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Abstract
Background: Over the last few decades, Reflectance Confocal Microscopy (RCM) has been tested
as a diagnostic technique and recently, demonstrates effectiveness to monitor the therapeutic
response in melanoma and non-melanoma skin cancer, but it has not been used for follow-up in
Cutaneous Lymphoma. This innovative technology allows an in vivo dynamic evaluation of
multiple lesions and helps to identify areas of active disease. Moreover, the non-invasive nature of
this technique allows repetitive sampling without biopsy collection, causing no further morbidity to
patients. Its main advantage is the possibility of risk-free longitudinal monitoring. Objective: Our
aim was to evaluate the role of RCM in the follow-up of patients with Mycosis Fungoides (MF).
Additionally, to correlate RCM features with clinical and histopathological features before and after
treatment. Method: Patients were assessed with RCM on the same site that diagnostic biopsies were
performed and re-assessed 6 months after treatment. RCM descriptors were defined by a systematic
review. Histopathological correlation and clinical correlation were assessed. Results: A total of 30
patients were assessed by RCM and biopsies were taken in 38 lesions. After 20 to 30 weeks under
treatment, 19 lesions were re-assessed by RCM and 12 were re-biopsied. RCM demonstrated good
correlation with clinical and histopathological assessments with 4 RCM parameters (epidermotropic
lymphocytes, Pautier’s microabscess, interface dermatitis and junctional lymphocytes) achieving an
AUC 0.955 (SD: 0.053, p: 0.003). Conclusion: RCM is an excellent tool to assess the response of
skin lesion in patients with MF, with excellent correlation with clinic and histological assessment.
Keywords: Follow up, Score, Cutaneous T-cell lymphoma, Skin cancer, Reflectance Confocal
Microscopy, Mycosis Fungoides

1.
1.1.

Chapter 1: Introduction

Overview

The skin has multiple physiological functions including thermoregulation, sensory and endocrine.
One of the most important roles of the skin is protection, both as a barrier from physical, chemical
and ultraviolet insults, but also in immune defence. In order to achieve this, the skin is composed of
three different layers: the epidermis (mainly composed by keratinocytes), the dermis (mainly
composed by fibroblasts that produce collagen), and the subcutaneous tissue (fat storage in
adipocytes). The skin thickness varies from 0.05 mm to 2 mm. The viable epidermis (~100-150 μm
thick) contains several other cells besides the keratinocytes such as melanocytes, Langerhans cells,
dendritic T cells, resident memory lymphocytes and Merkel cells. One of these cell types, the
lymphocyte, is also present in the blood and reaches the dermis, when attracted by inflammatory
signals. Just as in lymph nodes, the cutaneous lymphocytes can also suffer mutations, which can result
in the development of cutaneous lymphoma. (1)

1.2.

Cutaneous Lymphoma

Although lymphomas are a relative common cancer in Australia, primary cutaneous lymphomas
(PCL) are rare and estimated to be 2% of all lymphomas, with an annual incidence of 0.3-1 per
100,000. (2) They need to be distinguished from nodal or systemic lymphomas which involve the
skin secondarily and require a different management approach (4).

Primary cutaneous lymphomas (PCL) are classified into two groups, cutaneous T-cell lymphomas
(CTCL) and cutaneous B-cell lymphomas (CBCL). Cutaneous T cell lymphomas are more prevalent,
corresponding to 75–80% of all PCL in Europe. (5)

Cutaneous T-cell Lymphoma (CTCL)
Cutaneous T cell Lymphoma (CTCL) represents 2% of all lymphomas. (5) Its annual incidence is 0.5
– 1 per 100,000 and it is typically seen in adults with a median age of 55–60 years at diagnosis, having
higher prevalence among men than women (male-to-female ratio of 1.6–2.0 : 1) (6). CTCL is usually
characterized by a cutaneous accumulation of malignant T cells of the CD4 phenotype. (4)

Mycosis fungoides (MF), which is generally indolent in behaviour, and Sezary syndrome (SS), an
aggressive and leukemic variant, comprise almost 50% of all cutaneous lymphomas, and are
collectively referred to as CTCL. (5) Patients with MF and SS are at a significantly increased risk of
developing a second lymphoma, in particular Hodgkin lymphoma as well as nonhematologic
malignancies. (4)

MF is the most common type of CTCL. Diagnosis requires clinical-pathological correlation. Often,
patients with MF require multiple biopsies before the diagnosis is reached due to its non-specific
presentation. MF, not uncommonly, can resemble both clinically and histologically common
inflammatory conditions such as eczema. Furthermore, simultaneous lesions are not necessarily at the
same stage and can display different histological features making its diagnosis and monitoring
particularly challenging. (6)

Regarding the follow-up, the gold standard is histopathological analysis; but due to its invasive nature,
most teams monitor patients clinically performing further biopsies only in special situations.

1.3.

Image Tools in Dermatology field

In the last few decades, new non-invasive image techniques such as magnetic resonance imaging, high
frequency ultrasound, optical coherence tomography and reflectance confocal microscopy (RCM)
have been applied to the diagnosis of cutaneous lesions to complement clinical and histopathological
findings. These non-invasive and painless techniques facilitate repetitive analysis of the affected areas,
conferring the medical practitioner not only immediate diagnosis capability, but also the ability to
follow up the effect of time and treatments on the affected area of the skin without causing further
damage. Moreover, the skin is not altered by post-surgery effects (inflammation and scarring), which
may cause disruption of the native structure of the tissue, thus reducing interpretive ambiguities. In
addition to it, real-time data collection is faster than routine histology, and can evaluate dynamic
changes such as tissue growth, wound healing and the therapeutic response.

The advent of newer therapies demands the development of non-invasive reproducible diagnostic
tools to identify tumour subtypes, to monitor therapeutic responses and to evaluate disease
progression. Of the above techniques, RCM provides resolution at the cellular level thus providing
the best imaging-histologic correlation with high diagnostic accuracy for skin cancer diagnosis. (7)

1.3.1. Reflectance Confocal Microscopy

Reflectance confocal microscopy (RCM) has been demonstrated the best histopathology correlation
because it is the only technique with cellular resolution, which means that this method can evaluate
the morphological and structural characteristics of the skin. It has been tested as a diagnostic technique
and has demonstrated effectiveness in the follow up of therapeutic response. (7)

RCM is a diode low power laser that emits in near infrared light (830 nm) and is able to capture the
differences in the reflection of multiple tissue structures. The strong reflectivity of melanin allows
easily recognition of the melanin-containing cells such as melanocytes, melanophages and pigmented
keratinocytes. For that reason, since 1995, RCM has been mainly used to examine melanocytic
lesions. However, with the improvement of this technology, the use of RCM has been expanded to
include nonmelanocytic skin cancers and inflammatory diseases as collagen and inflammatory cells
can be detected as refractive structures on RCM images.(7)

The images are taken with a laser beam of 35 mW, in a near-infrared wave-length (830 nm) and 30 x
objective lens (VivaScope 1500® and VivaScope 3000®). The reflected light (reflectance) is sent
through a pinhole, which prevents out-of-focus light from reaching a detector, so that only light from
the in-focus plane (confocal) is detected. In this manner, whole planes of the sample under study are
collected by linear scanning of the point source beam, providing thin sections of horizontal tissue in
vivo, similar to computerized tomography or MRI. (8)

Typically, confocal microscopy employs lasers as source of illumination due to their capability to
generate monochromatic, coherent beams. Whereas fluorescent confocal microscopes use He/Ne, Kr
or Ar lasers to illuminate fluorescent samples in a wavelength range of 400-700 nm, light

transmittance in skin increases from 700-1400 nm. Due to the fact that resolution is related to the
wavelength of the illuminating beam, higher wavelengths which have increased light transmittance,
have poor lateral resolution. (7)

The application of real-time RCM to the study of the skin has two main differences compared to
classical histology: the image represents horizontal sections; in addition, collected images are
transformed into intensity maps (brightness grayscale) that represent the differential reflectance of the
different structures of the skin. (9)

1.3.2. Dermatological application of Reflectance Confocal Microscopy

RCM is successfully applied to identify dynamic skin changes and define the morphology and
inflammatory process over time. This tool can demonstrate in vivo inflammatory phases and it can
help to evaluate patient’s progression, also guiding the best area for skin biopsy. (8) RCM can also be
useful to collect samples from aesthetically compromising areas, such as the face. It has been broadly
used to diagnose and manage benign and malignant pigmented lesions on the face. It allows a clear,
non-invasive diagnosis of solar lentigo, and reduces the size of the sample required to diagnose lentigo
maligna melanoma. (8)

RCM can also be used to define the margins of a lesion before surgical or non-surgical therapy. This
is particularly helpful in margin assessment of tumours with radial growth phases, including lentigo
maligna melanomas or some basal cell carcinomas or hard-to-detect tumours, such as amelanotic
melanomas or infiltrative basal cell carcinomas. (10) Recently, it has been demonstrated that RCM

may be useful to examine non-melanoma skin cancers in ex vivo tissue during Mohs micrographic
surgery without frozen sections. (10)

In addition, RCM can be used to establish timing and dosing responses to non-invasive therapies such
as cryotherapy, imiquimod, or photodynamic therapy. Recent studies have assessed the applicability
of RCM to evaluate the response of actinic keratoses to treatment with imiquimod or 5-aminolevulinic
acid and photodynamic therapy, as well as of basal cell carcinomas treated with imiquimod. It is useful
in order to understand the physiopathological mechanisms (inflammatory response, microvascular
changes, tissue restitution, etc.) involving these novel non-surgical therapies. (11)

Reflectance Confocal Microscopy on Cutaneous Lymphoma
In 2007, the first publication regarding the use of Reflectance Confocal Microscopy in Cutaneous
Lymphoma was published. (12) Since then, some authors reported in a heterogenous nomenclature
the main features for this entity. The literature regarding the Reflectance Confocal Microscopy in
cutaneous lymphoma was reviewed and carefully analysed and it is reported in Chapter 2.

1.4.

Summary

•

In vivo Reflectance Confocal Microscopy (RCM) is a non-invasive image technique with

cellular resolution. It is able to visualise cells in the epidermis, dermo-epidermal junction and upper
dermis.

•

Cutaneous lymphoma management requires clinical-pathological correlation, and this

involves performing repeated biopsies. As RCM allows repeated non-invasive assessment of patients,
it could play a role in the management of the cutaneous lymphoma patients.

1.5.

Hypothesis

The hypothesis is that RCM could be a valuable tool for CTCL follow up.

1.6.

Aims

Systematic review to determine the RCM features reported for CTCL and their frequency to develop
an assessment tool for CTCL (Chapter 2)

Recruit a prospective cohort of patients with MF to evaluate their lesions and normal skin by RCM
and Histopathology (HP). Lesions were scored by the confocalist and pathologist separately based
on a set off parameters, to evaluate the correlation of each RCM feature and its correspondent
histopathology. Sensitivity and specificity were established for the relevant features. (Chapter 3)

Parameters with good and moderate RCM-HP correlation were statistically analysed in order to
check which ones were able to predict normality and MF severity. (Chapter 4)

The validated parameters were used in clinical practice during the follow up of MF patients in order
to check its clinical applicability. (Chapter 5)

Additionally, the role of RCM was also explored in order to detect aggressive disease progression of
MF (Transformed Mycosis Fungoides). (Chapter 6)

1.7.
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2.

Chapter 2: Systematic Review
2.1.

