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Abstract
Introduction Primary cutaneous lymphoma (PCL) is a cutaneous non-Hodgkin’s lymphoma that originates in the skin and 
lacks extracutaneous spread upon initial diagnosis. The clinical management of secondary cutaneous lymphomas is different 
from that of PCLs, and earlier detection is associated with better prognosis. Accurate staging is necessary to determine the 
extent of disease and to choose the appropriate treatment. The aim of this review is to investigate the current and potential 
roles of 18F- fluorodeoxyglucose positron emission tomography–computed tomography (18F-FDG PET/CT) in the diagnosis, 
staging, and monitoring of PCLs.
Methods A focused review of the scientific literature was performed using inclusion criteria to filter results pertaining to 
human clinical studies performed between 2015 and 2021 that analyzed cutaneous PCL lesions on 18F PET/CT imaging.
Results & Conclusion A review of 9 clinical studies published after 2015 concluded that 18F-FDG PET/CT is highly sensitive 
and specific for aggressive PCLs and proved valuable for identifying extracutaneous disease. These studies found 18F-FDG 
PET/CT highly useful for guiding lymph node biopsy and that imaging results influenced therapeutic decision in many cases. 
These studies also predominantly concluded that 18F-FDG PET/CT is more sensitive than computed tomography (CT) alone 
for detection of subcutaneous PCL lesions. Routine revision of nonattenuation-corrected (NAC) PET images may improve 
the sensitivity of 18F-FDG PET/CT for detection of indolent cutaneous lesions and may expand the potential uses of 18F-
FDG PET/CT in the clinic. Furthermore, calculating a global disease score from 18F-FDG PET/CT at every follow-up visit 
may simplify assessment of disease progression in the early clinical stages, as well as predict the prognosis of disease in 
patients with PCL.

Keywords Positron emission tomography · Primary cutaneous lymphoma · Fluorine-18-fluorodeoxyglucose · 
Nonattenuated PET · NAC
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18F-FDG PET  18F-fluorodeoxyglucose positron 
emission tomography     

18F-FDG PET/CT  18F-fluorodeoxyglucose positron 
emission tomography–computed 
tomography

FMF  Folliculotropic mycosis fungoides
HRUS  High-resolution ultrasonography
HL  Hodgkin’s lymphoma
IPI  International prognostic index
ISL  International society for cutaneous 

lymphomas
LDH  Lactate dehydrogenase
LN  Lymph node
Lyp  Lymphomatoid papulosis
MF  Mycosis fungoides
MZL  Marginal zone lymphoma
MRI  Magnetic resonance imaging
mSWAT   Severity weighted assessment tool
MTV  Metabolic tumor volume
NAC  Nonattenuation-corrected
non-MF/SS  Non-mycosis fungoides/Sézary 

syndrome
NHL  Non-Hodgkin’s lymphoma
PC-ALCL  Primary cutaneous anaplastic 

large-cell lymphoma
PC-BCL  Primary cutaneous B-cell 

lymphomas
CD30(+) TCLPD  Cluster of differentiation (CD) 

30(+) T-cell lymphoproliferative 
disorders

PC-DLBCL-leg type  Primary cutaneous diffuse large 
B-cell lymphoma leg type

PC-ENK/T-NT  Primary cutaneous extranodal 
natural killer/ T-cell lymphoma, 
nasal type

PC-FCL  Primary cutaneous follicular center 
lymphoma

PCL  Primary cutaneous lymphoma
PC-MZL  Primary cutaneous marginal zone 

lymphoma
PC-TCL  Primary cutaneous T-cell 

lymphomas
PD  Progressive disease
PET  Positron emission tomography
PR  Partial response
PVC  Partial volume correction
PVE  Partial volume effect
ROI  Region of interest
SD  Stable disease
SUV  Standardized uptake value
SUVmax  Maximum standard uptake value
SUVmean  Mean standard uptake value

SPTCL  Subcutaneous panniculitis-like 
T-cell lymphoma

TLG  Total lesion glycolysis
TNMB  Tumor–node–metastasis–blood
TNM  Tumor–node–metastasis
VOI  Volume of interest
WHO-EORTC   World Health Organization–Euro-

pean Organization for Research 
and Treatment of Cancer

Background and Introduction

Primary cutaneous lymphoma (PCL) is a cutaneous non-
Hodgkin’s lymphoma (NHL) that originates in the skin and 
lacks extracutaneous spread upon initial diagnosis. PCLs 
do not include lymphomas that secondarily spread to the 
skin. PCL has a wide variety of subtypes that differ in their 
clinical presentation prognosis. Indolent-behaving PCLs 
are slow-growing and less likely to metastasize; therefore, 
treatment is less invasive and involves primarily monitor-
ing. High-grade PCLs, on the other hand, are more rapid 
in growth and dissemination and require more aggressive 
interventions. Conventional imaging techniques such as 
radiography and ultrasound may be used to screen for clini-
cally indolent PCL. It is recommended that individuals with 
more aggressive-appearing PCL on physical exam undergo 
18F- fluorodeoxyglucose positron emission tomography 
(18F-FDG PET) combined with computed tomography (CT) 
imaging to define extent of disease[1]. Treatment options 
and recommendations depend on both the stage and type 
of PCL; therefore, it is very important to accurately stage 
this disease by synthesizing key histologic and diagnostic 
imaging findings.

18F-FDG PET/CT is an imaging technology that is more 
specific, as well as sensitive, for detecting both cutaneous 
and extracutaneous PCL lesions compared to other imaging 
modalities used in clinical practice. Recent changes in World 
Health Organization–European Organization for Research 
and Treatment of Cancer (WHO-EORTC) protocol for stag-
ing and monitoring PCL have highlighted 18F-FDG PET/
CT’s value as an imaging modality for staging and moni-
toring aggressive disease due to its unrivaled sensitivity 
and specificity. This review aims to explore the impact of 
18F-FDG PET/CT in classifying, diagnosing, staging, and 
monitoring PCL.

Incidence and classification

Lymphomas are subclassified into two broad categories: 
Hodgkin’s lymphoma (HL) and NHL. As of 2018, the 
WHO-EORTC consensus classification has been used as 
the gold standard for diagnosis and classification of primary 
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cutaneous lymphomas [2]. PCL is the second most prevalent 
extra nodal NHL, occurring in 1 out of every 100,000 indi-
viduals in the United States. PCLs are classified depending 
on their specific cell lineage, i.e., T-cell or B-cell origin. 
Primary cutaneous T-cell lymphomas (PC-TCL) comprise 
roughly 75% of all PCLs, and primary cutaneous B-cell lym-
phomas (PC-BCL) comprise the remaining 25% (Fig. 1). 
Furthermore, PC-TCL and PC-BCL are each subdivided 
according to clinical manifestation, histopathology, bio-
molecular profile, and prognosis (Table 1). Fluorescence-
activated cell sorting (FACS) is used to determine specific 
surface antigens present in cutaneous lymphoma cells and 
further classify these cells by their clonality.

Mycosis fungoides (MF) is the most prevalent PCL, 
accounting for 60% of all PC-TCLs, and 50% of all PCLs. 
Variants of MF are distinguished by their unique clinical 
presentations and histopathologic samples. Some of these 
variants include pagetoid reticulosis, folliculotropic MF 
(FMF), and granulomatous slack skin [2–4].

Sézary Syndrome is a rare PC-TCL subtype in which 
identification of peripheral blood involvement is neces-
sary to differentiate it from other PC-TCL subtypes. Pri-
mary cutaneous cluster of differentiation (CD) 30( +) 
T-cell lymphoproliferative disorders (CD30( +) TCLPD) 
are the second most commonly occurring cutaneous T-cell 
lymphoma subtype as they contain 25% of all PC-TCLs. 
CD30( +) variants include lymphomatoid papulosis (LyP) 
and primary cutaneous anaplastic large-cell lymphoma (PC-
ALCL). PC-TCL subtypes other than MF, Sézary syndrome, 
and CD30( +) TCLPD comprise less than 10% of PC-TCLs 

(Table 1). The latter include subcutaneous panniculitis-like 
T-cell lymphoma (SPTCL) and primary cutaneous extran-
odal NK/T-cell lymphoma, nasal type (PC-ENK/T-NT) [2].

Primary cutaneous B-cell lymphomas are divided into 
4 subtypes: primary cutaneous follicular center lymphoma 
(PC-FCL), primary cutaneous diffuse large B-cell lymphoma 
leg type (PC-DLBCL-leg type), primary cutaneous marginal 
zone lymphoma (PC-MZL), and Epstein–Barr positive 
mucocutaneous ulcers (EBV MCU) (Table 1, Fig. 1). EBV 
MCU lymphomas comprise less than 1% of all PC-BCLs 
[1, 2].

