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Preface

“Our lives are made

In these small hours

These little wonders

These twists and turns of fate

Time falls away

But these small hours

Still remain”.
— Little Wonders
Song by Rob Thomas

The lymphatic system is one of the most elusive systems in the human body. It is
composed of a network of lymphatic vessels that function as a secondary circulatory
system, transporting interstitial fluid and regulating fluid homeostasis. It also contains
lymphoid organs, such as the lymph nodes, spleen, appendix, and mucosa-associated
lymphoid tissues. The lymphatic system is closely associated with the immune system,
as it filters out pathogens and houses phagocytes and lymphocytes that orchestrate
innate and adaptive immune responses.

This book is a collaboration between scientists and clinicians that presents the latest
developments in lymphatic medicine, including current and emerging imaging and
surgical techniques, updates on classification, lymphorrhagia, lymphoma, Castleman
Disease, and the concept of sentinel lymph as a gatekeeper of cancer spread. Authors
discuss the pathogenesis, diagnosis, and treatment of lymphatic diseases, outlining
the advantages and challenges in the field. Additionally, they highlight the role of
regenerative medicine in bioengineering new lymphatic structures, including their
creation, design, and clinical utility.

I want to thank everyone at IntechOpen publishing for their help with this publication,
and I dedicate this book to my family, my colleagues, my mentors, and my students.

Hilal Arnouk, M.D., Ph.D.

Professor and Pathology Discipline Lead,

Ilinois College of Osteopathic Medicine at The Chicago School,
Chicago, Illinois, United States






Chapter 1

Introduction to the Sentinel Lymph
Node as a Gatekeeper of Cancer
Spread Concept

Aseel Alashqar and Hilal Arnouk

Abstract

The first lymph node to receive drainage from a primary tumor is called a sentinel
lymph node, acting as a “gatekeeper” for metastatic spread. Surgical techniques have
been developed to visualize and biopsy the sentinel lymph node by injecting dyes
into the primary tumor to map out the lymphatic flow. The subsequent pathological
examination of the resected sentinel lymph nodes can help determine the extent of a
cancerous metastatic spread and provide valuable information regarding prognosis
and clinical management for patients with various malignancies, including mela-
noma, breast cancer, gynecologic cancers, and head and neck cancers. Importantly,
since these procedures are less invasive than surgical dissections, sentinel lymph node
evaluation can reduce the morbidity associated with complete surgical lymph node
dissection. The purpose of this chapter is to introduce the concept of the sentinel
lymph node and its role in lymphatic medicine, with a focus on its clinical applications
across several types of cancer.

Keywords: sentinel lymph node biopsy, sentinel lymph node mapping, metastatic
cancer, cancer diagnosis, cancer prognosis, gynecologic cancers, breast cancer,
melanoma, lymphatic medicine, lymphatic vessels

1. Introduction

The discovery of the lymphatic system dates back to 1653, when the first lymphatic
vessel was described by Bartholin. Over time, further studies revealed the role of the
lymphatic system. In the nineteenth century, Rudolf Virchow proposed that lymph
nodes act as biological filters. This idea shifted our perception of cancer by establish-
ing the role of lymph nodes in cancer metastasis, thereby suggesting that surgery
can be used to manage early stages. This understanding challenged the early Greek
prevailing belief that cancer was a local manifestation of a systemic illness. Building
on Virchow’s theory, William Halsted introduced the radical mastectomy at the end of
the nineteenth century, marking a major advance in oncologic surgical treatments [1].

The sentinel lymph node acts as a biological gatekeeper by being the initial site of
lymphatic drainage from a primary tumor. It filters tumor cells as they metastasize,
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Tumor Sentinel Non-sentinel lymph nodes

Figure 1.
Schematic depiction of the sentinel node mapping concept, the sentinel lymph node near the tumor is the first site
of metastatic spread. Microsoft Office PowerPoint and BioRender software were used to construct this original

Sfigure.

and has a unique microenvironment rich in dendritic cells, T cells, and macrophages.
This microenvironment plays a key role in immune surveillance and influences tumor
progression. Importantly, pathological examination of the sentinel lymph node pro-
vides important prognostic information about cancer metastasis to the lymph nodes
and recurrence risk, which can help guide treatment plans.

The sentinel lymph node (SLN) is the first lymph node to receive drainage from
a primary tumor. SLN mapping and biopsy provide useful information for both
treatment planning and prognosis. If a tumor has not yet reached the SLN, in most
cases, lymphadenectomy can be omitted, and surgical morbidity is thus avoided [2].
SLN mapping is a critical procedure in the staging of various cancers, including breast
cancer, melanoma, gynecologic cancers, and head and neck squamous cell carcinoma.
Two prime agents used for this purpose are blue dye, and technetium-99m-labeled
tilmanocept (Tc-99m-tilmanocept). The agents are injected into the primary tumor,
and the first lymph node to pick up the dye is considered the sentinel lymph node,
thus allowing for direct visualization of metastatic spread. Once identified, SLNs
are excised and evaluated for pathology, providing information on nodal metastasis,
thus decreasing the morbidity associated with complete lymph node dissection
(Figure1) [3, 4].

Undoubtedly the history of lymphatic system science has guided our understand-
ing in cancer biology and metastasis, and SLN mapping has become a cornerstone
of modern oncologic staging. This chapter explores the clinical application of SLN
mapping and biopsies in common malignancies, including breast, melanoma, gyne-
cologic, and head and neck cancers.

2. Breast cancer

Breast cancer remains the most commonly diagnosed cancer in women worldwide
[5]. Consequently, prognosis and treatment plans heavily depend on accurate and
precise lymph node status assessment [6].

The breast develops from ectodermal tissue during embryogenesis and is essen-
tially an extension of the skin, and thus, its lymphatic drainage follows a similar
pattern to the overlying skin. The mammary glands sit between the superficial
(subdermal) and deep (subcutaneous) lymphatic networks interconnected by a net-
work of lymphatic vessels [7]. Mammary lymphatics primarily drain to the ipsilateral
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axilla, however about 3% drain to the internal mammary lymph nodes [8], with even
smaller amounts reaching periclavicular, paramammary, intercostal, contralateral
breast, or occasionally abdominal lymph nodes [9].

The 2025 American Society of Clinical Oncology (ASCO) guidelines establish
sentinel lymph node biopsy (SLNB) as the preferred method for axillary staging in
early-stage breast cancer. Axillary lymph node dissection is associated with increased
risk of lymphedema, pain, reduced strength, and decreased shoulder range of motion
[10]. Thus, SLNB is recognized as a safe and effective procedure that significantly
reduces the morbidity associated with axillary lymph node dissection (ALND),
particularly in patients who present with clinically node-negative disease [11].

A systematic review and meta-analysis on the impact of SLNB in over 100,000
older female patients with early-stage breast invasive breast cancer demonstrated
that positive SLNB findings significantly increase the likelihood of receiving adju-
vant chemotherapy and radiation therapy. Specifically, patients with positive SLNB
results were 4.6 times more likely to receive chemotherapy and 1.7 times more likely
to receive radiation therapy compared to those with negative SLNB results [12]. Thus,
SLNB can be used as a valuable tool in guiding treatment plans for patients with
breast cancer.

3. Melanoma

Malignant cutaneous melanoma arises from melanocytes and is among the most
aggressive forms of skin cancer [13]. Currently, sentinel lymph node biopsy (SLNB)
is considered the standard approach for evaluating lymph node involvement in early-
stage melanoma. Melanoma staging follows the American Joint Committee on Cancer
(AJCC) guidelines, which uses the TNM system to designate the clinical stage [14].
At the time of diagnosis, approximately 84% of cutaneous melanoma cases present
as localized disease (stage I-II), 9% show regional lymph node involvement (stage
III), and 4% present with distant metastases (stage IV). Importantly, the presence or
absence of lymph node metastasis is the key prognostic factor for patients with early-
stage melanoma (stage I-1T) [15].

SLNB is recommended for patients with a Breslow thickness, or the depth of
invasion, of at least 1 mm and should also be considered in tumors 0.8-1.0 mm (with
or without ulceration) or even <0.8 mm if risk factors are present. These risk factors
include younger age, as patients under 40 have higher SLN positivity rates than older
patients, as well as lymphovascular invasion, a positive deep biopsy margin close to
0.8 mm, and high mitotic activity (>1 mitosis/mm?) [16]. However, there are certain
contraindications to performing SLNB in melanoma patients, including advanced
age, poor functional status, evidence of local or systemic spread, prior surgery near
the primary tumor or lymph node basin, and comorbidities that may limit life expec-
tancy [17]. It is worth mentioning that with age, the lymphatic system becomes less
predictable, making SLNs difficult to detect and ultimately decreasing the accuracy
of SLNB [18].

SLNB remains the most critical prognostic tool in cutaneous melanoma, as it
helps identify patients at higher risk of recurrence and guide treatment plans. Data
collected from a study on SLNB positive melanoma patients showed a decrease in
complete lymph node dissection (CLND) alongside an increase in the use of adjuvant
systemic therapies between the years 2017 and 2021. While CLND has historically
been the standard of care for positive SLNB in cutaneous melanoma, promising data
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shows that adjuvant therapy is associated with improvements in relapse free survival.
Moving forward, it is likely that treatment plans for SLNB positive melanoma will
evolve and rely on less invasive adjuvant systemic therapies rather than CLND [19].
Recent studies have expanded the role of SLNB in cutaneous melanoma, particu-
larly regarding its prognostic value and role in risk stratification. Although SLNB has
high detection rates, the false negative rate remains at 5-10% mainly in cases with
complex lymphatic drainage or thin primary tumors defined by a Breslow thick-
ness of <1.0 mm [20]. Because many SLNBs are negative, molecular profiling has
emerged as a tool to improve patient selection by analyzing gene expression patterns
linked to tumor behavior, including the likelihood of nodal metastasis. Molecular
profiling in cutaneous melanoma involves a new method that integrates traditional
clinicopathologic features with a 31-gene expression profile (31-GEP) using an
artificial intelligence-based neural network algorithm (i31-GEP), which has shown
to more accurately stratify the risk of SLN positivity than histologic criteria alone.
The algorithm calculates a patient’s risk of having a positive SLN, thereby identifying
the patients that are more likely to benefit from SLNB [21]. In a recent prospective
multicenter study in patients diagnosed with cutaneous melanoma, none of the
patients with an i31-GEP-predicted risk below 5% had a positive sentinel lymph
node, indicating that SLNB could potentially be avoided in these low-risk individuals
[22]. This new approach shows the significance of integrating molecular profiling
with traditional clinicopathological parameters to improve the accuracy of SLNB in
melanoma.

4. Gynecologic cancers

Endometrial cancer is one of the most common gynecologic malignancies [5]
and lymph node involvement serves as an important prognostic factor. The SLN in
endometrial cancer is the first lymph node to receive drainage from the uterus, which
are typically the external iliac and obturator nodes. The internal iliac, para-aortic,
and inguinal nodes can be involved; however, this is less common [23]. Cancer staging
can be determined via surgery, which involves a full pelvic and para-aortic lymphad-
enectomy. This invasive approach is associated with comorbidities including lymph-
edema, lymphocyst formation [24], and genitofemoral nerve injury [25]. The role of
SLN mapping in endometrial cancer was revealed in a recent study that validated SLN
mapping by injecting indocyanine green dye into the cervix. Results showed that SLN
biopsy achieved a 97.2% sensitivity for detecting nodal metastases compared with
complete lymphadenectomy, while significantly reducing surgical morbidity [23].
Thus, SLN mapping is considered a less invasive but accurate alternative for nodal
staging.

Similar to endometrial carcinoma, cervical carcinoma relies on sentinel lymph
node mapping for staging in early-stage tumors less than 2 cm without apparent nodal
involvement [26]. Studies have shown that the majority of SLNs in cervical carcinoma
are located in the external iliac, obturator, and internal iliac regions. Interestingly,
patient factors such as older age and elevated body mass index (BMI) are associated
with a decreased SLN count [27]. Although SLN mapping in cervical cancer follows
a technique similar to that used in endometrial cancer, cervical cancer demonstrates
a bilateral sentinel node detection rate of 82% in women with early-stage disease,
thus indicating that both sides of the pelvis are commonly involved in lymphatic
drainage [28].
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In contrast, SLN mapping remains a topic of investigation for ovarian carcinoma
because of its complex lymphatic drainage [29]. Epithelial ovarian cancer can
metastasize through three main pathways; the abdominal pathway, via the infundibu-
lopelvic ligament to para-aortic nodes; the pelvic pathway, via the ovarian ligament
toward the iliac vessels and obturator fossa; and the inguinal pathway, via the round
ligament of the uterus [30]. Consequently, sentinel lymph nodes can appear in dif-
ferent regions, making SLN mapping more challenging and less reliable compared
to endometrial or cervical cancers. Recent studies, however, have shown promising
results in using technetium-99m sulfur colloid to detect sentinel lymph nodes in
early- stage ovarian cancer, with a detection rate of 100% in one study [31]. These
findings suggest that SLN mapping could eventually serve as a less invasive alterna-
tive to lymphadenectomy. However, further research regarding oncologic outcomes is
required before SLN mapping can become a standard part of ovarian cancer staging.

5. Head and neck cancers

Head and neck squamous-cell carcinoma (HNSCC) is a malignant neoplasm aris-
ing from epithelial cells lining the oral cavity, pharynx and larynx. Oral squamous cell
carcinoma (OSCC) is the most common type of HNSCC, it most commonly originates
in the tongue and frequently metastasizes to cervical lymph nodes [32]. Lymph node
involvement in the neck is the most significant prognostic factor in head and neck
cancers [33]. Like many other cancers, the presence of nodal metastasis plays a critical
role in both staging and guiding treatment plans [34]. In fact, regional lymph node
involvement has been shown to reduce the five-year survival rate in head and neck
squamous cell carcinoma to approximately 50% [35].

HNSCCs follow the AJCC guidelines for tumor staging, thereby using TNM system
where T describes the size of the tumor, N indicates the number, size, and location of
affected cervical lymph nodes, and M indicates distant metastasis. Traditionally, elec-
tive neck dissection was performed on NO HNSCC due to a 15-20% risk of lymphatic
spread [36], where NO indicates no lymph node involvement. However, this invasive
approach is associated with risk of shoulder dysfunction, lymphedema, sensory
deficits, and scarring [37].

One retrospective study on early stage, clinically node negative, oral tongue SCC
evaluated SLNB as an alternative to elective neck dissection. Results revealed that
SLNB detected lymph node metastases in 24.6% of patients, thus supporting the role
of SLNB as a reliable method for detecting early metastasis [38].

6. Discussion, conclusions, and future directions

Recent scientific advancements continue to reshape the future of sentinel lymph
node biopsy, with the goal of improving diagnostic accuracy while minimizing
procedural morbidity. New hybrid tracers such as indocyanine green—"""Tc nanocol-
loid have demonstrated higher detection rates than conventional radiocolloid, mainly
in endometrial cancer with complex lymphatic drainage to the para-aortic lymph
nodes [39].

Superparamagnetic iron oxide (SPIO) nanoparticles have also emerged as a
radiation-free alternative for SLN mapping, playing an important role in identifying
sentinel lymph nodes in patients with clinically node-negative breast cancer. A recent
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meta-analysis for a large cohort of patients demonstrated that SPIO-guided SLNB is at
least as effective, and in some cases more effective, than standard radiocolloid-based
techniques, with the added benefit of being non-radioactive [40]. Furthermore, SPIO
may potentially play a role as an alternative tracer for SLN mapping in patients with
cutaneous melanoma. A recent systematic review and meta-analysis found that SPIO-
guided SLN biopsy had a sensitivity of nearly 94%, thus providing detection rates
comparable to the conventional radioisotope and dye method [41].

Moreover, artificial intelligence (AI) has shown a promising role in digital pathol-

ogy for evaluating SLNs. In melanoma, a recent study showed that a deep learning
model could accurately distinguish between positive and negative SLNs, correctly
identifying a positive node 96.5% of the time. This performance is comparable to that
of expert dermatopathologists [42]. In breast cancer, another large study analyzed
over 32,000 sentinel lymph node slides and found that when pathologists used Al
as a support tool, their ability to detect metastases improved from about 74.5 to
93.5%, while the time needed to review each slide dropped by more than half [43].
As the field of digital pathology continues to grow, Al-based analysis may be a useful
prognostic tool for cancers where the nodal involvement is difficult to assess, such as
in early-stage melanoma. Al can potentially help pathologists in detecting microme-
tastasis and improve efficiency in detecting SLNs in different types of cancers.

It is important to note that the role of the sentinel lymph node evaluation varies
across different cancer types due to differences in tumor biology and pathogenesis.

In early-stage breast cancer, sentinel lymph node biopsy (SLNB) acts as a minimally
invasive staging tool that has practically replaced axillary lymph node dissection
(ALND). SLNB can accurately identify nodal metastasis, and large clinical trials
have shown that omitting axillary lymph node dissection in patients with limited
SLN involvement reduces morbidity without affecting long-term survival [44]. In
melanoma, SLNB is primarily an important predictor of prognosis as the SLN status
is closely associated with disease-specific survival, with a negative SLN predicting
significantly longer melanoma-specific survival. Thus, SLNB plays an important role
in risk stratification and in guiding follow-up and adjuvant therapy decisions [45].
Importantly, While SLNB can detect occult metastases in both types of cancer, the
clinical management implications differ. In breast cancer, SLNB findings influence
decisions about surgery and adjuvant therapy, whereas in melanoma, SLN positivity
informs prognosis and staging rather than providing a clear overall survival benefit.
This comparison highlights that the clinical utility of the SLNB depends on the tumor
type, biology and pathogenesis. Thus, underscoring the importance of interpreting
SLNB results within the context of the underlying malignancy.

In conclusion, the concept of the sentinel lymph node has changed our approach
to cancer staging and surgical intervention, especially for breast, melanoma, gyneco-
logic, and head and neck cancers. Overall, SLN mapping and biopsy provide impor-
tant prognostic information and can improve patient outcomes by detecting early
nodal metastasis. These procedures are less invasive than surgical dissections and
lymphadenectomies, and they are not associated with complications such as lymph-
edema, thus improving patient’s quality of life. Unfortunately, these techniques play a
limited role in malignancies with complex lymphatic drainage, such as ovarian cancer.
Ongoing research aims to improve the accuracy and use of SLNB by developing novel
tracers, employing molecular profiling, and incorporating AI and digital pathology.
These advances can potentially improve the detection of micrometastases and further
expand the role of SLNB across a wider range of cancers. Overall, sentinel lymph node
mapping and biopsy will continue to play an important role in cancer management.
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Chapter 2

Advances in Lymphatic Imaging
for Sentinel Lymph Node
Identification in Oncologic Surgery

Marcus Wolffer and Cédric Zubler

Abstract

As an integral part of the TNM staging system, lymph node status represents a
crucial prognostic factor in many malignancies. Consequently, sentinel lymph node
(SLN) biopsy is part of the standard of care for several tumor entities. Technetium
(Tc)-based lymphoscintigraphy currently serves as the gold standard to identify
SLNs. However, disadvantages have led to the emergence of alternative modalities
for lymphatic imaging and SLN identification. This chapter provides a full overview
of the latest technical developments and imaging options available for this proce-
dure across malignancies and analyzes the advantages as well as limitations of each
method. One of the most used and successful alternative techniques is indocyanine
green (ICG). Approaches such as SPECT-CT or hybrid approaches, combining
ICG and Tc, serve as adjuncts or optimize individual techniques. More recently
investigated techniques include carbon nanoparticles, superparamagnetic iron
oxide nanoparticles, contrast-enhanced ultrasound, and multispectral optoacoustic
tomographic imaging.

Keywords: sentinel lymph node biopsy, dermato-oncology, gynecologic oncology,
urologic oncology, melanoma, technetium-based lymphoscintigraphy, indocyanine
green, hybrid tracers, carbon nanoparticles, superparamagnetic iron oxide, contrast-
enhanced ultrasound, SPECT-CT, multispectral optoacoustic tomographic imaging

1. Introduction

Various malignancies metastasize through the lymphatic system. For these tumors,
the concept of sentinel lymph nodes (SLN) was proposed. A SLN is the first lymph
node draining the local site of the primary tumor and therefore acts as the first filter
potentially reached by metastatic cells. In the case of lymphatic metastases, the SLN
would be the earliest possible site where malignant cells could be detected. Determining
the status of the SLN allows for staging according to the TNM classification. Since the
introduction of cutaneous melanoma by Morton et al. [1], identifying and examining
the SLN has now become a standard of care procedure in various malignancies. These
include but are not limited to breast cancer, melanoma, head and neck malignancies,
gastric cancer, colon cancer, uterine cancer as well as vulvar cancer [2].
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The status of SLNs has been proven to be one of the most important factors for
oncologic prognosis in frequently occurring malignancies such as breast cancer
or melanoma [3]. It allows for adequate histological staging according to the cur-
rent guidelines of the 8th edition UICC/AJCC TNM melanoma staging system [4].
Usually, it also has direct consequences for further oncologic treatment; for example,
a positive SLN in otherwise clinically non-metastatic cutaneous melanoma patients
warrants the initiation of adjuvant therapy with immune checkpoint inhibitors or
targeted therapy [3].

Substantial debate persists on the therapeutic value of the SLN biopsy (SLNB)
surgery in addition to its above-mentioned diagnostic and prognostic value. Some
authors have argued that SLNB provides long-term regional control of the lymph
node basin after positive SLN [5]. Contrary to that, other studies have demonstrated
that even immediate complete lymph node dissection after a positive SLNB does not
increase melanoma-specific survival [6]. Furthermore, no significant difference in
overall survival was found between false-negative and true-positive patients [7].

Regardless of this debate, the diagnostic and prognostic value is assured, and
SLNB might become even more relevant in the light of increasing success of neoadju-
vant immunotherapy options [8] and the tendency to use adjuvant immunotherapy in
earlier tumor stages, such as stage III melanoma [9].

Historically, various methods have been tried to ascertain the relevant SLN tissue.
With a sensitivity of only 78% in the case of axillary lymph nodes [10], ultrasound-
guided fine needle aspiration biopsy does not exclude metastatic disease with a
satisfying accuracy and is therefore not considered a safe option. Removing the lymph
node as a whole solves two issues: it allows for the detection of micrometastases that
often only occupy small parts of the affected lymph node and avoids tumor seeding
potentially associated with partial biopsy of the affected tissue. Therefore, surgical
excisional biopsy has become the standard of care in SLNB.

The desired precision of the SLNB poses a significant challenge to surgeons. In
most malignancies, typical SLN basin locations can be assumed preoperatively. In
endometrial or cervical cancer, for instance, those would be external iliac, obtura-
tor, or pelvic lymph node basins [11]. However, up to 5% of SLNs might be located
in an unusual location outside established lymph node basins [12]. Furthermore,
SLNB in head and neck malignancies in particular is notoriously difficult, with
unpredictable drainage patterns leading to multiple or bilateral basins [13].
Additionally, even after the relevant lymph node basin is identified, the challenge
remains to find the relevant SLN among often more than 10 non-SLNs during the
surgical procedure [14].

Because of this, surgeons depend on preoperative radiological and/or intraopera-
tive visual guidance in order to both identify the SLN basin and the correct SLN
within that basin.

Regardless of the method chosen to identify the SLN, the surgical procedure is
similar. Depending on the tumor entity, surgery is performed either together with
primary excision (e.g., breast cancer) or second resection (e.g., melanoma). The SLN
basin is identified and the patient positioned accordingly. Depending on the location
of the primary tumor, several potential SLNs can be identified in different basins. The
surgical site is disinfected and draped. After the incision, the basin is searched for
the SLN under visual or technology-based guidance. The SLN is excised using no-
touch technique, and all connected lymphatic vessels are clipped or coagulated. The
operation is finished by hemostasis and layered wound closure. Patients can mobilize
immediately according to their symptoms.
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Technetium-based lymphoscintigraphy (Tc-based LS) is a well-established stan-
dard of care for the identification of SLNs [15]. However, it is associated with several
disadvantages, which have led to the emergence of a plethora of alternative detection
modalities. The optimal lymphatic imaging method should be inexpensive, readily
available in all parts of the world, free of adverse events, easy to learn, and identify all
SLNs in every patient preoperatively, that is, before skin incision.

This chapter is intended to provide an overview of the latest technical advances
and clinically available imaging options for identifying SLNs across different malig-
nancies, including an analysis of advantages and limitations of these methods.