Introduction

In the last decade, a few groups have described the use of RCM in cutaneous T cell lymphomas
(CTCL). Based on the first features described by Agero et al (3), several studies have been performed
to confirm these findings and their reproducibility, as well as the correlation with histopathological
findings. (4, 5) Other case reports also revisited the first pilot study and contributed to clarify if the
features were also presented in other types of CTCL or lymphoproliferative disorders such as papular
mycosis fungoides (6), lymphomatoid papulosis (7) and follicular mycosis fungoides on the scalp (8).

All studies have reported a number of RCM features of CTCL but there have been problems in the
consistency of descriptive terms used in these studies as well as the importance given to each feature.
Furthermore, the assessed lesions were heterogenous varying in previous and current treatments,
lesions subtypes and patient comorbidities. These conditions were not cited by authors, which further
hinders comparison between publications.

This chapter aimed to systematically review the available RCM features for CTCL, identify the
descriptive terms used for each feature and quantify their frequency. As a secondary aim, an RCM
assessment tool was developed to be used in this study.

2.2.

Methodology

A systematic literature search was performed in eight electronic databases: Medline, PubMed, Scopus,
Web of Science, Proquest central, Embase, Cochrane and Pre-Medline. The search terms included

“cutaneous” and “lymphoma” together with “reflectance”, “confocal” and “microscopy” and its
synonyms.

All available literature concerning humans until May 2018 was reviewed and no restriction for
language was applied. Full details on the search strategy is available in the Figure 1. After this
selection, three reviewers (BMG, PFP and JW) critically assessed the full texts for their eligibility.

For qualitative analysis, case reports and case series had to fulfil two criteria: the use of RCM in
CTCL, and the description of RCM features. For quantitative analysis, a third criteria was used:
studies must report the frequency of the RCM features. To avoid publication bias, studies with less
than five cases were excluded in order to increase the accuracy of the frequency of each finding.

Publications regarding different non-invasive imaging techniques and skin diseases other than CTCL
were excluded. Only articles with original data were included for the analysis. To ensure all relevant
studies were included, the reference lists of all articles were checked for relevant articles not identified
by the initial search.

Study characteristics included type of CTCL, study design, year, number of participants, number of
scanned lesions, aims and limitations of each study are displayed in the Table 1.

All RCM findings were listed and the frequency of each was collected or calculated from the available
data. In the case of papers with more than one observer, the observer that was able to detect more
frequently each of the features was selected. Number of lesions showing the feature was used instead

of number of patients. Total percentage of the feature was calculated if at least 2 papers described the
frequency of the RCM feature.
Methodological quality of our systematic review was assessed by PRISMA-DTA checklist.

Table 1. Study characteristics of the included studies
Author

Study design

Cases

Scanned
lesions
3 patches
4 plaques
1 tumour

Agero AL

Pilot study

7 MF

Koller S

Blinded analysis
(3 investigators)

75
patients
• 10 MF

LangeAsschenfeldt
S

test the
concordance
between
investigtors

39 lesions

to demonstrate the interobserver reproducibility

Ardigò M

RCM and
histopathology
correlation

17
CTCL:
• 10 MF
• 3
Parapso
• 1 SS,
• 3 LyP
5 LyP

5 lesions

to describe RCM features
for LyP and their
histological correlation

Li W

Pilot study

10 MF

3 patches
5 plaques
2 tumours

to define RCM features of
MF and to evaluate its
feasibility in biopsy site
selection

sample size;
imaging depth

Mancebo SE

RCM,
histopathology
and Tcell
receptor
correlation

41
CTCL:
• 36 MF
• 3
Folic MF
• 2 SS

56 patches
20 plaques
3 papules
1 tumour
3 SS

to evaluate the features of
MF/SS using RCM and to
correlate them with
histopathology and TCR
gene rearrangement

RCM depth;
restricted study
sample for MF and
SS; non-blinded
reviewers

2 patches
6 plaques
2 tumours

Aim

Limitation

to evaluate MF lesions
using RCM and to
correlate confocal features
with histopathologic
findings

limited imaging
depth; similarity in
findings with
spongiotic and
lichenoid dermatitis

to validate RCM in
diagnosing
erythematosquamous skin
diseases

reproducibility:
similar results might
not be achieved by
the majority of
dermatologists in
everyday practice;
exclusion of cases
of eczema, small
sample size, limited
resolution at deeper
layers, insufficient
description of RCM
features;
sample size

2.3.

Results

A total of twelve publications describing the use of RCM in CTCL were analysed (Figure 1). Three
review articles and three case reports with one patient each were excluded. As a result, only six
publications were included for the qualitative analysis. All these publications used the Vivascope
1500. From these papers, eighteen RCM features were collected (Table 2 and 3). For the quantitative
analysis, two articles were excluded because the authors did not report the frequency of the features
and this could not be calculated from the information published.

Most characteristic features were described in epidermis and dermis (8 features in each) followed by
dermo-epidermal junction (2 features). In Table 2, we summarized the findings in mycosis fungoides
and, in Table 3, the findings in lymphomatous papulosis.

Table 2: RCM features in Mycosis Fungoides
First author; year
RCM features %(n)

Epidermis

Epidermal
architectural
100% (19)
disarray
Epidermotropic lymphocytes
74% (14)
Dendritic cells
Pautrier’s microabscesses
Keratinocytes
with
elongated nuclei
Spongiosis
Loss of demarcation
Stratum corneum findings

DEJ

Dermis

LangeAsschenfeldt
S; 2012

Interface
dermatitis/
Lichenoid-like
infiltrate/
basal layer infiltration by
tumor cells/ Hyporefractile
papillae
Junctional lymphocytes
Blood vessel dilatation
Fibrosis
Dermal lymphocytes
Mixed infiltrate
Perivascular infiltrate
Melanophages
Follicular lymphocytes
Adnexal
mucinous
deposition
Total

Total

Li W; 2013 Mancebo
SE; 2016
30%(3)

83%(73)

81%(95)

100%(10)

82%(72)

82%(96)

53% (10)
74% (14)

ND
20%(2)

22% (19)
50% (44)

27%(32)
51%(60)

63% (12)

ND

ND

-

100% (19)
95% (18)

ND
ND

ND
83%(73)

77%(91)

ND

50%(5)

ND

-

84% (16)

100%(10)

89%(78)

89%(104)

84% (16)
OD
OD
OD
ND
ND
ND
ND

100%(10)
ND
ND
OD
ND
ND
ND
ND

42%(37)
75%(66)
28%(25)
26%(23)
36%(32)
16%(14)
16%(14)
14%(12)

54%(63)
-

ND

ND

1%(1)

-

100% (19)

100% (10)

100% (88)

117

Table 3: RCM features in Lymphomatoid Papulosis
First author; year
RCM features %(n)

Epidermis

DEJ

Dermis

LangeArdigò M;
Asschenfeldt S;
2013
2012

Epidermal
architectural
100% (4)
disarray
Epidermotropic lymphocytes
75% (3)
Dendritic cells
Pautrier’s microabscesses
Keratinocytes with elongated
nuclei
Spongiosis
Loss of demarcation
Stratum corneum findings
Interface
dermatitis/
Lichenoid-like infiltrate/ basal
layer infiltration by tumour
cells/ Hyporefractile papillae
Junctional lymphocytes
Blood vessel dilatation
Fibrosis
Dermal lymphocytes
Mixed infiltrate
Perivascular infiltrate
Melanophages
Follicular lymphocytes
Adnexal mucinous deposition
total

Total

0%

44%(4)

100%(5)

89%(8)

0% (0)
50% (2)

ND
80%(4)

67%(6)

0% (0)

ND

-

100% (4)

80%(4)

89%(8)

100% (4)
ND

80%(4)
60%(3)

89%(8)
-

100% (4)

100%(5)

100%(9)

100% (4)
OD
OD
OD

100%(5)
40%(2)
100%(5)
100%(5)

100%(9)
-

ND
ND
ND
ND
ND
100% (4)

ND
ND
ND
ND
ND
100% (5)
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As shown in the tables, the most frequent feature was observed in dermo-epidermal junction (DEJ).
The junctional involvement, described as “interface dermatitis”, “lichenoid-like infiltrate” and “basal
layer infiltration by tumour cells” was present in 104 of 117 MF lesions (including patches, plaques
and tumours) and also reported in 9 of 9 LyP lesions. This feature was described as a decreased
reflectivity of basal cells forming rings on the dermal papillae, called “hyporefractile papillae”(4) or
“hypo-reflective dermal rings” (5) and corresponds to “the loss of contrast from basal cells
surrounding the dermal papillae”. (4) In hyperpigmented lesions, “hyper-reflective dermal rings” were
reported and corresponds to increased reflectivity of basal cells forming rings on the dermal papillae”.
Both features can also be observed in normal skin. (5) In inflammatory diseases, differential diagnosis
for MF, not only these junctional features were described but also the DEJ obscuration, that is
characterized by the total or partial obliteration of the rings, due to the presence of inflammatory cells
appearing single or in clusters. (17)

The second most frequent finding was the presence of inflammatory cells in the epidermis. “Refractile
round to oval cells 5 to 10 μm in diameter scattered among spinous keratinocyte or diffusely
widespread throughout the epidermis” (4) was observed in 96 of 117 MF lesions in all MF types (4,
5, 9) and also found in 8 of 9 LyP cases. (4, 7). In cutaneous lymphoma lesions, the inflammatory
cells that are observed in the epidermis probably correspond to atypical lymphocytes. However, it is
not possible to observe nuclear atypia or any other intracellular features to be able to detect cellular
atypia or to differentiate lymphocytes from granulocytes or other inflammatory cells.

Inflammatory cells in the DEJ were observed in patch and plaque lesions. “Weakly reflective cells
with a round to oval cellular contour surrounding or infiltrating the basal layer” (5) was reported in

63 of 117 MF lesions and 9 of 9 LyP.(4, 7) In the dermis, 23 of 117 MF lesions demonstrate “presence
of single to aggregates of bright cellular structures between thickened dermal fibres and corresponding
to dense lymphocytic infiltrates”. (5)

Epidermal disarray was the third most frequent characteristic present in 95 of 117 MF lesions.(4, 5,
9) For LyP lesions, the disarray was described in 4 of 4 cases in one study (4) however in another
study, the normal epidermal architecture was maintained in 5 of 5 cases (7) This feature was defined
as “loss of regular honeycomb pattern in the stratum spinosum.” (5) These patterns may be focal,
multi-focal or diffuse. For some authors, the epidermal disarray and the loss of demarcation were
synonymous referring thus to the same feature. (5) However, loss of demarcation was reported as a
different feature defined as “ill-defined cell borders, with associated thickening or blurring of
intercellular spaces”, present in 91 of 117 MF lesions. (4)

The fourth most frequent feature was Pautrier’s microabscesses, demonstrated in 60 of 117 MF lesions
and 6 of 9 LyP lesions. (4, 5, 7, 9) It is described as a vesicle-like structure with weak reflective round
cells. For some authors, spongiosis and Pautrier’s microabscesses are entities closely correlated and
represent different stages of the same inflammatory process in the epidermis. Two publications cited
spongiosis as a separate feature, described as “increased intercellular brightness with accentuation of
cell borders”, present in 19 of 117 MF and 8 of 9 LyP lesions.(4, 7)

The fifth finding was blood vessel dilatation, present in 66 of 117 MF lesions. “Bright canalicular
structures with blood flow” (4) was mentioned as one of the four most important confocal

characteristics for MF diagnosis. (1) It was found in 2 of 5 LyP cases in one study (7) and it was not
mentioned by the others.
Fibrosis, dendritic cells and mixed infiltrate were observed in less than the half of cases. Keratinocytes
with elongated nuclei and stratum corneum modifications were even less frequent as described in the
following tables.(4, 5, 7) Follicular and adnexal involvement were only described in the follicular MF
cases.(5)

In summary, these findings: interface dermatitis (with hypo or hyperefractile papillae), epidermal
disarray/loss of demarcation, inflammatory cells (most seen in the epidermis but also found in the
junction and dermis), Pautrier’s microabscesses, spongiosis and blood vessel dilatation are the most
frequent described in the literature. Their descriptions and images are shown in table 4.