Diagnostic methods and staging

The initial evaluation of all PCLs involves a physical exami-
nation with skin biopsy and blood draw for smear analy-
sis. A clinician will look for presence of cutaneous lesions, 
such as erythroderma, plaques, and induration during the 
physical exam. PCL subtypes can be characterized by lesion 
location (e.g., trunk, extremities, face, etc.) and the pres-
ence of ulceraction. B-symptoms such as night sweats, fever 
greater than 38˚ Celsius/100.4˚ Fahrenheit for at least one 
week, and a minimum 10% weight loss within the past six 
months is suggestive of extracutaneous spread of disease 
[5]. The lymph nodes (e.g., cervical, inguinal, axillary), 
liver and spleen, are palpated during the physical exam to 
determine presence of swelling, as these are common sites 
to which PCL initially metastasizes. Enlarged lymph nodes 
or unusual cutaneous lesions should be biopsied. The WHO-
EORTC recommends a bone marrow biopsy for patients 

Fig. 1  Subclassifications of primary cutaneous lymphomas. PCLs 
are classified by T-cell or B-cell lineage and subdivided according to 
clinical presentation, histopathology bimolecular profile and progno-

sis. PC-TCLs comprise roughly 75% of all PCLs, and PC-BCLs com-
prise the remaining 25%. Information courtesy of [2]
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with intermediate or aggressive subtypes of PCL. 18F-FDG 
PET/CT imaging should be performed for any patient with 

suspected extracutaneous disease, or with a predominantly 
subcutaneous-presenting PCL (Fig. 2) [6].

Table 1  PCLs are broadly categorized into T-cell and B-cell subtypes. PC-TCLs generally display more aggressive behavior with poorer 5-year 
survival rates. PC-BCLs tend to be indolent, slow-growing and have more favorable 5-year survival rates

NDA no data available, 5-y DSS 5-year disease =-specific survival, Frequency and Prognosis of Primary Cutaneous skin lymphomas included in 
the WHO-EORTC classification, WHO-EORTC Classification [1, 2, 4]

Cutaneous T-cell lymphomas Frequency (%) 5-y DSS (%) Behavior

Mycosis fungoides, early stage 39 88 Indolent
MF Variants
 Folliculotropic MF 5 75 Indolent
 Pagetoid reticulosis  < 1 100 Indolent
 Granulomatous slack skin  < 1 100 Indolent

Sézary syndrome 2 36 Aggressive
Adult T-cell leukemia/lymphoma  < 1 NDA
Primary cutaneous CD30( +) T-cell lymphoproliferative disorders
 Primary Cutaneous Anaplastic Large-Cell Lymphoma 8 95 Indolent
 Lymphomatoid Papulosis 12 99 Indolent

Subcutaneous panniculitis-like T-cell lymphoma 1 87 Indolent
Extranodal NK/T-cell lymphoma, nasal type  < 1 16 Aggressive
Chronic active EBV infection  < 1 NDA
Primary cutaneous peripheral T-cell lymphoma, rare subtypes
 Primary cutaneous gamma/delta T-cell lymphoma  < 1 11 Aggressive
 CD8 + AECTCL (provisional)  < 1 31 Aggressive
 Primary cutaneous CD4 + small/medium T-cell lymphoproliferative disorder 6 100 Indolent
 Primary cutaneous acral CD8 + T-cell lymphoma (provisional)  < 1 100 Indolent

Primary cutaneous peripheral T-cell lymphoma, not otherwise specified 2 15 Aggressive
Cutaneous B-cell Lymphomas
Primary cutaneous marginal zone lymphoma 9 99 Indolent
Primary cutaneous follicle center lymphoma 12 95 Indolent
Primary cutaneous diffuse large B-cell lymphoma, leg type 4 56 Intermediate
EBV + mucocutaneous ulcer  < 1 100 Indolent
Intravascular large B-cell lymphoma  < 1 72 Indolent

Fig. 2  Schematic diagram of 
18F-FDG PET in assessing 
cutaneous lesions of primary 
cutaneous lymphoma. Malig-
nant T-cells exhibit increased 
metabolic activity and greater 
glucose uptake, which can be 
detected using 18F-FDG PET



332 Annals of Nuclear Medicine (2023) 37:328–348

1 3

Diagnostic blood tests for PCLs include a complete blood 
count with differential, comprehensive metabolic panel 
including lactate dehydrogenase (LDH) levels, electrolytes, 
liver enzymes, and creatinine. Both elevated erythrocyte 
sedimentation rate and c-reactive protein serum levels are 
associated with poor prognosis in PCL patients [5]. Patients 
with erythroderma require peripheral blood taken for smear 
analysis to determine possible presence of characteristic 
Sézary cells [1, 2].

Genetic and biomolecular testing to identify cellu-
lar markers using FACS is performed to determine the 
CD4:CD8 cell ratio and PCL clonal subtype (CD3 + /CD7, 
CD3 + /CD26). Specific CD markers are useful in identify-
ing whether the cell originates from the B-cell or T-cell line-
age. This information is used for “blood staging” to deter-
mine total tumor burden of the blood [7].

PCL staging uses the tumor–node–metastasis–blood 
(TNMB) classification system [7, 8] which considers fea-
tures of disease regarding skin lesions, lymph nodes, vis-
ceral organ involvement, and blood tumor burden. A revised 
TNMB classification guides the clinical staging of MF and 
Sézary syndrome (Table 2A, 2B) [9], while a separate TNM 
system is used to classify and stage non-MF or non-Sézary 
syndrome primary cutaneous lymphomas (Table 2C) [7, 
10]. The “T” category describes the severity of skin lesions 
and is subdivided into T1 through T4. The “N” category 
describes lymph node involvement, and “M” describes 
metastasis and if the disease has spread to regional lymph 
nodes or extracutaneous organs. “B” describes what the 
“burden” or concentration of these cells is in the blood [1].

TNMB staging of MF and Sézary syndrome primary 
cutaneous lymphomas

MF and Sézary syndrome must be staged and treated differ-
ently than other PCLs because of their unique presentations 
and progressions. Disease response in the skin is assessed 
using mSWAT score [11]. A baseline CT is recommended 
for initial diagnosis of all MF and Sézary syndrome lympho-
mas, but subsequent scans are generally not recommended in 
patients with early disease unless nodal spread is suspected. 
If nodal or visceral spread of disease is suspected, base-
line CT should be performed, along with interim imaging 
to assess early response to treatment, and imaging at the end 
of treatment to determine success. Stage 1 of MF or Sézary 
syndrome lymphoma is limited to the skin as patches or 
plaques. Substages can be classified depending on presence 
of B-symptoms, lymph node adenopathy, lesion character-
istics and peripheral blood involvement.

TNM staging of non‑MF/Sézary syndrome primary 
cutaneous lymphomas

Non-MF and non-Sézary syndrome PCLs are staged using 
different criteria than those used to stage MF or Sézary 
syndrome PCLs. The International Society for Cutaneous 
Lymphomas (ISL) and EORTC has proposed a TNM system 
of staging that excludes using B-symptoms as a criterion 
(Table 2C) [10]. This system has a subclassification sys-
tem using “a”, “b” and “c” to denote varying lesion sizes. 
“T1” indicates a solitary lesion and is subsequently bro-
ken down into two categories: “T1a” lesion < 5 cm in size, 
“T1b” > 5 cm in size. T2 indicates multiple lesions affecting 
one or two contiguous body regions and T3 indicates the 
disease affects the skin diffusely. “N” refers to nodal involve-
ment, with N0 stage being used to classify cancers that lack 
nodal involvement. “M” indicates whether extracutaneous 
disease is present.

For all PCL subtypes, the imaging modality chosen 
for staging is determined by the staging score; T1 skin 
involvement with B0 blood burden suggests that only a 
chest radiograph is needed to scan for visceral organ dis-
ease. CT with contrast imaging of the chest, pelvis and 
abdomen is recommended for all higher TNM/TNMB dis-
ease scores. As of 2018, the European Society for Medical 
Oncology (ESMO) strongly recommends 18F-FDG PET/
CT imaging for aggressive cutaneous lymphomas, late-
stage lymphomas, or lymphomas with signs of extracu-
taneous disease [1]. TNM/TNMB classifications are only 
used for staging disease and are not valid predictors of 
patient prognosis.

