 32  newly suspected CTCL patients. TCR detected 
monoclonality in 50% (11/22) and 19% (6/32) of cases, respec-
tively (13). The use of HTS in examining clinically suspicious, 
histologically borderline lesions has not been studied.

Once a diagnosis of CTCL is established, additional diag-
nostic testing is conducted in accordance with current National 
Comprehensive Cancer Network guidelines for the workup and 
staging of cutaneous lymphomas (31). These diagnostic tests 
include PET/CT scans and laboratory studies, such as complete 
blood count, differential, comprehensive metabolic panel, 
lactic dehydrogenase, serum protein electrophoresis/quantita-
tive immunoglobulins, molecular testing with cytogenetics, 

fluorescence in situ hybridization, flow cytometry, and viral 
studies (32), as clinically indicated. A bone marrow biopsy is 
also performed in select cases of CTCL (33).

The majority of patients in our cohort presented with 
low‑volume patch or plaque‑stage disease. For tissue evalu-
ation, the sensitivity of each technique was similar for the 
population as a whole, while flow cytometry was most 
specific. Although flow cytometry was useful for analyzing 
skin biopsy specimens from patients with plaques and eryth-
roderma, it suffered from low sensitivity for patch‑stage 
disease and had a high rate of insufficient tissue (33%). We 
no longer perform flow cytometry of patch‑stage skin lesions. 
TCR‑PCR remains a valuable technique to assess the tissue 
of patients with suspected CTCL, especially with patch and 
plaque lesions, but had a lower sensitivity in patch‑stage 
disease and a high rate of insufficient tissue (25%). Since 
our population was skewed towards patients with suspected 
malignancy, we do not have adequate numbers of benign 
diagnoses to make valid conclusions about the specificity 
of TCR‑PCR. Compared to TCR‑PCR, TCR‑HTS offered 
similar sensitivity but had greater specificity in patients with 
plaque but not patch lesions. Both TCR‑PCR and TCR‑HTS 
had greater sensitivity than flow cytometry in assessing 
patients with raised lesions; flow cytometry offered greater 
specificity than TCR‑PCR among those with clinically raised 
lesions. The PCR and HTS techniques showed a high rate of 
concordance (75%) in the low number of samples concur-
rently tested. For all of these tests, it must be emphasized 
that our reported performance characteristics can only be 
generalized to patients with early or partially treated disease, 
as this population was the focus of this study. Furthermore, 
the low numbers of patients tested with TCR‑HTS limits 

Table III. Sensitivity and specificity of flow cytometry, TCR‑PCR, and TCR‑HTS analyses of peripheral blood.

		  No. of positive	 Per patient	 Per patient
		  specimens/total	 sensitivity in	 specificity in
Clinical morphology	 Study	 specimens (%)	 adequate specimens, %	 adequate specimens, %

Patch	 Flow cytometry	   4/20 (20)	 23	   85
	 TCR‑PCR	   7/20 (35)	 38	   71
	 TCR‑HTS	   0/5     (0)	   0	 100
Plaque	 Flow cytometry	   0/22   (0)	   0	   83
	 TCR‑PCR	   8/21 (38)	 36	   57
	 TCR‑HTS	   3/9   (33)	 50	 100
Nodule/tumor	 Flow cytometry	   0/3     (0)	   0	 100
	 TCR‑PCR	   2/3   (66)	   0	     0
	 TCR‑HTS	   0/2     (0)	   0	     0
Erythroderma	 Flow cytometry	   3/6   (50)	 50	   75
	 TCR‑PCR	   3/6   (50)	 75	 100
	 TCR‑HTS	   NP	 NP	 NP
All lesions	 Flow cytometry	   7/53 (13)	 14	   88
	 TCR‑PCR	 20/50 (40)	 40	   61
	 TCR‑HTS	   3/16 (19)	 30	 100

NP, not performed; TCR‑HTS, T‑cell receptor gene high‑throughput sequencing; TCR‑PCR, T‑cell receptor gene rearrangement by polymerase 
chain reaction.
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drawing strong conclusions about test performance, although 
the results are promising.

With the exception of erythrodermic patients, the overall 
rate of positive TCR and flow cytometry studies performed 
on peripheral blood specimens was low. These data suggest 
that f low cytometry analyses of peripheral blood may 
safely be eliminated from the workup of patients with 
patch and plaque disease; the low numbers of patients with 
nodules/tumor disease precluded the evaluation of this tech-
nique. In 9 cases, TCR‑PCR analyses performed on blood 
yielded a positive result when concurrent flow cytometry 
was negative. Although TCR‑PCR was more sensitive than 
TCR‑HTS, TCR‑HTS had a significantly higher specificity 
when performed on peripheral blood. For patients with posi-
tive TCR‑PCR but negative flow cytometry of peripheral 
blood, a comparison of a TCR peak(s) with the tissue spec-
imen is suggested to evaluate for matching peaks. Indeed, 
all 3 positive TCR‑HTS results had matching peaks in tissue 
and peripheral blood; in all 3 of these flow cytometry was 
negative. An accurate comparison of TCR‑PCR peaks may 
often be challenging, whereas TCR‑HTS identifies matching 
gene sequences with superior specificity and has the ability 
to reveal low levels of dominant sequences found in skin 
biopsies as well as within corresponding peripheral blood 
specimens.

Given the rising health care costs in the US, a cost‑conscious 
approach must be considered in diagnostic medicine. Despite 
the decrease in the cost of next‑generation sequencing in the 
last decade, the techniques of established flow cytometry 
methods and PCR‑based studies are less costly. However, 
the higher rates of insufficient tissue associated with flow 
cytometry and PCR studies, leading to the need for additional 
biopsies, may negate any cost difference.

These data suggest that molecular analyses remain a useful 
tool for evaluating patients with suspected CTCL. In the 16 
patients tested, TCR by HTS showed better specificity for 
both the skin biopsy and peripheral blood samples than the 
traditional PCR method, although sensitivities were similar. 
By identifying the gene sequences present in lesional tissue, 
HTS may be superior for monitoring for recurrence and 
minimal residual disease. Flow cytometry of tissue can be a 
useful adjunct to molecular analyses for patients with plaque, 
tumor, or erythrodermic lesions. In our limited sample, flow 
cytometry analyses of peripheral blood samples showed rela-
tively low sensitivity and moderate specificity in patch, plaque, 
and tumor disease, and flow cytometry analyses of peripheral 
blood remains a useful tool for evaluating patients with eryth-
roderma. Although our findings are limited by the low number 
of cases studied, they point to the continued need for more 
sensitive tests for early‑stage CTCL.
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