Table 4: Assessment tool for each RCM feature

RCM

Description

RCM images
Scale

parameters

Normal
epidermis

Epidermal
architectural
disarray/Loss of
demarcation

Keratinocytes
distributed in
an organised
honeycomb
pattern

The
epidermal
architecture
involvement
can vary from
disorganized
honeycomb
(red circle)
to completely
loss of the
honeycomb
pattern

0.Normal honeycomb

0.

Normal honeycomb

1.

<10% (Minimal)

2.

10-50% (Moderate)

3.

>50% (Severe)

Epidermotropic
lymphocytes

Pautrier’s
microabscesses

Weakly
refractile
round to oval
cells in the
epidermis
(red arrows)

Vesicle-like
structure with
weak
reflective
round cells
associated
(red circle)

0.

No epidermal lymphocytes

1.

<10% (Focal)

2.

10-50% (Moderate)

3.

>50% (Extensive)

0.

Absent

1.

Present

Spongiosis

Normal dermoepidermal
junction

The presence
of darker
areas highly
contrasted
with the bright
honeycomb,
with larger
than normal
intercellular
space (red
circles)

Normal
papillae rings
(reflective
basal cells
surrounding
dermal
papillae)

0.

Normal honeycomb

1.

<10% (Minimal)

2.

10-50% (Moderate)

3.

>50% (Severe)

0. Normal papillae rings

0.

Hyporefractile
papillae rings

Junctional
lymphocytes

The loss of
contrast from
basal cells
surrounding
the dermal
papillae (red
circles)

Weakly
reflective
cells with a
round to oval
cellular
contour
surrounding
or infiltrating
the basal
layer (red
arrows)

Normal papillae rings

1.
Hypo-reflective papillae
rings (or hyper-reflective in
hyperpigmented lesions)
2.

Papillae rings partially seen

3.

DEJ obscuration

0.

No junctional lymphocytes

1.

<10% (Focal)

2.

10-50% (Moderate)

3.

>50% (Extensive)

Normal upper
dermis

Dermal
lymphocytes

Dermal rings
(red circles)
and collagen
fibers (red
arrow)

Presence of
single to
aggregates of
bright cellular
structures

0.Normal

0.

No dermal lymphocytes

1.

<10% (Focal)

2.

10-50% (Moderate)

3.

>50% (Extensive)

Fibrosis

Blood vessel
dilatation

Disorganized
distribution of
bright
reflective
bundles in the
papillary
dermis

Bright
canalicular
structures
with blood
flow

0.

Absent

1.

Present

0.
Zero or one canal per
papillae
1.
Two or more canals per
papillae

2.4.

Discussion

In the last decade, a number of studies have been published regarding the utility of RCM in cutaneous
lymphoma. These studies were aimed to identify features of MF/SS that could be used to detect
optimal skin biopsy sites or help in the differential diagnosis, improving diagnostic accuracy.

The features described with RCM studies for CTCL and for inflammatory diseases are very similar.
Even histologically, distinction between early lesions of CTCL and some other inflammatory skin
conditions is very difficult. For this reason, RCM may not be useful in differentiating CTCL from
other interface dermatitis, but its role may be centred in site selection for biopsies and to assess disease
activity and treatment response. However, there is no current literature regarding the use of RCM for
longitudinal follow-up of patients with CTCL. Based on these results, a grading system was proposed
for RCM parameters found in CTCL, likewise the one proposed for histologic criteria. (10)

First, a standard terminology was established. Authors have used different terms to name similar
findings describing overlapping features. Although, according to the exclusion criteria, studies
without original contributions and studies that did not comment on the frequency could not be used
for quantitative analysis, these studies contributed qualitatively for the features described in Table 4
(3) (11).

Using the standard dermatology and the results from table 3, the RCM parameters were defined to be
used in clinical practice, which are potentially applicable in clinical studies and in monitoring
treatment responses. In table 4, the features, their images, their RCM descriptors and a scale to score
them are proposed. As in histology, the confocalist should scan a few areas to be able to score

appropriately. Based on the RCM score described in the literature (RCM for skin aging assessment),
(12) some features were scored from 0 to 3 in which 0 is absent, 1 is less than 10%, 2 is 10 to 50%
and 3 is more than 50%. Other features were scored 0 or 1 (absent or present). An individual discussion
of each parameter follows in the next paragraphs. An important limitation of this step is the small
number of original studies and their limited sample size.

The epidermal disarray is scored from 0 to 3, in which 0 represents the normal honeycomb pattern
and 3 is a loss of honeycomb pattern in more than 50%, as highlighted in the table 4. Epidermal
disarray and loss of demarcation are two confocal features used to express the epidermal involvement
but represent different degree/level of the same process. While the loss of demarcation corresponds
to a disorganized honeycomb, epidermal disarray is used to characterise the severe stage when the
normal honeycomb pattern is completely absent.

The same overlap occurs between marked spongiosis and initial formation of Pautrier’s
microabscesses. In RCM evaluation, these features can be difficult to distinguish although this is
something that can be easily differentiated on histology (4, 7). When well established, Pautrier vesicles
can be an important clue to guide the biopsy site. By identifying Pautrier collections on RCM, it may
be possible to select areas that show specific histological features of MF/SS and yield a significant
population of atypical lymphocytes (5). Interestingly, one study also provided evidence of correlation
Pautrier collections identified on RCM and TCR clonality (5). In this study, following the
inflammatory disease criteria (13), spongiosis is defined as the presence of darker areas highly
contrasted with the bright honeycomb, with larger than normal intercellular space and it is scored from
0 to 3 according to the amount of involved area, while Pautrier’s microabscesses are vesicle-like

structure that can be present or absent in RCM images (table 4). It is important to highlight that vesiclelike structures in the context of other inflammatory conditions may correspond to vesicles containing
granulocytes or neutrophils. Therefore, RCM may not be a technique to distinguish CTCL from
inflammatory disorders, but to guide the biopsy site and to monitor patients.

The most important histological criterium for MF is epidermotropism (described as epidermal atypical
lymphocytes in RCM) with or without Pautrier microabscesses (14). Epidermotropism is defined as
intraepidermal lymphocytes out of proportion with any degree of spongiosis in histology (15). It is
commonly observed in patch/plaque stages of MF, however it can be absent in tumour stage (16). The
epidermal lymphocytes were graded according to their distribution, from focal to extensive, following
similar criteria proposed for histologic features (10).

These epidermal features discussed above - epidermal disarray, epidermotropism, Pautrier
microabscess and spongiosis - are the most important and frequent epidermal features in the literature.
The other epidermal features such as keratinocytes with elongated nuclei and stratum corneum
findings were not frequent described in the literature and are hard to be detected in clinical practice.
Dendritic cells are frequent seen in different photodamage process, including normal skin in elderly
patients and may not be directly correlated to CTCL (17).

In the DEJ, the most important histological feature is a band-like lymphoid infiltrate (18). The
lymphocytic infiltrate corresponds to the interface dermatitis which is visualized by RCM as hyporeflective dermal rings. In hyperpigmented lesions, it is described as hyper-reflective dermal rings. In
some severe cases, the lymphocytic infiltrate will be so intense that instead of hyper or hypo-reflective

rings, no papillae can be visualized. For this level of involvement, the term “obscuration of the dermoepidermal junction” has been established in the literature (19). This is not a CTCL exclusive finding
(16) as other interface dermatitis share this feature, but in the context of the disease, it can contribute
to the follow up assessment (table 4).

In the DEJ, RCM can also detect the round to oval, bright to weakly reflective cells in the junction
that corresponds to junctional lymphocytes. These cells were also assessed according to its density,
likewise in histopathology (10).

In the dermis, the most evident feature is dermal blood vessel dilatation which appears to be observed
in some of the CTCL cases. Blood vessel dilatation has been also described in psoriasis and the
parameters of the dermal papillae and blood vessels were increased in this inflammatory condition
(20).
Other dermal features described in the literature can be difficult to detect due to the loss of quality of
the image with increasing depth of the examined skin. Dermal fibroplasia and dermal infiltrate are
frequently observed histological findings but may not be clearly visualized in RCM.

Follicular and adnexal involvement can be useful for follicular MF cases but only a restricted number
of cases has reported these findings so far. (5, 21) The same has occurred to LyP cases (4, 7). More
studies regarding follicular MF and also LyP are needed in order to establish parameters for the follow
up of these conditions.

2.5.

Conclusion

In this chapter, the most frequent RCM features in MF and LyP reported on the literature were
reviewed. Nine of the eighteen features reported were proposed as RCM parameters (table 4). In the
following chapter, these proposed RCM parameters will be correlated to the gold-standard exam
(histopathology).

2.6.
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3. Chapter 3: Correlation between RCM and Histopathology
3.1.

Introduction

In the previous chapter, nine of eighteen features reported on the literature were chosen as possible
RCM parameters based on their frequency in the previous publications and relevance for MF
diagnosis. In this chapter, these nine RCM features were correlated to the gold standard:
Histopathology (HP).
In the literature, only two studies reported statistical analysis regarding the RCM-HP correlation.
Mancebo et al (1) reported the agreement index between RCM and HP and Lange-Asschenfeldt et al
(2) reported the sensitivity and specificity after inter-observer analysis. In order to evaluate this
correlation yet poorly explored, this research project established a prospective study described in this
chapter.

3.2.

Methodology

3.2.1. Participants
This is a prospective study in patients with a history of biopsy-proven CTCL attending the Cutaneous
Lymphoma Clinic at the Crown Princess Mary Cancer Centre, Westmead Hospital, Sydney, who
consented with the research project. Patients agreed to have RCM imaging followed by a punch biopsy
and a follow up visit at 6 months after initiating treatment.

This study was approved by the WSLHD Human Research Ethics Committee, registered by the
research office file number 4952 and HREC reference number LNR/16/WMEAD/505.

3.2.2. In vivo RCM assessment

Assessment was performed using a reflectance confocal laser-scanning microscope [Vivascope 3000,
Caliber Imaging and Diagnostics (Caliber ID; formerly, Lucid, Inc.), Rochester, NY, USA]. The
operational system and device description has been already reported. (3)

The RCM evaluation was performed in multiple lesions as well as in normal appearing skin. Lesions
assessed included patches, plaques, tumours, folliculotropic papules and “normal skin”.

RCM has the VivaStack function that consists of a stack of images captured from the stratum corneum
to the dermis. The VivaStack chosen for this study was the stack every 3,6 μm, containing 62 images.

Each skin site was systematically evaluated: four stacks were performed in each lesion imaging the
granular and spinous layers, the DEJ and the superficial dermis. At areas of special interest, individual
images and movies were captured during the imaging process.