Managing indolent versus aggressive PCL

After diagnosis of PCL, subsequent steps in management 
of disease vary based on whether a cutaneous lymphoma 
is classified as “indolent” or “aggressive” (Table 1) [2]. 
Indolent lymphomas in the early stage may be imaged 
with conventional methods such as a chest X-ray or ultra-
sound of the abdomen and superficial lymph nodes [12]. 
CT scan is the recommended imaging modality to assess 
higher stage PCL lesions which are not 18F-FDG-avid. 
Whole-body 18F-FDG-PET/CT is strongly recommended 
for more aggressive or late-stage cutaneous lymphomas 
such as PC-DLBCL-leg type, PC-FCL, and Sézary syn-
drome [12]. Staging of disease should be performed annu-
ally at minimum to monitor progress of disease. Clinical 
stage of tumor at time of diagnosis is the most predic-
tive factor when determining disease prognosis. A widely 
agreed upon, standardized protocol for staging PCL would 
increase clarity of communication amongst clinicians and 
more effective collaborative efforts may enable more 
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Table 2  Clinical staging of MF/Sézary  primary cutaneous lym-
phomas is performed using the TNMB classification (2A, 2B). The 
clinical presentation of non-MF/Sézary  PCLs is  significantly  dif-

ferent  from that of  MF/Sézary PCLs, therefore  the TNM classifica-
tion, instead of the TNMB, is used to aid clinical staging of non-MF/
Sézary PCLs (2C)

PC-BCLs tend to be indolent, slow-growing and have more favorable 5-year survival rates. NDA no data available, 5-y DSS 5-year disease spe-
cific survival
Courtesy of the American Society of Hematology and WHO-EORTC [1, 9], Courtesy of Kim 2007 [10]

A. TNMB classification of MF/Sézary syndrome

(T) Skin
T1 Limited patch or plaque < 10% total skin surface area
T2 Generalized patch or plaque > 10% total skin surface area
T3 Tumor(s)
T4 Erythroderma
(N) Lymph Node
N0 No clinically abnormal peripheral lymph nodes
N1 Clinically abnormal peripheral nodes; histologically normal
N2 Clinically abnormal peripheral nodes; histologically involved (uneffaced nodal architecture)
N3 Clinically abnormal peripheral nodes; histologically involved (partially effaced nodal architecture)
Nx Clinically abnormal peripheral nodes; not histological confirmation
(M) Viscera
M0 No visceral involvement
M1 Visceral involvement
(B) Blood
B0 No circulating atypical (Sézary) cells (or < 5% of lymphocytes)
B1 Low blood tumor burden (> or equal to 5% lymphocytes are Sézary cells)
B2 High blood tumor burden (> or equal to 100/μL Sézary cells and positive clone)

B. Clinical staging of MF/Sézary using TNMB classification

IA T1 N0 M0 B0-1
IB T2 N0 M0 B0-1
IIA T1-2 N1-2 M0 B0-1
IIB T3 N0-2 M0 B0-1
III T4 N0-2 M0 B0-1
IVA1 T1-4 N0-2 M0 B2
IVA2 T1-4 N3 M0 B0-2
IVB T1-4 N0-3 M1 B0-2

C. TNM classification of non-MF/Sézary primary cutaneous lymphomas

(T) Skin
T1 Solitary skin lesion

T1a: lesion size < 5 cm diameter
T1b: lesion size < 5 cm diameter

T2 Multiple skin lesions confined to 1 body region or 2 contiguous body regions
T2a: all-disease-encompassing in a < 15 cm diameter circular area
T2b: all-disease-encompassing in a > 15- and < 30 cm diameter circular area
T2c: all-disease-encompassing in a > 30 cm diameter circular area

T3 Generalized skin involvement
T3a: multiple lesions involving 2 noncontiguous body regions
T3b: multiple lesions involving > or equal to 3 body regions

(N) Lymph node
N0 No clinical or pathologic lymph node involvement
N1 1 peripheral lymph node involved, drains area of diseased skin
N2 2 or more peripheral lymph nodes in region of diseased skin OR involvement of 1 or 

more lymph nodes not in region of affected skin
N3 Central lymph nodes involved
(M)Viscera
M0 No evidence of extracutaneous non-lymph node disease
M1 Extracutaneous non-lymph node disease is present
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accurate staging and treatment of PCLs [13]. For PCL, 
the effectiveness of interventions is highly dependent on 
appropriate staging of disease; therefore, improving the 
accuracy of staging with a standardized protocol would, in 
theory, lead to more effective application of interventions 
and improved disease outcomes.

The prognosis of all NHLs is predicted using the Inter-
national Prognostic Index (IPI), which accounts for patient 
age, LDH levels, location of lesions, and extent of skin 
involvement [13–15]. Subtypes of PCL have individual-
ized criteria to generate a prognostic score specific for 
that subtype of disease [12]. The IPI score, used to deter-
mine treatment in aggressive primary cutaneous NHL sub-
types such as PC-DLBCL-leg type and primary cutaneous 
peripheral T-cell lymphoma, considers updated Ann Arbor 
criteria, disease stage, serum LDH, hemoglobin, patient 
age, and patient “performance status” [15–17].

Methods

Our search determined that nine new studies investigat-
ing the role of 18F-FDG PET/CT in PCLs have been pub-
lished between 2015 and 2021 (Table 3) [6, 12, 18–24]. 
These studies were screened and selected utilizing Google 
scholar search engine. An advanced Google Scholar search 
for articles published between the years 2015 and 2021 that 
contained the exact phrase “primary cutaneous lymphoma” 
anywhere in the article yielded 885 results. These 885 results 
contained review papers, case studies and clinical trials used 
for the results and discussion section of this review paper.

A nested search was performed to summarize recent 
clinical trial research focused on defining the role of 18F-
FDG PET/CT in diagnosing, staging, and treating primary 
cutaneous lymphomas. This nested search for articles used 
advanced Google Scholar search engine to discover all arti-
cles published between 2015 and 2021 that contain the exact 
phrase “primary cutaneous lymphoma” AND at least one of 
the words “positron emission tomography” OR “PET CT” 
OR "positron emission tomography computed tomography" 
anywhere in their text. This search yielded 231 results. Of 
these results, only scientific studies composed of > nine 
human subjects, that described 18F-FDG PET/CT detection 
of cutaneous/subcutaneous PCL lesions, were included. 
After performing the literature search using the inclusion 
criteria as described, a total of nine articles remained and 
were included in this review.

Results and discussion

Other imaging modalities: compared to 18F‑FDG 
PET/CT

Currently, CT is the primary imaging modality used to 
detect PCL lesions. Although CT is highly sensitive for 
extracutaneous disease, it has shortcomings in scenarios 
which require detection of cutaneous malignant lesions. 
While contrast-CT may delineate lesions, it does not provide 
functional, metabolic information. This lack of functional 
data may lead the clinician to overlook small, yet aggressive 
lesions, subcutaneously presenting lesions such as SPTCL 
(Fig. 3 and Fig. 4) and PC-ENK/T-NT, and diseased lymph 
nodes that appear to be ‘normal’ in size [6, 18]. Lack of 
functional metabolic information is also why CT is prone to 
false-positive findings in enlarged but benign lymph nodes 
[25]. Some studies propose that 18F-FDG PET/CT is the pre-
ferred imaging modality for diagnosing and staging of PCLs 
due to its superior sensitivity to CT (Fig. 5) [18, 20, 21, 23].

In clinical practice, 18F-FDG PET/CT is not routinely 
used for disease staging in patients with PCL. Other imaging 
modalities such as radiography, ultrasound, CT, and mag-
netic resonance imaging (MRI) are used in combination with 
physicians’ physical assessment findings to fully stage PCL. 
18F-FDG PET/CT is not sensitive for cutaneous lesions with 
low metabolic activity, which is commonly a characteristic 
of early-stage PCL and indolent subtypes of PCL [12, 19, 
24, 26]. While 18F-FDG PET/CT has not been shown to 
effectively detect early-stage cutaneous PCL lesions, it is, 
however, very sensitive for highly metabolically active cuta-
neous and visceral PCL lesions in aggressively presenting 
late-stage disease (Fig. 2) [1]. Weighing the cost–benefit 
ratio of exposing patients to radiation plays an important 
part in assessment and treatment plan, as clinicians prefer to 
minimize radiation exposure in patients with limited or indo-
lent disease. As result, until recently the role of 18F-FDG 
PET/CT imaging in PCL has been limited to patients with 
aggressive, extra nodal, or primarily subcutaneous disease 
[1]. However, the latest generations of whole-body PET/
CT instruments have a sensitivity 15–68-fold higher than 
that of conventional PET/CT instruments, requiring lower 
doses of radiotracer. With whole-body PET imaging, the 
patient is exposed to far less radiation per image acquired, 
and the improved safety of this imaging modality broadens 
its potential clinical applications [27].