2. Lymphatic imaging techniques for sentinel lymph node biopsy
2.1 Technetium-based lymphoscintigraphy

Technetium-based lymphoscintigraphy (Tc-based LS) represents the gold stan-
dard technique in SLNB to date and is widely used for different malignancies. With
this approach, radiotracers are used to produce gamma emissions which are registered
by a gamma-counting probe or a gamma camera. Different radiotracers are available
today, including Tc-99m-pertechnetate-labeled colloids or Tc-99m-tilmanocept [16].
Larger radiotracers drain to and accumulate in lymph nodes and therefore present
optimal characteristics for SLN identification. The generally accepted cut-off for
optimal size is >40 nm [17]. There is no international consensus on the optimal proto-
col for Tc-based LS in SLNB. Injections are typically done some hours before surgery
by the Department of Nuclear Medicine. Injection doses range from 3.7 MBq in
melanoma to 370 MBq in breast cancer. For melanoma, several intradermal injections
of 0.1 ml each are performed peritumorally, whereas for breast cancer, subdermal,
periareolar or peritumoral injections are performed [16]. Immediately after injection,
dynamic imaging is performed over 20-30 minutes to visualize the drainage pattern to
the SLN. Hereafter, static imaging is performed with a gamma camera to localize the
identified nodes in three dimensions [18]. Depending on the location of the primary
tumor, imaging is performed on all possible drainage locations (see Figure 1). After
visualization of SLNs, a gamma-counting probe is used to locate SLNs and mark the
overlaying skin [16]. The surgeon is provided with the LS results before the operation
to ensure adequate positioning of the patient during the procedure. Intraoperatively,
the marked location of the SLN is confirmed by placing the gamma probe on the
patient’s skin to identify the area with the highest activity. The incision is carried out
and the gamma probe is intermittently used to guide dissection and identify the SLN
within the fat of the lymph node basin. After excision of the SLN, the gamma probe is
used to detect residual counts in the operative field and potentially remove additional
SLNs. While different definitions exist, it is usually recommended that any lymph
node presenting a count rate of at least 10% of the hottest SLN should be removed
[18]. Since Tc is a colorless tracer, it is often combined with preoperative injection of
blue dye to provide the surgeon with some additional visual guidance after incision
and thereby increase identification rates. Several different blue dyes are used, and
injection techniques again vary depending on the tumor entity. Methylene Blue has
been found to be superior to Iso-sulfan Blue or Patent Blue concerning false-negative
rate (FNR) [19].

Since its introduction several decades ago, medical professionals have accumulated
experience with Tc-based LS. The possibility of combining preoperative imaging
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Figure 1.

Technetium-based lymphoscintigraphy with depiction of three SLNs in the left femoral and inguinal basin for a
patient with malignant melanoma of the left medial thigh. Furthermore, downstream lymph nodes in the left
iliac external basin ave visible.

with intraoperative guidance allows precise surgical planning. An incomparable
number of studies among SLNB techniques have consistently demonstrated its high
detection rates of over 95%. In a meta-analysis of cutaneous melanoma patients, 97%
of metastatic patients, 97% of SLNs, and 97% of metastatic SLNs were identified
by Tc [20]. Further improvements take place today with the introduction of novel
radiotracers, which cause less injection pain and radiation exposure, as well as offer
an optimized SLN retention [17]. In a meta-analysis of breast cancer patients, the
standard of care Tc-99m-labeled nanocolloid human serum albumin was compared to
Tc-99m-tilmanocept. While the first reached a localization rate of 95.91%, the latter
demonstrated a rate of 99.99% [21].

Nevertheless, the LS technique also has several disadvantages. Cost analyses
have shown the poor cost-effectiveness of this modality when taking into account
travel expenses, contrast medium costs and training of hospital staff [22]. Even if it
may be low, a radioactive burden exists for medical professionals and patients alike
[23]. Tc-based LS is also lacking availability in developing countries, where SLNB
is therefore often impossible or difficult to perform [24]. Furthermore, the practi-
cal detection of SLNs using Tc-based LS has its own limitations. The shine-through
effect, a visual disturbance near the primary tumor caused by radioactive background
signals around the site of injection [25], has been reported to reach 11 cm from the
primary tumor in the case of breast cancer [26]. This might explain the high FNR
of Tc-based LS found in head and neck melanoma patients [27]. Additionally, stud-
ies have shown that Tc-based SLNB results in high sampling rates of SLNs without
resulting in a correspondingly high number of identified metastatic SLNs or patients
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compared to indocyanine green (ICG), which might lead to increased incidence of
postoperative complications [20]. In some malignancies, Tc has been found to be
inferior to other diagnostic approaches. A meta-analysis reviewing its use in patients
with cervical cancer showed that while Tc had an overall detection rate of 95%, it only
demonstrated a bilateral detection rate of 63%, proving to be inferior to ICG for both
outcomes [28].

2.2 SPECT-CT

Single-photon emission computed tomography with integrated computed tomogra-
phy (SPECT-CT) includes a low-dose CT system and a gamma camera. Images captured
by these two modalities are merged in a hybrid, three-dimensional image [29], with the
possibility of quantitatively analyzing radioactivity count thresholds to avoid resection
of non-metastatic lymph nodes [30]. Today, it is a well-established technique with wide
application in nuclear medicine departments and often used as an adjunct in the case
of unclear results during Tc-based LS. Especially in the head and neck area, SPECT-CT
might provide the surgeon with additional, crucial information about SLNs such as
anatomical relation to important structures or precise location in lymph node levels (see
Figures 2 and 3). SPECT-CT has been shown to allow for more accurate placement of
incisions and a more efficient dissection with less morbidity [31]. In complex anatomi-
cal regions such as the head and neck, SPECT-CT has been reported to significantly
increase the likelihood of identifying a positive SLN, especially for SLNs located in the
proximity of the primary tumor or additional basins [32]. In patients with trunk mela-
noma, SPECT-CT located significantly more SLNs than LS, revealed additional drainage
regions necessitating a modification of the surgical approach, and corrected false-
positive and false-negative results of LS. Sensitivity of SPECT-CT was 98.6% compared
t0 95.1% for LS [33]. SPECT-CT may also reduce the FNR. Indeed, it has been shown
to identify a significantly higher number of SLNs and metastatic SLNs per patient as
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Figure 2.

Technetium-based lymphoscintigraphy with depiction of several bilateral cervical SLNs for a patient with
malignant melanoma of the right nasal bridge.
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Figure 3.

For the same patient as in Figure 2, transaxial and coronal SPECT-CT images. The comparison to Figure 2
highlights the additional information regarding the exact anatomical location and velation to other structures,
which influences surgical planning.

compared to the standard technique, allowing for a higher rate of disease-free survival.
In the same study, a FNR of 6.8% was found for the SPECT-CT group and 23.8% for the
standard technique group [31].

Recent technological advancements also include the introduction of freehand
SPECT which could be used in the operation room. This technique allows an intra-
operative three-dimensional visualization [34]. Previous authors have compared
freehand SPECT with conventional gamma probe in breast cancer SLNB. Freehand
SPECT was associated with the identification of more nodes per patient and a shorter
operating time, even in obese patients [35]. While it increases spatial resolution, its
disadvantages include a high radiation exposure [17].

2.3 Indocyanine green

Since Tc-based LS presents the disadvantages mentioned above, authors have
strived to find alternative and optimized contrast agents for SLNB. One of the most
studied and successful of these is indocyanine green (ICG), a fluorescent molecule
tricarbocyanine dye. It absorbs light emitted with a wavelength of 760 nm and
reemits it at a higher wavelength on the near-infrared spectrum. This emission can
be identified by a near-infrared fluorescence (NIRFI) camera in the operation room
which allows for localization of SLNs (see Figure 4) [17]. Generally, 0.25 ml of ICG
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Figure 4.
Indocyanine green-based near-infraved fluorescence imaging with fluorescence captured at the site of injection at
the distal forearm, along the lymphatic drainage and at the cubital SLN.

are injected intradermally in four quadrants around the primary tumor. Upon admin-
istration, ICG binds with albumin in the extracellular fluid, which is then drained by
the lymphatic channels. Drainage and accumulation in the SLN can then be observed
in real time during roughly the next 15 minutes. One of the most commonly used
camera systems is the SPY Elite (LifeCell Corp, Branchburg, NJ) [36].

No frequent adverse events have been reported yet [37] and ICG presents a very
low risk for anaphylactoid reactions (0.05%) in contrast to blue dye. In addition to
the transcutaneous visualization using the NIRFI camera, ICG is also visible after
incision, thus facilitating dissection for the surgeon. It enables an easier dissection
when compared to blue dye as it stains less surrounding tissue and causes no tattooing
[36]. The real-time visualization of SLNs may improve operating room efficiency, and
the lack of need for a nuclear medicine department results in lower costs and avoided
radiation exposure [38, 39].

However, several disadvantages complicate the widespread introduction of ICG
in medical practice. The acquisition of the NIRFI machine and training of medical
professionals is a significant investment and the learning curve is considerable [20]. The
main disadvantage remains the method’s superficial tissue penetration, with a transcu-
taneous visibility of 1 cm [40] to 2 cm [41] only. This explains reported limiting factors
for SLNB with ICG such as high BMI [42] and axillary lymph node fields [43]. Previous
authors have also pointed out the lack of standardization of the technique with varying
location of injection, amount of ICG injected or camera system used [39].

In terms of oncologic safety, studies have compared the accuracy of ICG and Tc in
breast cancer patients. The nodal detection rate was 98.7% for ICG vs. 97.5% for Tc,
confirming the non-inferiority of ICG. All metastatic SLNs were identified by both
methods [37]. A meta-analysis in breast cancer patients compared the diagnostic
accuracy of blue dye and Tc with ICG. ICG was found to be superior to blue dye in
terms of detection rate of patients and SLNS, as well as the FNR. ICG was further-
more significantly superior to Tc regarding the detection rate of patients, SLNs,
positive SLNs and the FNR. When comparing ICG with the combined blue dye and
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Tc technique, no significant differences were found [38]. Another meta-analysis in
breast cancer patients confirmed these findings, showing a higher identification rate
for SLNs and a significantly higher identification rate for metastatic SLNs with ICG as
compared to conventional tracers [39]. A recent systematic review and meta-analysis
demonstrated that ICG might be a non-inferior alternative to Tc for intraopera-

tive guidance in SLNB of cutaneous melanoma. While Tc identified a significantly
higher number of SLNs and metastatic SLNs in prospective studies, no significant
differences were found concerning the identification of metastatic patients or the
FNR [20]. In endometrial and cervical cancer, ICG has already become the tracer of
choice to perform SLNB due to its superior diagnostic accuracy [44]. In patients with
vulvar cancer, a combination of ICG and Tc resulted in a better detection rate than the
standard combination of blue dye and Tc [45].

2.4 Hybrid tracers

Asboth Tc and ICG have their limitations and drawbacks, these two approaches
are sometimes combined in clinical practice, using both methods independent from
one another. However, there has also been the idea of directly combining the two
contrast agents. In 2009, a hybrid tracer was developed that linked ICG and Tcon a
molecular level in an effort to harvest the above-mentioned benefits of both tracers in
a single agent [25], which is injected 18 to 24 hours before the surgery [46].

The hybrid approach improves optical guidance compared to blue dye, espe-
cially in complex anatomical regions such as the head and neck and pelvic basins.
Furthermore, hybrid tracers have been shown to facilitate the excision of SLNs
located near the injection site as, unlike free ICG, no leakage of hybrid tracer into
surrounding tissue was observed. Finally, no adverse events have been reported
[47]. Because ICG assumes the lymphatic migratory characteristics of Tc, it also
has a significantly longer retention period in SLNs than free ICG, ensuring the
excision of SLNs only [25]. On the other hand, in SLNs located deeper than 1 cm or
for patients with a higher BMI, surgeons rely on radioactive signaling [47]. Thus,
hybrid tracers combine the advantages of two successful techniques to allow for an
improved SLNB.

The superiority of this technique compared to the standard combination of blue
dye and Tc has been shown in various malignancies including skin, oral cavity, penile,
prostate and vulvar cancer. Kleinjan et al. identified 99% of SLNs by gamma tracing
and 95% by fluorescence. The hybrid tracer had a significantly higher accuracy than
blue dye. The concomitant use of blue dye did not improve prognosis or recurrence-
free survival. The combined FNR of all malignancies was 14% and specific FNR were
in line with previous literature [47]. In a systematic review and meta-analysis of head
and neck malignancies, the hybrid tracer technique was found to be significantly
superior to ICG- or Tc-only approaches in detecting SLNs [25].

The technical challenges of producing the hybrid tracer and the associated higher
costs resulting from this combination present the most limiting factor for its wide-
spread introduction in clinical practice.

While the combination of Tc and ICG, as two tracers or as one hybrid tracer,
leads to promising results regarding accuracy and combines their respective
advantages as mentioned above, several new methods for lymphatic imaging for
SLNB have also been explored in the recent past, including carbon nanoparticles,
contrast-enhanced ultrasound, multispectral optoacoustic tomographic imaging,
and superparamagnetic iron oxide nanoparticles. These are more niche approaches
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that, despite demonstrating very promising early results and being in use clinically
in a few centers, mainly remain in an experimental phase and have not yet been
adopted on a wider scale.

2.5 Carbon nanoparticles

Carbon nanoparticles (CNPs) are increasingly being investigated, mainly in gyne-
cological cancer research. With a diameter of 150 nm, CNPs selectively enter lym-
phatic vessels and accumulate in SLNs. For instance, in endometrial cancer, 25 mg/
ml and a total of 2 ml of sterile water solution of CNPs is injected at 3 and 9 oclock of
the cervix deeply (1 cm) and superficially (1-3 mm). After 20 minutes, the dissection
begins. Once the anatomical region is incised, black-stained SLNs can be seen by eye
under natural light without the need for any special equipment [48].

CNPs avoid preoperative injections, as necessary in LS [49], and accumulate in
SLNs over a long time without leaking into adjacent tissues, contrary to blue dye [50].
CNPs have a diameter, allowing for selective passage and coloration in lymphatic
vessels only. Its incapacity of entering blood vessels is given as the reason for avoiding
adverse systemic events [50]. Studies in breast cancer and cervical cancer patients
have indeed shown that CNPs did not result in any adverse events [49, 51]. In locations
without the expensive LS or NIRFI equipment, CNPs might be a viable alternative.

Nevertheless, CNPs are also significantly limited by the fact that they rely on
visual identification alone. Despite their intense color, tissue penetration is low and
deep SLNs may be missed. Consequently, a higher BMI has also been associated with
decreased detection rates [49]. Additionally, the lymph node basin must be obvious
or assumed preoperatively, resulting in missed SLNs in cases of complex or unusual
drainage patterns.

In breast cancer patients, CNPs were found to have a detection rate of 100% and a
FNR of 11.1%, both superior results compared to the blue dye technique [51]. In cervi-
cal cancer, CNPs have a reported detection rate of 93.3% with a FNR of 0% [49].

2.6 Contrast-enhanced ultrasound

While ultrasound is the most common technique for preoperative evaluation of
the lymph node status, its conventional technique cannot identify SLNs or sufficiently
evaluate potential malignant characteristics. Contrast-enhanced Ultrasound (CEUS) was
described by Sever et al. for identifying axillary SLNs in breast cancer patients. Gas-filled
microbubbles were used as a contrast medium injected intradermally around the areola.
Ultrasound was then used to visualize lymphatic channels and locate the SLN [52]. CEUS
contrast media used today consists of gas-filled microbubbles suspended in a liquid.
These microbubbles resonate when exposed to ultrasound waves. For instance, Perflutren
contains octafluoropropane gas, whereas SonoVue contains sulfur hexafluoride gas [53].
The preferred method of administering the contrast media in breast cancer patients is
an intradermal or subcutaneous injection around the areola, followed by the injection
around the tumor [54]. 0.2-0.4 ml of contrast medium are administered depending on
body weight. Gentle massage can be applied to stimulate lymph flow. Contrast pulse
sequence ultrasound visualizes lymphatic channels. The lymph node first reached by the
microbubbles is considered the SLN and presents areas of contrast medium accumula-
tion. The SLN is morphologically assessed at 2, 4 and 6 minutes after injection and blue
dye can be injected transcutaneously into the area of accumulation to mark its location
[53, 55]. Other methods of marking the SLN preoperatively include skin marking, wire
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marking, and iodine-125 seed localization [56]. General signs for malignant SLNs during
ultrasound include the absence of echogenic hilus, round shape, peripheral capsular
vascularity or focal cortical thickening [57]. Specific criteria for malignant SLNs during
CEUS, while difficult to establish, include early, heterogenous or absent, and hyperdense
enhancement [53]. Furthermore, the time-intensity curve analysis quantifies several
parameters of blood perfusion, including peak intensity, time to peak, rise time, mean
passage time, wash-in slope and rise slope. A short rise time and time to peak, and
increased peak intensity would be typical in malignant lesions [54].

Advantages of this technique include a quick and real-time visualization and the
potential for carrying out a core-needle biopsy before surgical SLNB to assess the
pathological status. CEUS-guided core-needle biopsy identifies metastases in more
than half of patients with normal preoperative ultrasound [56]. Therefore, it might
reduce surgical trauma and complications by preoperatively identifying patients
who will need SLNB and those who will be able to avoid it as the metastasis is already
histologically confirmed. Thus, it could also allow for an outpatient clinic approach
in more patients, thereby reducing costs and healthcare overload. However, concerns
about tumor seeding mentioned above remain. The examination takes on average
around 19 minutes and is associated with a very steep learning curve [55]. No adverse
events have been noted so far [58].

Of course, there are also some disadvantages to CEUS. Higher stage cancer
or discontinuous lymphatic channels could result in missing a SLN [59]. Indeed,
authors have shown that previous breast surgery or tumor cells blocking lymphatic
vessels and nodes might prevent the contrast medium from accumulating in SLNs
[60]. Furthermore, ultrasound methods are always operator-dependent [61].
Finally, CEUS has also been reported to identify a lower number of SLNs compared
to standard techniques [55].

A systematic review and meta-analysis examining the diagnostic accuracy of
CEUS-guided SLNB in breast cancer found a preoperative localization rate for SLNs
of 70-100%. Interestingly, the authors found a significantly higher risk of metastasis
in SLNs identified by CEUS compared to those not identified by CEUS, possibly
indicating a more accurate selection of SLNs. In the meta-analysis, a sensitivity of
98% and specificity of 100% of SLN metastases were found. To be noted, the included
studies presented a variety of contrast agents, injection techniques, combined local-
ization methods and SLN marking used [62]. Other studies found a sensitivity and
specificity of 75% and 100% [55], or 91% and 86% [63], respectively, each in breast
cancer patients. Wang et al. compared blue dye-combined CEUS with a blue dye-only
approach. The combined approach had a higher identification rate than the blue
dye-only approach. No significant difference was found for recurrence-free survival
between the two groups, with the false-negative rate for CEUS being at 30.8% after
a median follow-up of 50 months [64]. Research about SLN detection with CEUS is
largely restricted to breast cancer patients. Few studies have evaluated its accuracy in
other malignancies. In patients with vulvar cancer, inguinal CEUS with SLN identi-
fication and wire marking was performed and resulted in a sensitivity of 81.2% for
identifying inguinal SLNs compared to standard techniques, while all metastatic SLNs
identified by standard techniques were also identified by CEUS [65]. In patients with
head and neck malignancies, detection was successful in 80% of cases with a cor-
rect prediction of metastatic status in 87.5% [66]. In a melanoma swine model using
Sonazoid (perflubutane), 67% of SLNs identified by CEUS contained metastases,
compared to only 44% of those detected by the control blue dye. However, all SLNs
identified by CEUS were also identified by blue dye [67].
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2.7 Multispectral optoacoustic tomographic imaging

Multispectral optoacoustic tomographic imaging (MSOT) is a recent technique
that uses a probe to detect ultrasonic waves generated by thermoelastic expansion
resulting from laser-induced emission. Colloidal nanobeacons and ICG have been
proposed as contrast media because of their accumulation in the first lymph node and
return of a signal with optimal signal-to-noise ratio. Its technique has found a special
application in melanoma SLNB because of the special properties of cancer cell mela-
nin, which may serve as a natural contrast agent [17]. The idea is to inject ICG peri-
tumorally and to observe the lymphatic drainage in real-time with two-dimensional
MSOT imaging before incision. After localization of the SLN, the incision is made and
the SLN is further localized through fluorescence imaging (NIRFI) until the excision.
In their pioneering study, Stoffels et al. used a handheld MSOT system (Acuity Echo,
iThera Medical GmbH). Nanosecond excitation laser pulses with six wavelengths
between 700 and 900 nm and a 256-element detector array provided cross-sectional
images with a 4 x 4 cm” field of view. The emitted optoacoustic signals were tomo-
graphically reconstructed. In order to separate individual absorbers, multispectral
illumination was used at the mentioned wavelengths. The authors used spectral
unmixing in order to increase the spatial detection sensitivity of ICG [68].

MSOT offers very high spatial and temporal resolution [17]. As discussed above,
the widespread introduction of ICG-based NIRFI in clinical practice has been limited
by insufficient penetration depths, a disadvantage that might be overcome by MSOT.
Especially when combined with ultrasonography for image correlation as well as
morphological and anatomical information, transcutaneous identification of SLN
basins was successful [68]. Indeed, authors have shown that MSOT of ICG-labeled
SLNs reliably identifies SLNs with a penetration depth of up to 5 cm [69], which
would be particularly relevant in the case of axillary SLNs. Again, no adverse events
were reported in published studies [68]. The method allows real-time imaging and
would avoid the need for a radioactive tracer, shortening inpatient hospital stays and
thereby reducing healthcare costs. Its main disadvantage is the sparse literature on
this method, with only two studies examining SLN identification with MSOT, both of
them restricted to melanoma [68, 69]. This entails an insecurity as for the results of
these studies. Furthermore, its low specificity, operator-dependent results and lack
of availability have been pointed out [17].

In the rare studies evaluating its diagnostic accuracy, MSOT seems to be a promis-
ing method for SLN identification. Previous authors have compared the diagnostic
accuracy of MSOT and ICG-based NIRFI to LS and SPECT-CT. Preoperative MSOT/
ICG identified 94.6% of SLN basins identified by LS/SPECT-CT. To be noted, the
authors combined MSOT with an integrated, pulse-echo ultrasonography, which
allowed further improvement of SLN basin identification from 76.4% to 94.6%
of basins identified by LS/SPECT-CT. Intraoperatively, 96.4% of Tc-labeled SLNs
identified by gamma-probe were also identified by MSOT and following NIRFI. No
positive SLN was missed by MSOT, resulting in a FNR of 0% for a mean follow-up of
26.7 months. The authors concluded that MSOT with ICG was not inferior to Tc-based
LS in all anatomical regions [68].

2.8 Superparamagnetic iron oxide nanoparticles

Magnetic tracing options and superparamagnetic iron oxide nanoparticles
(SPION) are yet another option that has been increasingly investigated. After
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injection, these particles accumulate in macrophages of normal lymph nodes, lead-
ing to a signal loss. Neoplastic areas of the node, on the other hand, stand out due to
persistent signaling on imaging or magnetic probes [17]. The technique itself consists
in injecting 2 ml of the magnetic tracer called Sienna+ and 3 ml of saline solution per-
ilesionally. Sienna+ consists of SPION coated with carboxydextran. After 20 minutes,
a handheld Sentimag magnetometer is used to localize the marker in the lymph node
basins. The Sentimag probe creates an alternating magnetic field which magnetizes
the nanoparticles. These are then detected by the probe. The probe produces a sound
and signals proportionally to the intensity of the magnetic field. Following the signal
strength, an incision is made and the handheld probe continues to be used until the
SLN is identified. Additionally, SLNs may be discolored brown by the tracer. Similarly
to the standard Tc technique, this is continued until the remaining tissue has a signal
of less than 10% of the hottest SLN identified [70].

Advantages when compared to Tc-based LS include avoidance of radiation expo-
sure. Furthermore, execution time is shorter, and nuclear medicine departments are
not required to do so. Its technique combines visual guidance by brown discoloration
and acoustic guidance with a handheld probe in one single tracer. Finally, Sienna+ can
be used as a contrast medium in MRI imagery. A preoperative MRI with inhomoge-
neous uptake of the contrast medium in SLNs might replace preoperative LS for the
identification of affected basins [70]. SPION-based MRI also has a higher resolution
than Tc-based LS and identifies even small SLNs, allowing for the differentiation
of several SLNs close to one another. This is particularly helpful in pelvic SLNB of
prostate cancer patients [71].