The confocal descriptors were previously defined in the systematic review (chapter 2). In order to
establish RCM and Histopathology correlation, all RCM images were analysed for presence and
absence of specific features. The confocalist (author of this thesis) scored the parameters proposed on
chapter 2 from 0 to 3 or present/absent, as demonstrated on table 4 of the previous chapter.

3.2.3. Histopathological assessment

Patients had a biopsy sample taken from the same site of RCM assessment. The biopsies were
evaluated by a dermatopathologist who scored the pathology slides based on the nine parameters
reported in the chapter 2. The features were scored from 0 to 2 ( no, mild, evident) or 0 to 1 ( present
or absent).

All participants included in the study had previous diagnosis of MF/SS, based on histopathology score
for MF diagnosis established in the literature. (4)

3.2.4. Statistical analysis

Statistical analyses were performed in order to establish the overall agreement between RCM and HP
features as well as their sensitivity and specificity. With respect to this study, the null hypothesis
assumes that there is no correlation between RCM and HP features, such that p-value < 0.05 indicates
that the null hypothesis can be rejected. This correlation was established by calculating Kappa and the
percent of agreement. Sensitivity and specificity analysis were performed using crosstabulation.

For both statistical analyses and better clinical applicability, the confocal score 0 (absent) and score 1
(less than 10%) was considered “not evident”, as it is possible to observe minimal inflammatory
features randomly in normal skin. The confocal score 2 and 3 (more than 10%) were considered
“evident”. For the correlation, the histopathological parameters 0 and 1 (no or mild) was also

combined as “non-evident” and 2 was considered “evident”. All data analysis was performed using
a SPSS software package for Windows (SPSS Inc., Chicago, Illinois).

Of the nine features proposed as RCM parameters in the systematic review, all were included for
histological correlation except epidermal disarray. This feature could not be scored by the pathologist
as it is specific to the horizontal assessment achieved with RCM.

3.3.

Results

A total of 94 lesions were assessed clinically and by RCM. After excluding all non-MF cases and the
patients that refused the biopsy procedure, 38 lesions from biopsied-proven MF patients who
consented to the study were included in this correlation analysis.

Overall Correlation analysis

As demonstrated in table 1, the highest Overall Percent of Agreement (OPA) between RCM and HP
with very strongly significance (p value less than 0.001) was observed in the 3 epidermal-junctional
findings: epidermal lymphocytes (OPA=78%), Pautrier microabscess (OPA=90%) and junctional
lymphocytes (OPA=71%). The other 2 epidermal-junctional features: spongiosis and interface
dermatitis demonstrated moderate correlation with OPA of 71% and 66% respectively. However, only
the interface dermatitis demonstrated p value near 0.05 (p value: 0.08).

On the other hand, only one dermal finding demonstrated a moderate correlation: dermal lymphocytes
(OPA=64%) with a strong significance (p value: 0.034). The other dermal features demonstrated the
lowest agreement: fibrosis (OPA=52%) and blood vessel dilatation (OPA=54%) and their correlations
were not statistically significant.

Table 1. RCM-HP correlation

Location of
the feature
Epidermis
Epidermis
Epidermis
DEJ
DEJ
Dermis
Dermis
Dermis

RCM and histological features

Overall percent of
agreement (OPA%)
N=38

Epidermotropic lymphocytes Evident
Spongiosis Evident
Pautrier microabscess Present
Interface dermatitis Evident
Junctional lymphocytes Evident
Dermal lymphocytes Evident
Blood vessel dilatation Present
Fibrosis Present

78%
71%
90%
66%
71%
64%
54%
52%

Kappa

0.402
0.161
0.651
0.24
0.408
0.338
0.124
0.148

SE

0.088
0.139
0.159
0.141
0.139
0.14
0.13
0.14

p-value

.000
0.173
.000
0.082
0.007
0.034
0.356
0.322

The crosstabulations used for RCM-histological correlation are reported in the Appendix 2.

Sensitivity/Specificity analysis
The sensitivity and specificity of each RCM feature with strong statistical significance were also
assessed by crosstab analysis and reported in table 2.

Table 2. Results of specificity and sensitivity analysis for the features with pvalue stronlgy
significant (pvalue <0.001).

3.4.

RCM and
Histopathological
features

Sensitivity

Specificity

Epidermal lymphocytes
Pautrier's microabscess
Junctional lymphocytes

62%
63%
50%

100%
97%
90%

Discussion

Some of the features proposed on the systematic review to be used as RCM parameters in the
evaluation of MF were found to have excellent RCM-HP correlation. These parameters were
epidermal lymphocytes, Pautrier microabscess and junctional lymphocytes. Other parameters
demonstrated moderate correlation such as interface dermatitis, spongiosis and dermal lymphocytes.
Finally, there were 2 features with the lowest RCM-HP agreement: fibrosis and blood vessel
dilatation. As explained in the methodology, the epidermal disarray was not scored by the
dermatopathologist and could not be included in this analysis.

Regarding the previous literature, only one paper has reported RCM-histological correlation in a
prospective and retrospective study. (1) In other words, many RCM assessments in their study were
performed after the biopsy. The authors did not comment on the time interval between the biopsy and
the RCM evaluation. As CTCL is a dynamic disease, it is hard to know if the features found in the
retrospective biopsies were similar to the ones present at the moment of the RCM assessment.

Moreover, only 29 lesions were prospectively biopsied in that study. However, its statistical analysis
incorporated retrospective and prospective biopsies.

In the present study, the 38 biopsies used in the RCM-HP correlation analysis were performed
immediately after the RCM assessment, on the same area.

Furthermore, the histopathological score used by Mancebo et al (1) was established by a sum of
features (overall score), instead of being correlated feature by feature as done in the present study (see
crosstabulations on Appendix 2). Therefore, it is not clear if the lesions that present each feature in
histopathology were exactly the same lesions that present each feature on RCM. In this regard, it is
very difficult to compare the present results to the findings is this study.

There is another publication that studied the inter-observer RCM agreement and reported the
sensitivity and specificity of each observer. (2) The goal of this investigation was to show the
concordance and reproducibility in clinical practice with an interobserver comparison. The authors
reported a high concordance between the observers. They also performed a sensitivity/specificity
analysis but the study does not mention the quantity of histopathology samples included for the
sensitivity/specificity analysis and if the biopsies were or not performed at the same site of the 39
lesions assessed by RCM.

In their study, Lange-Asschenfeldt et al (2) reported the presence of Pautrier’s microabcesses in
approximately 19% to 37% of examined cases of MF. The frequency found in my study was 21% by
Histopathology and 15% detected by RCM.

As its frequency is not high, it means that a small number of lesions presented Pautrier’s
microabcesses which results on a higher specificity. The sensitivity reported by their study was 73%
and specificity 100%, which was similar to my findings (63% and 97%, respectively). In conclusion,
studies with larger sample sizes are needed to be able to establish a more precise sensitivity and
specificity analysis of these parameters.

Besides the sample size, another limitation presented in studies involving RCM is the technical
limitation - loss of resolution on deeper layers - which may contribute to the lack of RCM-HP
correlation for dermal features such as fibrosis, blood vessel dilatation and dermal lymphocytes. The
limited resolution has been also reported for RCM features for melanocytic skin lesions at deeper
anatomic skin levels. (3)

Finally, the correlation between horizontal and vertical perspectives is also a limitation. In the
literature, horizontal cut histopathology has been reported to facilitate correlation with RCM. (4) In
daily practice, horizontal cut sections are not feasible. That is why it is important to highlight that
some features may be detected more frequently in RCM than in HP evaluation, as more epidermal
“surface” is evaluated in RCM. For instance, reviewing the crosstabs for interface dermatitis and
spongiosis (appendix 2), it is observed that these 2 features are easier detected by RCM than
histopathology, which is possibly explained by the difference on horizontal and vertical assessment.
Interface dermatitis is a feature more well observed in a horizontal perspective (81.6% evident on
RCM) than in vertical cut (57.9%). The same occurs with spongiosis (31.6% evident on RCM against
7.9% on HP).

Similarly, epidermal disarray is a feature easily visualized by RCM but harder to visualise and difficult
to quantify in histopathology, and that is why it was not included in the correlation analysis.

On the other hand, dermal features are better visualized by histopathology than RCM, as RCM loses
resolution in the deep layers. This could explain why 59.1% of dermal lymphocytes were evident in
HP while only 22.7% were visualized on RCM (appendix 2, crosstab 3).

The same pattern was followed by the other dermal features: fibrosis and blood vessel dilatation.
Fibrosis was visualized in 60.9% by HP while only 21.7% was seen by RCM (appendix 2, crosstab
4). Blood vessel dilatation was present in 53.8% of the lesions by HP and only 15.4% by RCM
(appendix 2, crosstab 5).

In summary, RCM can easily visualise features that are widespread within a lesion such as epidermal
disarray, spongiosis and interface dermatitis and has the advantage of being able to quickly and simply
examine the entire lesion, while HP is limited by the size of the biopsy. On the other hand, HP is better
able to evaluate dermal features such as dermal lymphocytes, fibrosis and blood vessel dilatation as
the resolution of RCM in the dermis is restricted.

Based on this analysis, from the nine RCM parameters proposed in chapter 2, two features were
excluded because they present low RCM-HP correlation: fibrosis and blood vessel dilatation. The
other six studied features (epidermotropic lymphocytes, Pautrier’s microabscess, spongiosis, interface
dermatitis, junctional lymphocytes and dermal lymphocytes) were kept together with epidermal
disarray for further analysis on the next chapter.

3.5.

Conclusion

There is an excellent RCM-HP correlation in epidermal features. The results show that RCM is a
promising tool for evaluation of cutaneous lymphoma as it allows the definition of discriminative
features. After this RCM-HP correlation study, two of nine parameters were excluded.

In the next chapter, these seven features were analysed in order to establish their value to predict
severity and normality with statistical significance.

3.6.
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Chapter 4: Statistical validation of RCM features to predict severity

4.

and normality

4.1.

Introduction

In this chapter, the seven parameters (reported in chapter 3) that demonstrated high and moderate
RCM-HP correlation were analysed regarding their value to predict severity and normality.

The challenge was to identify the features with better predictive value to be able to compose an
RCM score. It was crucial that the chosen features for the RCM score could be correlated with
histopathology, the current gold standard. Details of the selection of relevant features and their
statistical validation are reported herein.

4.2.

Methodology

The cohort of patients, recruited for RCM-HP correlation (chapter 3), was the same used for the
statistical analysis in this chapter.

4.2.1. In vivo RCM assessment

The RCM evaluation was performed randomly on multiple lesions and also on normal skin (control
areas). The RCM assessment was immediately followed by 4 mm punch biopsies on the lesions and
on normal skin. Each feature of the lesions and normal skin were rated as reported in chapter 3.

The RCM was performed with VivaScope handheld 3000, as already described in the literature.(1)

4.2.2. Histopathological assessment

In order to establish severity and normality for RCM parameters, the first crucial step was to classify
the severity/normality of the skin spot by the gold standard exam. In order to do that, an overall
histopathological score (HP score) was used to classify the severity of the findings. In the literature,
a HP score has previously been described for MF which classifies the findings in severe (if more
than 7), moderate (from 4 to 6) or mild (from 1 to 3) based on three HP parameters:
epidermotropism, atypia and cellular distribution/density. (2)

These three parameters cited correlate directly to six features reported in this research project, as
follows: epidermotropic lymphocytes, Pautrier’s microabscess, junctional lymphocytes, interface
dermatitis, dermal lymphocytes and fibrosis. Therefore, in the present study, the HP score used was
the sum of these six features. (table 1)

4.2.3. Statistical analysis
A crosstabulation analysis was first performed to establish which RCM features scored higher in the
lesions classified by HP score as “severe” and lower in the lesions classified as “mild” or normal
skin.