To the authors’ knowledge, current methods of diagnosis 
have not investigated the impact that evaluation of nonat-
tenuation-corrected (NAC) PET images may have on the 
sensitivity of 18F-FDG PET/CT for detecting cutaneous PCL 
lesions. NAC PET images are often disregarded; however, 
NAC PET images can provide invaluable information about 
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superficial lesions and deserve more attention [22, 28–30]. 
As demonstrated in Fig. 6, NAC PET elucidates thinner or 
less metabolically active cutaneous lesions that are often 
missed in analysis using solely attenuation-corrected (AC) 
PET scans (Fig. 6). This is because of the low signal inten-
sity of superficial lesions, which is often lost during the pro-
cess of attenuation correction of images. It is recommended 
that nuclear medicine radiologists use the information pro-
vided by NAC PET, along with the information provided 
by AC  18F-FDG PET/CT images, as this would ensure that 
all cutaneous PCL lesions are accounted for [22, 28–30].

The role of 18F‑FDG PET/CT in diagnosis and staging

Stage of disease is the most important predictor of disease 
prognosis in PCL, and thus tumor staging is heavily used 
to guide the clinician’s generation of an individualized, 
patient-centered treatment plan. 18F-FDG PET/CT is sensi-
tive and specific for aggressive PCLs, facilitating detection 
of extracutaneous disease. While 18F-FDG PET/CT influ-
ences PCL staging due to its sensitivity for disease manifes-
tation in skin, lymph nodes and extracutaneous tissues, this 
imaging modality has no value in the pure classification of 

PCLs. PCLs are classified based on whether they are T-cell 
or B-cell in origin, and a skin biopsy is necessary for defini-
tive classification (Table 1, Fig. 1).

In centers that have access to this state-of-the-art technol-
ogy, 18F-FDG PET/CT is quickly becoming the preferred 
imaging modality for staging PCLs [31]. In 2018, the Euro-
pean Society for Medical Oncology (ESMO) published 
updated guidelines for the diagnosis and treatment of PCL 
[1]. Quantification of 18F-FDG uptake in malignant cells 
may allow clinicians to generate a global disease score to 
be used for monitoring PCL progression [32]. While 18F-
FDG PET/CT has proven itself useful for the monitoring of 
disease progression in patients with PCL, significant debate 
persists regarding which imaging modality is best for pre-
dicting disease prognosis and monitoring PCL response to 
treatment. 18F-FDG PET/CT is proven to be very sensitive 
for extracutaneous spread of PCL, but it has been criticized 
for its poor sensitivity for indolent cutaneous PCL lesions [1, 
21, 24]. However, in subtypes of PCL that display high ten-
dency for metastasis, such as MF or PC-ALCL, it is argued 
that PET imaging should always be performed at initial stag-
ing to determine full extent of disease [21–23].

Fig. 3  Subcutaneous SPTCL lesions are easy to miss on CT and visu-
alization is significantly improved with 18F-FDG PET/CT. A 24-year-
old female with subcutaneous panniculitis-like T-cell lymphoma 
located in the upper arms (black arrows). 18F-FDG PET/CT 3-dimen-

sional maximum intensity projection image (A), axial CT (B, E) and 
axial fusion PET/CT (D, G) images reveal multiple subcutaneous 
lesions displaying high 18F-FDG uptake in the skin. Images courtesy 
of Jiang 2021 [6]
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Several recent studies state that utilization of 18F-FDG 
PET/CT over CT alone would improve the accuracy of 
initial PCL staging at diagnosis. A study concluded that 
18F-FDG PET/CT may increase accuracy of initial stag-
ing of PC-MZL, a B-cell PCL that is often missed on 
physical exam due to its tendency to present primarily 
subcutaneously. In this study, 18F-FDG PET/CT displayed 
superior sensitivity for detection of subcutaneous lesions 
as compared to CT alone (Fig. 5) [19]. A study by Liu 
et al. determined that 18F-FDG PET/CT is superior to CT 
or MRI in the initial staging of PC-ENK/T-NT. 18F-FDG 

PET/CT initial disease staging was more consistent with 
final staging (confirmed by biopsy) in 94.9% (37/39) of 
patients, while CT/MRI staging was consistent with final 
staging in only 74.4% (29/39) of cases [20]. Another study 
found that in patients with PC-ALCL, initial staging by 
18F-FDG PET/CT was more accurate than staging by CT. 
The sensitivity of 18F-FDG PET/CT for cutaneous lesions 
was 64% as compared to 18% sensitivity for CT alone[21]. 
Moreover, a study of 18 patients with non-MF/SS PCL 
found that 18F-FDG PET/CT has higher sensitivity than 
CT alone for detection of primary skin lesions, and that 

Fig. 4  A 30-year-old man diagnosed with subcutaneous panniculitis-
like T-cell lymphoma. 18F-FDG PET/CT three-dimensional maxi-
mum intensity projection image (A) and axial fused PET/CT (C, E) 

reveals multiple focal lesions displaying intense 18F-FDG uptake in 
the skin. Axial contrast-enhanced CT (B, D) failed to identify these 
lesions. Images courtesy of Dan 2015 [18]



340 Annals of Nuclear Medicine (2023) 37:328–348

1 3

CT alone is likely to miss subcutaneous PCL lesions such 
as SPTCL and PC-ENK/T-NT (Fig. 4). In a cohort of 18 
patients, 3 cases of subcutaneous PCL were missed by CT 
alone; 100% of cases were identified by 18F-FDG PET/CT 
[18]. Overall, multiple recent studies state that initial stag-
ing of PCL is more accurate when performed via 18F-FDG 
PET/CT than by CT alone. This is true for both indolent 
and aggressive B-cell and T-cell PCLs.

Guidance of biopsy

Biopsy of the skin and sentinel lymph nodes is performed 
during the initial evaluation of disease and histological 
analysis is considered as the gold standard for diagnosing 
PCL. Currently, the TNM/TNMB classification is used to 
help guide clinicians determine if, and how, a lymph node 
should be biopsied (Table 2A, B, C) [7, 9]. Lymph nodes 
larger than 1.5 cm tend to be classified as ‘suspicious’ and 
warrant further excision biopsy and analysis [7]. 18F-FDG 
PET/CT is highly sensitive for metastatic malignancy due 
to the fact that cancer cells metabolize glucose at faster rates 

Fig. 5  A patient with cutaneous marginal zone lymphoma, an indo-
lent B-cell PCL. Subcutaneous lesions (white arrows) on axial CT (B, 
D, F) are visible but difficult to detect. These same lesions are more 
distinct and easier to identify on axial 18F-FDG PET/CT (A, C, E). 

This study provides evidence that 18F-FDG PET/CT may be superior 
to CT at detecting not only aggressive PCLs, but also indolent PCLs 
with subcutaneous presentation. Images courtesy of Davidson 2020 
[19]
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than normal cells and 18F-FDG tracer is radiolabeled glu-
cose. Cancer cells uptake greater quantities of 18F-FDG radi-
otracer than normal cells, yielding higher-intensity signals 
on PET images that allow physicians to distinguish cancer-
ous from noncancerous tissue (Figs. 2, 7A, B). Therefore, 
18F-FDG PET/CT is utilized for guiding biopsy of lymph 
node and bone marrow in patients with highly aggressive, 
late-stage PCLs [1, 22].

Currently, CT is the standard modality used to guide skin 
biopsy of PCLs. However, recent studies are advocating for 
more routine use of 18F-FDG PET/CT to guide skin biopsy 

in both indolent and aggressive PCL subtypes, due to its 
increased sensitivity for subcutaneous lesions as compared 
to CT alone. A study investigated the role of 18F-FDG PET/
CT in detecting PC-ENK/T-NT, a highly aggressive PCL 
with mean survival < 12 months. They found that in the 
detection of malignant PC-ENK/T-NT skin lesions, 18F-FDG 
PET/CT is 96% sensitive and 98.6% specific, while CT/MRI 
are 68% sensitive and 97.9% specific. This study concluded 
that 18F-FDG PET/CT was significantly more sensitive for 
cutaneous PC-ENK/T-NT lesions than CT alone. They theo-
rize that the routine use of 18F-FDG PET/CT for guiding 
skin biopsy in this subtype of PCL would accelerate defini-
tive diagnosis, allowing for timely initiation of treatment in 
a disease with rapid progression and high mortality [20]. 
Studies by Jiang et al. and Davidson et al. support the novel 
idea that 18F-FDG PET/CT should be utilized over CT alone 
for guiding skin biopsy of subcutaneous-presenting, indolent 
PCLs [6, 19]. Jiang et al. found that SPTCL, an indolent 
PC-TCL that presents primarily subcutaneously, is highly 
18F-FDG avid, making 18F-FDG PET/CT very helpful for 
guiding biopsy [6]. Davidson 2020 states that while 18F-
FDG avidity is variable in indolent PC-MZL, 18F-FDG PET/
CT is still more sensitive for the subcutaneous lesions than 
CT alone [19].