On the other hand, it cannot be used in patients with hemosiderosis because of the
risk of iron overload disease, hypersensitivity to dextran compounds [72], or presenting
pacemakers or metal implants [39]. In overweight or elderly patients, the uptake of the
magnetic tracer may take more time intraoperatively [70]. Importantly, residual SPION
after SLNB may create void artifacts on follow-up MRI imaging for up to 3.6 years after
the operation. This may however be avoided with the use of low-dose SPION injections
[73]. The technique is furthermore associated with skin staining [74]. Other disadvan-
tages include the need for plastic, non-magnetic surgical instruments to avoid signal
interferences, which is especially difficult during laparoscopic interventions. Also, the
Sentimag probe only reaches a penetration depth of around 2 cm, which might pose
problems in axillary dissection or adipose patients, especially [71]. Indeed, patients who
underwent SPION-based axillary SLNB had lower identification rates than those with
groin SLNB in previous studies [74]. Finally, the magnetometer diameter is larger than
that of the gamma probes, necessitating frequent rebalancing of the probe [39].

Previous authors have compared the magnetic Sentimag technique with radioac-
tive tracing in breast cancer patients and found an SLN detection rate of 88.9% for
radioactive and 89.5% for magnetic tracing [70]. The magnetic technique was non-
inferior to the standard LS technique, with an identification rate of 95% for standard
and 94.4% for magnetic technique in another breast cancer study [72]. Similarly, in
prostate cancer, a SLN detection rate of 100% has been reported with a specificity of
97% and a FNR of 0% when compared to extended lymph node dissection [71]. The
MELAMAG trial compared the SPION technique with the standard technique of blue
dye and Tc in melanoma patients. SLN identification rate with the standard technique
was 97.7%, while it was 95.3% with the magnetic technique. While these results were
promising, it did not reach the predefined non-inferiority margin in this study [74].
SPION have also been combined with ICG as a magnetic fluorescent hybrid tracer in
prostate cancer patients, resulting in improved SLN identification [75].
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3. Conclusions

SLNB is an essential step in staging and treatment of patients suffering from a
variety of malignant tumors. The last decades have seen increasingly precise technical
approaches to visualizing specific lymph nodes in their basins, while surgeons have
optimized the procedure of SLNB. A reliable and accurate method for preoperative
planning as well as intraoperative, real-time guidance and confirmation of the SLN, is
indispensable during this surgery.

While Tc-based LS remains the current standard of care in SLNB, authors have
searched for alternatives due to the important disadvantages that come with this tech-
nique. These alternatives have in part been shown to equal the diagnostic accuracy of
LS in several malignancies or to improve it in a singular or combined approach. The
advantages and disadvantages of these techniques differ significantly and the suc-
cess of their application depends on the type of cancer, anatomical location of SLNs,
patient characteristics and several other factors. Future studies and changes in health-
economic considerations will determine if one of these techniques can replace LS as
the standard of care. However, rather than a single method it seems more likely that
a combined approach taking into account specific tumor and patient characteristics
will emerge as the best option. This optimal approach should come with minimal side
effects and improved patient experience, while maintaining diagnostic accuracy and
oncologic safety.
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Chapter 3

Research Progress in Diagnosis
and Treatment of Lymphorrhagia
after Neck, Chest, and Abdominal
Surgery

Yang Gao and Jianchun Cui

Abstract

Lymphatic leakage is a rare complication of neck, chest, and abdominal surgery.
The occurrence of severe lymphatic leakage can lead to a series of serious consequences.
For different degrees of lymphatic leakage, the treatment can be divided into conserva-
tive treatment and surgical treatment. For mild and moderate neck surgery and breast
cancer axillary lymphorrhaphy, low-fat diet and locally effective compression are the key
links of conservative treatment. Severe lymphatic leakage requires surgical treatment,
and traditional surgical treatment is difficult, but modified lymphangiography through
inguinal lymph node puncture or combined with thoracic catheter embolization has
recently been proved to be effective, minimally invasive and safe.

Keywords: thoracic duct, lymphatic leakage, chylous fluid, lymphangiography,
thoracic duct embolization

1. Introduction

The thoracic duct, also known as the left lymphatic duct, is formed by the
confluence of the left and right lumbar trunk and intestinal trunk in front of the
first to second lumbar vertebrae. The initial part is cystic enlargement, called
chylocisterna. The thoracic duct receives the left trunk of the neck, the subclavian
trunk, and the left bronchomediastinal trunk, and is then injected into the left
venous horn, with a pair of valves at the entrance to prevent lymphatic reflux.
There is generally no valve at the entrance of these three main trunks, which is
one of the important factors for the metastasis of cancer cells from thoracic and
abdominal tumors to the cervical root lymph nodes through the thoracic duct. The
right lymphatic duct is a short trunk formed by the conjoining of the right cervical
trunk, right subclavian trunk, and right bronchomediastinal trunk. This catheter
collected lymph from the right upper limb, right head and neck, right lung, right
heart, and right chest wall and injected it into the right subclavian vein (or right
venous corner) (Figure1). Chylous fluid is a kind of intestinal lymph fluid, which
can produce 3-5 L per day, mainly composed of lymph fluid, immune cells, and
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Lymphatic Ducts

Right Lymphatic Duct
empties at junction of
right internal jugular
and right subclavian
veins

Thoracic Duct - empties
into junction of left
internal jugular and left
subclavian veins

Cisterna Chyli —
most inferior part
of thoracic duct

Figure 1.
Overview of lymphatic duct.

chylomicrons, and contains a lot of triglycerides. The chyle fluid is collected into
the enteric lymphatic vessels through the mesenteric lymphatic vessels, then
merges with the chyle fluid of the left and right lumbar lymphatic vessels into the
chyle cisterna, and finally infuses into the left venous angle through the thoracic
catheter, a process called chyle reflux [1]. If the thoracic duct breaks at different
locations, it may lead to lymphatic leakage (chylous neck, chylous thorax, chylous
abdomen).

Lymphatic leakage is a rare but serious complication of neck and chest opera-
tions, with an incidence of 2-8% [2], while the incidence of lymphorrhaphy in
abdominal operations is relatively rare, with an incidence of about 0.26% [3].
Improper treatment of lymphatic leakage after neck surgery can lead to chyme accu-
mulation, local flap floating, necrosis, and even fatal massive hemorrhage caused
by exposure of neck arteries. Lymphatic leakage after axillary dissection of breast
cancer can easily lead to subcutaneous fluid accumulation, affect the flap adhesion
to the chest wall, and even cause flap necrosis, increasing the risk of infection. A
large amount of chylous fluid leakage after thoracic and abdominal surgery can lead
to the loss of a large amount of proteins, immune cells, lipids and other substances,
resulting in water and electrolyte imbalance, malnutrition, reduced immunity,
high risk of infection, poor surgical incision healing, and prolonged extubation and
hospitalization of patients, increasing the incidence of postoperative infection and
lower limb venous thrombosis [4]. It can also cause patients to fear the prognosis of
the disease. It is very important to diagnose the lymphatic leakage of the neck, chest,
and abdomen in the early stage and to use effective treatment. This chapter reviews
the latest research progress in the diagnosis and treatment of postoperative lymphor-
rhagia in the neck, chest, and abdomen.
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2. Causes of lymphatic leakage

Due to the anatomic variation of the thoracic duct in the neck, the end points of
the thoracic duct can be located in the internal jugular vein, subclavian vein, external
jugular vein, or even innominate vein. Moreover, the lymphatic duct wall is transpar-
ent and thin, which is often difficult to identify during operation. Lymphatic vessels
are brittle and weak in resistance to tension, which are easy to be torn during opera-
tion. Lymphatic leakage after epigastric or retroperitoneal surgery may be caused by
the absence of a large lymphatic output tube at the distal end of the lymph nodes in
the removed area. Preoperative chemotherapy, low protein, and a large amount of
ascites increase the risk of postoperative lymphorrhagia in patients with tumor. With
the widespread use of ultrasonic knives, the risk of lymphatic leakage is also increas-
ing due to the inaccuracy of ultrasonic knives in closing lymphatic vessels. In addi-
tion, the surgeon is not familiar with the anatomical structure, or chooses the surgical
plan with large wounds, etc., which increases the risk of lymphatic leakage [5, 6].

3. Diagnosis of lymphatic leakage

Lymphatic leakage generally occurs 1-3 days after surgery, especially within
48 hours after eating. The clinical manifestations are increased drainage of the
drainage tube, tasteless milky white drainage fluid, neck swelling, obvious feeling of
trachea compression, and even dyspnea in patients with obstructed neck drainage.
Unblocked axillary drainage can cause flaps in the armpit and chest wall. Unblocked
drainage in the chest and abdomen can lead to persistent abdominal pain and disten-
sion, and even clinical manifestations such as nausea, vomiting, and hypoprotein-
emia. Internationally, lymphatic leakage is divided into light, medium, and severe
according to the amount, the drainage flow of 50-200 ml/d is mild, 200-400 ml/d is
moderate, and more than 400 ml/d is severe (Figure 2).

Figure 2.
Chylous fluid.
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3.1 Laboratory diagnosis

The qualitative test of chylous of drainage fluid or puncture fluid is positive, or the
triglyceride content of drainage fluid is >110 mg/d1(1.2 mmol/l), cholesterol con-
centration is <200 mmol/L, protein concentration is between 2.5 and 7 g/dl, glucose
concentration is <100 mg/dl, and the cells are mainly lymphocytes [7], which can be
diagnosed as lymphorrhea. In addition, the microscopic examination of chylomicron
by drainage fluid and Sudan III staining also has suggestive effects.

3.2 Imaging diagnosis

Computed tomography (CT) and magnetic resonance imaging (MRI) are com-
monly used in clinical diagnosis of postoperative lymphatic leakage in the chest and
abdomen, and can determine the location of lymphatic vessel damage. However, as
the density of chylous fluid is similar to that of most pleural and abdominal effusions,
it is difficult to distinguish it from other types of effusions, so CT and MRI have low
diagnostic specificity for chylous pleural effusions and ascites [8].

Lymphangiography is the gold standard for clinical diagnosis of lymphangiogra-
phy, including transnodal lymphangiography and ultrasound-guided intranodal lym-
phangiography. Compared with traditional dorsal foot lymphangiography, endonodal
lymphangiography has the advantages of simplicity, less trauma, and shorter time,
which has had a profound impact on the development of lymphangiography technol-
ogy and lymphatic system interventional therapy. This technique is performed by
direct puncture of the inguinal lymph nodes guided by a high-frequency (>7.5 MHz)
ultrasonic probe, generally selecting a larger lymph node and placing the tip of the
needle in the transition area between the cortex and the hilum of the lymph node,
and then slowly injecting iodide at a rate of approximately 1 to 2 mL/5 min under
intermittent fluoroscopy. The initial appearance is a small nodular stain, followed by
the development of the associated branch lymphatic vessels, usually about 40 minutes
after the initiation of iodide injection can be seen. In order to prevent the occurrence

Figure 3.
A: lymphadenography found the rupture (ved arrow); B: The rupture was completely sealed after embolization.
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of pulmonary embolism, the amount of iodide on each side is generally not more than
10 mL (the total amount is not more than 20 mL). Lymphangiography not only has a
clear diagnostic significance for lymphatic leakage, but also has certain therapeutic
effects (Figure 3) [9].

Radionuclide lymphatic imaging is also a method to diagnose lymphatic leakage.
This technique is to inject radionuclide 99mTc tracer subcutaneously or intradermal
and then perform whole body imaging through single-photon emission-computed
tomography (SPECT) to detect lymph flow and evaluate the tracer transport speed,
lymph node distribution, number, and size. Identify defective lymphatic vessels [10].
But it is not widely used at present.

4. Treatment of lymphatic leakage

At present, the treatment of lymphatic leakage mainly includes conservative treat-
ment and surgical treatment. Most mild and moderate lymphatic leakage can be cured
by conservative treatment. If conservative treatment fails or the drainage exceeds
600 ml/d within 24 hours, especially if the drainage volume exceeds 2000 ml/d,
surgical treatment is required [11, 12].

4.1 Conservative treatment

Psychotherapy: Lymphatic leakage, especially high-flow lymphatic leakage, can
cause extreme fear of patients and their families, and patients should be timely and
patiently psychological counseling to improve their confidence and sense of security.

Diet management: Once lymphorrhaphy is diagnosed, the normal diet should be
changed to a low-fat diet. Normal diet contains a large number of lipids, which are
the main components of chylous fluid. Dietary control can reduce the intake of lipids,
reduce the production of chylous fluid, and promote lymphatic healing [13].

Local effective pressure dressing combined with vacuum suction is the key
measure to treat lymphatic leakage after axillary dissection of neck and breast cancer.
Clinical experiments have proved that local pressure bandaging combined with
vacuum suction can effectively extract fluid leakage, make the flap close to the tissue,
promote the adhesion of the wound to the surrounding tissue, eliminate the lacuna,
close or narrow the leak, reduce the loss of lymph fluid, and completely close the leak
when the local granulation tissue forms scars, thus healing lymphatic leakage [14, 15].
Traditional pressure dressing for cervical lymphorrhaphy mostly uses gauze to com-
press the supraclavicular fossa and the area near the trachea or the top of the armpit,
and then fixes it with elastic bandages [16, 17], but the application is complicated and
the effect is not obvious.

For cervical lymphatic leakage, external fixation of neck support and internal
packing of cotton ball is the latest local pressure dressing method, which is simple
and accurate. The key steps of this method are as follows: (1) Select a suitable neck
support, and cut it appropriately to avoid the bone markers such as collarbone and
mastoid, so as to prevent the skin from being damaged under pressure. (2) The pack-
ing of the cotton ball inside the neck support must be centered on the supraclavicular
fossa and paratracheal to ensure that the compression position is accurate and does
not shift. (3) Keep the vacuum negative pressure drainage smooth, closely observe
the change of suction flow rate, there is no significant change in suction flow rate in
24 hours, and the position of cotton ball compression needs to be adjusted in time.
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(4) Removal of drainage time: After the drainage flow was significantly reduced to
less than 10 ml every 24 hours, the normal diet was changed for 3d, and the amount
of drainage fluid remained unchanged; that is, the drainage tube was removed on the
14th day, and the neck ultrasound was re-examined 3 days after the drainage tube was
removed to confirm that there was no recurrence of lymphatic leakage, so as to ensure
complete clinical cure of lymphatic leakage [18]. This study emphasized the impor-
tance of low-fat diet, unblocked vacuum negative pressure drainage in the operative
area, and effective local neck compression, which significantly shortened the length
of hospital stay and reduced the cost of hospitalization (Figure 4).

Closed thoracic drainage may be used for conservative treatment of postoperative
lymphatic leakage, and chemical pleuropexy may be performed during closed tho-
racic drainage to promote healing of the thoracic duct. Abdominal catheter drainage
and abdominal compression bandaging are often used for postoperative lymphatic
leakage, which can not only alleviate the clinical symptoms of patients, but also
provide effective evidence for clinical evaluation of disease progression.

Intravenous medication: Some scholars recommend direct water fasting or even
parenteral intravenous nutrition. Parenteral intravenous nutrition support, on
the one hand, can correct nutrient consumption and metabolic dysfunction and
reduce the generation of lymphatic leakage; on the other hand, promoting protein
synthesis enhances plasma colloid osmotic pressure and promotes the absorption
of accumulated fluid [19]. Some scholars have also suggested that somatostatin
can inhibit the secretion of gastrointestinal and pancreatic peptide hormones,
promote gastrointestinal peristalsis, and thus reduce lympbhatic fluid production
and intestinal absorption. However, it has the disadvantages of high cost and long
treatment time.

Local injection of sclerotherapy: After the local extraction of chylous fluid, 50%
glucose liquid, tetracycline, doxycycline, cell-bright, iodoform, or OK432 were
injected to cause aseptic chemical inflammation, make the flap adhere to the wound,
and promote the closure of lymphatic vessels, which is also one of the treatment
methods [20, 21]. However, for patients treated with local injection of sclerosing
agent, it is especially difficult to operate again after the recurrence of the original
disease. Due to extensive local adhesion, normal surgical anatomic space will disap-
pear, tissue inflammation and edema scar will be serious, and important surrounding
structures such as internal jugular vein, recurrent laryngeal nerve, phrenic nerve,
sympathetic nerve, and parathyroid gland will be easily damaged, leading to surgical

Figure 4.
External fixation of neck support combined with cotton ball packing in neck support.
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failure. Therefore, local injection of sclerosing agent is generally used in cases where
conservative treatment of lymphatic leakage is ineffective, and the risk of surgical
treatment is greater.

4.2 Surgical treatment

Surgical treatment should be considered for patients with severe lymphatic leak-
age whose drainage volume persists for more than 5 days after conservative treatment
or becomes ineffective after treatment for more than 2 weeks, or refractory nutri-
tional or metabolic complications occur [22]. Traditional surgical treatment includes
fistula ligation or suture, muscle flap filling, and covering.

Endoscopic lymphangiography or radionuclide lymphangiography is a commonly
used surgical procedure. Lymphangiography or radionuclide lymphangiography is
performed before surgery to locate the lymphatic leak. Damaged lymphatic vessels are
repaired or lapped during surgery, and medical protein glue and gelatin sponge are
sprayed on the wound. In patients with portal hypertension, transjugular intrahepatic
portal vein shunt (TIPS) can be selected to reduce portal vein pressure, improve the
status of abdominal lymphatic reflux, and facilitate the closure of lymphatic vessels.
However, these operations will not only prolong the patient’s hospital stay, but also
aggravate the patient’s condition and even lead to the death of the patient [13].

Recently, it has been reported in international literature that interventional
surgery has made great progress in the study of diagnosis and treatment of lym-
phatic leakage, avoiding the severe lymphatic leakage patients undergoing more
traumatic surgical operations. The combined application of spring coil and medical
adhesive [23] is the most commonly used method for percutaneous thoracic catheter
embolization.

The procedure is as follows: @ First, endonodal lymphangiography is performed to
gradually develop the chylous cisterna and thoracic duct. @ Then, under fluoroscopy,
21 or 22G Chiba needle was used for percutaneous puncture of the chylous cisterna.
The puncture point was generally located slightly to the right of the umbilical median
line, avoiding adjacent structures such as aorta and right renal artery. In the process of
puncture, the application of lateral fluoroscopy can help the puncture needle to enter
the chylocisterna more accurately. The angle of the puncture needle should be slightly
inclined to allow the subsequent guide wire to enter; after the needle enters the chy-
locisterna or larger lymphatic vessels, a 0.018 or 0.016 in microguide wire is used to
enter the thoracic duct. ® Then, after confirming that the position of the microguide
wire in the thoracic catheter was safe and correct, 2 or 3F microcatheter was inserted,
and a small amount of contrast agent was injected through the microcatheter to
further determine the path of the thoracic catheter and the location and degree of
leakage. @ Finally, after catheterization of the thoracic catheter was performed and
leakage was found, the micro-guide wire and micro-catheter were passed over the ori-
fice of the fistula, and sufficient spring coils were placed near the orifice of the fistula
to the ventral end to embolize the thoracic catheter. After the spring coils were placed,
NBCA glue or Onyx glue were injected into the ventral end for further embolization
to ensure complete embolization of the thoracic catheter. At present, percutaneous
thoracic catheter embolization has been able to treat postoperative cervical lymphor-
rhagia, chylous pericardial effusion, chylothorax of newborn and chylomeric ascites,
etc. [24]. Compared with traditional open surgery, lymphangiography combined with
thoracic catheter embolization is more prominent in terms of minimally invasive,
effective, and safe treatment of lymphorrhagia.
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5. Conclusion

For patients with mild-to-moderate axillary lymph leakage from neck and breast
cancer axillary dissection, adopting low-fat diet, vacuum negative pressure drainage,
external fixation of neck support and accurate internal packing with cotton balls are
the effective key links of conservative treatment. For patients with severe lymphatic
leakage who have failed conservative treatment, endolymph node angiography com-
bined with catheter embolization can be used, which is effective, minimally invasive
and safe. The materials required for catheter embolization therapy are rare, which is
one of the major bottlenecks in the development of this technique.
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Chapter 4

Bioengineering Lymphatic Vessels:
A Novel Frontier in Regenerative
Medicine

Jyothsna Butchireddy

Abstract

The lymphatic system is essential for sustaining fluid balance, lipid assimilation,
and immune surveillance. Despite its significance, the lymphatic system has tradi-
tionally received less research attention than the cardiovascular system. Recent break-
throughs in bioengineering and regenerative medicine have created new possibilities
for understanding and reconstructing lymphatic vessels. This chapter examines the
most recent advancements in the bioengineering of lymphatic vessels, concentrat-
ing on the design, creation, and utilization of bioengineered lymphatic structures.
We address the challenges and opportunities in this developing field, such as the
integration of bioengineered lymphatic vessels with host tissues, the significance of
biomaterials, and the prospects for clinical application. The chapter wraps up with
a conversation about future pathways and the potential influence of bioengineered
lymphatic vessels on addressing lymphatic disorders and advancing regenerative
medicine.

Keywords: lymphatic vessels, bioengineering, regenerative medicine, biomaterials,
tissue engineering

1. Introduction

The lymphatic system comprises a sophisticated network of vessels, nodes, and
organs that is essential for preserving fluid homeostasis, immune activity, and lipid
processing [1-5]. Malfunctions of the lymphatic system can result in various ail-
ments, such as lymphedema, lymphangiectasia, and weakened immune responses
[6]. Despite its important roles, the lymphatic system has garnered less focus within
the realm of regenerative medicine than other organ systems [7]. Nevertheless, recent
progress in bioengineering has begun to fill this void, presenting new opportunities
for the repair and regeneration of lymphatic vessels [8].

This chapter offers a comprehensive review of the present landscape in bioen-
gineering lymphatic vessels, concentrating on the design, creation, and utilization
of bioengineered lymphatic structures. We start by examining the anatomy and
physiology of the lymphatic system, then move on to an overview of the difficulties
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related to lymphatic vessel regeneration [9]. Next, we delve into the different methods
employed in bioengineering lymphatic vessels, such as the application of biomateri-
als, cell-based therapies, and tissue engineering techniques [10]. Last, we discuss the
possible clinical uses of bioengineered lymphatic vessels and the future prospects of
this dynamic field [11].

2. Anatomy and physiology of the lymphatic system

The lymphatic system consists of a network of lymphatic vessels, lymph nodes,
and lymphoid organs, such as the spleen, thymus, and tonsils [12]. Lymphatic
vessels are delicate, valved structures that carry lymph—a fluid that includes white
blood cells, proteins, and lipids—from the interstitial spaces of tissues back into the
bloodstream [13]. This system is categorized into two primary parts: The superficial
lymphatic system, which drains the skin and subcutaneous tissues, and the deep
lymphatic system, which drains the muscles, joints, and internal organs [14].

2.1 Structure of lymphatic vessels

Lymphatic vessels consist of a single layer of endothelial cells, referred to
as lymphatic endothelial cells (LECs), which are specialized for absorbing fluid and
macromolecules from the interstitial space [15]. LECs are interconnected by tight
junctions and are supported by a basement membrane along with adjacent pericytes
[16]. Additionally, the lymphatic vessels contain valves that inhibit the backward flow
of lymph, facilitating a one-way movement toward the lymph nodes and, ultimately,
the venous system [17].

2.2 Functions of the lymphatic system

The lymphatic system is essential for immune monitoring, as it carries antigens
and immune cells to the lymph nodes, where they can be processed and introduced to
the immune response [18]. Moreover, the lymphatic system participates in the uptake
of dietary fats from the digestive system and their delivery to the blood [19]. The
lymphatic system also contributes to fluid balance by returning surplus interstitial
fluid to the blood circulation, thus avoiding tissue swelling and edema [20].

3. Challenges in lymphatic vessel regeneration

Although the lymphatic system is crucial, the restoration of lymphatic vessels
poses numerous difficulties. These difficulties arise from the intricate structure of
the lymphatic network, the scarce presence of lymphatic endothelial cells (LECs),
the fluid characteristics of the lymphatic system, and its close relationship with the
immune system [21].