A second analysis was also performed using ROC curve to check if the group of features chosen to
compose the RCM score was able to distinguish disease from normality with statistical significance.

It is important to highlight that the area under the curve in a ROC curve is a measure of how well a
parameter can distinguish between two diagnostic groups (disease/normal). An area of 1 represents a
perfect test, which means that the closer to 1, the best is the test.

The ROC curve analysis was performed comparing three groups of parameters. One group was
composed by the seven features that demonstrated good and moderate RCM-HP correlation in
chapter 3. A second group was composed by four of these seven features that demonstrate to score
higher for severity and lower to normality in the crosstabulation analysis. Finally, a third group
composed by the six features used on the HP score was also included in the analysis.

All data analysis was performed using a SPSS software package for Windows (SPSS Inc., Chicago,
Illinois).

4.3.Results

The table below illustrates the six features used for the HP score and its classification as severe,
moderate and mild.

Table 1: Features used in the HP score, the overall score for the first biopsy and the score
classification

This classification of “normal skin”, “mild”, “moderate” and “severe”, according to the HP score,
was used in the crosstabulation analysis of the seven RCM features. The mild and moderate
categories were combined due to the small sample size.

The “epidermal disarray” crosstab demonstrated that RCM scored “zero” in 6 of 8 normal skin spots
and scored “2” in 7 of 10 lesions classified as severe by histopathology.

As described in chapter 3, RCM score 0 (absent) and score 1 ( less than 10%) are considered “not
evident” whereas score 2 (more than 10%) is considered “evident”.

For epidermotropic lymphocytes, RCM scored 8 of 8 normal skin as not evident ( 0 or 1), whereas 7
of 10 severe lesions were classified as evident.
HP1 score (3 groups)
Normal

MIld-Moderate

Severe

Total

Epidermotropic lymphocytes

0

3

0

0

3

RCM1

1

5

1

3

9

2

0

0

7

7

8

1

10

19

Total

For spongiosis, 6 of 8 normal skin were scored not-evident in RCM while 5 of 10 were scored
evident in the severe group.

HP1 score (3 groups)
Normal
spongiosis RCM 1

MIld-Moderate

Severe

Total

0

4

1

2

7

1

2

0

3

5

2

2

0

5

7

8

1

10

19

Total

As described in chapters 2 and 3, some features were not scored from 0 to 2 but only 0 or 1 (present
or absent).

The Pautrier’s microabscesses were absent in all spots classified as normal skin and were detected as
present in 4 of 10 lesions classified as severe.
HP1 score
Normal

MIld-Moderate

Severe

Total

Pautrier’s microabscesses

0

8

1

6

15

RCM1

1

0

0

4

4

8

1

10

19

Total

The interface dermatitis was observed as evident in normal skin and in severe lesions (7 of 8 and 9
of 10, respectively).

HP1 score
Normal
Interface dermatitis RCM1

Total

MIld-Moderate

Severe

Total

0

1

0

0

1

1

0

0

1

1

2

7

1

9

17

8

1

10

19

Junctional lymphocytes were evident in 8 of 10 severe lesions and were not evident in 7 of 8 normal
skin.

HP1 score
Normal
Junctional lymphocytes RCM1

MIld-Moderate

Total

Severe

0

3

0

1

4

1

4

1

1

6

2

1

0

8

9

8

1

10

19

Total

Dermal lymphocytes were not evident in the RCM in 7 of 7 normal skin and were evident in 3 of 7
severe lesions.

HP1 score
Normal
Dermal lymphocytes RCM1

MIld-Moderate

Severe

Total

0

6

0

2

8

1

1

0

2

3

2

0

1

3

4

7

1

7

15

Total

Analysing these crosstabulations, four features demonstrated to score higher in severe lesions and to
a lower score in normal skin. These features were:
- Epidermotropic lymphocytes
- Pautier’s microabscess
- Interface dermatitis
- Junctional lymphocytes

ROC Curves for predicting Severity

As mentioned in the methodology, the area under the curve of 1 represents a perfect test to predict
disease and normality.
In this study, RCM was found to be a useful technique with an area under the curve of 0.95 for the
RCM score based on the 4 features (green curve) with strong statistical significance (p-value: 0.003)
compared to 0.91 for 7 parameters (yellow curve).
A score based on the 6 features chosen for the HP score was also tested (blue curve) and
demonstrated an area under the curve of 0.91 also strongly significant (p value: 0.008).
In conclusion, RCM score based on the 4 features chosen by the crosstab analysis demonstrated to
be an excellent method test to predict disease severity.

Area Under the Curve
Asymptotic 95% Confidence Interval
Test Result Variable(s)

a

Area

Std. Error

b

Asymptotic Sig.

Lower Bound

Upper Bound

RCM score using 4 seen (HP)_1

.955

.053

.003

.852

1.000

RCM score using 7 new (HP)_1

.911

.074

.008

.765

1.000

RCM score using 6 (HP)_1

.911

.079

.008

.756

1.000

ROC Curves for predicting Normality

Similarly, another ROC curve analysis was performed to predict normality based on the lower
values.

As a result, the RCM score based on 4 features could predict normality in low values with an area
under the curve of 0.93 and statistically significant. (p-value: 0.005). The addition of other features
did not increase the area of under the curve, confirming that the RCM score based on 4 features is
the best test, statistically validated.

Area Under the Curve
Asymptotic 95% Confidence Interval
Test Result Variable(s)

a

Area

Std. Error

b

Asymptotic Sig.

Lower Bound

Upper Bound

RCM score using 4 seen (HP)_1

.929

.065

.005

.801

1.000

RCM score using 7 new (HP)_1

.893

.085

.011

.727

1.000

RCM score using 6 (HP)_1

.926

.059

.004

.830

1.000

4.4.Discussion

This chapter reported the validation process for the RCM score for Mycosis Fungoides. Each feature
was analysed for its potential to predict severity and normality.

As a result, four features were chosen to compose the RCM score. Epidermotropic lymphocytes and
junctional lymphocytes are bright round cells observed in epidermis and dermo-epidermal junction,
respectively. These two features are easily detected by RCM and demonstrated a good
histopathological correlation as reported in chapter 3.

The interface dermatitis is also easily detected by RCM. In fact, due to its horizontal perspective,
RCM can detect this feature more frequently than histopathology, as reported in chapter 3. The
interface dermatitis was already described in the literature as the most frequent feature of MF
detected by RCM, as reported in the systematic review (chapter 2). In the literature, interface
dermatitis has been described in all lesions from early to advanced stages (patch, plaques and
tumours). (4)

The present study also detected interface dermatitis in areas classified as “normal skin” by
histopathology. However, understanding that MF is a widespread disease, whose involvement is
likely to surpass the area of clinical lesions, it is possible to suggest that some “normal skin” spots
may represent early stages of disease involvement detected by RCM but not visualised in the 4 mm
punch biopsy samples.

Finally, the fourth parameter, Pautrier’s microabscesses, demonstrated a great histopathological
correlation in chapter 3 and with potential to predict severe disease as reported in the crosstabulation
in this chapter.

In the literature, the detection of Pautrier’s microabscesses by RCM has already been described as a
specific parameter for MF. (3) In that study, the area in which Pautrier microabscesses were detected
by RCM was also the area where TCR gene rearrangement was identified. This study cites: “All
lesions with monoclonal TCR genes displayed Pautrier collections on RCM” (3)

4.5.Conclusion
After analysing the ROC curves to predict severity and normality, a group of four RCM features:
epidermotropic lymphocytes, Pautrier’s microabscesses, interface dermatitis and junctional
lymphocytes was defined as the RCM MF score. The further outcomes regarding follow up
application of this score is reported in the next chapter.
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5. Chapter 5: The role of RCM in the MF follow-up

5.1.

Introduction

In this chapter, the role of RCM as a follow-up tool is explored. In the literature, RCM has
demonstrated effectiveness to monitor therapeutic responses in melanoma and non-melanoma skin
cancer. (1) However, RCM use has not been yet described for follow-up in Cutaneous Lymphoma.

Nowadays, follow-up of cutaneous lymphoma patients is based on clinical findings and, to improve
and validate responses, biopsies are sometimes performed. It would be helpful to improve the
accuracy of clinical findings in patients with cutaneous lymphoma with a non-invasive technique.
This would be useful in both monitoring response to therapy and to detect early features of
progression into advanced stages which would allow for intensification of therapy. RCM allows an in
vivo dynamic evaluation of multiple lesions and helps to identify areas of active disease. The main
advantage is the longitudinal and non-invasive monitoring of patients. An RCM-clinical validation is
crucial in order to establish the applicability of this technique in the cutaneous lymphoma clinic.

After the correlation with the gold standard and statistical validation established in previous chapters,
this chapter is dedicated to use the proposed four RCM parameters (RCM MF score) in daily practice
in order to validate RCM as a follow-up tool.

5.2.

Methodology

5.2.1. Study Design
This prospective study was approved by the WSLHD Human Research Ethics Committee. The
cohort of patients was prospectively recruited.

Eligible participants included (a) biopsy-proven MF/SS (b) commencing treatment (c) changing
treatment (d) restarting treatment after at least 4 weeks break.

Clinical information such as age, gender, phototype, clinical stage, previous treatment, duration of
symptoms were recorded for all participants.

The patients with a history of biopsy-proven CTCL who consented with the research were imaged
with RCM followed by a punch biopsy on the same area before commencing or changing treatment.
After 6 months of treatment, a second RCM was performed on the same lesion followed by a second
biopsy on the RCM spot.

5.2.2. In vivo RCM assessment

Each skin site was systematically evaluated by in vivo Reflectance Confocal Microscopy
[Vivascope 3000, Caliber Imaging and Diagnostics (Caliber ID; formerly, Lucid, Inc.), Rochester,
NY, USA], which technique has been already described in literature (1). Using the VivaStack

function, four stacks were performed in each lesion imaging. Individual movies and images were
captured during the imaging process.

The RCM evaluation was conducted in two stages. First, RCM was done randomly in multiple
lesions and normal skin (control areas) until a suitable lesion (target lesion) was selected for RCM
assessment followed by a skin biopsy. Secondly, after 20 to 30 weeks, the same lesion was again
studied with RCM followed by another biopsy. Each RCM characteristic of the lesions was rated
using a scale from 0 to 2 by a confocalist, as explained in chapter 3.

The RCM MF score of 4 parameters was established for the first RCM (RCM1 score). After 20 to
30 weeks of follow up, the second RCM was performed and the RCM2 score was established. The
difference between RCM2 and RCM1 was compared to clinical evaluation.

5.2.3. Histopathological assessment

A histopathological score (HP score) has been already described in the chapter 4. This HP score was
established for the first histological assessment (HP1 score) and for the second one (HP2 score) in
order to correlate them with RCM and the clinical evaluation.

5.2.4. Clinical evaluation

After 6 months of treatment, the lesions were classified following the clinical categories: “stable”,
“better” and “worse” by a clinician expert in cutaneous lymphoma.

5.2.5. Statistical analysis

Correlations between RCM score and clinical evaluation were calculated, which was done
comparing the difference between before and after RCM assessment (RCM1-RCM2) and clinical
evaluation by boxplot analysis.