Treatment response evaluation

The Deauville 5-point scale represents the standardized cri-
teria used to interpret and evaluate the treatment response 
in lymphoma patients [14]. This scale allows the clinician 
to incorporate semi-quantitative analysis of 18F-FDG PET/
CT scans into the assessment of PCL response to treatment 
[33, 34]. The patient’s mediastinal blood pool is used as a 
reference for background 18F-FDG tracer uptake, while the 
patient’s liver is used as a reference for “high” 18F-FDG 
uptake. Lesions with no 18F-FDG uptake are given a score of 
1. Lesions with 18F-FDG uptake equal to mediastinal blood 
pool are given a score of 2, lesions with uptake less than the 
liver but more than the mediastinum are given a score of 
3, lesions with 18F-FDG uptake moderately higher than the 
liver are scored 4 and those lesions with significantly higher 
uptake than the liver are scored as 5. The physician then 
uses these PET-based scores to label the lesion response to 
treatment as one of four categories: complete response (CR), 
partial response (PR), stable disease (SD) or progressive 
disease (PD). CR lesions have a Deauville score of 3 or less 
and display no bone marrow metastasis. PR lesions display 
reduced 18F-FDG uptake relative to previous scans and dis-
play no structural progression. SD lesions portray consist-
ently elevated 18F-FDG uptake but lack disease progression. 
PD lesions have a Deauville score of 4–5 and display high 
18F-FDG uptake or involve a new 18F-FDG avid focus [34].

Fig. 6  3D maximum intensity projection image of an adult diagnosed 
with PCL. Nonattenuation-corrected 18F-FDG PET images eluci-
date thin or indolent cutaneous PCL lesions that are often missed 
on attenuation-corrected 18F-FDG PET analysis. In (A), the attenua-
tion-corrected 18F-FDG PET scan allows for faint visualization of a 
superficial cutaneous PCL lesion (red arrow) on the anterior left calf. 
Attenuation correction dampens 18F-FDG signal from superficial 
cutaneous lesions. In (B), the corresponding nonattenuation-corrected 
18F-FDG PET scan of this patient displays the 18F-FDG uptake of this 
lesion (red arrow) more accurately, allowing for better characteriza-
tion of its location and metabolic activity
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Fig. 7  Fig. 7A. A 24-year-old male diagnosed with mycosis fungoi-
des. AC 18F-FDG PET/CT three-dimensional maximum intensity pro-
jection image (A) displays multiple 18F-FDG-avid, hypermetabolic 
cutaneous lesions on the anterior chest (B, D), anterior abdomen 
(C), thighs and face (E). Examination of nonattenuation-corrected 
18F-FDG PET/CT images in addition to AC PET images allowed 
detection of superficial cutaneous lesions not readily visible on CT, 
with the potential to impact disease staging and patient manage-

ment. Images courtesy of Alanteri 2015 [22].  Fig. 7B. A 28-year-old 
female diagnosed with mycosis fungoides. Axial 18F-FDG PET/CT 
reveals increased 18F-FDG uptake bilaterally in the skin of the lower 
extremities (A). Arrows indicate bilateral axial (B) and inguinal (C) 
lymph nodes display intense uptake of 18F-FDG relative to surround-
ing tissues, reflecting hypermetabolic activity. Images courtesy of 
Alanteri 2015 [22]
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The Deauville 5-point scale was designed primarily for 
use in extracutaneous lymphomas, so it was adopted in 
combination with the modified severity weighted assess-
ment tool (mSWAT) to be applicable for assessment of PCL 
scans. Scores for PCL disease progression and response 
to treatment may be generated using the methods such as 
mSWAT, Deauville’s score, and 18F-FDG PET/CT. mSWAT 
is a qualitative method that uses visual assessment to esti-
mate the percent surface area of the patient’s body that is 
diseased [11]. mSWAT score is weighted × 1 for patch, × 2 
for plaque, and × 4 for tumor lesions. The mSWAT score is 
used to evaluate the response of the patient’s skin to treat-
ment, with complete response indicating 100% clearance of 
lesions, partial response indicating 50–99% clearance and no 
new tumors, stable disease indicating < 25% or < 50% clear-
ance of skin disease from baseline with no new tumors, and 
progressive disease indicating lesions with > 25% mSWAT 
increase in skin disease from baseline, or new tumors [8]. 

While technically there is no mSWAT equivalent for non-
MF / Sézary syndrome PC-TCLs or PC-BCLs, the mSWAT 
system may be used [7, 11].

Four of the nine studies reviewed in this paper inves-
tigate the utility of 18F-FDG PET/CT in monitoring PCL 
response to treatment. These studies all used a combina-
tion of the Deauville 5-point score and mSWAT to assess 
disease response [35]. A study by Alanteri et al. showed 
that 18F-FDG PET allows for easy visualization of disease 
response to treatment in cutaneous MF lesions (Fig. 8). 
Review of NAC PET scans improved sensitivity of 18F-
FDG PET/CT in cutaneous MF lesions [22]. A retrospec-
tive, single-institution study by Davidson et al. concluded 
that 18F-FDG PET/CT was useful not only in initial staging 
but also for monitoring subcutaneous MZL lesion response 
to chemotherapy [19]. Subcutaneous lesions that were dif-
ficult to identify on CT appeared prominently on 18F-FDG 
PET/CT (Fig. 5). 18F-FDG PET/CT detection of hidden 

Fig. 8  A 50-year-old male with mycosis fungoides. (a) 18F-FDG 
PET shows 18F-FDG-avid cutaneous lesions at right scalp and right 
external ear. (b) After treatment with chemotherapy, follow-up PET 

scan shows complete metabolic response at right scalp and right ear. 
Images courtesy of Alanteri 2015 [22]
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subcutaneous MZL lesions at post-treatment follow-up 
visits changed the disease stage in 8 patients (40%) and 
resulted in treatment upgrade from radiotherapy to chemo-
therapy in 2 patients (10%) [19]. A retrospective, single-
institution study by Jiang et al. found 18F-FDG PET/CT 
to be valuable for monitoring SPTCL lesion response to 
treatment. Due to the subcutaneous nature of this PCL 
subtype and the superior sensitivity of 18F-FDG PET/
CT for detecting subcutaneous lesions as compared to 
CT alone, Jiang advocates that use of 18F-FDG PET/CT 
may improve accuracy of disease burden assessment after 
treatment (Fig. 3) [6]. A retrospective multicenter analysis 
by Olszewska et al. found that while more than half of 
indolent PC-BCL (PC-MZL and PC-FCL) lesions are 18F-
FDG -avid, the utility of 18F-FDG PET/CT in monitoring 
disease response to treatment is limited by the variability 
in 18F-FDG uptake in these lesions [12]. Overall, recent 
studies conclude that despite the variability in 18F-FDG 
uptake by indolent PC-BCL cutaneous lesions, 18F-FDG 
PET/CT continues to stage PC-BCL and PC-TCL with 
more accuracy than CT alone. The use of 18F-FDG PET/
CT at post-treatment visits provides more accurate estima-
tions of PCL disease burden, guiding providers to choose 
more appropriate treatments and improving the likelihood 
of positive patient outcomes.

One of the most recent scientific endeavors in this field 
is the effort to define a valid, standardized methodology by 
which 18F-FDG PET/CT may be used to calculate a semi-
quantitative score of global disease in patients afflicted with 
PCL. 18F-FDG PET/CT is far superior to other imaging 
modalities in its sensitivity for detecting aggressive cutane-
ous lesions, suggesting great potential in the clinic. Several 
studies have attempted to delineate a methodology for using 
18F-FDG PET/CT to generate a global disease score [32, 
36–38] A singular score generated at every follow-up visit 
may simplify assessment of disease progression, as well 
as predict the prognosis of disease in patients with PCL. 
Although a global disease score is a potentially useful clini-
cal parameter, the method is limited by its lack of technical 
standardization and external validation.