3.1Intricacy of the lymphatic vessels

The lymphatic system consists of a structured network of vessels that vary in
size, design, and purpose [22]. The restoration of lymphatic vessels necessitates an
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accurate reproduction of this intricate framework, which includes the development of
operational valves and the association of the vessels with nearby tissues [3]. Reaching
this degree of sophistication in bioengineered structures presents a considerable
challenge [2].

3.2 Limited availability of LECs

LECs are challenging to isolate and grow iz vitro, and their characteristics can
quickly diminish during culture [15]. Furthermore, the process by which stem cells
differentiate into LECs is not fully comprehended, and the elements that govern LEC
differentiation and activity are still under investigation [16]. This restricted acces-
sibility of LECs presents a major obstacle to advancing cell-based treatments for the
regeneration of lymphatic vessels [17].

3.3 The fluidity of the lymphatic system

The lymphatic system is extremely active, with lymphatic vessels perpetually
remodeling in response to changes in fluid homeostasis, inflammatory responses,
and tissue restoration [18]. This ever-changing characteristic poses a difficulty for
the development of bioengineered lymphatic structures, which need to adjust to the
fluctuating microenvironment and connect with the host tissue [19].

3.4 Interaction with the immune system

The lymphatic system is intricately linked with the immune system; regenera-
tion of lymphatic vessels can affect the functioning of the immune system [20]. The
bioengineered lymphatic vessels should facilitate the movement of immune cells and
the presentation of antigens, while simultaneously preventing the triggering of an
immune reaction against the constructed tissue [21].

4. Approaches to bioengineering lymphatic vessels
4.1 Biomaterials for lymphatic vessel engineering

Biomaterials are essential in the creation and development of bioengineered
lymphatic vessels. The perfect biomaterial for lymphatic vessel construction needs
to be biocompatible, biodegradable, and capable of supporting the development
and functionality of LECs [22]. Moreover, the biomaterial must possess mechanical
characteristics that resemble those of natural lymphatic vessels, such as elasticity and
compliance [3].

4.2 Natural polymers

Natural polymers, including collagen, fibrin, and hyaluronic acid, offer the
benefits of biocompatibility and biodegradability, allowing them to create a
natural extracellular matrix (ECM) setting for LECs [2]. Nonetheless, natural
polymers can possess restricted mechanical strength and may experience swift
degradation in vivo [15].
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Feature Natural polymers (e.g., collagen, fibrin, Synthetic polymers (e.g., PLGA,
hyaluronic acid) PCL, PEG)
Biocompatibility Excellent; supports cell adhesion and Good, but may require surface
growth modification
Degradation rate Rapid, often enzymatically degraded Tunable, generally slower
degradation
Mechanical strength Lower; may need reinforcement Higher; suitable for structural
support
Immunogenicity Potential immune response Generally lower immune response
Fabrication control Limited; batch variability High control over structure and
properties
Bioactivity Inherent bioactive cues for cell signaling Lacks bioactivity; may require
functionalization
Applications in lymphatic Scaffolds, hydrogels for cell delivery Tubular grafts, drug delivery
engineering systems
Table 1.

Comparison of natural and artificial polymers in lymphatic vessel engineering.

4.3 Synthetic polymers

Synthetic polymers, such as poly(lactic-co-glycolic acid) (PLGA), poly(e-
caprolactone) (PCL), and poly(glycerol sebacate) (PGS), provide enhanced regula-
tion over mechanical attributes and degradation rates [16]. These substances can be
constructed into scaffolds featuring specific designs, like microchannels or porous
formations, that resemble the configuration of lymphatic vessels [17]. Nevertheless,
synthetic polymers might be deficient in the biological signals required for LEC
attachment, growth, and specialization [18].

4.4 Hybrid materials

Hybrid materials, which are a combination of natural and synthetic polymers,
merge the benefits of both polymers [19]. For instance, a hybrid scaffold might
consist of a synthetic polymer framework enveloped in a natural polymer to sup-
ply biological signals for LEC adherence and operation [20]. Furthermore, hybrid
materials can be engineered to deliver growth factors or other bioactive compounds
that facilitate the development and maturation of lymphatic vessels [21]. Here is an
organized comparison chart of natural and synthetic polymers utilized in lymphatic
vessel development (Table 1):

5. Cellular therapies for lymphatic vessel restoration

Cell-based treatments look promising for lymphatic vessel regeneration. The
primary cell types utilized in lymphatic vessel development are LECs, which can be
extracted from lymphatic tissues or developed from stem cells [22]. LECs may be
placed onto biomaterial scaffolds or administered directly into the tissue to encourage
the formation of new lymphatic vessels [3].

46



Bioengineering Lymphatic Vessels: A Novel Frontier in Regenerative Medicine
DOI: http://dx.doi.org/10.5772/intechopen.1010402

5.1 Stem cell differentiation

One of the obstacles to cell-based therapies is the restricted availability of LECs. To
tackle this challenge, researchers have investigated the potential of stem cells, includ-
ing mesenchymal stem cells (MSCs) and induced pluripotent stem cells (iPSCs),
as a source of LECs [2]. Multiple studies have shown the ability of MSCs and iPSCs
to transform into LECs through the application of various growth factors, such as
vascular endothelial growth factor-C (VEGF-C) and fibroblast growth factor-2 (FGF-
2) [15]. Nonetheless, the functional characteristics of the resulting LECs and the
effectiveness of differentiation are still being improved and refined [16].

5.2 Progenitor cells

An alternative method for cell-based treatments involves utilizing progenitor cells,
like lymphatic endothelial progenitor cells (LEPCs), that can evolve into lymphatic
endothelial cells (LECs) and aid in forming lymphatic vessels [17]. LEPCs can be
extracted from blood or bone marrow and subsequently expanded in vitro before
their application in tissue engineering [18]. Nevertheless, the identification and
extraction of LEPCs pose significant difficulties, and their function in the regenera-
tion of lymphatic vessels is not yet fully comprehended [19].

6. Tissue engineering approaches for lymphatic vessel regeneration

Tissue engineering approaches for the regeneration of lymphatic vessels entail the
creation of three-dimensional (3D) structures that replicate the design and function
of natural lymphatic vessels [20]. These structures can be produced through various
techniques, such as electrospinning, 3D printing, and microfluidics [21].

6.1 Electrospinning

Electrospinning is a method that employs an electric field to draw fibers from a
polymer solution, leading to a fibrous framework with an extensive surface area and
porosity [22]. Electrospun scaffolds can be created to replicate the structure of the
lymphatic extracellular matrix and can be inserted with lymphatic endothelial cells to
promote the formation of lymphatic vessels [3]. However, electrospun scaffolds might
possess limited mechanical strength and might not entirely replicate the hierarchical
architecture of lymphatic vessels [2].

6.2 3D printing

Three-dimensional printing, referred to as additive manufacturing, presents the
capability to produce intricate 3D forms with accurate management of structure
and materials [15]. This technology can be utilized to develop scaffolds featuring
microchannels that replicate the architecture of lymphatic vessels, which can then
be populated with LECs to encourage the development of vessels [16]. Moreover, 3D
printing can also create layered structures that imitate the configuration of natural
lymphatic vessels, encompassing the endothelial layer, basement membrane, and
adjacent pericytes [17].
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6.3 Microfluidics

Microfluidics is a method that utilizes micro-fabricated pathways to manage the
movement of liquids on a microscale [18]. Microfluidic instruments can be employed
to generate perfusable channels that replicate the architecture of lymphatic vessels,
and these channels may be coated with LECs to develop operational lymphatic frame-
works [19]. Microfluidic systems can additionally be utilized to study the behavior of
LECs under regulated flow conditions, offering insights into the elements that govern
lymphatic vessel development and operation [20].

7. Integration of bioengineered lymphatic vessels with host tissues

A major challenge in bioengineering lymphatic vessels is the incorporation of the
engineered structures with the surrounding tissue. The bioengineered lymphatic
vessels need to merge with the current lymphatic network and facilitate the move-
ment of lymph [21]. Furthermore, the engineered vessels should have the capability
to remodel and adjust to the evolving microenvironment, which includes variations in
fluid balance, inflammation, and tissue healing [22].

7.1 Growth factors

Numerous methods have been employed to enhance the incorporation of bioen-
gineered lymphatic vessels with surrounding tissues. One strategy involves utilizing
growth factors, like VEGF-C and FGF-2, to encourage the development of new
lymphatic vessels and the remodeling of current vessels [3]. These growth factors
may be administered locally through biomaterial scaffolds or using controlled release
systems [2].

7.2 Cell-based therapies

Another method involves utilizing cell-based treatments to enhance the incor-
poration of bioengineered lymphatic vessels. For instance, LECs or LEPCs can be
administered into the area surrounding the engineered structure to encourage the
development of new lymphatic vessels and the integration of the structure with the
host tissue [15]. Furthermore, employing stem cells or progenitor cells could aid
in tissue repair and remodeling, additionally improving the incorporation of the
designed vessels [16].

7.3 Biomaterial scaffold design

Ultimately, the configuration of the biomaterial framework can be essential in
facilitating the incorporation of bioengineered lymphatic vessels. Scaffolds featur-
ing a porous or fibrous design can enhance cellular infiltration and tissue ingrowth,
whereas scaffolds equipped with microchannels or perfusable networks can facilitate
the development of functional lymphatic vessels [17]. Moreover, scaffolds that
replicate the mechanical characteristics of natural lymphatic vessels may enhance the
integration and remodeling of the designed vessels [18].

48



Bioengineering Lymphatic Vessels: A Novel Frontier in Regenerative Medicine
DOI: http://dx.doi.org/10.5772/intechopen.1010402

8. Clinical uses of bioengineered lymphatic vessels
8.1 Treatment of lymphedema

Lymphedema is a long-lasting condition defined by the buildup of lymphatic
fluid within the tissues, resulting in swelling, fibrosis, and a compromised immune
system [19]. Bioengineered lymphatic vessels present a hopeful solution for treating
lymphedema. The insertion of bioengineered lymphatic structures may reinstate
lymphatic circulation and alleviate swelling in the impacted tissues [20]. Moreover,
bioengineered lymphatic vessels might serve to reconstruct damaged or missing
lymphatic vessels after surgery or radiation treatment, preventing the onset of
lymphedema [21].

8.2 Reconstruction of lymphatic vessels in cancer treatment

Cancer treatment, comprising surgical procedures, radiation treatment, and che-
motherapy, may harm the lymphatic system, resulting in lymphedema and weakened
immune response [22]. The repair of lymphatic vessels after cancer treatment can
enhance patients’ outcomes by reinstating lymphatic circulation and immune activity
[3]. Furthermore, artificially created lymphatic vessels might be utilized to deliver
therapeutic substances, including chemotherapy medications or immune modulators,
straight to the tumor site, improving the effectiveness of cancer treatment [2].

8.3 Regeneration of lymphatic vessels in organ transplantation

Organ transplantation is a crucial procedure that saves the lives of individu-
als experiencing end-stage organ failure [15]. Nevertheless, the efficacy of organ
transplantation can frequently be hindered by complications, including rejection and
ischemia-reperfusion injury [16]. Enhancing the regeneration of lymphatic vessels in
transplanted organs may lead to better graft survival by fostering immune tolerance
and decreasing inflammation [17].

9. Future directions and conclusion

The domain of bioengineering lymphatic vessels remains in its foundational
phases, yet it offers significant potential for addressing lymphatic conditions and
progressing regenerative medicine [18]. Upcoming studies in this area should focus on
various crucial aspects, such as the creation of innovative biomaterials, the enhance-
ment of cell-centric therapies, and the incorporation of bioengineered lymphatic
vessels with recipient tissues [19].

In summary, engineering lymphatic vessels signifies a novel realm in regenera-
tive medicine, holding the promise to revolutionize the management of lymphatic
disorders and enhance patient care [20]. Creating bioengineered lymphatic vessels
will necessitate a collaborative strategy, merging knowledge from various fields like
biomaterials, cell biology, tissue engineering, and clinical medicine [21]. With persis-
tent research and advancements, bioengineered lymphatic vessels could evolve into a
conventional therapy for various lymphatic ailments, providing hope for patients and
propelling the progress of regenerative medicine [22].
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Advances in the Pathophysiology,
Diagnosis, and Treatment of
Lymphomas: A Comprehensive
Overview
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Abstract

This comprehensive overview delves into the pathophysiology, diagnosis, and
treatment of lymphomas, focusing on Hodgkin and non-Hodgkin subtypes. The text
explores genetic alterations, environmental triggers, and immune dysregulation that
drive lymphomagenesis. Hodgkin lymphoma (HL) features Reed-Sternberg cells,
with subtypes requiring tailored chemoradiotherapy or immunotherapy. Non-
Hodgkin lymphoma (NHL) spans diverse B-cell, T-cell, and NK-cell malignancies,
including aggressive forms like diffuse large B-cell lymphoma (DLBCL) and indolent
variants such as follicular lymphoma. Advances in targeted therapies, including
monoclonal antibodies, CAR-T cell therapy, and stem cell transplantation, have trans-
formed treatment paradigms, enhancing outcomes for refractory cases. Emerging
biomarkers and genetic profiling enable precision medicine approaches, addressing
the unique molecular and clinical landscapes of various subtypes. Despite progress,
challenges persist in managing relapsed or high-risk lymphomas, underscoring the
need for ongoing research into innovative treatments.

Keywords: lymphoma, Hodgkin lymphoma, non-Hodgkin lymphoma,
pathophysiology, diagnosis, targeted therapy, CAR-T cell therapy, immunotherapy

1. Introduction

Lymphomas are a diverse group of cancers that originate from the clonal expan-
sion of B cells, T cells, or natural killer (NK) cells, affecting lymphocytes at various
stages of their maturation [1]. Lymphomas can be broadly classified into two main
categories: non-Hodgkin lymphoma (NHL), which accounts for approximately 90%
of cases, and Hodgkin lymphoma (HL), representing the remaining 10%. The major-
ity of lymphomas, around 90%, arise from B cells [2]. Lymphoid neoplasms rank as
the fourth most prevalent type of cancer and are the sixth leading cause of cancer-
related deaths in the United States [3].

53 IntechOpen



Advances in Lymphatic Medicine

The pathophysiology of lymphoma involves genetic alterations in lymphocytes,
which disrupt the normal regulation of their growth and division, leading to uncon-
trolled proliferation. Various stressors, including infections, chronic inflammation,
and exposure to toxic agents, further drive this abnormal process. A critical aspect of
lymphoma development is prolonged immunosuppression, which compromises the
innate immune system’s ability to detect and eliminate malignant cells or respond to
infections that may trigger cancer formation [1, 4].

2. Classification

Hodgkin lymphoma (HL) is diagnosed in approximately 8540 cases annually in
the U.S., with bimodal age peaks. While its exact cause is unclear, associated factors
include familial predisposition, Epstein-Barr virus (EBV) infections, and immune
suppression [5]. HL has two main subtypes: classical HL (cHL), accounting for 90%
of cases, and nodular lymphocyte-predominant HL (NLPHL). cHL features Reed-
Sternberg cells, CD15/CD30 positivity, and four histologic subtypes, while NLPHL
involves CD20-positive lymphocyte-predominant cells, Epstein-Barr Virus (EBV) is
typically absent, and NLPHL lacks classic Reed-Sternberg cells [6].

Risk factors for HL include EBV, HIV, genetic predisposition, and socioeconomic
status, with higher incidence in developed regions [7]. The disease commonly pres-
ents as painless lymphadenopathy, often in the neck or mediastinum, with advanced
cases showing B symptoms like fever and weight loss [6]. Staging uses PET-CT
and divides HL into limited (stages I-II) or advanced (stages III-IV) categories [8].
Pathophysiology involves malignant Reed-Sternberg cells originating from B cells with
disrupted signaling pathways like JAK/STAT and NF-«B, with EBV playing a role in
some cases. HL is histologically marked by Reed-Sternberg cells and distinct features
across subtypes, such as sclerosis in nodular sclerosis cHL, with immune evasion
mechanisms supporting tumor survival [9].

Treatment of cHL includes chemotherapy (ABVD or BEACOPP) and radiation,
with risk-adapted approaches guided by interim PET scans. Relapsed cases are treated
with salvage chemotherapy, autologous stem-cell transplantation, or immunotherapy
[6]. NLPHL treatment varies by stage, with radiation for early disease and chemo-
therapy (e.g., R-CHOP) for advanced or relapsed cases [10]. Prognosis is excellent for
early-stage disease, with cure rates of 90-95%, though advanced cases have lower
survival [7]. Complications include secondary malignancies, cardiopulmonary toxic-
ity, and infertility, requiring long-term follow-up [6]. NLPHL patients, while having
indolent disease, may face late relapses or transformation to aggressive lymphomas
like DLBCL [11].

In contrast, NHL comprises a wide range of subtypes which include mature B cells,
T and NK neoplasms with diffuse large B-cell lymphoma (DLBCL) which is a subtype
of NHL being the most common and aggressive form, making up about 30% of NHL
cases [12]. Mature B-cell lymphomas are a heterogeneous group of disorders with
diverse clinical presentations, genetic abnormalities, and outcomes. These malignan-
cies arise from various stages of B-cell differentiation and involve distinct therapeutic
approaches and include the following:

Chronic lymphocytic leukemia (CLL) and small lymphocytic lymphoma (SLL) are
the same disease involving mature B lymphocytes, with CLL being the most com-
mon adult leukemia in Western countries, primarily affecting individuals over 70.
Diagnosis involves blood tests, bone marrow analysis, and immunophenotyping, with
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management ranging from active surveillance to targeted therapies, chemotherapy, or
stem cell transplantation for progressive cases [13].

Monoclonal B-cell lymphocytosis (MBL) is a premalignant condition with clonal B
cells resembling CLL but without disease symptoms. It has low-count and high-count
subtypes, with high-count MBL carrying a 1-2% annual progression risk to CLL. Key
factors include cytogenetic abnormalities like del(13q14), advanced age, male gender,
and genetic predisposition. High-count MBL requires annual monitoring, while low-
count MBL usually remains stable [14].

B-cell prolymphocytic leukemia (B-PLL) is a rare, aggressive B-cell malignancy
affecting older adults, characterized by a high proportion of prolymphocytes, MYC
and TP53 mutations, and aggressive B-cell proliferation. Prolymphocytes have promi-
nent nucleoli and basophilic cytoplasm. Diagnosis relies on leukocytosis and spleno-
megaly. Treatment includes targeted therapies, combination regimens, and stem cell
transplantation, but prognosis is poor, with a median survival of about 3 years [15].

Splenic marginal zone lymphoma (SMZL) is an indolent lymphoma involving the
spleen and bone marrow, linked to chronic antigenic stimulation like hepatitis C virus
(HCV) infection, with antigen-driven B-cell proliferation and del(7q) and NOTCH2
mutations. Treatment includes watchful waiting, rituximab monotherapy, or splenec-
tomy, with a median survival of 10-15 years, but prognosis worsens with transforma-
tion to aggressive lymphoma [16].

Hairy cell leukemia (HCL) is a rare B-cell malignancy with pancytopenia, sple-
nomegaly, and hairy cells in blood smears. It involves the BRAF V600E mutation,
activating the MAPK/ERK pathway. Histopathology shows “fried egg” cells in bone
marrow with CD20, CD103, and CD25 markers. Treatment with purine analogs leads
to high remission rates, but relapses may need BRAF inhibitors. Prognosis is excellent
for classic HCL, but the variant form is more aggressive [17, 18].

Splenic B-cell lymphoma/leukemia, unclassifiable, includes rare low-grade B-cell disor-
ders like splenic diffuse red pulp lymphoma and hairy cell leukemia variant. It involves
clonal B-cell proliferation with mutations such as IGLL5 and KMT?2D. Histopathology
shows diffuse infiltration of the splenic red pulp by small B cells. Symptoms include
splenomegaly and cytopenias. Treatment options are splenectomy, rituximab, and che-
motherapy, with prognosis depending on disease progression and complications [19].

Splenic diffuse red pulp small B-cell lymphoma (SDRPL) is a rare indolent lym-
phoma with diffuse splenic red pulp infiltration, and it involves B-cell proliferation
driven by mutations like NOTCH1 and TP53. Symptoms include splenomegaly,
lymphocytosis, and cytopenias, with treatment options such as splenectomy, ritux-
imab, and chemoimmunotherapy, and a generally favorable prognosis that worsens
with progression [20, 21].

Hairy cell leukemia-variant (HCL-v) is an aggressive disorder lacking the BRAF
V600E mutation, with dysregulated MAPK/BCR signaling and TP53 abnormalities.

It presents with splenomegaly, elevated leukocytes, and chemoresistance. Treatment
includes purine analogs with rituximab, and research is exploring MEK inhibitors.
Prognosis is poorer than classic HCL, with frequent relapses [22].

Lymphoplasmacytic lymphoma (Waldenstrom macroglobulinemia) is an indolent
lymphoma with IgM monoclonal gammopathy and bone marrow infiltration.
Pathophysiology involves MYD88 L265P and CXCR4 mutations. Histopathology
shows infiltration by lymphoplasmacytic cells expressing CD19, CD20, and IgM.
Symptoms include hyperviscosity, fatigue, and anemia. Treatment includes BTK
inhibitors, chemoimmunotherapy, and plasmapheresis. Prognosis depends on muta-
tion status and risk stratification [23, 24].
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Monoclonal gammopathy of undetermined significance (MGUS), IgM: Itis a
premalignant condition with low progression risk to Waldenstrém macroglobu-
linemia or other lymphoproliferative disorders. Pathophysiology involves clonal
B-cell expansion with MYD88 mutations. Bone marrow shows less than 10%
lymphoplasmacytic infiltration. Most cases remain stable, but monitoring is
essential. Symptoms, like hyperviscosity or neuropathy, are treated with targeted
therapies [25, 26].

Heavy-chain diseases (4-HCD and y-HCD) are rare disorders with truncated immu-
noglobulin heavy chains and no light chains. Pathophysiology involves mutations
in the immunoglobulin gene, causing abnormal heavy-chain production and clonal
B-cell proliferation. u-HCD resembles CLL and is linked to MYD88 mutations, while
y-HCD is associated with autoimmune diseases and EBV infections. Histopathology
shows plasma cells with aberrant heavy-chain expression. Treatment includes
rituximab-based regimens for p-HCD or CHOP for y-HCD. Prognosis worsens with
advanced disease or lymphoma transformation [27, 28].

High-grade B-cell lymphomas with MYC and BCL2/BCL6 rearrangements (“double-
hit” or “triple-hit”) are aggressive malignancies with poor outcomes. Pathophysiology
involves genetic rearrangements disrupting apoptosis and cell proliferation.
Histopathology resembles DLBCL with high MYC and BCL2 expression. Treatment
includes intensified chemotherapy and CNS prophylaxis, with novel therapies being
explored. HGBL-NOS, another subtype, lacks MYC rearrangements but requires
similar management [29, 30].

Gray-zone lymphoma (GZL) is a rare lymphoma with features of both DLBCL and
classical Hodgkin lymphoma. Pathophysiology involves MYC and BCL2 rearrange-
ments. Histopathology shows Reed-Sternberg-like cells expressing CD30 and B-cell
markers. It often presents as a mediastinal mass in young adults. Treatment includes
chemotherapy and radiotherapy, but prognosis is poor due to frequent relapses and
aggressive progression [31, 32].

EBV+ mucocutaneous ulcer is a rare, indolent B-cell neoplasm linked to immu-
nosenescence or immunosuppression, primarily affecting older individuals, HIV
patients, and transplant recipients, presenting as mucosal or cutaneous ulcers. The
prognosis is favorable with a low risk of systemic progression, and most cases regress
after reducing immunosuppression, though severe cases may require radiotherapy
or rituximab [33, 34].

Diffuse large B-cell lymphoma (DLBCL) is the most common type, often arising
from chronic inflammation like rheumatoid arthritis, hepatitis C, or inflammatory
bowel disease. It presents with swollen lymph nodes, fever, weight loss, and fatigue.
Histopathology shows large, atypical lymphocytes. Treatment is R-CHOP chemother-
apy, with radiation for localized disease. Prognosis depends on treatment response,
but inflammation can complicate management, with long-term risks of relapse and
therapy resistance [35, 36].

Lymphomatoid granulomatosis is a rare angiocentric lymphoproliferative disorder
linked to EBV and immune dysfunction, affecting adults and immunodeficient chil-
dren. Symptoms include cough, dyspnea, fever, and neurological issues. Treatment
includes interferon-alpha for low-grade disease and DA-EPOCH-R chemotherapy for
high-grade cases. Relapse and progression to aggressive lymphoma are common [35].