All data analysis was performed using a SPSS software package for Windows (SPSS Inc., Chicago,
Illinois).

5.3.

Results

The study design is illustrated in Figure 5.1 and it demonstrates the lesions that were assessed by
RCM. As previously described, 38 lesions were assessed by RCM and HP during the first visit
(RCM1 and HP1). After 20 to 30 weeks, 19 of the 38 lesions had repeated RCM evaluation (RCM2)
and 12 of the lesions had a repeated biopsy (HP2).

Figure 5.1: Study design for MF Follow up assessment.

94 lesions suspected or
confirmed MF assessed by
RCM
20 lesions were diagnosed as
parapsoriasis, follicular mucinosis,
lichen aureus, morphea, PCL (peripheral
T cell lymphoma, other systemic
lymphoma and Lymphomatoid Papulosis
74 lesions confirmed MF

36 lesions belong to 12 patients that live
far away, refuse the biopsy, refuse the
research, died or do not follow up with
the research team
38 MF lesions were biopsied
at the same site of RCM
evaluation

After 20 to 30weeks, 19 MF
lesions were reassessed by
RCM of which 12 were
rebiopsied

RCM and Histopathology
correlation was established based on
the 38 lesions (chapter 3). Statistical
analyses were performed (chapter 4)

RCM images performed before and
after 20 – 30 weeks of treatment
were correlated with clinical and
histopathology evaluation during
follow up (chapter 5)

After 20 to 30 weeks, 12 of the 38 lesions were re-biopsied and the score of the first and second
biopsy rated by the pathologist were compared with the clinical evaluation, as show in table 5.1.

Table 5.1: Follow up clinical assessment and its correlation with histopathological score.
Lesion

Score HP1

Score HP2

clinical evaluation

3-Left Shoulder

9

9

same

3-LeftA NV

2

1

same

3-RightArm

2

4

same

4-leftThigh

9

1

improved

4-leftcheek

9

0

improved

14- L forearm

10

11

same

14- R forearm

10

11

same

14-R arm NV

0

0

same

17- R buttocks

2

0

improved

17- R lumbar NV

0

0

same

21-L upper back

10

5

improved

21-L chest

10

11

same

As demonstrated in the table 2, the HP score presented a good correlation with clinical evaluation.

The RCM2 score using 4 features (RCM MF score) was analysed after the 20-30 weeks of follow up
and correlated to the second histopathology score (HP2 score) in Figure 5.2

Figure 5.2. RCM2 scores compared to HP2 scores

In Figure 5.2, lesions scored as “severe” by histopathology demonstrated a score above 6 in RCM
while spots classified as “normal skin” by histopathology scored less than 2 in RCM.
Finally, to conclude the validation of the RCM MF score, changes before and after treatment with
RCM (score RCM1 and score RCM2) were correlated with changes according to clinical evaluation
(Figure 5.3)

Figure 5.3. Differences between RCM1 and 2 compared to changes by clinical evaluation

Figure 5.4. Differences between RCM1 and 2 compared to lesions clinically better and clinically
worse

As observed in Figures 5.3 and 5.4, RCM scores presented an excellent correlation with clinical
evaluation. The lesions evaluated as worse clinically scored higher in RCM2 than in RCM1 score,
which makes the difference (RCM1-RCM2) negative. On the other hand, the lesions that improved
clinically also demonstrated improvement on RCM with positive results in the difference between
the RCM1 and RCM2 scores. Finally, lesions that their clinical appearance was the same for the
clinician demonstrated a range of scores in RCM evaluation, with an average score that was
improved over baseline.

5.4.

Discussion

In this prospective study, the correlation between the RCM scores and clinical evaluation was
reviewed using box plot analyses. The differences detected clinically between before and after 6
months of follow-up could also be detected by RCM. Moreover, lesions that were considered stable
showed a variation between worse and better as measured by RCM with an average score leaning to
improvement. This suggests that RCM could detect changes that are not clinically visible to the
naked eye. Moreover, the RCM MF score gives an objective value that can be followed over time.

Nowadays, MF patients may be exposed to multiple biopsies during follow-up in order to assess
disease evolution and response to treatment. It is not uncommon for the histopathology to be nonspecific, and a biopsy may need to be repeated multiple times. The emergence of a non-invasive,
easily reproducible technique that can detect features of disease activity has great potential for
monitoring patients with skin lymphoma. This study suggests that RCM could be a tool used in
clinical practice to assess the response to treatment or the evolution of MF lesions.

The nature of this technique allows for repetitive sampling without performing biopsies, reducing
skin biopsy associated morbidity and scarring As a result, the main advantage of RCM is the ability
to easily perform longitudinal monitoring, which is essential for chronic diseases.

In the literature, the only RCM score that has been described was an RCM score for skin aging. (2)

The skin aging score could provide a parameter for further studies for anti-aging treatments.
Similarly, the RCM MF score could also be used as a parameter for clinical trials investigating MF
treatments and detect therapeutic responses.

The main limitation of this study is the sample size. MF is an infrequent disease and, in this regard,
the results would need to be validated in a larger multicentre prospective study.

Finally, this study confirms for cutaneous lymphoma what is already recognised for cutaneous
melanoma: new imaging technology is changing how patients are followed-up in daily clinical
practice.

5.5.

Conclusion

RCM has a potential role for the dynamic evaluation of cutaneous changes in patients with Mycosis
Fungoides. This study is the first step in the validation of this image technique as a follow-up tool.
Moreover, it establishes RCM parameters to use in order to compare lesions over the time that
demonstrate good clinical and histopathological correlation (RCM MF score).
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6. Chapter 6: Use of RCM in Transformed Mycosis Fungoides cases
As in most research projects, unexpected outcomes can occur. In this study, the opportunity to study
cases of transformed MF arose. These cases, which were identified during the patients’ follow up,
were also analysed by RCM and HP. This was not part of the original aims of this thesis, but these
cases demonstrate the important role of RCM during MF follow-up. In this chapter, three biopsiedproven transformed MF cases are reported in order to illustrate the use of RCM to detect disease
progression.

6.1.

Introduction

The majority of patients with MF typically experience an indolent disease course. (1) In some cases,
progression to tumours or extracutaneous sites may occur over several years or even decades. In the
literature, it is reported that 20-50% of advanced MF cases (2), undergo a process of large-cell
transformation (LCT) which often heralds more aggressive disease course and shortened overall
survival compared with MF without LCT (3-6). Less commonly, patch or plaque stage MF may
exhibit large cell morphology de novo (2). Early recognition of the clinical and histological features
of LCT aids the clinician in identifying which patients require intensified therapy and monitoring. It
is standard practice to obtain biopsy specimens from patients with established disease who develop
new papules, thick plaques or tumours in order to rule out LCT. (7)

The diagnosis of transformed MF is based on the presence of large cells exceeding 25% of the
infiltrate throughout the lesion or forming microscopic nodules of large cells. (8)

Large cells are

characterized by the presence of a nuclei 4 times bigger than the normal size.(3-5)

LCT is generally associated with disease progression but can occur at any stage of MF, although it is
much more likely to be seen in the more advanced stages of disease. Only 1.4% of patients with stage
I developed LCT in contrast to 25% and 50% of stage IIB and IV patients, respectively. (7)

LCT is a histological marker of poor prognosis and outcome and it is associated with a mean 5-year
survival of less than 20%. (3) Given the clinical heterogeneity amongst MF patients who exhibit LCT,
it is important to seek additional methods of accurately identifying patients whose disease is behaving
more aggressively , in order to optimize therapeutic strategies.

Most patients, about 96%, had transformation confined to the skin. (12) When patients develop new
lesions, the main challenge is to identify which lesions contain transformed large cells. As mentioned
in the previous chapters, RCM is a non-invasive imaging technique that allows the dynamic
evaluation of multiple lesions. As described for other MF aggressive variants such as folliculotropic
MF (13), RCM can help to identify a lesion that may exhibit significant features and improve
diagnostic accuracy. This chapter reports the utilization of RCM as a guide for skin biopsy selection
while screening for LCT during follow-up. The RCM findings suggestive of transformed MF were
reported herein. The RCM technology used was Vivascope® 3000, Caliber I.D., Rochester, NY, USA.

6.2.

Cases Report:

Case 1(JS): A 54-year-old Caucasian female patient with MF stage IIB, treated with methotrexate
25mg per week for 3 months, developed a rapid onset of tumours on her face and plaques on her
thighs. The first diagnostic consideration was large cell transformation. RCM was performed and four
stacks in the middle of each lesion were analysed by the thesis author and then reviewed by a
confocalist expert. Using RCM, the areas with more significant changes were selected. (Fig 6.1 and
6.2)

Fig 6.1. Large cell transformed MF on L cheek. A, Clinical aspect. B, Site for biopsy guided by
RCM
A

B

Fig 6.2. Large cell transformed MF on L thigh. A, Clinical aspect. B, Site for biopsy guided by
RCM

A

B

On the tumour on the left cheek, the RCM detected multiple bright roundish inflammatory cells and
mild spongiosis in the epidermis (Fig 6.3). In the junction, the findings were multiple large bright
inflammatory cells. (Figure 6.4).

Fig 6.3. A, RCM (1 x 1 mm) at the level of epidermis showing dark areas in the epidermis
corresponding to spongiosis (red circle) and multiple bright inflammatory cells between
keratinocytes (red arrows). B, Histopathology (x400) shows many epidermal lymphocytes with mild
spongiosis, corresponding to MF.
B

A

Fig 6.4. A, RCM (1x 1mm) on L cheek tumour at the level of basal layer showing large bright
inflammatory cells (red arrows). B, Histopathology (x200) atypical lymphocytes within basal layer
of epidermis, corresponding to large transformed cells.
A

B

A 4mm punch biopsy was taken from each of these areas. The histological findings correlated to the
RCM features, as showed in the figures above. The lymphocytes in LCT are multiple and become
larger in the junction. These larger cells were detected by RCM and filled the histological criteria of
being 4 times bigger than the normal size.

These cells were confirmed as T cell lymphocytes by immunostaning, with CD 3 and CD 4 highly
positive. The CD 30 was also positive in the junction and the dermis. In order to differentiate these
large inflammatory cells from melanophages, CD1a was requested to detect melanophages. (Fig 6.5)

Fig 6.5 A, CD4 staining of lymphocytes. B, CD 30 staining of large cells. C, CD 1a staining of
melanophages.
A

B

C

CD 4

CD 30

CD 1a

In LCT, it is also observed folliculotropism which can be detected by RCM and confirmed by
histopathology with great correlation. (Fig 6.6)

Fig 6.6. A, RCM (1x 1mm) on L cheek tumour showing bright inflammatory cells of the
remaining infundibular follicular structures (red arrows). B, Histopathology (x200) showing a
dense, band-like focally epidermotropic and folliculotropic lymphoid infiltrate.
A

B

The diagnosis of transformed MF is based on the presence of large cells exceeding 25% of the infiltrate
throughout the lesion or forming microscopic nodules of large cells. In this case, both criteria were
present. The micronodules could be detected by RCM and were confirmed by histopathology. (Fig
6.7)

Fig 6.7. A, RCM (1x 1mm) at dermis level showing nest of lymphocytes. (red circles) B,
Histopathology (x200) showing a dense dermal lymphoid infiltrate forming microscopic nodules
of large cells.
A

B

After the RCM assessment and histopathology analysis, treatment with interferon-α 3.000.000 IU SC
three times weekly was commenced. After 4 weeks the patient was reassessed and demonstrated
clinical, confocal and histological improvement. (Fig 6.8).