Parameters to track disease recurrence

The recommendation for follow-up frequency may vary 
and is dependent on the subtype of PCL and its clinical 
course. Patients with stable disease or indolent PCL are 
recommended to follow-up with their clinical providers 
once every 6–12 months, as this allows for screening for 
disease recurrence. Patients presenting with rapidly progres-
sive or invasive disease may follow-up for disease staging 
every 4–6 weeks. In addition to repeating the physical exam, 
peripheral blood is drawn and tested for indicators of dis-
ease such as LDH and complete blood count. Furthermore, 

FACS analysis of CD markers on blood cells may be used to 
detect disease recurrence. In the case of Sézary syndrome, 
a peripheral blood smear is analyzed for the presence of 
Sézary cells. It is recommended that patients with a history 
of aggressive PCL or extracutaneous disease have 18F-FDG 
PET/CT imaging performed at follow-up exams to screen 
for lesions not visible on physical exam [1].

Quantification of primary cutaneous lymphoma/
disease activity: global disease assessment

Studies have suggested that the generation of a global dis-
ease score representative of patient total body disease bur-
den would be most efficient for tracking progression, recur-
rence, and therapeutic response of lymphomas [31, 32, 39, 
40]. A singular global disease score would be calculated 
at the patient’s first clinical visit. This score would be re-
calculated at subsequent follow-up visits; a reduced global 
disease score at subsequent visits would correlate directly 
with a reduction in the patient’s total disease burden, while 
an elevated score would indicate increased burden of dis-
ease (progressive disease/no-response to treatment). Hav-
ing a singular score representative of patient disease would 
facilitate the clinician’s ability to determine the course of a 
patient’s disease accurately and rapidly, and then utilize the 
most appropriate interventions. Early and accurate staging 
is extremely important in patients with PCL because treat-
ment type and effectiveness varies greatly based on the stage 
of disease. Global disease assessments have been shown to 
provide prognostic information in several other cancers 
[41–43]. Creating objective standards for global disease 
assessment among institutions can help standardize patient 
care and augment collaborative efforts. The methodology 
has previously been applied in clinical studies [44, 45], but 
despite its obvious advantage it has not been widely adopted 
in clinical practice until now.

A semi-quantitative approach to 18F-FDG PET/CT would 
permit generation of a global disease score that is highly 
accurate and reflective of minute changes in patient disease 
progression. This score would be applicable for both staging 
and monitoring of disease progression throughout treatment. 
Standardized uptake value (SUV) is a semi-quantitative 
measure representing the concentration of 18F-FDG within 
the volume of interest (VOI), normalized to the injected 
radioactivity per unit body weight, and corrected for physi-
cal decay [46]. SUV is the most used parameter to quantify 
metabolic activity in 18F-FDG PET/CT, and maximum SUV 
 (SUVmax) has been frequently used as a quantitative param-
eter. Initial studies in patients with Hodgkin’s lymphoma 
showed that changes in  SUVmax were more accurate pre-
dictors of patient outcomes than changes in the Deauville 
score [31, 33]. However, because most lymphoma lesions 
are heterogeneous, the  SUVmax is not an ideal measure of 
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tumor metabolic activity as it refers to the voxel with high-
est uptake within a region of interest (ROI), and hence does 
not necessarily give an accurate value representative of the 
disease activity within a region or volume of interest. Sev-
eral studies have suggested using the mean SUV  (SUVmean) 
instead of the  SUVmax to better represent a lesion’s meta-
bolic activity because  SUVmean accounts for ROI hetero-
geneity. Additionally, it was noted that  SUVmean values 
were more susceptible to the partial volume effect (PVE), 
wherein the limited spatial resolution of PET causes blur-
ring of three-dimensional images and underestimation of 
18F-FDG tracer uptake [47]. Lesions that are moving during 
imaging (for example those on the heart or lung), or lesions 
that are smaller than the reconstructed spatial resolution 
(< 1.5–2 cm) are most significantly impacted by PVE, with 
18F-FDG uptake being significantly underestimated [47]. 
Therefore, it is important to perform partial volume correc-
tion (PVC) on  SUVmean measurements. Metabolic-based vol-
umetric parameters such as metabolic tumor volume (MTV) 
may be obtained using a threshold to delineate lesion activity 
[48]. Multiplying the MTV by  SUVmean of each lesion pro-
vides the total lesion glycolysis (TLG) score for each lesion. 
Semi-automated software enables the quantification of the 
 SUVmax,  pvcSUVmean and MTV for each ROI measured. The 
MTV or TLG for all lesions in the body may be summed to 
generate a singular global disease score representative of the 
total disease burden within the patient’s body.

It is important to note that a criticism of 18F-FDG-PET/
CT is its limited ability to detect superficial lesions. How-
ever, recent studies propose that analysis of NAC 18F-FDG 
PET/CT images may allow for identification of cutaneous 
lesions otherwise not accounted for by analysis of AC PET 
images alone [22, 28, 30, 49–52]. Analysis of NAC 18F-FDG 
PET images alongside AC PET may be necessary to ensure 
the generation of a global disease score representative of 
both visceral and cutaneous aspects of total body disease 
burden (Fig. 6) [22, 28, 30].

Total body PET

Until recently, PET imaging could only be performed on 
one region of the body at a time. The introduction of whole-
body PET systems within the last 2 years has revolution-
ized clinical approach to staging and monitoring systemic 
and diffuse diseases. Whole-body PET instruments are 
not only able to image the entire body in one setting but 
also up to 68 times more sensitive than conventional PET/
CT scanners. The high sensitivity of the whole-body PET 
allows for decreased dose utilization of radioactive tracer 
and reduces overall radiation exposure to the patient [47]. 
Furthermore, it has been proposed that the ideal time point 
at which 18F-FDG PET/CT imaging should be performed 
is 2–5 h post-injection [27, 53–57]. This is due to the fact 

that 18F-FDG continues to accumulate in cells over time and 
reaches a plateau after 3–5 h; during this time, background 
tracer also clears, creating an opportune moment to capture 
a clear image of 18F-FDG uptake in malignant tissues [58]. 
Due to the increased sensitivity of whole-body PET instru-
ments, a longer duration between tracer administration and 
image capture does not reduce image quality as it might in 
conventional PET instruments; whole-body PET can detect 
18F-tracers up to 12 h post-injection. This ability to acquire 
delayed images is important as it optimizes detection of all 
lesions, including those only detectable after the conven-
tional 1-h uptake time.

Conclusion

Studies reviewed in this paper (Table 3) conclude that the 
unparalleled sensitivity of 18F-FDG PET/CT for nodal and 
visceral malignancy makes it a vital tool to accurately deter-
mine disease extent, burden, and activity in patients with 
PCL. The high sensitivity of 18F-FDG tracer for metaboli-
cally active skin lesions suggests that 18F-FDG PET/CT may 
prove useful in guiding skin biopsy in these patients. These 
studies also conclude that AC 18F-FDG PET/CT is equiva-
lent, if not superior, to CT in detecting cutaneous and sub-
cutaneous malignancy. However, limitations of these studies 
make this conclusion incomplete. These studies performed 
analysis of the AC PET images; however, in all but one 
study, their methodology appeared to lack review of NAC 
PET images for cutaneous lesions that become undiscernible 
after attenuation correction. Review of the NAC PET images 
may significantly improve the sensitivity of 18F-FDG PET/
CT for cutaneous malignancy, which can help further obtain 
a more accurate global disease score calculation.

Primary cutaneous lymphomas are rare malignancies that 
often go undiagnosed until they have progressed to later 
stages. Accurate staging of these malignancies early in the 
disease process is crucial to improving disease prognosis. 
The diagnosis, staging, treatment, and monitoring of disease 
in these patients is complex, requiring a multidisciplinary 
team composed of dermatologists, pathologists, radiation 
oncologists, nuclear medicine radiologists and hematolo-
gists. A standardized method for calculating a global dis-
ease score in these patients has yet to be agreed upon; such 
a score would facilitate accurate discernment of disease pro-
gression and allow clinicians to choose more appropriate 
personalized, patient-centered interventions.

Author contributions EOM conducted the initial review of relevant 
literature pertaining to this topic and was the primary writer of the 
body of the manuscript under the guidance of MER; AAA further 
evaluated the selected literature and AAA and MER contributed to 
editing, formatting, and organizing the manuscript. PP and WS created 



346 Annals of Nuclear Medicine (2023) 37:328–348

1 3

the figures. EOM, TW, AA played a pivotal role in editing the final 
manuscript and obtaining consents for publication. All authors have 
read, made edits and contributions to the writing, and have approved 
the final manuscript.

Funding Open access funding provided by University of Oslo (incl 
Oslo University Hospital). The authors received no financial support 
for the research, authorship, and/or publication of this article.

Data availability The datasets used and/or analyzed during the cur-
rent study are available from the corresponding author on reasonable 
request.

Declarations 

Conflict of interest The authors declare that they have no competing 
interests.

Ethical approval and consent to participate Not applicable.

Consent for publication An institutional consent form for all individual 
data included in this review was submitted and signed.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article's Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article's Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http:// creat iveco mmons. org/ licen ses/ by/4. 0/.