Primary mediastinal large B-cell lymphoma (PMBL) is an aggressive lymphoma
originating in the thymus, typically affecting young adults, and presents with symp-
toms like cough, dyspnea, and superior vena cava syndrome due to bulky mediastinal
masses. Treatment includes R-EPOCH chemotherapy, with autologous stem cell
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transplant or CAR-T for refractory cases, and prognosis is favorable if detected early,
though complications may arise [37].

Intravascular lavge B-cell lymphoma is a rare and aggressive subtype characterized
by the proliferation of lymphoma cells within blood vessels. Symptoms include fever,
weight loss, and organ dysfunction (e.g., CNS, lungs). Treatment includes rituximab-
based chemotherapy, but prognosis remains poor due to frequent delayed diagnoses
and complications like organ failure and hemophagocytic syndrome [38].

Anaplastic lymphoma kinase-positive large B-cell lymphoma is a rare, aggressive form
defined by ALK gene translocation and STAT3 pathway activation, affecting young,
immunocompetent men with widespread lymphadenopathy. Histopathology shows
immunoblast-like cells with plasmablastic differentiation, and treatment typically
involves CHOP or E-POCH chemotherapy. Prognosis is generally poor, though local-
ized disease in children shows better outcomes, with complications including bone
marrow involvement, relapse, and secondary infections [39].

Plasmablastic lymphoma is an aggressive B-cell lymphoma associated with immu-
nodeficiency, particularly in HIV patients. It predominantly affects extranodal sites
like the oral cavity. Pathophysiology involves post-germinal center plasmablasts.
Histopathology reveals monomorphic plasmablastic cells. Treatment includes
V-EPOCH chemotherapy, but prognosis is poor, with frequent relapses and short
survival. Complications include disease spread, infections, and chemotherapy-related
toxicity [40].

Primary effusion lymphoma (PEL) is a rare lymphoma linked to HHV8 and EBV
infections, affecting serous cavities without lymphadenopathy, often presenting in
HIV patients. Treatment includes chemotherapy (e.g., DA-EPOCH) with antiretrovi-
ral therapy, but prognosis is poor, with median survival under 2 years and complica-
tions like systemic spread and severe immunosuppression [41].

HHYV8+ diffuse large B-cell lymphoma (DLBCL) is an aggressive neoplasm involv-
ing HHV8-infected plasmablastic cells, primarily occurring in immunocompromised
individuals like HIV-positive patients, often associated with multicentric Castleman
disease. Treatment follows regimens for HIV-associated DLBCL, but prognosis is poor
due to the aggressive nature of the disease and frequent relapses [42].

Burkitt lymphoma is a highly aggressive B-cell lymphoma characterized by c-MYC
gene translocation, presenting in endemic, sporadic, and immunodeficiency-related
subtypes. Treatment includes intensive chemotherapy with CNS prophylaxis, and prog-
nosis is excellent in high-income settings but remains poor in low-resource areas [43].

Alpha heavy-chain disease (a-HCD), or immunoproliferative small intestinal disease,
is a rare B-cell neoplasm producing defective monoclonal heavy chains. It is linked
to chronic intestinal infections like Campylobacter jejuni. Symptoms include malab-
sorption, diarrhea, and weight loss. Histopathology shows plasma cell infiltration in
the bowel mucosa. Early stages respond to antibiotics, while advanced cases require
chemotherapy. Prognosis depends on disease stage, with risks of severe malnutrition
and progression to diffuse large B-cell lymphoma [44, 45].

Monoclonal gammopathy of undetermined significance (MGUS) is a premalignant
condition characterized by monoclonal protein production without organ damage,
commonly occurring in older adults and African Americans. Diagnosis is incidental
and confirmed by serum protein analysis, with management involving regular
monitoring and treatment initiated upon progression, as the annual progression risk
is ~1%, requiring long-term follow-up [46, 47].

Plasma cell myeloma (multiple myeloma) is a malignant disorder of plasma
cells producing excessive monoclonal proteins, leading to bone destruction, renal
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impairment, and anemia, with symptoms including bone pain, fractures, recurrent
infections, and hypercalcemia. Treatment includes chemotherapy, immunotherapy,
and stem cell transplantation, but complications such as bone damage and organ
dysfunction pose significant challenges [48, 49].

Solitary plasmacytoma of bone is alocalized plasma cell tumor without systemic
involvement, commonly affecting men aged ~68 and presenting with bone pain or
mass-related symptoms. Treatment typically involves localized radiation therapy, and
up to two-thirds of cases progress to multiple myeloma, requiring close monitoring
for systemic spread [50, 51].

Extraosseous plasmacytoma is a plasma cell tumor occurring in soft tissues, often
in the upper respiratory or gastrointestinal tract, with symptoms varying based on
location. Treatment includes radiation therapy, and the disease generally has a good
prognosis, though a small percentage progress to multiple myeloma [51, 52].

MALT lymphoma is an indolent B-cell lymphoma associated with chronic inflam-
mation, often due to Helicobacter pylori infection, primarily affecting the stomach.
Treatment involves eradicating H. pylori, with chemotherapy or radiation for refrac-
tory cases, and prognosis is favorable, though some cases transform into diffuse large
B-cell lymphoma [53, 54].

Pediatric nodal marginal zone lymphoma is a rare pediatric lymphoma with
expanded marginal zones, and it typically presents as localized nodal enlargement
in the head and neck. Histopathology shows polymorphous cellular infiltrates with
monocytoid and plasmacytoid cells. The disease is indolent, with excellent survival
rates (~100%) after surgical excision or conservative treatment. Relapses are rare,
and systemic involvement is uncommon [55, 56].

In situ follicular neoplasia is a premalignant condition marked by BCL2-positive
B cells confined to germinal centers. It is often detected incidentally and has a low
risk of progression to follicular lymphoma. Histopathology shows intact lymph node
architecture with BCL2 and CD10 positivity. No treatment is required for isolated
findings, but monitoring is essential for detecting progression [57].

Duodenal-type follicular lymphoma is an indolent lymphoma occurring in the duo-
denum, often detected incidentally during endoscopy, with histopathology showing
lymphoid aggregates sparing the muscularis propria. Treatment ranges from watchful
waiting to localized radiation, with an excellent prognosis and a low risk of progres-
sion to nodal disease or systemic involvement [58].

Pediatric-type follicular lymphoma is a rare lymphoma affecting children and young
adults, presenting with localized lymphadenopathy, often in the head and neck.
Histopathology shows blastoid cells in expanded follicles, with treatment involving
surgical excision and, in rare cases, chemotherapy or radiation, offering an excellent
prognosis and minimal risk of progression or relapse [59].

Large B-cell lymphoma with IRF4 vearrangement is a rare lymphoma primarily
affecting children and young adults, often involving the Waldeyer ring. It shows IRF4
gene rearrangement and MUMI expression. Histopathology reveals diffuse or follicu-
lar patterns with medium to large lymphoid cells. Treatment involves immunochemo-
therapy, yielding favorable outcomes. Relapse and treatment-related complications
remain concerns [60, 61].

Primary cutaneous follicle center lymphoma is a low-grade lymphoma arising in the
skin, and it presents as nodules or plaques, often on the scalp or trunk. Histopathology
reveals centrocytes and centroblasts in the dermis. Localized radiation or surgery
achieves excellent outcomes, with rare extracutaneous spread. Recurrence is observed
in ~30% of cases [62].
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In situ mantle cell neoplasia: A premalignant condition involving cyclin D1-positive
B cells confined to mantle zones. It is often detected incidentally. Progression to
mantle cell lymphoma is rare (<10%). Histopathology shows preserved lymphoid
architecture with minimal mantle zone expansion. Management involves monitoring,
with treatment initiated only if progression occurs [63, 64].

Diffuse large B-cell lymphoma, NOS, is an aggressive lymphoma with subtypes
(GCB and ABC). It presents as rapidly enlarging masses with or without B symptoms.
Pathophysiology involves de novo occurrence or transformation from low-grade lym-
phomas. Treatment includes R-CHOP chemotherapy. Complications include relapse,
infections, and organ involvement [65].

Primary cutaneous CD30-positive T-cell lymphoproliferative disorders include
lymphomatoid papulosis (LyP) and primary cutaneous anaplastic large cell lymphoma
(PC-ALCL). LyP is a chronic, self-healing condition characterized by recurrent
erythematous papules and nodules, often on the trunk and extremities, with spon-
taneous regression and low treatment needs. Treatment includes PUVA, corticoste-
roids, brentuximab vedotin, and low-dose methotrexate, with an excellent prognosis,
but there is a risk of secondary lymphoid malignancies and chronic relapses [66].
PC-ALCL presents as localized or multifocal nodules, sometimes ulcerated, with
CD30+ anaplastic malignant cells and cohesive dermal tumor infiltrates. Treatment
includes radiotherapy or excision for localized lesions, and methotrexate or brentux-
imab vedotin for multifocal disease, with a favorable prognosis and a 90% 10-year
survival rate, though 10% may experience extracutaneous spread [67].

Primary cutaneous gamma-delta T-cell lymphoma (PCGD-TCL) is a rare and
aggressive lymphoma caused by clonal proliferation of mature gamma-delta T cells,
presenting as rapidly progressing plaques or ulceronecrotic nodules. It is resistant to
chemotherapy, and allogeneic hematopoietic stem cell transplantation offers the only
potential benefit, with a poor prognosis and a median survival of 15 months [68].

Primary cutaneous CD8+ aggressive epidermotropic cytotoxic T-cell lymphoma
(PCAECTCL) is arare, aggressive subtype of cutaneous T-cell lymphoma with significant
epidermotropism of cytotoxic T cells, leading to epidermal necrosis and ulceration. It
presents as rapidly progressing ulcerative nodules or plaques, with limited responses to
chemotherapy and stem cell transplantation, and a median survival of less than 2 years [46].

Burkitt-like lymphoma with 11q aberration (BLL-11q) mimics Burkitt lymphoma
but lacks MYC rearrangements, showing 11q aberration with proximal gains and
telomeric losses. It primarily affects children and young adults, presenting as a bulky
tumor with localized lymphadenopathy, and is treated with intensive chemoimmu-
notherapy with CNS prophylaxis. Prognosis is favorable, with an 80% 5-year survival
rate, similar to Burkitt lymphoma [69].

Mature T and NK neoplasms

T-cell prolymphocytic leukemia (T-PLL) is a rare, aggressive malignancy of mature
T-lymphocytes, primarily affecting older adults (median age 65), with a slight male
predominance. It is driven by genetic mutations, including TCL1 overexpression
and frequent ATM mutations, leading to genomic instability. Despite treatments like
alemtuzumab and stem cell transplantation, prognosis is poor, with a median survival
of about 19 months [70].

T-cell large granular lymphocytic leukemia (T-LGLL) is a rare, indolent lympho-
proliferative disorder affecting individuals aged 66 and older, driven by JAK/STAT
activation and STAT3 mutations in 40%-50% of cases. Clinical features include
neutropenia, anemia, and splenomegaly, with immunosuppressive therapies manag-
ing symptoms and a 10-year survival rate of about 64% [71].
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Chronic lymphoproliferative disorder of NK cells (CLPD-NK) is a rare hematologic
disorder affecting adults over 60, with a slight female predominance, often discov-
ered during evaluations for persistent lymphocytosis. Symptomatic cases may cause
cytopenias, splenomegaly, recurrent infections, and skin lesions, with viral infections
and STAT3 mutations leading to clonal NK cell expansion, and management involves
monitoring asymptomatic cases and immunosuppressive therapies, with a 5-year
survival rate of ~94% [72].

Aggressive NK-cell leukemia (ANKL) is a rare and fatal malignancy linked to EBV
and STAT3 mutations, primarily affecting Asian males around 42 years old, present-
ing with fever, hepatosplenomegaly, and cytopenias. Marked by medium-to-large
lymphoid cells and EBV positivity, treatments like SMILE and HSCT offer limited
benefit, with a median survival of less than 2 months [73].

Systemic EBV+ T-cell lymphoma of childhood is a rare, aggressive malignancy arising
from EBV-infected cytotoxic T cells, primarily affecting Asian populations. It presents
with fever, hepatosplenomegaly, lymphadenopathy, and multiorgan failure, with
treatment including CHOP-like or SMILE chemotherapy and allogeneic HSCT, but
prognosis remains poor due to rapid progression and fatal outcomes [74].

Hydroa vacciniforme-like lymphoproliferative disorder (HV-LPD) is a rare lympho-
proliferative disorder linked to chronic Epstein-Barr virus (EBV) infection, and it
primarily affects children and adolescents in Asia and Latin America. It presents with
papulovesicular skin lesions, fever, and lymphadenopathy, with treatment including
antiviral, steroid, and stem cell transplantation, and prognosis varying from indolent
to aggressive systemic lymphoma, especially in adults [75].

Adult T-cell leukemia/lymphoma (ATLL) is a rare malignancy caused by chronic
human T-lymphotropic virus type 1 (HTLV-1) infection, primarily in endemic areas
like Japan and the Caribbean. It has four subtypes: acute, lymphomatous, chronic,
and smoldering, with acute and lymphomatous forms being aggressive and present-
ing with systemic symptoms. Management includes chemotherapy, antiviral therapy,
and stem cell transplantation, with prognosis varying from poor for aggressive forms
(9-13 months) to better for indolent types (2-4 years) [76, 77].

Extranodal NK/T-cell lymphoma, nasal type (ENKTCL-NT), is an aggressive
cancer linked to Epstein-Barr virus (EBV), more common in East Asia and among
Native Americans, with a male predominance, presenting with nasal obstruction,
nosebleeds, and facial swelling. Treatment includes radiation for localized disease
and chemotherapy regimens like SMILE for advanced stages, with prognosis varying
based on stage [78].

Enteropathy-associated T-cell lymphoma (EATL) is a rare, aggressive cancer linked
to celiac disease and HLA-DQ2 homozygosity, arising from intraepithelial lympho-
cytes in the small intestine due to chronic inflammation and JAK/STAT pathway
mutations. Treatment involves surgery, chemotherapy, and autologous stem cell
transplantation, but prognosis is poor with a median survival of 6 to 10 months [79].

Monomorphic epitheliotropic intestinal T-cell lymphoma (MEITL) is a rare and aggres-
sive form of primary intestinal T-cell lymphoma arises from intraepithelial lympho-
cytes in the gastrointestinal tract, not associated with celiac disease. It presents with
abdominal pain, weight loss, and gastrointestinal bleeding and has a poor prognosis
with a median survival of less than 6 months [80].

Indolent T-cell lymphoproliferative disovrder of the gastrointestinal tract (iTLPD-
GI) is a rare condition characterized by the clonal proliferation of mature
T-cells in the gastrointestinal tract, affecting the small intestine and colon, with
symptoms like abdominal pain, diarrhea, and weight loss. Involving mutations in
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genes like STAT3-JAK?2, it requires treatment including radiotherapy, and while
the prognosis is generally favorable, some cases may progress to more aggressive
lymphomas [81].

Hepatosplenic T-cell lymphoma (HSTCL) is a rare, aggressive peripheral T-cell
lymphoma affects young adult males and is often linked to long-term immunosup-
pression. It is characterized by y8 T-cell infiltration into the liver, spleen, and bone
marrow, with poor prognosis and a median survival of 11 months, though aggressive
treatment like HyperCVAD chemotherapy and hematopoietic stem cell transplanta-
tion can improve survival [82, 83].

Subcutaneous panniculitis-like T-cell lymphoma (SPTCL) is a rare non-Hodgkin
lymphoma, more common in Asian populations, linked to autoimmune condi-
tions, and involves cytotoxic T-cells causing panniculitis and subcutaneous nodules.
Treatment includes corticosteroids, chemotherapy, and stem cell transplants, with a
generally favorable prognosis, though hemophagocytic syndrome can worsen out-
comes [84, 85].

Mycosis fungoides (MF) and Sézary syndrome (SS) are primary cutaneous T-cell
lymphomas, comprise 70-85% of primary cutaneous lymphomas, with MF causing
persistent pruritic skin lesions and SS presenting with diffuse lesions, lymphade-
nopathy, and systemic symptoms. Treatments include topical corticosteroids, chemo-
therapy, and stem cell transplants, with early-stage MF having a favorable prognosis,
while SS has a poor prognosis and a 5-year survival rate around 42% [86, 87].

Primary cutaneous CD4+ small/medium T-cell lymphoproliferative disorder (PCSM-
TCLPD) is a subtype of primary cutaneous T-cell lymphoma (CTCL), accounting for
8-12% of cases, and is characterized by CD4+ pleomorphic T cells without mycosis
fungoides-like lesions. Patients typically present with solitary plaques or tumors,
treated with intralesional steroids, surgical excision, or radiotherapy, with an excel-
lent prognosis and rare recurrences [46, 88].

Peripheral T-cell lymphoma, not otherwise specified (PTCL-NOS), is a heterogeneous
lymphoma accounting for 30% of PTCL cases and 4% of NHLs, with an increasing
incidence in Western countries. It typically presents with lymphadenopathy and
extranodal involvement, including skin and gastrointestinal tract, and is treated with
CHOEP chemotherapy and autologous stem-cell transplantation, with a poor progno-
sis and 5-year OS of 28-35% [89].

Angioimmunoblastic T-cell lymphoma (AITL) is a distinct PTCL subtype represent-
ing 15-20% of cases. It affects older adults and presents with systemic symptoms,
lymphadenopathy, and rash. Histopathology shows diffuse infiltrates with prominent
endothelial venules and regressed follicles. Treatment includes CHOP chemotherapy
and autologous stem-cell transplantation. The 5-year survival rate is 32%, reflecting
poor prognosis [90, 91].

Follicular peripheral T-cell lymphoma (F-PTCL) is a rare PTCL subtype,
affecting older males. It presents with B-symptoms and advanced nodal disease.
Histopathology shows follicular growth patterns with neoplastic cells in lymphoid
follicles. Biomarker-targeted therapies, including CAR-T-cell therapy, are emerging.
Prognosis is poor due to the presence of T-follicular helper cells [92].

Nodal peripheral T-cell lymphoma with T follicular helper (TFH) phenotype is an
aggressive lymphoma primarily involves lymph nodes and is defined by TFH markers
and RHOA mutations. Patients present with advanced disease and lymphadenopathy.
Histopathology shows tumor cell-rich infiltration in lymph nodes. Treatment includes
CHOP chemotherapy and epigenetic modifiers. Prognosis is better than PTCL-NOS
but still poor [93, 94].
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Anaplastic large cell lymphoma (ALCL), ALK Positive, is a CD30-positive T-cell
lymphoma common in young individuals. It is characterized by hallmark cells with
horseshoe nuclei. The ALK gene drives oncogenesis. Patients often present with
advanced disease and B symptoms. Treatment includes CHOP chemotherapy and
ALK inhibitors. ALK-positive cases have a 5-year survival rate of 80% [95].

Anaplastic large cell lymphoma, ALK negative, is a lymphoma that is similar to ALK-
positive ALCL but lacks ALK expression. It affects older adults and presents with
advanced-stage disease. Treatment includes CHOP chemotherapy and brentuximab
vedotin. Prognosis is worse than ALK-positive cases [96].

Breast implant-associated anaplastic large cell lymphoma (BIA-ALCL) is alym-
phoma that arises around textured breast implants. It is linked to chronic antigen
stimulation. Patients present with effusion, rash, or masses. Localized disease is
treated with capsulectomy, while invasive cases may require chemotherapy. Prognosis
varies based on disease extent [97].

3. Summary

The prognosis and outcomes of lymphoma vary widely based on subtype, disease
stage at diagnosis, patient age, and overall health. Hodgkin’s lymphoma generally has
a favorable prognosis, with over 80% of patients achieving five-year survival with
current treatments, which include chemotherapy and radiation [6]. NHL prognosis,
however, differs based on subtype and stage. Aggressive lymphomas like DLBCL
have a five-year survival rate of about 60%, while indolent lymphomas like follicular
lymphoma may have a prolonged survival but are often considered incurable [98].
Prognostic markers, such as advanced age, high lactate dehydrogenase (LDH) levels,
the presence of B symptoms, and certain genetic mutations, significantly affect sur-
vival. For example, the presence of MYC gene rearrangements in Burkitt lymphoma is
associated with poorer outcomes [6, 98].

Lymphoma treatment is carefully tailored to the subtype and stage of disease.
Chemotherapy remains the mainstay treatment, with the ABVD regimen (adria-
mycin, bleomycin, vinblastine, and dacarbazine) being standard for Hodgkin’s
lymphoma [99, 100]. For aggressive NHL forms like DLBCL, the R-CHOP regimen
(rituximab, cyclophosphamide, hydroxydaunorubicin, oncovin, and prednisone)
is commonly used [101]. Radiation therapy often complements chemotherapy,
especially in early-stage HL and localized NHL cases. Targeted therapies, such as
monoclonal antibodies like Rituximab, have greatly improved outcomes in B-cell
lymphomas. Immunotherapy, including checkpoint inhibitors and CAR-T cell
therapy, has shown promise in treating relapsed or refractory lymphomas. CAR-T
cell therapy, which modifies a patient’s T-cells to specifically target lymphoma cells,
has been particularly effective for aggressive lymphomas like DLBCL and mantle cell
lymphoma that do not respond to conventional treatments [100, 102].

Stem cell transplantation represents another vital treatment option, especially for
relapsed or refractory lymphoma cases. Autologous stem cell transplantation, where
the patient’s own stem cells are used, is frequently employed for relapsed Hodgkin’s
lymphoma and aggressive NHL. In high-risk cases, allogeneic stem cell transplanta-
tion (using donor stem cells) may be considered, though it carries a higher risk of
complications such as graft-versus-host disease [103, 104].

Despite progress, patients with relapsed or refractory lymphoma still face chal-
lenges. New therapies, including small molecule inhibitors like Bruton’s tyrosine
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kinase (BTK) inhibitors and bispecific antibodies that engage both T cells and lym-
phoma cells, are currently being studied in clinical trials and offer hope for improving
outcomes in these difficult cases [105]. As research further illuminates the molecular
mechanisms underlying lymphoma, personalized treatment approaches based on the
tumor’s genetic and immunologic profile are likely to become increasingly central in
managing this diverse group of cancers.

4, Conclusions

Lymphoma is a complex, heterogeneous disease encompassing a wide range of
subtypes, each with distinct risk factors, clinical features, and treatment outcomes.
While substantial progress has been made in understanding and treating lymphoma,
ongoing research into novel therapies and personalized approaches remains essential
to further improve patient outcomes. Identifying genetic and environmental risk fac-
tors, refining treatment strategies, and developing innovative therapies will be critical
in reducing the global impact of lymphoma.
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Chapter 6
Castleman Disease

Prakash Sivaramakrvishnan

Abstract

Castleman disease (CD) is a rare, nonclonal lymphoproliferative disorder with
varied clinical and pathological manifestations and often mimics malignancies or
infections like tuberculosis. It is broadly classified into unicentric (UCD) and mul-
ticentric (MCD) forms, with MCD further subdivided into HHV-8-associated, idio-
pathic (iMCD), and TAFRO syndrome. The primary pathogenetic mechanism involves
cytokine dysregulation (IL-6, VEGF), but can also include viral triggers (HHV-8) and
genetic mutations. Diagnosis relies on histopathology (hyaline vascular or plasma cell
variants) and exclusion of mimics such as lymphoma, TB. Imaging (CT/MRI/PET)
aids in localization, guides biopsy, and serves as a prognostic marker in CD. IL-6
blockade (siltuximab) is first line for IMCD. UCD has excellent prognosis with surgery,
whereas MCD requires systemic therapy and has a relapse risk. Poor prognostic mark-
ers include anemia, hypoalbuminemia, and organomegaly. Collaborative research is
critical to unravel CD’s complexity and improve outcomes.