Fig 6.8. A, Clinical aspects on L cheek after 10 weeks of IFN. B, Clinical aspects on L thigh after
10 weeks of IFN. C, RCM (1x 1mm) at epidemis with normal regular honeycomb pattern. D,
Histopathology (x200) normal skin.
A

C

B

D

Case 2 (CH): A 71-year-old Caucasian male patient had been treated with interferon-α (IFN) for 4
years for stage IIB folliculotrophic mycosis fungoides, with good response. During a recent follow
up, the patient clinically had patch stage IB disease. Upon careful discussion, IFN was ceased and
topical steroid therapy was prescribed. After four months of IFN cessation, he developed new patches.
Initially, disease recurrence was considered the most likely diagnosis. RCM was performed on the
new patches on his right axilla and right buttock (Fig 6.9).

Fig 6.9. Large cell transformation A, Clinical aspect on R axilla. B, Clinical aspect on R buttock
(blue arrow).
A

B

Surprisingly, large bright round cells in DEJ and and hyporefractile dermal rings were detected by
RCM on both lesions, leading to biopsies being collected from both sites. The histopathological
analysis showed band infiltrate of atypical, pleomorphic lymphocytes in the upper dermis (CD 4
positive) and some of the dermal infiltrating lymphocytes were CD 30 positive (Fig 6.10)

Fig 6.10. A, RCM (1 x 1 mm) at the level of junction showing infiltration of large inflammatory
cells (red arrows) associated with hyporefractile papillae (white circle). B, Histopathology (x400)
shows band infiltrate of atypical, pleomorphic lymphocytes in the upper dermis. C, CD 4 staining
highly positive. D, Some of the dermal infiltrating lymphocytes are CD 30+
A

B

C

D

CD 4

CD 30

The patient had both of these lesions treated with radiotherapy and was recommenced on systemic
therapy with IFN.

Case 3 (JRM): A 74-year-old white male stage IIIB MF being treated with methotrexate for the last
three months, developed new lesions on his face and limbs.

The first diagnostic consideration was large cell transformation and two lesions located on the right
arm and right thigh were clinically compatible with LCT. Clinically, the lesion on the right arm was
more infiltrated and more suggestive of LCT-MF than the lesion on the right thigh. (fig 6.11)

Fig 6.11. Clinical aspect of biopsied lesions. A, R arm plaque. B, R thigh plaque (red arrow).
A

B

RCM was performed in these two lesions. Interestingly, in the right arm, only classic MF features
such as Pautrier microabscesses, epidermal disarray and mild spongiosis were found in RCM but no
large cells were observed. (fig 6.12)

Fig 6.12. A, RCM (1x 1mm) on R arm MF plaque at the epidermis level showing vesicle-like
structure corresponding to Pautrier’s microabscesses (white circle). B, Histopathology (x200)
showing exocytosis of multiple lymphocytes.
A
B

In the right thigh, RCM detected multiple pleomorphic bright inflammatory cells in the epidermis.
(fig 6.13) In the junction, RCM detected diffuse large inflammatory cells that filled the dermal papilla.
(fig 6.14).

Fig 6.13. A, RCM (1x 1mm) on R thigh at the epidermis level showing multiple pleomorphic
bright inflammatory cells (red arrows) associated with epidermal disarray (white circle) and dark
areas corresponding to mild spongiosis (red circle). B, Histopathology (x200) showing band
infiltrate of lymphocytes in the dermis with exocytosis of lymphocytes in the epidermis.

A

B

Fig 6.14. A, RCM (1x 1mm) on R thigh at the DEJ level showing a diffuse infiltrate of
inflammatory cells filling an enlarged papilla (white circle). B, Histopathology (x200) showing
dense dermal infiltrating lymphocytes CD 30+ following immunostaining.

A

B

CD30

After the RCM assessment, a 4 mm punch biopsy was performed in these two lesions. In the R arm,
similar to RCM, only classic findings of MF were found whereas in the R thigh lesion, a dense
infiltrate of lymphocytes with more than 25% of large cells was detected. The patient was started on
IFN.

6.3.

Discussion

Large cell transformation of MF can occur in early and late stages of this disease. LCT screening is
helpful in prognostication and to identify those patients who should be treated more aggressively.
LCT-MF is defined as the presence of large T cells in 25% or more of the dermal infiltrate or forming
microscopic nodules. Staining with CD30 may or may not be positive and it is not required for
diagnosis. (12)

There have been several proposed additional prognostic factors reported among MF cases with LCT.
These have been found to be associated with a shorter survival: advanced clinical stage at time of
transformation, early onset of transformation (< 2 years from the time of MF diagnosis), stage II or
greater at transformation, age >60 years at transformation, serum LDH > 220, increased extent of skin
lesions and extracutaneous sites of transformation. (9)

Clinical variables for the cases reported are in table 6.1.

Table 6.1.

Clinical Characteristics

Case

Age

Sex

Time of
MF
diagnosis

1

54y

fem

>2y

2

71y

male

>2y

Site of
RCM
and
biopsies
L cheek
tumour
and L
thigh
plaque
R axilla
and R
buttock
patches

LCTbiopsy
proven
L cheek and
L thigh

R axilla and
R buttock
patches

Large
cells
detected
by RCM
L cheek
and L
thigh

MF
stage

Medication history

LDH
level

IIB

Before LCT: MTX

215

R axilla
and R
buttock
patches

IB

Great response to IFN
Stopped IFN four
months before the
appearance of new
lesions.

291

RT and recommenced
on IFN after LCT
detection
3

74y

male

>2y

R arm
and R
thigh
plaques

R thigh
more than
25% of
Large cells.

R thigh
showed
large
cells.

R arm: no
large cells
on HP

R arm: no
large cells
on RCM

IIIB

Before LCT: MTX

225

Great response to IFN

Folliculotropism and CD30 negativity were histological features related to shorter median
survival.(11) In case 1, folliculotropism could be detected by RCM and confirmed by pathology,
which exemplifies the adequate histologic-confocal correlation in LCT- MF.

In this study, case 3 illustrates the usefulness of RCM in guiding the biopsy site. Clinically, the lesion
located on the right arm was more suggestive of LCT-MF while in RCM assessment, the lesion located
on the right thigh was the one with LCT-MF features such as bright large cells filling an enlarged
papilla and MF features on the epidermis such as epidermal disarray, spongiosis and epidermal

lymphocytes. Histopathological analysis confirmed RCM findings and LCT-MF was diagnosed on
the right thigh lesion.

As of now, RCM does not permit an accurate assessment of cellular atypia. Therefore, the descriptive
term “bright roundish and large pleomorphic cells” may be used to refer to what most likely
corresponds to large transformed lymphocytes in routine histology. This feature is consistent with
previously reported findings in publications on the use of RCM in MF. (16) Therefore, it is not
possible to compare the nuclei size but is possible to detect the cellular size and estimate that larger
cells in RCM may correspond to the ones with four times the nuclei size in histopathology.

Undoubtedly, histopathology remains to be essential to confirm the cell type within the infiltrate by
immunostaining, in differentiating the subtypes of lymphocytes and lastly in the assessment of the
loss of cell surface markers. (16) It can also be important to differentiate lymphocytes from noninflammatory cells. In this context, RCM can help to guide the biopsy site to those areas where large
cells are detected. It is not intended to replace histopathological analysis but to improve the diagnostic
accuracy of biopsy specimens.

Histologically, an important differential diagnosis for transformed MF is primary cutaneous anaplastic
large T-cell CD30+ lymphoma (pcALCL) that is a subvariant of cutaneous T-cell lymphoma clinically
that classically presents red to brown rapidly enlarging single or grouped nodules. The prognosis of
pcALCL is excellent whereas the prognosis of LCT-MF is poor. (15)

The pcALCL is currently defined as a cutaneous tumour of large cells with anaplastic, pleomorphic
or immunoblastic morphology that express the CD30 antigen by the majority (75%) of tumour cells.
Patients with pcALCL should not have clinical evidence or a history of MF. (15) In that setting, the
diagnosis is usually considered to be LCT-MF. However, patients with only MF patches may develop
tumours regarded to be pcALCL CD30 positive. This is consistent with the observation that MF and
another CD30 positive lymphoproliferative disorder can coexist. (15)

In the literature, LCT molecular criteria were reported and demonstrated statistically significantly
differential expression of microRNAs (miR)-155, miR-27b, miR-93, miR-29b, and miR-92a between
LCT-MF and pcALCL. In a near future molecular analysis may be helpful in making this important
clinical distinction. (15)

Currently, a widely accepted clinicopathologic criteria for this distinction is that LCT-MF may
characteristically show folliculotropism wtih small cerebriform cells, whereas this has not been
appreciated in pcALCL. (15) Folliculotropism can be detected by RCM, as illustrated with case 1.
(Fig 6.6) Therefore, RCM can also contribute to the differentiation between LCT-MF and pcALCL
with findings such as folliculotropism. Future studies with RCM including pcALCL lesions are
needed to confirm this hypothesis and to establish RCM findings in pcALCL.
With RCM, it is possible to look for folliculotropism, epidermal and junctional lymphocytes,
Pautrier’s microabscesses and DEJ involvement in a horizontal and wide spectrum. Furthermore,
RCM can also detect the large cells forming microscopic nodules in the upper dermis, as illustrated
in case 1. (fig 6.7)

In summary, Reflectance Confocal Microscopy’s horizontal approach to the skin, provides a wider
view of the epidermis with a higher chance to detect highly diagnostic microscopical features.
Consequently, the biopsy can be taken in the spot of the lesion with the most significant findings with
RCM guidance. Moreover, RCM can also be used as a follow-up tool able to detect the large round
cells suggestive of transformation on MF lesions and easily reassess the same lesion to detect its
improvement.

6.4.

Conclusion

In conclusion, RCM provides useful information for biopsy site selection, therapeutic follow-up and
disease progression.

The horizontal approach of RCM permits the visualization of large fields of epidermis noninvasively and in vivo, thereby enabling a more frequent identification of inflammatory cell
aggregates useful to guide the site for a punch biopsy. The consequence is more specific tissue
sampling and a subsequent decrease in the number of skin biopsies needed during follow up.

6.5.
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7.

Chapter 7: Conclusion

The role of Reflectance Confocal Microscopy in the follow up of patients with Cutaneous T Cell
Lymphoma has been explored in this thesis. A systematic review was performed to select the RCM
features in CTCL most frequently reported in the literature. (Chapter 2). This initial step was followed
by a correlation with the gold standard exam - histopathology (Chapter 3). This RCM-HP correlation
resulted in the selection of seven features that could be used as RCM parameters for CTCL evaluation.
After that, statistical analyses were performed in order to predict severity and normality based on these
parameters (Chapter 4). After these analyses, it was evident that four of these seven parameters were
more effective to classify lesions: the RCM MF score. Finally, the RCM MF score was applied in
clinical practice with good correlation of histological and clinical evaluation changes (Chapter 5). In
addition,

in chapter 6, disease progression detected by RCM during follow up was reported

(Transformed MF cases).

The main limitations of this study are the fact that this is a single-centre study, with a relatively small
sample size.

It is important to highlight that the features described in the literature for cutaneous lymphoma can be
subtle, especially in early stage lesions, and the confocalist must be exposed to many lesions and
normal skin spots in order to understand the overall evaluation of each lesion.