References

 1. Willemze R, Hodak E, Zinzani PL, Specht L, Ladetto M, Commit-
tee EG. Primary cutaneous lymphomas ESMO clinical Practice 
Guidelines for diagnosis treatment and follow-up. Ann Oncol. 
2018;29(suppl 4):30–40.

 2. Willemze R, Cerroni L, Kempf W, Berti E, Facchetti F, 
Swerdlow SH, et al. The 2018 update of the WHO-EORTC 
classification for primary cutaneous lymphomas. Blood. 
2019;133(16):1703–14.

 3. Willemze R, Jaffe ES, Burg G, Cerroni L, Berti E, Swerdlow 
SH, et al. WHO-EORTC classification for cutaneous lymphomas. 
Blood. 2005;105(10):3768–85.

 4. Swerdlow SH, Campo E, Pileri SA, Harris NL, Stein H, Siebert 
R, et al. The 2016 revision of the world health organization clas-
sification of lymphoid neoplasms. Blood. 2016;127(20):2375–90.

 5. Klemke CD. Cutaneous lymphomas. J Dtsch Dermatol Ges. 
2014;12(1):7–2.

 6. Jiang M, Zhao L, Zheng J, Zhang J, Chen P, Zhou W. Report 
of eleven patients of subcutaneous panniculitis-like T-cell lym-
phoma: clinicopathologic features, (18)F-FDG PET/CT findings 
and outcome. Front Oncol. 2021;11: 650822.

 7. Olsen EA. Evaluation, diagnosis, and staging of cutaneous lym-
phoma. Dermatol Clin. 2015;33(4):643–54.

 8. Sokolowska-Wojdylo M, Olek-Hrab K, Ruckemann-Dziurdzin-
ska K. Primary cutaneous lymphomas: diagnosis and treatment. 
Postepy Dermatol Alergol. 2015;32(5):368–83.

 9. Olsen E, Vonderheid E, Pimpinelli N, Willemze R, Kim Y, Kno-
bler R, et al. Revisions to the staging and classification of mycosis 
fungoides and Sezary syndrome: a proposal of the international 
society for cutaneous lymphomas (ISCL) and the cutaneous lym-
phoma task force of the European organization of research and 
treatment of cancer (EORTC). Blood. 2007;110(6):1713–22.

 10. Kim YH, Willemze R, Pimpinelli N, Whittaker S, Olsen EA, 
Ranki A, et al. TNM classification system for primary cutaneous 
lymphomas other than mycosis fungoides and Sezary syndrome: 
a proposal of the international society for cutaneous lymphomas 
(ISCL) and the cutaneous lymphoma task force of the European 
organization of research and treatment of cancer (EORTC). Blood. 
2007;110(2):479–84.

 11. Olsen EA, Whittaker S, Kim YH, Duvic M, Prince HM, Lessin 
SR, et al. Clinical end points and response criteria in mycosis 
fungoides and Sezary syndrome: a consensus statement of the 
International Society for Cutaneous lymphomas, the united states 
cutaneous lymphoma consortium, and the cutaneous lymphoma 
Task Force of the European organisation for research and treat-
ment of Cancer. J Clin Oncol. 2011;29(18):2598–607.

 12. Olszewska-Szopa M, Sobas M, Laribi K, Bao Perez L, Drozd-
Sokolowska J, Subocz E, et al. Primary cutaneous indolent B-cell 
lymphomas - a retrospective multicenter analysis and a review of 
literature. Acta Oncol. 2021;60(10):1361–8.

 13. Munakata W, Terauchi T, Maruyama D, Nagai H. Revised staging 
system for malignant lymphoma based on the Lugano classifica-
tion. Jpn J Clin Oncol. 2019;49(10):895–900.

 14. Cheson BD, Fisher RI, Barrington SF, Cavalli F, Schwartz LH, 
Zucca E, et al. Recommendations for initial evaluation, staging, 
and response assessment of Hodgkin and non-Hodgkin lymphoma: 
the Lugano classification. J Clin Oncol. 2014;32(27):3059–68.

 15. Solal-Celigny P. International Non-hodgkin’s lymphoma prog-
nostic factors p a predictive model for aggressive non-Hodgkin’s 
lymphoma. N Engl J Med. 1993;329(14):987–94.

 16. Solal-Celigny P, Roy P, Colombat P, White J, Armitage JO, 
Arranz-Saez R, et al. Follicular lymphoma international prog-
nostic index. Blood. 2004;104(5):1258–65.

 17. Hoster E, Dreyling M, Klapper W, Gisselbrecht C, van Hoof 
A, Kluin-Nelemans HC, et al. A new prognostic index (MIPI) 
for patients with advanced-stage mantle cell lymphoma. Blood. 
2008;111(2):558–65.

 18. Dan S, Qiang G, Shu-Xia W, Chang-Hong L. Preliminary discus-
sion on the value of (18)F-FDG PET/CT in the diagnosis and early 
staging of non-mycosis fungoides/Sezary’s syndrome cutaneous 
malignant lymphomas. Eur J Radiol. 2015;84(7):1293–8.

 19. Davidson T, Avigdor A, Oksman Y, Nissan E, Zlotnick M, Chik-
man B, et al. PET/CT in disease detection and Follow-up of Sub-
cutaneous involvement in marginal zone lymphoma. Clin Lym-
phoma Myeloma Leuk. 2020;20(4):252–9.

 20. Liu C, Zhang Y, Zhang Y, Wang M, Liu R, Liu X, et al. Diag-
nostic value of 18F-FDG PET/CT for cutaneous extranodal 
natural killer/T-cell lymphoma, nasal type. Nucl Med Commun. 
2016;37(5):446–52.

 21. Ram-Wolff C, Vercellino L, Brice P, La Selva R, Bagot M. (18)
F-fluorodeoxyglucose-positron emission tomography is more sen-
sitive than computed tomography in initial staging of patients with 
an anaplastic T-cell lymphoma first presenting in the skin. Eur J 
Dermatol. 2017;27(5):496–504.

 22. Alanteri E, Usmani S, Marafi F, Esmail A, Ali A, Elhagracy RS, 
et al. The role of fluorine-18 fluorodeoxyglucose positron emis-
sion tomography in patients with mycosis fungoides. Indian J Nucl 
Med. 2015;30(3):199–203.

http://creativecommons.org/licenses/by/4.0/


347Annals of Nuclear Medicine (2023) 37:328–348 

1 3

 23. Mandava A, Koppula V, Wortsman X, Catalano O, Alfageme 
F. The clinical value of imaging in primary cutaneous lympho-
mas: role of high resolution ultrasound and PET-CT. Br J Radiol. 
2019;92(1095):20180904.

 24. Feuerman H, Snast I, Amitay-Laish I, Bairey O, Barzilai A, Fein-
messer M, et al. The Utility of 18F-fluorodeoxyglucose positron-
emission tomography/computed tomography in cutaneous B-cell 
lymphoma. Isr Med Assoc J. 2019;21(9):580–4.

 25. Qiu L, Tu G, Li J, Chen Y. The role of 18F-FDG PET and PET/
CT in the evaluation of primary cutaneous lymphoma. Nucl Med 
Commun. 2017;38(2):106–16.

 26. Spaccarelli N, Gharavi M, Saboury B, Cheng G, Rook AH, Alavi 
A. Role of (18)F-fluorodeoxyglucose positron emission tomog-
raphy imaging in the management of primary cutaneous lympho-
mas. Hell J Nucl Med. 2014;17(2):78–84.

 27. Alavi A, Saboury B, Nardo L, Zhang V, Wang M, Li H, et al. 
Potential and most relevant applications of total body PET/CT 
imaging. Clin Nucl Med. 2022;47(1):43–55.

 28. Kothekar E, Revheim ME, Borja AJ, Hancin EC, Detchou DK, 
Werner TJ, et al. Utility of FDG-PET/CT in clinical psoriasis 
grading: the PET-PASI scoring system. Am J Nucl Med Mol 
Imaging. 2020;10(5):265–71.

 29. Bakshi A, Gholami S, Alavi A, Gelfand JM, Takeshita J. Assess-
ing cutaneous psoriasis activity using FDG-PET: nonattenuation 
corrected versus attenuation corrected PET images. Clin Nucl 
Med. 2015;40(9):727–9.

 30. Chandra P, Agrawal A, Purandare N, Shah S, Rangarajan V. 
Importance of assessing nonattenuation-corrected positron emis-
sion tomography images in treatment response evaluation of pri-
mary cutaneous lymphoma. Indian J Nucl Med. 2016;31(3):244–5.