Keywords: Castleman disease, HHV-8-negative multicentric castleman, interleukin-6
(IL-6) blockade, lymphoproliferative disorders, Tafro syndrome

1. Introduction

Castleman disease (CD) is a nonclonal lymphoproliferative disorder which is often
considered as a rare cause of nonneoplastic lymphadenopathy. Its manifestations can be
diverse owing to its ability to affect all organs. Due to the manifestation being mediastinal
lymph node enlargement, it is considered as an eternal mimic to innumerous benign and
malignant diseases such as lymphomas, cancers, and tuberculosis. It is broadly divided
into unicentric Castleman disease (UCD) and multicentric Castleman disease (MCD). In
general, an astute clinician should suspect Castleman disease in any patient presenting
with a hyperenhancing lymph nodal mass. Castleman is as similar to sarcoidosis in being
adisease of exclusion, which imperatively suggests that it must be considered in the dif-
ferential diagnosis of lymphoma, metastatic lymphadenopathy, and ubiquitous diseases
that result in adenopathy like tuberculosis and sarcoidosis.

In recent times, research into Castleman disease has resulted in division of CD
into a spectrum of pathologic variants, including the classic hyaline vascular type,
plasma cell variant of Castleman disease, and the multicentric Castleman disease.
Multicentric Castleman disease is further divided into multiple sub-types which is
described in detail in this chapter.

Castleman disease is known to be associated with a wide host of conditions,
most common among which include human immunodeficiency virus, lymphoma,
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thrombocytopenia, anasarca, fever/elevated C-reactive protein (CRP), renal
dysfunction/reticulin myelofibrosis, organomegaly (TAFRO), POEMS syndrome
(polyneuropathy, organomegaly, endocrinopathy, M protein, and skin changes),
paraneoplastic pemphigus, and plasma cell dyscrasias. CD patients are usually asymp-
tomatic, and abnormalities on imaging are incidentally detected, with clinical spec-
trum varying from asymptomatic lymphadenopathy to aggressive forms threatening
organ failure. Unicentric Castleman disease is often curable with surgery/localized
radiation therapy, whereas multicentric Castleman disease warrants longer treatment
durations with chemotherapy anti IL-6 therapy, and local radiation therapy, or the
use of monoclonal antibodies. Relapses or recurrences are also documents in cases

of Castleman disease. This chapter focusses briefly on Castleman disease, its history,
epidemiology, pathology, clinical presentation, and its management.

2. History of Castleman disease

Castleman disease (CD) was first described by Benjamin Castleman and Virginia
Towne in the year 1954 at the clinicopathological conference of the Massachusetts General
Hospital [1, 2]. The first description was of a patient having unicentric Castleman disease.
During the first description by Castleman and Towne, they also went on to present 12
additional cases with similar histopathological findings. Similar case findings were also
reported by Flendrig [3] and Schillings in 1969 and by Keller et al. [4] in 1972, and two
variants were identified, both of which presented as distinct mass lesions. One subtype
was the hyaline vascular type which was described as having prominent hyalinization,
regressive follicles, and increased vascularity, whereas the second type was a plasma cell
type dominated by plasma cells and usually presents with systemic symptoms.

The next breakthrough in CD occurred in 1980, when Glauco Frizzera and Juan
Rosai described ten patients with a multicentric lymphoid disorder with histological
features resembling UCD with systemic features.

The first description of HHV-associated multicentric Castleman disease was put
forth in 1984 by Chang et al. [5]. In this case report, HHV8 (KSHV) was first isolated
from a patient with HIV and suspected Kaposi sarcoma. Subsequently, it was deter-
mined to be a causative factor for the development of Castleman disease, which has
led to advancement in understanding of the pathogenesis of Castleman disease.

3. Epidemiology of Castleman disease
3.1 Unicentric Castleman disease

The International Classification of Diseases (ICD) classification for Castleman
disease became effective on October 1, 2016, under the code ICD-10-CM-D47.72.
However, till this time, no formal definition was available, which is one of the reasons
for inaccurate assessment of the epidemiology of this disease. Since publication of
this criteria in the ICD-10, more cases are being reported, and a consensus diagnostic
criterion has been made for CD [6].

Unicentric Castleman disease can manifest at all ages, but it peaks at a younger
age, more precisely the 3rd and 4th decade. Also, unicentric CD is known to present
at an earlier age in comparison with multicentric CD. Further details regarding age of
onset of various subtypes of CD are shown in Table 1.

74



SL

Hyaline vascular Plasma cell CD HHV-8 associated CD iMCD iMCD, NOS
CD TAFRO (includes multiple
subtypes)
Clinical Young adults Localized—3rd’ 4th Immunosuppressed and/or HIV- Rapid deterioration and serious Age variable (median
Features (medianthird-fourth decade positive patients disease. sixth decade)
decade) Generalized—Elderly
Presentation UCD > MCD MCD > UCD Diffuse lymph nodal enlargement, TAFRO Generalized LAD,
Generally associated Fever constitutional
with Loss of weight/appetite symptoms,
Fever Immune abnormalities (likely hematologic and/or
Loss of wright, associated with HIV) immunologic
Night sweats abnormalities
Probable Unknown IL-6 HHV-8 Cytokine storm and Hyper IL-6 IL-6, Genetic
pathogenic VEGF syndrome mechanisms,
factors FDC’ predominance Polymorphisms
Associated Follicular dendritic POEMS syndrome, Lymphoma (plasmablastic Thrombocytopenia, anasarca, Similar to plasma
lesions cell Plasma cell and KSHV associated edema, pleural effusion, and ascites, cell CD, also
neoplasms, vascular/ aggregations (usually lymphoproliferative disease, Kaposi fever, reticulin myelofibrosis associated
stromal neoplasms, single type of cells) sarcoma) with increased risk of
plasmacytoid other lymphomas
dendritic
cell collections
Table 1.

Features of various subtypes of Castleman disease.
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UCD is a rare disease, and no authentic data is available regarding its incidence.
However, extrapolations have been made from insurance databases of various coun-
tries. Varying incidences have been reported from different countries, with a study
from China reporting the incidence at 16 per million [7, 8]. Other data is reported
from case reports and case series, but there is an inherent risk of bias in these reports
due to the fact that they have all been reported from tertiary or centers of excellence.
A significant majority of patients are known to have HV type of UCD, and although
the cause remains unclear, there is evidence that it is a clonal disease.

3.2 Multicentric Castleman disease
3.2.1 HHV-8 MCD

HHV-8 was first described by Chang et al. in 1994 [5, 9]. Chang and associates
extracted herpesvirus-like DNA sequences from Kaposi sarcoma lesions in AIDS
patients, which led to the discovery of HHV-8. The seroprevalence ranges from 2
to 4% in the Caribbean, Southeast Asia, and northern Europe. Prevalence rates are
highest in sub-Saharan Africa at over 40%, whereas rates are greater in Mediterranean
populations (i.e., Israel, Saudi Arabia, Italy, and Greece) at about 10%.

3.2.2iMCD

The cause of iMCD is uncertain [10]. Some hypothesized mechanisms include
secretion of paracrine cytokines by neoplastic cells when infected with a virus other than
HHYV-8. This can also happen as a result of autoinflammatory processes or genetic abnor-
malities in the control of IL-6. Because this CD subgroup is more diverse than the others,
it is possible—indeed, likely—that there are multiple causes. HIV-negative MCD was
estimated to be 5 per million based on data from an insurance database.

3.2.3 MCD-TAFRO

In 2010, it was initially reported in a set of Japanese subjects [11, 12]. Data about
its incidence is quite scarce. Only 1 individual (1.3%) met the TAFRO diagnostic
criteria in a Beijing series that included 144 cases of CD, including 79 with MCD. A
series from MD Anderson, on the other hand, reported a 21% incidence of TAFRO,
which may have been the result of referral bias. Geographically, the incidence may
vary, although it may be around 2% of iMCD cases.

4. Pathogenesis of Castleman disease

Although the exact origin of CD is still unknown, Yoshizaki et al. [13] suggest that the
pathophysiology of CD may be influenced by four primary factors: cytokine imbalances,
viral infections, immune system dysfunction, and genetic abnormalities (Figure 1).

In this section, we will discuss briefly discuss regarding the pathogenetic mecha-
nisms for the disease initiation and progression among CD patients. In depth molecu-
lar description regarding the pathogenesis is out of the scope of this chapter, and the
reader is advised to refer to literature referenced in bibliography for further reading.

Cytokine imbalance [14, 15]: Studies indicate that in a sizable portion of patients,
interleukin-6 (IL-6) is the primary starter and most important factor in the

76



Castleman Disease
DOI: http://dx.doi.org/10.5772/intechopen.1009424

Immune system
Cytokine imbalance Viral infections dysfunction

(IL-6) (HHV-8) (B-cell
predominant)

/S

Pro-Inflammatory Cytokines

S R R —

Gene mutations

Flu-like Liver Castleman-like Renal Bone Marrow
symptoms dynfunction Lymph Node Dysfunction Dysfunction
Features

Figure 1.
Pathogenetic mechanisms of development of Castleman disease.

pathophysiology of CD. One significant contributing cause to the aberrant prolifera-
tion of plasma cells in lymphoid organs is IL-6.

It activates the following pathways

* Janus kinase/signal transducer and activator of transcription (JAK/STAT)

* Ras-mitogen-activated protein kinase (MAPK)

* p38

¢ c-Jun N-terminal kinase (JNK)

MAPK

* phosphoinositide 3-kinase/Akt/mammalian target of rapamycin (PI3K/Akt/
mTOR)

MEK-ERKS5 pathways.

This increased secretion is enhanced in CD31 secreting cells, suggesting vasculo-
genic hypothesis for IL-6 production. But, in spite of this central role played by IL-6,
a substantial minority of patients do not respond to IL-6 therapies, thus suggesting
plausible other cells/cytokines in the pathogenesis of CD.

Other cytokines and factors include

* Vascular endothelial growth factor (VEGF) [16, 17] promotes angiogenesis
(more in iMCD and POEMS-MCD)

* Chemokine ligand 13 (CXCL13: It is an important cytokine responsible for the
pathogenesis of CD. In addition, CXCL13 is also used as a biomarker for predict-
ing the response of iMCD to siltuximab.)

e IL-1p: Interleukin-1 beta (IL-1p).
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4.1 Viral infection

Uncontrolled HHV-8 infection is a known etiological driver of HHV-8-related
MCD [16-20]. HHV-8 is linked to abnormal cytokine regulation, and this hypothesis
was confirmed by the detection of high levels of human IL-6 and human IL-10 in
patient serum during active MCD episodes.

4.2 Immune system dysfunction

One of the mechanisms underlying the onset of CD may be abnormal immune cell
activation, particularly of B cells [17-19]. CD development is also linked to peripheral
T cells, including the polyfunctional effector memory CD8 + T cells. A study revealed
that a decreased CD4/CD8 ratio was present in 32% of CD cases across all spectrum.

4.3 Gene mutations

Previously, CD was considered a disease of hyperplasia of lymph nodes [20-24].
But a wide array of genetic markers are known to be associated with development of
CD. They are enumerated below.

CXCL13.
* Enhanced expression of angiogenesis factors (e.g., LPL, DLL4)

* Extracellular matrix remodeling factors (including TGFp, SKIL, LOXL1, IL-1,
ADAM33, and CLEC4A)

» Components of the complement system (C3, CR2)
* Markers indicative of germinal center activation (ZDHHC2 and BLK)

* Upregulation of IL-6 signaling components (IL-6 signal transducer, oncostatin
M receptor, and leukemia inhibitory factor receptor),

e JL-2

* Markers of plasma cell differentiation (XBP1),

* Cytokines associated with fibroblastic reticular cells (CCL21),
e VEGF

* Mechanistic target of rapamycin complex 1 pathway.

5. Pathology of Castleman disease
5.1 Unicentric Castleman disease

The two main categories of histologic findings in UCD are follicular changes and
interfollicular/stromal changes [4, 25].
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Increased follicle count, dispersed across the cortex and medulla, and the presence
of two or more tiny germinal centers (also known as twinning) are characteristics of
follicular alterations.

* HV lesions, sometimes referred to as lollipop lesions, are created when sclerotic
blood vessels radially penetrate the germinal centers.

* These follicles have wide mantle zones, which are frequently made up of concen-
tric rings of tiny lymphocytes (also known as the “onion skin pattern”).

Several high endothelial venules with plump endothelial cells make up the interfol-
licular areas in HV-CD, and sclerotic walls are common in vessels. The interfollicular
regions frequently (though not always) contain clusters of plasmacytoid dendritic
cells, which typically have a starry sky pattern.

Having follicles that make up more than 50% of the lymph node is an arbitrary
definition of follicular HV-CD. Many sclerotic blood arteries and other spindle cells
can subtotally replace the lymph node in the stroma-rich types of HV-CD, where
interfollicular abnormalities make up over 50% of the lymph node.

These interfollicular regions have been called angiomyoid, histiocytic reticulum
cell, or FDC stromal proliferations according to their varying cell makeup as assessed
by immunohistochemistry reactivity for actin, CD68, or dendritic cell markers.

When making a diagnosis, it is crucial to rule out multicentric CD because unicen-
tric PC-CD is less common, particularly in patients with systemic symptoms.

In unicentric PC-CD, sheets of mature PCs, with sporadic binucleated forms,
occupy the medulla and interfollicular regions.

Despite the occurrence of light chain restricted PCs in rare instances, the PCs are
polytypic by immunohistochemical evaluation for kappa and lambda. In the interfol-
licular spaces, vascular growth varies.

5.2 Multicentric Castleman disease

Regardless of the cause, all multicentric CD patients have similar morphologic
characteristics [25-27].

Although lymphoid follicles can be hyperplastic, a subset of them frequently
exhibit certain HV abnormalities, such as mantle zones that resemble onion peel and
tiny germinal centers with lymphocyte depletion. The radial arteriole that penetrates
the germinal center typically lacks sclerotic walls, in contrast to HV-CD.

Kaposi sarcoma and HHV8-diffuse large B-cell lymphoma are two HHV8-associated
neoplasms that are more likely to coexist in patients with HHV8 multicentric CD.

Lymph nodes in TAFRO patients have a combination of traits from PC and HV
variants, enlarged reticulin fibrosis, and enlarged megakaryocytes that may exhibit
split nuclear lobes, and occasionally emperipolesis are all visible in the bone marrow
of patients with TAFRO.

While some HV follicles may be present, the majority of CD instances in POEMS
syndrome exhibit characteristics of the PC variety.

5.3 Immunohistochemistry

A host of IHC markers can be positive in Castleman disease [28, 29]. It depends on
the area and the type of tissue which is usually stained.
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1. Follicular dendritic cells: CD21, CD23, CD35, and epidermal growth factor re-
ceptor

2. Dendritic cells. They are usually positive for vascular cell adhesion molecule
(VCAM-1, CD106).

3.B cells: CD10 and BCL-6 and negative for BCL-2

4.Mantle zones of the follicles: polytypic light chains, CD19, CD20, IgD, and BCL-
2 are negative for CD10 and BCL-6.

In HV-CD—IL-6 staining is usually negative, whereas in PC-CD and MCD—IL-6
staining is usually positive owing to its unique pathogenetic mechanism.

HHV8 and EBV tests are often negative in PC-CD. Monoclonal antibodies that are
specific to viral components can be used to demonstrate the virus in HHV8 multicen-
tric CD. The most utilized antibody is a commercially available antibody specific to
latent nuclear antigen (LANA-1).

Plasma cells are typically polytypic in HHV8 and HHV8-negative forms of multi-
centric CD. IgM1 cells are more prevalent around follicles, while IgG1 and IgA1 cells
are primarily seen in the interfollicular regions. The PCs express a variety of heavy
chains. However, the PCs may be monotypic in as many as one-third of multicentric
CD cases. The PCs nearly invariably express both IgG or IgA and cytoplasmic lambda
when they are monotypic. When HHV8 or POEMS syndrome is present, monotypic
PCs are more common.

Molecular Analysis [29, 30]: Gene alterations are most seen in HHV-8 positive
MCD (HIV-associated).

Genetic translocations have also been known in patients with CD, and they are
listed below:

* t(1;16) (p11;pll)
e t(1;22) (p22;q13)
* t(7;8) (qter;ql12)
* High mobility group protein isoform C (HMGIC)
* Human androgen receptor alpha (HUMARA)
e IL-6 loci - t(7;14) (p22;q22)
* T-cell receptor gene rearrangements are rare in multicentric CD, in less than 10%
of cases.
6. Subtypes and classification
Castleman disease is a benign lymphoproliferative disease that has the propensity

to occur all throughout the body [31]. An approximate 70% of Castleman disease
occurs in the thoracic cavity, with involvement of the neck in about 15% patients, and
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an approximate 15% show involvement of the abdomen and pelvis. Irrespective of the
region of involvement, it predominantly involves the primary lymphatic tissues. On
occasion, involvement of the extralymphatic sites can be seen which include parotid
glands, pancreas, meninges, liver, and the laryngeal tissues.

Historically, Castleman disease has been classified in two broad classifications

a.Morphological
b.Histopathological and genetic.

Morphological classification is either unicentric or multicentric, which is decided
on the basis of extensiveness of lymphadenopathy.

Histopathological classification is based on the pathological variations on tissue
specimens. The spectrum of Castleman disease is depicted in Figure 2. Subtypes of
Castleman disease are given in Figure 2. Various features of the different subtypes are
shown in Table 1.

Hyaline vascular Castleman disease, plasma cell Castleman disease, human
herpesvirus 8 (HHV-8)-associated Castleman disease, and multicentric Castleman
disease not otherwise defined are the several types of Castleman disease that are
distinguished by the histological classification.

Unicentric Castleman disease has mainly two types, namely the hyaline vascular
(HV-CD), and the plasma cell variant (PC-CD). Multicentric Castleman disease is
further classified as HHV-8 positive and HHV-8 negative disease. HHV-8 is subclas-
sified into other variants based on the microscopic and molecular tests of histopatho-
logical examination. The last piece of the classification puzzle is the Idiopathic MCD,
which is not a clearly distinct group is closely associated to the historical classification
of Castleman disease into unicentric and multicentric Castleman disease.

1.Unicentric Castleman Disease
Casiianm Diexse -Hyaline Vascular CD
-Plasma Cell CD
_ L 2.HHV-8 Positive MCD
J 3.Idiopathic MCD (iMCD-TAFRO)
-Marked inflammatory syndrome
-Thrombocytopenia, anasarca, fever/elevated
| C-reactive protein (CRP), renal
dysfunction/reticulin myelofibrosis,
Plasma-cell rich
variant

Hyaline Vascular organomegaly
hae KSHC-pos KS:"\’M -Megakaryocytic hyperplasia, hypervascular or
L_ mixed histopathology
l 1 T 1 -Normal immunoglobulin levels

FOC Tumor- c:m:'g POEMS | | OTHERS 4.1diopathic MCD - not otherwise specified

Sacoma || poeuiotumor (iMCD-NOS)
L TAFRO -Less intense inflammatory syndrome
_L -Normal/elevated platelet counts
KsHCICS | -Plasmacytic or mixed histopathology
(Kics) .Polyclonal hypergammaglobulinemia

Subtypes of Castleman Disease®

Figure 2.
Spectrum and subtypes of Castleman disease.
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It is further subdivided into other pathological variants based on the association
with HHV-8 and the morphological resemblance to the variants of UCD which are
PC-CD or HV-CD. With this above description, a diagnosis of iMCD-NOS is consid-
ered when a differentiation between HHV-8-associated Castleman disease and plasma
cell Castleman disease cannot be made. Lastly, a mixed type of Castleman disease
has been described in literature where both HV-CD and PC-CD co-exist in the same
patient.

7. Clinical manifestations

Clinical manifestations of Castleman disease are varied and depend on the specific
organ involved. However, generalizations regarding clinical symptoms can be drawn
from various data available in literature, which are described below.

7.1 Unicentric Castleman disease

UCD is predominantly characterized by involvement of solitary nodal regions and
typically demonstrates a benign course where progressive enlargement of the lesion
ensues [32-34]. The median age is usually in the fourth decade, but it can involve
patients of all age groups. Hyaline vascular Castleman disease (HV-CD) does not
show any gender preponderance. Patients with HV-CD are often clinically asymptom-
atic, and a solitary lesion is incidentally detected during routine physical examination
and / or imaging study.

HV-CD usually involves lymph nodes, especially supradiaphragmatic nodes
(favor involvement of mediastinal lymph nodes or spleen, occasionally it can involve
other extranodal sites. Occasionally, abdominal LNs can be involved, particularly in
stromal-rich cases.

Symptoms that occur in HV-CD are usually secondary to mass effect due to the
lymph nodal masses, which can include dyspnea on exertion, cough, or dysphagia. On
rare occasion, HV-CD may present with paraneoplastic pemphigus in <5% of patients.
An even rare association is myasthenia gravis in a patient with HV-CD.

Laboratory abnormalities and systemic symptoms are seldom seen in patients with
HV variant of UCD, although a minor subset of patients may show elevated non-
specific markers of inflammation like lactate dehydrogenase (LDH).

Plasma cell variant of Castleman disease (PC-CD) tends to occur at all ages
but peaks during the fourth decade, and similar to HV-CD, there is no gender bias
in PC-CD. It usually involves lymph nodes, but the relative involvement of the
mediastinum is lesser in comparison with HV-CD. Patients are generally devoid
of symptoms at presentation, and nodes/lesions are detected incidentally, but
systemic symptoms and laboratory abnormalities have been reported in a small
subset of patients.

In patients with PC-CD presenting with systemic symptoms, all efforts should
be made to rule out multicentric Castleman disease as iMCD-NOS is a very impor-
tant differential for the same. Most common symptoms that occur with PC-CD
are B symptoms which often include fever, night sweats, weight loss, and malaise.
Laboratory studies most commonly show blood abnormalities like anemia or a low
platelet count. Owing to the dysregulation in IL-6 as the underlying pathology
of PC-CD, lab testing for serum IL-6 levels shows raised levels in this subset of
patients.
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7.2 Multicentric Castleman disease

MCD occurs at varied age groups, with no specific gender predisposition.
Symptoms related to multicentric Castleman disease are predominantly due to site
of the lesions [35-37]. Multiple sites are usually involved with spleen in 75% of cases,
and liver involvement seen in 50% of cases of MCD. Other clinical manifestations
include Anasarca, Ascites, and skin rash among the most common symptoms. Similar
to PC-CD, MCD patients may also present with B-symptoms in a similar manner to
lymphoma which includes fever, night sweats, weight loss, and malaise, but about 90
to 95% of patients with MCD are found to present with B symptoms at the outset. The
symptoms of multicentric CD are variable and may show a waxing-waning pattern.

Apart from clinical symptoms, lab abnormalities are very common in patients
with MCD. Bone marrow abnormalities like anemia and thrombocytopenia, immune
abnormalities in the form of polyclonal hypergammaglobulinemia, and non-specific
markers of inflammation which include Elevated ESR, Elevated IL-6 levels, LDH,
IFN-¥, and CRP are noted in patients with Castleman disease. Renal involvement is
also commonly seen in patients with MCD (60% of patients).

8. Investigations and diagnosis

Castleman disease (CD) is typically a histological diagnosis, but the suspicion of CD is
often based on imaging findings and an astute clinician. Various imaging modalities and
laboratory tests can be done to evaluate a patient with CD which are depicted in Figure 3
as per recommendations of the National Comprehensive Cancer Network v.1.2025, which

Diagnostic Workup in Castleman Disease

Essential:
1. Incisional/Excisional Biopsy
2. Adequate IHC Panel: CD20, CD3, HHVE, LANA
3. Physical Exam
4. Performance Status
5. Assessment for “Active Disease”
6. CBC with Differential
7.LDH, CRP, ESR
8. SPEP and Urine Electrophoresis
9. PET/CT (preferred) or CT T/A/P with contrast
10. Pregnancy testing in women of childbearing age
11. HIV, Hepatitis B, HHVS, EBV PCR
12. 2D Echocardiography

Optional:

1. Molecular analysis to detect Ig rearrangements
2. IHC Panel: Ki-67, Ig heavy chains, CD5,CD10,
BCL2, BCLS, Cyclin D1
3. EBER-ISH (EBV-encoded RNA in situ hybridization)
4. Bone Marrow Biopsy + Aspirate
5. Reticulin fibrosis of bone marrow
6. Contrast CT of the neck
7. Multigated acquisition scan (plan of anthracycline
based regimen)

8. 1gG4, sIL6, sIL10, VEGF, Uric acid, Ferritin
Fertility Preservation to be discussed (in all men and
women of reproductive age group

Figure 3.
Diagnostic workup in CD.
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broadly include essential workup (these tests need to be done in all patients of CD) and
optional (to be done if available, or in certain subtypes of CD). The modalities include
laboratory studies, ultrasonography, CT, MRI, and/or PET-CT scan [32-34].