Fortunately, the four parameters proposed for the RCM MF score are features mostly described in
literature and easily detected by RCM. Even for beginners in this technique, these four features can

be easily identified, which makes RCM applicability in real practice more feasible. Moreover, these
parameters were the ones with the best RCM-HP correlation and statistically validated to predict
severity and normality. Finally, they have also been found to be sensitive to both improvement and
worsening of the disease in real clinical practice.

Therefore, this study has contributed to simplify the eighteen terms with heterogenous definitions
described in the literature into an RCM MF score with four feasible parameters, with direct practical
applicability. Moreover, a standard assessment tool has been created with the RCM MF score in order
to be able to make further studies comparable, using a homogenous parameter.

The use of RCM is so promising that further studies are warranted, in particular a multicentre study
designed to explore the use of the RCM MF score in larger populations, including in patients with
different CTCL subtypes and stages of disease.

Possible future studies of the RCM MF score include its correlation with genetic tests such as T Cell
Receptor gene rearrangement. Ideally, the reflectance confocal microscopy itself would be further
developed to improve its resolution in order to detect more precisely the dermal changes, which would
be particularly useful in the assessment of thicker skin lesions including tumours. Improved resolution
would also be of assistance in the RCM assessment of clinically uninvolved skin.

Nowadays, RCM can identify morphological changes but it is not possible to detect nuclear atypia as
histopathology does. A future possibility is the combination of RCM with fluorescence, for example,
which may help to identify the cellular subtypes more easily. Another useful future invention would

be portable RCM devices, to make this technology more accessible to the wider medical community,
similar to that which was seen with the dermatoscope and the dermoscopy technique.

In summary, a new scoring system for patients with Mycosis Fungoides has been developed (the RCM
MF score). This non-invasive score has been shown to be useful in the follow-up of patients with
Mycosis Fungoides. This may represent the first step towards a new future where technology plays a
role in improving the management of patients with cutaneous lymphoma.
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Systematic review and proposal for an in vivo reflectance confocal microscopy assessment
tool for cutaneous lymphoma
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Introduction

Results &
Discussion

Reflectance Confocal Microscopy
(RCM) is a non-invasive imaging
technique that provides dynamic
information and allows
longitudinal in vivo monitoring, with
excellent histologic correlation. The
use of RCM for the study of
cutaneous T cell lymphomas (CTCL)
has been reported. RCM was
described as a possible tool to help
determine the best site for biopsy.

The most valuable RCM
features for CTCL in the
literature are:
• Epidermal disarray and
epidermal lymphocytes
• Vesicle-like structure
(Pautrier’s microabscess)
• Interface dermatitis and
junctional lymphocytes

Objectives

This systematic review
proposes the most frequent
RCM features present in
CTCL to standardise future
research studies. This will
facilitate to define the role
of RCM in the diagnosis and
monitoring of CTCL patients.

To eview the literature to highlight
the most relevant RCM features in
CTCL for clinical use

Methodology
• A systematic literature search
• Studies with less than 5 cases
were excluded
• RCM findings and frequency was
collected or calculated from
papers

References
1-Lange-Asschenfeldt S, Babilli J, Beyer M, Rius-Diaz F, Gonzalez S, Stockfleth E, et al. Consistency and distribution of reflectance confocal microscopy features for diagnosis of cutaneous T cell lymphoma.
Journal of biomedical optics. 2012;17(1):016001.
2-Mancebo SE, Cordova M, Myskowski PL, Flores ES, Busam K, Jawed SI, et al. Reflectance confocal microscopy features of mycosis fungoides and Sezary syndrome: correlation with histopathologic and
T-cell receptor rearrangement studies. J Cutan Pathol. 2016;43(6):505-15.
3-Liu Z-H, Wang Y-L, Chen S-Y, Zheng J-H, Qiao G, Shen H, et al. Papular mycosis fungoides: a new clinic variant of early and benign mycosis fungoides? Journal of clinical oncology : official journal of the
American Society of Clinical Oncology. 2011;29(13):e381-e3.
Disclosure: No conflict of interest

The role of reflectance confocal microscopy in the follow up of the cutaneous T-cell
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Introduction

RCM has been tested as a diagnostic technique and
demonstrates effectiveness to monitor the therapeutic response
in melanoma and non-melanoma skin cancer, but it has not
been used for follow-up in Cutaneous Lymphoma yet. (1) This
innovative technology allows an in vivo dynamic evaluation for
multiple lesions and helps to identify areas of active disease. The
non-invasive nature of this technique allows repetitive sampling
without biopsy collection, causing no further damage to the
areas under investigation. (2)

Results

Pautrier’s microabscess and epidermal
lymphocytes were the main features
in epidermis

Objectives

To evaluate lesions of Mycosis Fungoides (MF) using in vivo RCM
and to correlate confocal features with clinical and
histopathological features during the treatment.

Methodology

A total of 94 lesions from 45 patients were examined by
Reflectance Confocal Microscopy (RCM). A skin punch biopsy
was performed in 38 lesions at the same site of the RCM
evaluation. The MF lesions were scored separately by the
confocalist and histopathologist before and then after six
months of treatment. These scores were validated with cross
tabulation and ROC curve analysis.

Junctional lymphocytes and interface
dermatitis were the main ones in DEJ

Discussion & Conclusion
Discussion: Four RCM features- Pautrier’s
microabscess, epidermal and junctional
lymphocytes and interface dermatitis demonstrated statistical significance to predict
severity of disease in ROC curve analysis with an
area under the curve of 0.95 (p value: 0.003). Based
on these four parameters, it is possible to score the
MF lesions and their severity, which allowed
identification of therapy response and disease
progression during follow up.
Conclusion: The outcome of this research project
favours the use of RCM in cutaneous lymphoma
clinic with standardized four RCM parameters and
excellent correlation with clinical and histological
assessment.
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9. APPENDIX II- Crosstabulation analysis cited in chapter 3
Epidermotropic lymphocytes RCM * epidermotropic lymphocytes HP Crosstabulation
epidermotropic lymphocytes HP
Nil
Epidermotropic lymphocytes

Nil

Mild

Count

RCM

% of Total
Mild

Evident

0

1

8

18.4%

0.0%

2.6%

21.1%

8

2

7

17

21.1%

5.3%

18.4%

44.7%

0

0

13

13

0.0%

0.0%

34.2%

34.2%

15

2

21

38

39.5%

5.3%

55.3%

100.0%

Count
% of Total

Total

Count
% of Total

Total

7

Count
% of Total

Evident

Symmetric Measures
Asymptotic
Standard Errora

Value
Measure of Agreement

Kappa

.402

N of Valid Cases

Approximate
Approximate Tb

.088

Significance

4.480

.000

38

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Spongiosis Evident RCM * spongiosis Evident HP Crosstabulation
Spongiosis Evident HP
Not evident
Spongiosis Evident RCM

Not evident

Count
% of Total

Evident

Total

1

26

65.8%

2.6%

68.4%

10

2

12

26.3%

5.3%

31.6%

35

3

38

92.1%

7.9%

100.0%

Count
% of Total

Total

25

Count
% of Total

Evident

Symmetric Measures
Asymptotic
Standard Errora

Value
Measure of Agreement
N of Valid Cases

Kappa

.161
38

.139

Approximate
Approximate Tb
1.362

Significance
.173

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Pautrier’s microabscesses RCM * Pautrier’s microabscesses HP Crosstabulation
Pautrier’s microabscesses HP
Absent
Pautrier’s microabscesses

Absent

Count

RCM

% of Total
Present

3

32

76.3%

7.9%

84.2%

1

5

6

2.6%

13.2%

15.8%

30

8

38

78.9%

21.1%

100.0%

% of Total
Count
% of Total

Total

29

Count

Total

Present

Symmetric Measures
Asymptotic
Value
Measure of Agreement

Kappa

N of Valid Cases

Approximate
a

Standard Error

.651

b

Approximate T

.159

Significance

4.078

.000

38

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Interface dermatitis Evident RCM * interface dermatitis Evident HP Crosstabulation
interface dermatitis Evident HP
Not evident
interface dermatitis Evident

Not evident

RCM

Count
% of Total

Evident

Count
% of Total

Total

Count
% of Total

Evident

Total

5

2

7

13.2%

5.3%

18.4%

11

20

31

28.9%

52.6%

81.6%

16

22

38

42.1%

57.9%

100.0%

Symmetric Measures
Asymptotic
Value
Measure of Agreement

Kappa

Standard Error

.240

N of Valid Cases

Approximate
a

b

Approximate T

.141

Significance

1.740

.082

38

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Junctional lymphocytes Evident RCM * junctional lymphocytes Evident HP
Crosstabulation
junctional lymphocytes Evident HP
Not evident
junctional lymphocytes Evident

Not evident

RCM

Count
% of Total

Evident

Count
% of Total

Total

Count
% of Total

Evident

Total

18

9

27

47.4%

23.7%

71.1%

2

9

11

5.3%

23.7%

28.9%

20

18

38

52.6%

47.4%

100.0%

Symmetric Measures
Asymptotic
Value
Measure of Agreement

Kappa

N of Valid Cases

Approximate
a

Standard Error

.408
38

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

.139

b

Approximate T

2.715

Significance
.007

Dermal lymphocytes Evident RCM * dermal lymphocytes Evident HP Crosstabulation
dermal lymphocytes Evident HP
Absent
dermal lymphocytes Evident

Absent

RCM

Count
% of Total

Present

8

17

40.9%

36.4%

77.3%

0

5

5

0.0%

22.7%

22.7%

9

13

22

40.9%

59.1%

100.0%

Count

Count
% of Total

Total

9

% of Total
Total

Present

Symmetric Measures
Asymptotic
Value
Measure of Agreement

Kappa

b

Standard Error

.338

N of Valid Cases

Approximate
a

Approximate T

.140

Significance

2.117

.034

22

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

Blood vessel dilatation RCM * blood vessel dilatation HP Crosstabulation
blood vessel dilatation HP
Absent
blood vessel dilatation RCM

Absent

Count
% of Total

Present

11

22

42.3%

42.3%

84.6%

1

3

4

3.8%

11.5%

15.4%

12

14

26

46.2%

53.8%

100.0%

Count

Count
% of Total

Total

11

% of Total
Total

Present

Symmetric Measures
Asymptotic
Value
Measure of Agreement

Kappa

N of Valid Cases

Approximate
a

Standard Error

.124
26

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

.130

b

Approximate T

.923

Significance
.356

Fibrosis RCM * fibrosis HP Crosstabulation
fibrosis HP
Absent
fibrosis RCM

Absent

Count
% of Total

Present

10

18

34.8%

43.5%

78.3%

1

4

5

4.3%

17.4%

21.7%

9

14

23

39.1%

60.9%

100.0%

Count

Count
% of Total

Total

8

% of Total
Total

Present

Symmetric Measures
Asymptotic
Value
Measure of Agreement

Kappa

N of Valid Cases

Approximate
a

Standard Error

.148

b

Approximate T

.140

23

a. Not assuming the null hypothesis.
b. Using the asymptotic standard error assuming the null hypothesis.

10. APPENDIX III- Raw tables cited in chapter 4
Raw Table 1: Histopathological score for each lesion
HP1= Histopathological score before treatment
HP2= Histopathological score after 6 months of treatment
Raw Table 2: RCM score for each lesion
RCM1= Reflectance Confocal Microscopy before treatment
RCM2= Reflectance Confocal Microscopy after 6 months of treatment

.991

Significance
.322