 31. Basu S, Zaidi H, Salavati A, Hess S, Carlsen PF, Alavi A. FDG 
PET/CT methodology for evaluation of treatment response in 
lymphoma: from “graded visual analysis” and “semiquantitative 
SUVmax” to global disease burden assessment. Eur J Nucl Med 
Mol Imaging. 2014;41(11):2158–60.

 32. Hoilund-Carlsen PF, Edenbrandt L, Alavi A. Global disease score 
(GDS) is the name of the game! Eur J Nucl Med Mol Imaging. 
2019;46(9):1768–72.

 33. Meignan M, Gallamini A, Haioun C, Polliack A. Report on the 
second international workshop on interim positron emission 
tomography in lymphoma held in menton, France, 8–9 April 2010. 
Leuk Lymphoma. 2010;51(12):2171–80.

 34. Meignan M, Gallamini A, Meignan M, Gallamini A, Haioun C. 
Report on the first international workshop on interim-PET-scan 
in lymphoma. Leuk Lymphoma. 2009;50(8):1257–60.

 35. Younes A, Hilden P, Coiffier B, Hagenbeek A, Salles G, Wil-
son W, et al. International working group consensus response 
evaluation criteria in lymphoma (RECIL 2017). Ann Oncol. 
2017;28(7):1436–47.

 36. Hoilund-Carlsen PF, Piri R, Gerke O, Edenbrandt L, Alavi A. 
Assessment of total-body atherosclerosis by PET/computed 
tomography. PET Clin. 2021;16(1):119–28.

 37. Palatka K, Kacska S, Lovas S, Garai I, Varga J, Galuska L. The 
potential role of FDG PET-CT in the characterization of the activ-
ity of Crohn’s disease, staging follow-up and prognosis estimation: 
a pilot study. Scand J Gastroenterol. 2018;53(1):24–30.

 38. Bezzi C, Monaco L, Ghezzo S, Mathoux G, Bergamini A, Zam-
bella E, et al. 18F-FDG PET/CT may predict tumor type and 
risk score in gestational trophoblastic disease. Clin Nucl Med. 
2022;47(6):525–31.

 39. Alavi A, Werner TJ, Hoilund-Carlsen PF. What can be and what 
cannot be accomplished with PET to detect and characterize ath-
erosclerotic plaques. J Nucl Cardiol. 2018;25(6):2012–5.

 40. Alavi A, Werner TJ, Hoilund-Carlsen PF. What can be and what 
cannot Be accomplished with PET: rectifying ongoing misconcep-
tions. Clin Nucl Med. 2017;42(8):603–5.

 41. Kitadate A, Narita K, Fukumoto K, Terao T, Tsushima T, Kob-
ayashi H, et al. Baseline total lesion glycolysis combined with 
interim positron emission tomography-computed tomography is 
a robust predictor of outcome in patients with peripheral T-cell 
lymphoma. Cancer Med. 2020;9(15):5509–18.

 42. Grut H, Dueland S, Line PD, Revheim ME. The prognostic value 
of (18)F-FDG PET/CT prior to liver transplantation for nonresect-
able colorectal liver metastases. Eur J Nucl Med Mol Imaging. 
2018;45(2):218–25.

 43. Wang D, Liu X, Wang W, Huo L, Pan Q, Ren X, et al. The role of 
the metabolic parameters of (18)F-FDG PET/CT in patients with 
locally advanced cervical cancer. Front Oncol. 2021;11: 698744.

 44. Basu S, Hess S, Nielsen Braad PE, Olsen BB, Inglev S, Hoilund-
Carlsen PF. The basic principles of FDG-PET/CT imaging. PET 
Clin. 2014;9(4):355–70.

 45. Raynor WY, Zadeh MZ, Kothekar E, Yellanki DP, Alavi A. 
Evolving role of PET-based novel quantitative techniques in 
the management of hematological malignancies. PET Clin. 
2019;14(3):331–40.

 46. Boellaard R, Delgado-Bolton R, Oyen WJ, Giammarile F, Tatsch 
K, Eschner W, et al. FDG PET/CT: EANM procedure guidelines 
for tumour imaging: version 2.0. Eur J Nucl Med Mol Imaging. 
2015;42(2):328–54.

 47. Houshmand S, Salavati A, Hess S, Werner TJ, Alavi A, Zaidi 
H. An update on novel quantitative techniques in the context of 
evolving whole-body PET imaging. PET Clin. 2015;10(1):45–58.

 48. Jiang C, Teng Y, Chen J, Wang Z, Zhou Z, Ding C, et al. Baseline 
total metabolic tumor volume combined with international periph-
eral T-cell lymphoma project may improve prognostic stratifica-
tion for patients with peripheral T-cell lymphoma (PTCL). EJN-
MMI Res. 2020;10(1):110.

 49. Houseni M, Chamroonrat W, Basu S, Bural G, Mavi A, Kumar 
R, et al. Usefulness of non attenuation corrected 18F-FDG-PET 
images for optimal assessment of disease activity in patients with 
lymphoma. Hell J Nucl Med. 2009;12(1):5–9.

 50. Bleckmann C, Dose J, Bohuslavizki KH, Buchert R, Klut-
mann S, Mester J, et  al. Effect of attenuation correction on 
lesion detectability in FDG PET of breast cancer. J Nucl Med. 
1999;40(12):2021–4.

 51. Mehta NN, Yu Y, Saboury B, Foroughi N, Krishnamoorthy P, 
Raper A, et al. Systemic and vascular inflammation in patients 
with moderate to severe psoriasis as measured by [18F]-
fluorodeoxyglucose positron emission tomography-computed 
tomography (FDG-PET/CT): a pilot study. Arch Dermatol. 
2011;147(9):1031–9.

 52. Bruna-Muraille C, Pochart JM, Papathanassiou D, Guedec-
Ghelfi R, Cuif-Job A, Liehn JC. Incidental finding of F-18 
FDG skin uptake in a patient with psoriasis during the evalua-
tion of a recurrent papillary thyroid carcinoma. Clin Nucl Med. 
2011;36(1):34–5.

 53. Spencer BA, Berg E, Schmall JP, Omidvari N, Leung EK, Abdel-
hafez YG, et al. Performance Evaluation of the uEXPLORER 
Total-Body PET/CT scanner based on NEMA NU 2–2018 with 
additional tests to characterize PET scanners with a long axial 
field of view. J Nucl Med. 2021;62(6):861–70.

 54. Zhang X, Cherry SR, Xie Z, Shi H, Badawi RD, Qi J. Subsecond 
total-body imaging using ultrasensitive positron emission tomog-
raphy. Proc Natl Acad Sci U S A. 2020;117(5):2265–7.

 55. Pauwels EK, Ribeiro MJ, Stoot JH, McCready VR, Bourguignon 
M, Maziere B. FDG accumulation and tumor biology. Nucl Med 
Biol. 1998;25(4):317–22.

 56. Zhuang H, Pourdehnad M, Lambright ES, Yamamoto AJ, Lanuti 
M, Li P, et al. Dual time point 18F-FDG PET imaging for differ-
entiating malignant from inflammatory processes. J Nucl Med. 
2001;42(9):1412–7.



348 Annals of Nuclear Medicine (2023) 37:328–348

1 3

 57. Basu S, Kung J, Houseni M, Zhuang H, Tidmarsh GF, Alavi 
A. Temporal profile of fluorodeoxyglucose uptake in malignant 
lesions and normal organs over extended time periods in patients 
with lung carcinoma: implications for its utilization in assessing 
malignant lesions. Q J Nucl Med Mol Imaging. 2009;53(1):9–19.

 58. Kumar R, Loving VA, Chauhan A, Zhuang H, Mitchell S, 
Alavi A. Potential of dual-time-point imaging to improve 
breast cancer diagnosis with (18)F-FDG PET. J Nucl Med. 
2005;46(11):1819–24.

Publisher's Note Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.


	The role of 18F-FDG PETCT in primary cutaneous lymphoma: an educational review
	Abstract
	Introduction 
	Methods 
	Results & Conclusion 

	Background and Introduction
	Incidence and classification
	Diagnostic methods and staging
	TNMB staging of MF and Sézary syndrome primary cutaneous lymphomas
	TNM staging of non-MFSézary syndrome primary cutaneous lymphomas
	Managing indolent versus aggressive PCL

	Methods
	Results and discussion
	Other imaging modalities: compared to 18F-FDG PETCT
	The role of 18F-FDG PETCT in diagnosis and staging
	Guidance of biopsy
	Treatment response evaluation
	Parameters to track disease recurrence
	Quantification of primary cutaneous lymphomadisease activity: global disease assessment
	Total body PET

	Conclusion
	References