8.1 Laboratory studies

Lab studies are usually ancillary tests in patients with CD and do not provide a
diagnostic confirmation [32]. As described earlier, patients with UCD usually have
normal labs, whereas patients with MCD can have lab abnormalities based on the sub-
type. Histopathologic examination is often the confirmatory test for patients with CD.
Excisional biopsy from the lymph node is generally considered as the gold standard for
diagnosis owing to its greater tissue yield and the propensity to run additional immu-
nohistochemical and molecular tests in a single sample. An optional investigation is an
incisional biopsy which gives cores of tissue for analysis. Fine needle aspiration is usually
nondiagnostic and is not currently recommended as per the NCCN guidelines.

8.2 Plain radiographs

Chest radiograph is often the first imaging modality in the evaluation of lung
pathology [32, 33]. Patients with UCD involving the thorax may manifest as an
incidental mediastinal mass with or without pleural effusion. In such a presenta-
tion, common differentials such a tuberculosis, lung cancer, and other benign and
malignant tumors of the lung should be evaluated for prior to labelling a patient with
CD. Radiographs are usually not useful in evaluating other organs such as abdominal
viscera, and these require advanced modalities such as CT/MRI.

8.3 Computed tomography

Computed tomography (CT) is a widely and the most used tool to evaluate a
patient with CD [34]. The CT features vary with the type of Castleman disease. The
typical appearance of UCD is a described as a solitary, well-circumscribed, enlarged
lymph node, or localized nodal mass. On non-contrast CT images, the nodes are
hypodense in comparison with skeletal muscle, with homogeneous contrast enhance-
ment which signifies hypervascularity of the lesion. The lesions are most commonly
seen to affect the thorax and abdominal regions. In addition, CT can also guide in the
biopsy of the lesions for a histopathological diagnosis.

MCD typically manifests as multiple generalized lymphadenopathy usually involving
bilateral hilar and/or mediastinal lymphadenopathy. Abdominal lesions are common in
patients with MCD where a well-defined enhancing lesion may be noted in the abdomen,
in addition to retroperitoneal, mesenteric, or porta hepatis disease or diffuse abdominal
lymphadenopathy. Other intra-thoracic manifestations include involvement of the lung
parenchyma (with a cystic lung disease pattern which mimics a lymphocytic interstitial
pneumonia pattern). Alternatively, enhancing pulmonary masses, pleural effusion, septal
thickening, and consolidations may also be noted in patients with MCD. Other systemic
manifestations such as hepatosplenomegaly / ascites may be seen.

8.4 MRI

MRI is also useful in the evaluation of CD as it not only shows the extent of the
lesions, but it can also show relationships to the adjacent structures, especially vessels
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and soft tissues [34]. Most CD lesions are either isointense or slightly hyperintense
relative to skeletal muscle on T1-weighted images and hyperintense on T2-weighted
images, which reflects the vascularity of the masses. MRI can also demonstrate the
feeding vessels as flow void structures. Central linear hypointense septate may be seen
and has been suggested to represent reticulin fibrosis.

8.5 Ultrasonography

Ultrasonography is a ubiquitous, simple, and inexpensive tool available for the
evaluation of peripheral, abdominal, and/or pelvic lesions [34]. Most lesions in
patients with Castleman disease appear as nonspecific, well-defined hypoechoic
masses without necrosis on ultrasonography. Other findings which favor a diagnosis
of Castleman disease are the presence of prominent peripheral vessels around the
mass, with feeding vessels demonstrated on Doppler study. Post-acoustic shadowing
of involved lesions has also been described in patients with Castleman disease. Similar
appearances maybe seen in lymphoma, sarcoidosis, and tuberculosis especially in the
early stage (before conglomeration has occurred).

8.6 PET

Positron emission tomography (PET-CT) is part of nuclear imaging, and it gives
information regarding the metabolic activity of a lymph node/nodal masses in a
patient with CD [34]. It also adds to the prognosis in patients with CD on treatment to
assess response to therapy. Fluorodeoxyglucose F 18 (18F-FDG) avid lesions has been
demonstrated in patients with active Castleman disease. Increased 18F-FDG uptake
is suggestive of an active lesion, and a PET-non avid lesion goes in favor of an inactive
lesion. The SUV values of patients with UCD and MCD are in general lesser in com-
parison with SUV uptake in other diseases such as malignancy or lymphomas. PET
may also aid in localizing asymptomatic or small lesions, which may otherwise not be
picked up using ancillary imaging techniques. In addition, 18F-FDG-PET/CT can also
aid in sampling of the lesion (a PET avid lesion is likely to yield a better diagnosis in
comparison with a PET non-avid lesion).

Overall, diagnosis of Castleman disease takes a multifaceted approach, where
neither one test can replace the other, and they complement each other in confirma-
tion of the diagnosis.

The standard workflow in the diagnosis of a patient with CD is given in Figure 4, and
the consensus diagnostic criteria are given in Table 2. (put forth by NCCN, Fagjenbaum
etal., and van Rhee et al.). Additionally, criteria for active disease is put forth in Figure 5.

ucb

Excision HPE CT T/AP iMCD (using
biopsy of » consistent | or 3 'Exciud " \ 4 cr:qe&g}uf
LN/Mass with CD | PETCT woeigll [,..5.0 |
A R | Confirmed | HHV-8 assoc
_ MCD > J Infections =™~ K > MCD
\ Autoimmune | Y ) [
I. Malignancy ] o POEMS
- = assoc MCD
Figure 4.

Diagnostic pathway for a patient with suspected Castleman disease.
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Consensus criteria for Castleman disease (Taken from NCCN Guidelines [38], also concurs with
Fajgenbaum et al. [39]; and van Rhee et al. [40]) [38-40]

1. The presence of both major criteria

* Histopathologic lymph node features consistent with the iMCD spectrum. Features along the iMCD
spectrum include (need grade 2-3 for either regressive GCs or plasmacytosis at minimum):

i. Regressed/atrophic/atretic germinal centers, often with expanded mantle zones composed of concentric
rings of lymphocytes in an “onion skinning” appearance —

ii. FDC prominence

iii. Vascularity, often with prominent endothelium in the interfollicular space and vessels penetrating the
GCs with a “lollipop” appearance

iv. Sheetlike, polytypic plasmacytosis in the interfollicular space—hyperplastic GCs

2.Enlarged lymph nodes (>1 cm in short-axis diameter) in >2 lymph node stations

3.The presence of at least 2/11 minor criteria (including at least 1 laboratory criterion)

Clinical symptoms

1.B symptoms (night sweats, fever over 38°, weight loss, or fatigue)
2.Splenomegaly and/or hepatomegaly

3.Edema, anasarca, ascites, pleural effusions

4.Lymphocytoid interstitial pneumonia

5. “Eruptive” hemangiomatoses

Laboratory criteria

1.Elevated C-reactive protein (>10 mg/L) or blood sedimentation (>15 mm/h)
2. Anemia (hemoglobin <12.5 g/dL men, <11.5 g/dL women)

3. Thrombocytopenia (<150/pL) or thrombocytosis (>400/uL)
4.Hypoalbuminemia (<3.5 g/dL)

5.Renal function impairment (eGFR <60 mL/min/1.73 m2) or proteinuria (total protein 150 mg/24 h or
10 mg/100 mL)

6.Polyclonal hypergammaglobulinemia (>1700 mg/dL)

4.Exclusion of other diseases with “Castleman-like” histology
¢ Infection-associated diseases
i. HHV-8 (PCR, serology, and/or LANA staining in the lymph node)
ii. Infectious mononucleosis (EBV otherwise no exclusion criterion)
iii. Lymphadenopathy (due to HIV, CMV, toxoplasmosis, tuberculosis)

* Defined autoimmune diseases (detected antibodies alone do not exclude iMCD) such as systemic lupus
erythematosus, rheumatoid arthritis, adult-onset Still’s disease, juvenile idiopathic arthritis, and autoim-
mune lymphoproliferative syndrome

 Malignant or lymphoproliferative diseases, diagnosed at the same time (Hodgkin’s and non-Hodgkin’s
lymphomas, multiple myeloma, plasmacytoma localized primarily in the lymph node, and FDC

sarcoma).

Table 2.
Diagnostic criteria for Castleman disease.

9. Differential diagnoses

Castleman disease has a wide range of differentials owing to the number of
diseases that can present with mediastinal and abdominal lymphadenopathy.
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Criteria for Active Disease

1.Fever
2.ncreased serum C-reactive protein level >20
mglL in the absence of any other etiology
3.At least three of the following other MCD-
related symptoms:
-Peripheral lymphadenopathy_
:Enlarged spleen
-Edema
-Pleural effusion
-Ascites
:Cough.
-N. ruction
I mi
:Rash
:CNS symptoms
-Jaundice

Figure 5.
Criteria for active disease in CD.
The list of differentials is given below
1. Autoimmune diseases
a.Rheumatoid arthritis
b.Systemic lupus erythematosus
c. Still’ disease (adult onset)
d.Juvenile rheumatoid arthritis
2.Infectious diseases
a. Ebstein—Barr virus
b.CMV
c. Tuberculosis
d.HIV
e. Toxoplasmosis
3.Malignancies
a.Hodgkin’s lymphoma
b.Non-Hodgkin’s lymphoma
c.Lung carcinoma
4. Miscellaneous diseases

a.IgG4 disease
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10. Diagnostic criteria for Castleman disease

See Table 2.

11. Management

As already discussed, due to the varying histopathology, etiopathogenesis, and
the relative rarity of the diagnosis of Castleman disease, consensus classification for
diagnosis and management was introduced as late as 2017 and 2018 [15, 41].

Needless to say, a systematic approach and a high index of suspicion is required
for the management of patients with Castleman disease, and the main confounder for
this is its relative rarity and heterogeneity.

Furthermore, patients with associated conditions, such as infection with HIV/
HHV-8 or other comorbidities, may require special consideration.

The latest article from the National Comprehensive Cancer Network (NCCN)
guideline for management of CD is currently available [42].

The algorithmic management of unicentric Castleman disease is given in
Figure 6. For patients with unicentric Castleman disease, upfront surgery or
radiation to localized area is the management of choice. With surgical removal
being almost always successful for unicentric disease, irrespective of the vari-
ant. Unicentric CD has a good prognosis with a 95% response rate. Dr. Benjamin
Castleman was the initial proposer that surgery is a definite curative modality of
management for Castleman disease.

If the disease is unresectable, then first-line chemotherapeutic agents should be
used. Additional options include chemoembolization of the lesion by interventional
radiology.

Unlike UCD, iMCD is a systemic disease with potentially life-threatening
possibility.

Figure 6.
Algorithm for management of Castleman disease.
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Eirst Line Therapy Options MCD - Fulminant! Organ Failure
Eulminant/severe HHV8-negative (iMCD)
ucp;
+ CHOP (cyclophosphamide, doxorubicin, vincristine,
+ -Rituximab prednisone) * rituximab
+ -Rituximab + cyclophosphamide + CVAD (cyclophosphamide, vincristine, doxorubicin, and
+ Rituximab + prednisone dexamethasone) # rituximab
+ Rituximab + prednisone + cyclophosphamide + CVP (cyclophosphamide, vincristine, prednisone)
rituximab
MCD: + Siltuximab

.

If not a candidate for combination therapy: Rituximab

‘HHV8-negative/HIV-1-negative (iMCD -Nonsevere)
‘Rituximab Eulminant/severe HHV8-positive MCD
‘Rituximab + prednisone

‘RCVP (rituximab, cyclophosphamide, vincristine,

-

.

.
.

Rituximab + liposomal doxorubicin

prednisone) « Rituximab + prednisone + liposomal doxorubicin
» -Siltuximab « RCHOP (rituximab, cyclophosphamide, doxorubicin,
+ -Thalidomide + cyclophosphamide + prednisone vineristine, prednisone)
. « RCVAD (rituximab, cyclophosphamide, vincristine,
+ HHV8-positive (HIV-1-positive or HIV-1-negative) doxorubicin, and dexamethasone)

.

-Rituximab (preferred) RCVP (rituximab, cyclophosphamide, vincristine, and
-Rituximab + liposomal doxorubicin Rituximab + prednisone prednisone)

-Rituximab + prednisone + liposomal doxorubicin If not a candidate for combination therapy:
-Zidovudine + ganciclovirivalganciclovir Liposomal doxorubicin

Rituximab

Y
. . .

Figure7.
Treatment of unicentric and multicentric Castleman disease.

Second Line Agents (For Relapse/
Progressive | Refractory Disease)

-Anakinra

-Bortezomib + rituximab

-Lenalidomide * rituximab

-Thalidomide # rituximab

-Tocilizumab

-High-dose zidovudine + valganciclovir (if HHV8-positive)
-Sirolimus

‘Vinblastine

-Siltuximab or tocilizumab (if HIV1-negative/HHVS-negative)

Figure 8.
Second line agents used in CD.

Surgical intervention is not the upfront standard of care in a patient with iMCD.
iMCD treatment options include chemotherapy, and the recommended regimen and
algorithm for management are given in Figures 6, 7, and 8, respectively.

As previously discussed in the pathogenesis section, the pivotal cytokine respon-
sible for development of CD appears to be Interleukin-6(IL-6), and blockade of
the IL-6 pathway using IL-6 receptor antagonists or monoclonal antibodies leads to
elimination of the cells responsible for cytokine overproduction. Other agents which
have been used and studied in iMCD include rituximab which has been used with and
without cytotoxic agents. Inmunomodulatory therapies, especially steroids, have also
been used in the management of Castleman disease.

Even with the prescribed regimens, about 50% patients fail to respond to the first
line recommended treatment options of siltuximab, tocilizumab, or rituximab. A mono-
clonal antibody that was approved for iMCD in 2013 was siltuximab, and due to clinical
trials which showed a favorable response to siltuximab vs. placebo [38], it has currently
been recommended as the first-line agent for all forms of iMCD. In the landmark trial of
siltuximab vs. placebo, there was a 34% greater response in siltuximab vs. placebo.
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Other drugs recommended for relapse/refractory disease include Tocilizumab,
Sirolimus - mTOR inhibitor, Vinblastine, Thalidomide, and Anakinra.

12. Prognosis and follow-up

Castleman disease is a heterogeneous disorder, and its pathogenesis is very com-
plex and multifactorial [8, 39, 40, 43, 44]. Hence, standard treatments established for
CD are based on few randomized trials and case series and expert consensus state-
ments [15, 41, 42]. Additionally, only a handful of research material is available on
the prognostic factors of CD [39-41, 43, 44], especially in HHV-8 negative patients.
Regarding CD, there are significant differences with respect to treatment and progno-
sis among patients with UCD and MCD.

In cases of unicentric CD, complete resection of the involved lesion is considered as the
standard of care and is often considered curative (it was also the first therapy suggested by
Castleman et al. in the year 1954), [1, 2], and the 5-year OS rate is about 95-100%.

Unlike UCD, the prognosis of iMCD is poor and more prone to relapses and
progression. A variety of chemotherapeutic agents have been used to treat iMCD
according to the histological variant, and based on disease severity (fulminant or
organ threatening disease), which includes but is not limited to corticosteroids, che-
motherapeutic agents, thalidomide, immunoglobulin, rituximab, anti-IL-6 antibody
(siltuximab and tocilizumab), and mTOR pathway inhibitors. Detailed regimens are
given in checkboxes in the management section.

Among the various studies reviewed [39-41, 43, 44] regarding prognosis and the
factors which contributed to poor or worse prognosis in CD patients, most studies
concurred with the following factors

* Hemoglobin <10 g/dl

* Albumin <3 g/dl

* Serous effusion

* Hepatosplenomegaly

* Leukopenia (TLC <4000 cells/mm®
* Age > 60 years

* Presence of B symptoms

¢ Performance status.

A multivariate analysis conducted in a study by Liu et al. [39] showed that PC
subtype, hepatomegaly and/or splenomegaly, hemoglobin <80 g/L, and albumin
<30 g/L were independent contributors to poor prognosis among iMCD patients. A
CECT T/A/P or a PET-CT should be used for ascertaining response which is character-
ized into complete response, partial response, and no response. ESR, CRP, and LDH
levels also can be used for prognosticating CD patients, but more studies are required
to ascertain standardized cut-off values. A prognostic scoring which was assessed in
iMCD is given in the Table 3 [44].
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Characteristic Level of severity
Mild Intermediate Severe
ECOG PS 0-1 — >2
Renal function Normal — CrCl <30 ml/min
Fluid overload Absent — Anasarca/Ascites
Hb >10 <8
Pulmonary involvement Absent — Present
Table 3.

Prognostic factors in Castleman disease.
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Acronyms and abbreviations

CD:
AIDS
CD-XX
CMV
CRP

CT
CXCL13
EBV
ECOG
ESR

Hb
HHV-8
HIV
HV-CD
ICD
IGg4
IL-1B
IL-6
iMCD
iMCD-NOS
JAK/STAT
JNK
KSHV
LDH
MAPK
MCD
MRI
NCCN
PC-CD
PCs
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acquired immunodeficiency syndrome
cluster of differentiation-XX
cytomegalovirus

c-reactive protein

computed tomography

chemokine ligand 13

ebstein-barr virus

eastern cooperative oncology group
erythrocyte sedimentation rate

hemoglobin

human herpesvirus-8

human immunodeficiency virus

hyaline vascular variant of Castleman disease
international classification of diseases.
immunoglobulin g4

interleukin 1 beta

interleukin 6

idiopathic multicentric Castleman disease
idiopathic multicentric Castleman disease—Not otherwise specified
Janus kinase/signal transducer and activator of transcription
c-Jun N-terminal kinase

kaposi sarcoma herpesvirus

lactate dehydrogenase
Ras-mitogen-activated protein kinase
multicentric Castleman disease

magnetic resonance imaging

national comprehensive cancer network
plasma cell variant of Castleman disease
plasma cells
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PET-CT positron emission tomography

PI3K/mTOR  phosphoinositide 3-kinase/mammalian target of rapamycin

POEMS polyneuropathy, organomegaly, endocrinopathy, M protein, and skin
changes

PS performance status

TAFRO thrombocytopenia, anasarca, fever/elevated C-reactive protein
(CRP), renal dysfunction/reticulin myelofibrosis, organomegaly

TLC total leukocyte count

UCD unicentric Castleman disease

VEGF vascular endothelial growth factor
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The Classifications of the Lower
Limb Lymphedemas by the Belgian
Society of Lymphology Based on
Clinical and Lympho-Scintigraphic
Data
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Abstract

The reading of articles on limb lymphedema often appears imprecise, particularly
when focusing on the associated lympho-scintigraphic images that describe and define
them. Their definitions, analyses, and reports need to be standardized. In the present
chapter, the members of the Belgian Society of Lymphology propose and develop an
approach that leads to a rational classification of these lymphedemas, and present
their definitions and proposals for standardizing these different images and their
reporting. In this chapter, only the issue of lower limb edema will be addressed.

Keywords: lymphatic imaging, lympho-scintigraphy, lower limb lymphedema,
definitions, classification, BeSL, BeSL severity score index-classification for lymphatic
Edemas

1. Introduction

Lymphedema affects a significant number of patients worldwide. Beyond the well-
studied secondary upper limb lymphedema post-breast cancer treatment, the lower
limb forms (LLLE) remain insufficiently standardized, particularly regarding their
classification. The literature concerning these edemas reveals very heterogeneous
populations and equally diverse situations, often grouped under the somewhat sim-
plified and “generalist” term “lymphedema” [1]. Additionally, although lymphoscin-
tigraphic examinations (LySc) are considered the gold standard reference [2], their
methodologies appear very variable, and the reading of articles on lower limb lymph-
edema often seems imprecise when focusing on the associated lympho-scintigraphic
images that define them [3-13].

The Belgian Society of Lymphology (BeSL), whose members are all directly or
indirectly involved in the management of these edemas and are familiar in the use of
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different imaging techniques of the lymphatic system, including lymphoscinti-
graphies, proposes a new approach to classifying lower limb lymphedemas based on
both clinical and lympho-scintigraphic findings. This approach is inspired by the TNM
cancer classification system and seeks to offer a structured and reproducible frame-
work for diagnosis, phenotyping, therapeutic guidance, and evaluation.

2. From one “disease” to several clinical entities: One “lymphedema”?
Multiple lymphedemas! The approach for the classification of the
lymphedemas by the Belgian Society of Lymphology (BeSL)

If cancer is a disease that can affect all organs of the human body, these cancers are
all different, and cancers affecting a specific organ can show the characteristics that
practically make them subgroups requiring adapted management [14]. It is therefore
proposed to classify these lymphedemas into groups based on their basic clinical
characteristics (see Table 1).

2.1.1 Group 1: the “syndromic” lymphedemas (S-LE) when associated with a “multi-organ” disease.

2.1.2 Group 2: the “primary” lymphedema (lary-LE) are said “congenital” (when present at birth),

“sporadic” by opposition to the following, and “familial” cases where multiple family members have

lymph-edema (and a genetic anomaly should be investigated). These primary lymphedemas are also

called “early-onset” (or “praecox) when diagnosed before the age of 35 years and “late-onset” (or “tarda”)

after this age.

2.1.3 Group 3: the “secondary” lymphedemas (2ary-LE)

2.1.3.1 Secondary to cancer, the “cancer-related-lymphedema” (CR-LE).

We distinguish different groups here:

¢ Secondary to extensive lymph node dissection alone (CRL-LNx)

e Secondary to a sentinel procedure, to a selective lymphadenectomy alone (CRL-LNs)

e Secondary to radiotherapy alone (CRL-Rxt)

¢ Secondary to chemotherapy alone (CRL-Cht)

* Secondary to a treatment combining different therapeutic interventions (CRL LN +/—Rxt+/-Cht)

* Secondary in the context of a newly discovered cancer with multiple lymph node involvement (CRL-
LNm)

* Secondary in the context of progressive cancer with multiple lymph node involvement (CRL LNe)

2.1.3.2 Phlebo-lymphedemas, edemas of the lower limbs associated with venous abnormalities (P-LE)

2.1.3.3 Edemas related to nervous pathology, like hemiplegia (N-LE)

2.1.3.4 Edemas in the context of an infectious disease (like filariosis) affecting the lymphatic system (I-

LE)

2.1.3.5 Edemas associated with osteoarticular pathology (arthritis, fracture, complex regional pain

syndrome, etc.) (BA-LE)

2.1.3.6 Edemas associated with a systemic disease (like Fabry disease) (SL)

2.1.4 Group 4: the “lipedemas” (Ap-LE). Lipedemas represent a particular group where the disease

actually concerns adipose tissue [15, 16], and where anomalies of the lymphatic system are observed and

considered secondary in the context of this disease.

2.1.5 Group 5: the “Not-Otherwise-Classified” (NOC) lymphedema: For example, the diagnosis of

lymphedema in a morbidly obese patient without any identifiable genetic or oncologic cause but with

clear lymphoscintigraphic evidence of impaired drainage [17] may fall under the NOC category. Similarly,

post-infectious limb swelling following erysipelas with no further recurrence but persistent edema and

patients with “paradoxical lymphedema” (where the lympho-scintigraphic investigations of the

superficial lymphatic system show one functional response of the edematous limb either as good as or

better than the one of the normal limb) [18] would also belong to this group. Such edematous situations

need additional investigations, of the venous return, of the deep lymphatic system, in searching osteo-

articular disease, ... before being definitively “classified.”

Table 1.
The BeSL “clinical” classification of the lower limb lymph-edemas (LLLE).
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2.1 The BeSL VLM (TNM like) classifications of the lower limb lymph-edemas

By analogy with the TNM classification for cancers [14], where T is based on the size
of the Tumor, N corresponds to the regional spread of the cancerous disease to the lymph
nodes, and M to the presence of the disease in distant organ tissues, we are developing an
equivalent that includes the different factors that seem to influence our therapeutic
management of lower limb lymphedema and our understanding of their progression.

2.1.1 From T-nm to V-lm

The notion of T in cancers, if applied to lower limb edema, immediately raises
various clinical issues, the location and extent of the edema, the issue of temporality
(considering the history and previous progression of the edema at the time of its
management, the issue of lower limb edemas extending to almost the entire limb),
and the expression of these volumes.

It is necessary to distinguish between different types of distribution of these
volume excesses, namely:

* “Distal” edema (Vd) only affecting the distal part of the limb (foot-ankle-calf)

* “Proximal” edema (Vp) only affecting the root of the limb (groin, upper thigh,
possibly the pelvis and genital area)

* Isolated “segmental” edema (Vs-1) only affecting one segment of the lower limb
between the foot and the groin but not extending to these two areas: For example,
an edema limited to the ankle will be localized.

* “multi-segmental” edema (Vs-m x-y) initially affecting one or more segments of
the lower limb but extending to the foot or the groin: or example, an edema
limited to the ankle and distal part of the calf will be localized as Vs-m 2-3a.

* “Global” edema (Vw) affecting the entire limb from the foot to its root.

In most publications, the issue of edema volume is considered only globally and for
the entire limb using circumferential measurements [19], often in comparison with
the opposite limb, which is assumed to be normal. This approach seems us only valid
and usable for unilateral edemas. Additionally, it neglects the clinical fact that some
edemas may, for example, affect only the foot and/or ankle, sometimes the calf, the
thigh alone, or the pelvis and genitals. Significant edema limited to the foot and ankle
may be below the critical value set for the whole limb [19] but constitutes a major
issue for the patients that cannot be under-estimated. Rather than defining edemas
based on considering the entire limb, we prefer to define volume excesses in relation
to the edematous areas themselves (either “in absolute terms” and in milliliters, or
“relatively” and in percentages compared to the opposite territory).

2.1.2 From t-N-m to v-L-m or about lymphangio- and/or lymphadeno-, hypo-, and/or
A-plasia

The terms hypoplasia, hyperplasia, dysplasia, and aplasia of the lymphatic system
appear in the lymphatic medical literature as a continuation and development of the
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usage initially proposed by radiologists [20-23] based on their radiological images of
these pathologies. Their description is mainly morphological.

When primary LLLE are suspected, we will use specifically the term “aplasia” to
describe the lymphatic structures after interdigital injection seen on LySc [24]:

* only deep lymphatic vessels (dLV) are seen at the level of the calf with
intercalated lymph nodes, sometimes without inferior inguinal LN = superficial
Lymph-Vessel-aplasia or sLVA,

* inguinal and/or iliac LN are not seen or hypoactive = “Lympho-Nodal-Aplasia”
(or LNA)

When injection is performed [18] in the retro-malleolar anterior space of the
triceps surae tendon (Kager’ triangle) to investigate the deep lymphatic drainage of
the limb, we will also use specifically the term “aplasia” when no deep lymph vessels
are seen running deep in the calf: sometimes with increased lymph flow at the level of
the superficial LV of the edematous limb when compared to the normal limb = deep
lympho-nodal aplasia or dLNA.

The term “hypoplasia” will be used to describe less clear situations after
interdigital:

* both deep and superficial LV are observed with popliteal and/or sural
intercalated LN = “superficial and/or deep lymph-vessel-hypoplasia” or sSLVH-
dLVH,

* inguinal and/or iliac LN are not seen or hypoactive = “lympho-nodal-hypoplasia”
(or LNH)

¢ the tracer does not reach the inferior inguinal LN after 30 minutes phase 1 and/or
after phase 2 and/or extraction is decreased under the value of 30% and/or
extractions, nodal accumulations of the tracer after phases 1 and/or 2 show
significant asymmetry = “lymph-system-hypoplasia” or LSH,

* inguinal and iliac LN are well seen but pLVR are seen = “proximal lympho-nodal-
hypoplasia” (or pLNH).

2.1.3 From tn-M to vl-M with M is here “the changes of the oede-M-atous tissues”

It seems evident to us that we cannot consider recent-onset edemas and those that
have evolved over years in the same way. The former can be limited, resolvable with
simple maneuvers, present pitting (and be only fluid-related), and may not have skin
or infectious complications. The latter are more often extensive, non-resolvable, no
longer present pitting, may have been sites of infectious-inflammatory episodes, and
show skin and underlying tissue changes (fibrosis and/or adipose tissue develop-
ment).

The chronicity of lower limb edemas is thus expressed in the classification pro-
posed by the ISL for these lower limb lymphedemas [1]. This staging of the ISL (which
applies to the entire limb) mix clinical notions (the presence or absence of pitting,
reduction of edema with limb elevation) and tissue changes that are subject to the
subjectivity of the clinician and/or the patient.
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Type 0: Clinical symptoms and/or para-clinical examinations results suggestive of edema of

lymphatic origin. Pitting is absent. Latent lymphedema (with impaired lymph transport demonstrable
with lymphoscintigraphy and with initial immunohistochemical alterations of lymph nodes, lymph
vessels, and the extracellular matrix). They represent most frequently the “not-otherwise-classified”
lymph-edemas.

Type 1 distal: Initial lymphedema at the level of the toes, foot, and/or ankle and/o distal part of the calf,
with pitting positive (and Stemmer’s sign sometimes positive), totally or partially relieved with rest, and a
draining position (with worsening impairment of lymph drainage capacity and of the
immunohistochemical alterations of lymph nodes, lymph vessels, and the extracellular matrix).

Type 1 segmental: Where edema is observed at the level of the ankle and/or calf with pitting positive,
totally or partially relieved with rest and a draining position, (with worsening impairment of lymph
drainage capacity and of the immunohistochemical alterations of lymph nodes, lymph vessels, and the
extracellular matrix).

Type 2 distal: Initial lymphedema at the level of the toes, foot and/or ankle, and/o distal part of the calf,
with pitting positive (and Stemmer’s sign sometimes positive), NOT RELEIVING with rest and a draining
position (with worsening impairment of lymph drainage capacity and of the immunohistochemical
alterations of lymph nodes, lymph vessels, and the extracellular matrix).

Type 2 segmental: Where edema is observed at the level of the ankle and/or calf with pitting positive,
NOT RELEIVING with rest and a draining position (with worsening impairment of lymph drainage
capacity and of the immunohistochemical alterations of lymph nodes, lymph vessels, and the extracellular
matrix).

Type 2 proximal: Where edema is observed at the level of the root of the limb (pitting is rarely positive),
Type 3 distal: At the level of the toes, foot and/or ankle and/o distal part of the calf, pitting is absent and
tissues with lymphostatic skin changes are fibrous,

Type 4: lymphedema (“column shaped”) at the level of the foot, ankle, calf, knee, and distal parts of the
thigh,

Type 5: lymphedema, with sclero-indurative pachydermatis, papillomatous lymphostatic verrucosis:
Properly called elephantiasis.

These “typological” definitions will also be used to define the different segments of the limb as defined
later (see Figure 1) for abnormalities observed on LySc.

Table 2.
The BeSL “clinical” classification-staging-typology of the lower limb lymph-edemas (LLLE).

When faced with patient reporting symptoms that may suggest lower limb
lymphedema, the members of the BeSL prefer to report based on clinical findings and
use the following typological approach and classification (Tables 2 and 3).

3. The lymphoscintigraphies (LySc)
3.1 Introduction to lymphoscintigraphic images

In the field of lymphatic system imaging techniques, lymphoscintigraphies hold a
special place. The basic principle is simple: If a radio-labeled molecule (called here “the
tracer”) injected into a tissue is of sufficient size to enter the lymphatic system, it can
be visualized using dedicated gamma cameras to produce static and/or dynamic
images, pictures limited to a part of the human body, and/or images of the whole
body. The gamma-cameras can also provide three-dimensional images of the distribu-
tion of the labeled molecule in the tissues (known as Single Photon Emission Com-
puted Tomography or SPECT) and can be coupled with a X-ray CT scan to position
lymphatic structures relative to adjacent organs (known as SPECT-CT) [25-27].

If these nuclear medicine imaging techniques thus result in “qualitative” information
about the anatomy of the lymphatic system studied, it must be kept in mind that these
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Figure 1.
Segmentation of lower limb and abdomino-pelvic vegion for defining the localization of lymphatic vascular anomalies.

images are based on the measurement of point signals related to the gamma radiation of
radio-elements attached to tracer molecules. Therefore, lymphoscintigraphy exams
inherently contain information that is easily quantifiable and quantitative.

In Belgium, the methodology is based on the results of the three-phase lympho-
scintigraphic examination developed by the first author of this chapter [7]. This
methodology has been adopted since 2009 by Belgian healthcare system to define an
edema as lymphatic in origin, as a “lymphedema” [19], and is recommended and
supported by BelNuc, the Belgian Society of Nuclear Medicine [28].

However, the experience that the authors of this chapter have with these exami-
nations unfortunately reveals, in a certain number of cases, an incorrect understand-
ing of these images and their contributions. This situation explains why the members
of the BeSL find it necessary to review and clarify in this chapter both the methodol-
ogy of the examination, its images, and their interpretations.
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MO: no edema

MOf: no edema but tissue are only “fatty”

M1: no clinical edema, edema diagnosed on para-clinical exam

M2a: pitting is present but less than 1 mm depth

M2b: pitting is present 1-2 mm depth

M2c: pitting is present more than 3 mm depth

Additional annotations:

M1v: tissue are edematous and pitting is present around cutaneous lesions associated to venous
disorders

M le-: pitting does not subside with elevation

M i+: with inflammation

M d+: with pain

M ly+: with serous/lymphatic effusion

M or+: with “orange skin” aspect

M3: tissues are hard and fibrous

M4: elephantiasic skin with thickenings, hyperpigmentation, tissue is hard, with increased kinfolds

Table 3.
The BeSL “M-clinical” classification-staging-typology of the lower limb lymph-edemas (LLLE).

3.2 The “three phases” methodological protocol adopted by the Belgian Society of
Nuclear Medicine

The methodological protocol can be summarized as follows. 0.2 ml of 99mTc-
labeled (74-111 MBq per injection) Human Serum Albumin nanosized colloids (740-
1110 MBq of 99 m-TcO4 in 2.0 ml are added in one vial of the product, Nanocoll ® or
NanoScint ®) are injected subcutaneously (using tuberculin syringe) in the upper
third of the first interdigital space of each foot the patient lying on the table of
examination and having been informed that she had not to move the toes and feet
during the following 30 minutes.

One static picture of the injected sites is obtained directly after the injections and
thereafter the camera head moved on the inguinal areas on which one dynamic
imaging is performed (during 30 minutes) in order to see—in resting conditions—the
ability of the initial lymphatic system to extract the tracer and to transport it
toward the inguinal LN, to estimate the time to inguinal nodes appearance
(normally seen after 30 minutes) and to evaluate the possible LV). One first whole
body scan-imaging (WBS: anterior and posterior views) is thereafter obtained
(this is the “phase 17).

For the “phase 2,” one dynamic imaging (lasting 15 minutes) is performed on the
inguino-iliac areas but with patient performing tip-toeing during the 15 minutes of the
acquisition (the patient still lying on the table of examination) and with the same goals
as for “phase 1” (with the tip-toeing, the tracer must move in the LV) but also to have
one higher activity in the lymphatic vessels of the limbs. One 2nd WBS is thereafter
systematically obtained as well as one 3rd after 1 hour of normal wandering-activities
(“phase 3”) (see Figure 2 for a normal LySc-exam). The injected sites are also imaged
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Figure 2.

Normal “3 phase” Lymphoscintigraphy with multiple lymphatic vessels at the level of the feet and calves (with
internal and external lymphatic vessels at the level of the left limb), with extraction at the lowest limit on the left
(30%) and with one left side vetro-clavicula lymph node terminating normally the Ductus Thoracicus (leading
thereafter to the normal and delayed visualization of colloidal accumulation in the liver and spleen).

at the end of exam in order to calculate the percent of radio-colloids extracted from
the injected sites by the lymphatic system (normal values of extraction are equal or
higher than 30%).

The three whole body images (WBS) of each patient are analyzed with at least two
contrasts optimized to bring out the signals.

In such LySc investigations, the absence of visualization of some LNs could be
normally expected in secondary LLLE (after surgical removal and/or due to fibrosis
after surgery and/or radiotherapy) and in primary LLLE (in the case of lymphadeno-
aplasia).

When possible, it is recommended to investigate the lymphatic drainage of the
root of these limbs. Performing an intradermal injection of radiocolloids in such cases
makes it possible to demonstrate the persistence of lymph nodes and the presence of
collateral drainage pathways (superficial and/or deep), all of which are useful infor-
mation for surgeons and/or physiotherapists [29].

Where SPECT-CT devices are available, lympho-SPECT-CT acquisitions should be
systematically planned when possible.

3.3 About “morphological” definitions to be used when analyzing the LySc
investigations of the lower limbs

3.3.1 The lymph vessels
3.3.1.1 Initial lymphatic vessels (iLV)
Initial lymphatic vessels are exceptionally visible in standard lymphoscintigraphic

imaging. They can be visualized when image magnification systems such as “pinholes”
are used [30].
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3.3.1.2 The superficial cutaneous collateralization network (SCN)

The superficial dermal collateralization network is represented by a honeycomb
mesh of small subcutaneous lymphatic vessels, which are primarily characterized by
being valveless. This network is connected to adjacent superficial and deep collecting
lymphatics. Lymph can progress in all directions within it.

3.3.1.3 Distal “dermal” diffusion through the SCN (dDiffLF)

“Distal dermal diffusion” and progression image defines those images where the
tracer from the injection point appears to progress and diffuse through the subcuta-
neous tissues without any lymphatic vessels being clearly identifiable. In these cases,
there is partial progression through the superficial dermal collateralization network.
At the periphery of these territories, the tracer may appear in collecting vessels.

3.3.1.4 Collecting lymphatic vessels (LV)

Collecting lymphatic vessels transport lymph and injected radiocolloids that exit
the injection point. They produce a linear or more or less convoluted image on static,
dynamic, or whole-body images. A “primary” lymphatic vessel efferent to an injection
point or several may emerges solely, but they may also divide into multiple “second-
ary” vessels, which can themselves divide into “tertiary” vessels...

Notes

r.3.3.1.4.1 Their level of definition, our ability to identify them as such, depends on
the activity, the radioactive signal, that transits through them.

r.3.3.1.4.2 They are generally clear and identifiable immediately after a phase of
tip-toeing exercise.

r.3.3.1.4.3 After a period of walking, they may be less apparent, and their visuali-
zation then requires technical adjustments in contrast to the acquired images.

r.3.3.1.4.4 Several lymphatic vessels may “emerge” from injection points and
follow parallel or divergent paths.

3.3.1.5 The “collateral lymphatic vessels” (collLV) versus the “lymphatic vessels reflux” (rLV)

A collateral lymphatic is a secondary lymphatic vessel that appears along the path
of a primary-main collecting lymphatic vessel and extends superficially in another
direction, toward an adjacent cutaneous territory and/or into the depth of the tra-
versed tissues. We propose using “collateral lymphatic vessel” (collLV) when the
tracer has not flowed in the superficial network. We distinguish from these collateral
vessels (where the tracer progression is normal and related to a simple variant in their
anatomical development) from lymphatic vascular refluxes (rLV) that appear sec-
ondary to an intra-vascular or intra-nodal lesion leading to this abnormal back-flow
progression of the lymph.

3.3.2 The localization-anatomical definition of the normal superficial lymphatic vessels
(LV) of the lower limb (LL)

Any tracer injected for lymphatic imaging in the first interdigital space of the foot
is normally collected in the medial LV of the dorsum of the foot and, from the region
of the malleoli, is transported in the (medial and lateral) LV of the ventromedial
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Figure 3.
The LN on the whole body scan after one-side injection in the foot. Arrows (in blue) show the lymph vessels
pathways.

(anterior pre-fascial) bundle (also called internal saphenous lymphatics) within 5 to
10 LVs and 4 to 6 main collectors to reach the inguinal lymph nodes at the root of the
limb (see Figure 3).

Their pathways, however, appear variable and their images are often
misinterpreted. These variants are as follows:

a. The LV(s) ascend along the inner part of the calf and thigh.

b. The LV (s) ascend pre-tibial along the leg but return internally below the knee
before ascending along the inner part of the thigh.

c. Several LVs ascend from the injection point on the anterior surface of the limb,
both internally and externally, at the level of the calf and thigh. This third (and
least common) has so far been very rarely associated with clinical edema in the
lower limbs but is frequently interpreted as abnormal by some nuclear medicine
specialists.

3.3.3 The dermal back-flows (DBF)
3.3.3.1 The dermal backflows in the medical literature

For the 3 imaging techniques of the lymphatic system (Lympho-Scintigraphy,
Near-Infra-Red-Fluorescence-Lymphangiography, Magnetic-Resonance

106



The Classifications of the Lower Limb Lymphedemas by the Belgian Society of Lymphology...
DOI: http://dx.doi.org/10.5772/intechopen.1014038

Lymphangiography), the diagnosis of lymphedema is based on the demonstration of
dermal reflux of the “tracer” in superficial collateralization lymphatic network, also
called “dermal back flow” (DBF). The term appeared in the medical literature devoted
to lymphatic vessel imaging of lymphedematous situations as early as 1955 with
radiological lymphography [20, 21].

The authors distinguished from the outset:

e proximal reflux (pDBF) following lymph node excision and associated
treatments (2ary) and/or congenital lymph-adeno-aplasia (lary) and/or
progressive fibrosis of the inguinal and/or intra-abdominal lymph node
structures

* distal reflux (dDBF) following lymphangio-hypo-plasia or lymphangio-hypo-
aplasia of the distal lymphatic vessels (initial and/or pre-collectors and/or
collectors) in patients who here develop edema that begins in the foot and
progresses to the root of the limb.

Between these two extreme developments, segmental dermal back-flows
(sDBF) were there after proposed by Browse et al. [22]. These sDBF are
considered as “acquired” (rather than congenital) and linked to lymphangio-
obliterative phenomena by the development of intraluminal or intramural
thrombosis of lymphatic vascular segments. They can be seen in combination with
the previous two.

3.3.3.2 The DBF description in the BeSL qualitative analysis

These abnormal lymphatic situations detected on LySc examinations are classified
as follows:

* “proximal dermal back flows” (pDBF), that is, images where lymphatic
vascular reflux (rLV) at the level of the root of the limb extends to the
level of the superficial dermal network and progresses-descends
distally until sometimes occurring, reflecting edema affecting the entire
lower limb

* “distal dermal back flows” (dDBF), that is, images where rLV begins in the foot,
extends to the level of the superficial dermal network to progress upward and
until sometimes reflecting edema affecting the entire lower limb

» “Segmental dermal backflow-s” (sDBF), that is, images (where rLV
appears between these two extremities of the limb, extends generally to the
level of the superficial dermal network and can progress proximally or
distally until sometimes showing an edema affecting all or part of the lower
limb). The origin of sDBf is defined with reference to “segments” as shown in
Figure 1.

3.3.4 The lymph nodes (LN)

Lymnh nodes are interspersed along the pathways of lymphatic vessels (see
Figur. 107The injected colloids that pass through these lymph nodes are captured by

11



Advances in Lymphatic Medicine

the reticuloendothelial cells that make up the structure of these lymph nodes. In the
context of dynamic imaging of these lymph nodes, it is important to realize that the
uptake will occur following a gradient that decreases from the distal part of the limb
toward its root and that the uptake of colloids by each lymph node follows a curve
with a plateau corresponding to saturation of this uptake by the LN.

One lymph node is thus defined as an active focus interspersed along a lymphatic
vascular pathway with the following characteristics:

a. The signal increases over time and does not decrease;

b. The focus must correspond to an anatomical structure dense on CT slices when
a SPECT-CT is performed.

Remarks:

r.3.7.1 While superficial lymph nodes (LN) are generally easily identifiable, deep
LNs (interspersed in the limbs, intra-abdominal or intra-thoracic) may sometimes be
clearer on posterior views than anterior ones, and they will be less clear if their signal
is further attenuated by overlying tissue structures (as in subjects with significant
overweight).

r.3.7.2 An intense active focus does not mean a large-sized-LN ...

r.3.7.3 A large “sized” LN (palpable or with increased dimensions on SPECT-CT
slices) can be inflammatory (or pathological in the case of concomitant lymphomatous
disease) and hypo-active.

r.3.7.4 In the context of cancer, all or part of the invaded node-s may not take up
the tracer and are not seen, while the healthy part remains visible....

3.3.4.1 The superficial LV drainage of the lower limbs and their associated LN

Exceptionally, superficial lymph nodes can be observed interspersed at the level of
the inner part of the calf.

More frequently observed are the superficial popliteal LN near the opening
of the small saphenous vein. The afferent LV of these superficial popliteal LN
originate in the lateral surface of the foot and the middle of the calf. These LV
form the dorsolateral bundle and are on the surface of the fascia in the distal third of
the calf, in the duplication of the fascia in the middle third and beneath the fascia in
the proximal third with some superficial collaterals connected to the ventromedial
bundle. These superficial popliteal LN are also connected to the deep ones so that all
popliteal LN can be detected by filling the superficial nodes and the dorsolateral
bundle [18].

LN can also be seen intercalated along the lymphatic vascular pathway in the inner
and upper third part of the thigh. Their visualization is not abnormal.

3.3.4.2 The deep-popliteal LN of/draining the lower limbs

The deep-popliteal LN are described medial to the popliteal artery on both side of it
(between and/or above the femoral condyles, intercondylar, and/or supracondylar). They
receive the lymph from the toes, the muscles of the foot, and lower leg thorough LV
accompanying their arteries with intercalated LN at the level of the calf on these deep LV.
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Important remarks:

* when the colloids are injected in the first interdigital space of non-edematous
feet, the visualization of popliteal LN is abnormal, corresponding to a re-routing
of the lymph load and represents one compensatory phenomenon. In our
experience, these patients report symptoms of “heavy” limb-s, of edema at the
level of ankle and pitting sign may be present in the pre-tibial area.

* On the other hand, in patients without edema, their visualization may be normal
when the colloids are injected in the third and/or fourth interdigital space-s and/
or in the internal part of the foot.

3.3.5 The inguinal LN

The inguinal lymph nodes can be divided into three groups: inferior, middle, and
superior (located at the inguinal canal and connecting with the iliac LN chain). The
inferior and middle inguinal lymph nodes receive lymph from both the superficial and
deep lymphatic vessels of the leg and thigh.

In an “ideal” schematic presentation, the inguinal lymph nodes would appear on
lymphoscintigraphy images as a group of adjacent and “homogeneous” foci, and in its
simplest form, like “beads” strung together. In practice, the image is often discontin-
uous, with well-visualized active lower nodes, less prominent or sometimes absent
“middle” nodes, and superior nodes with variable activity.

3.3.6 The intra-abdominal LN

These intra-abdominal lymph nodes (external iliac, common iliac, and lumbo-
aortic) should be analyzed on both anterior and posterior images. In individuals with
significant overweight, they may appear less clear on the anterior view and more
identifiable on the posterior view.

Notes

3.3.6.1 The internal iliac LN (also called “hypogastric”) are normally never seen
after injections of radio-colloids in the feet.

3.3.6.2 When only one limb is injected, it is normal to see ipsilateral and contralat-
eral lumbo-aortic LN because they are interconnected.

3.3.7 The ductus thoracicus and the intra-thovacic LN

We have extensively analyzed the presence of supradiaphragmatic lymph nodes in
the context of lymphoscintigraphy of the lower limbs and reported the results in one
of our articles [31].

While the visualization of nodes in the left retro-clavicular space is well-known
and normal, it must also be considered that nodes can be interspersed along the path
of the normal thoracic duct, as well as on its “collaterals” related to variants associated
with a “malformation” during its embryonic development.

3.3.8 The collateralization of LV

The collateralization of LV pathways at the level of the root of the limb from the
thigh and/or from the inguinal area can be seen pre-pubic toward the contra-lateral,
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toward the genital area, the magna labia for the woman, the scrotum and penis for the
man, from down (the pelvis) to up (the supra-diaphragmatic LN as the axillary ones,
the para-sternal ones), toward the external part of the buttock, and toward the
posterior and/or lateral part of the abdominal wall.

3.3.9 LN intercalated

LN intercalated on the collateralization pathways from the root of the limb can also
sometimes be seen: (the most frequent) above the iliac crest-bone, beyond the femoral
bone, intra-muscular inter-gluteal, above and around the iliac crest-bone, between the
epigastric anterior muscles, pre-sacral, para-renal, intercostal and para-vertebral,
para-retro-sternal (“internal mammary,” sometimes with the pre-pericardic LN),
latero-thoracic (“external mammary”), and in the axillary area.

3.4 About our analysis of “morpho-functional” parameters
3.4.1 The time to node in resting conditions (phase 1) in the BeSL index

The time to node, which analyzes the arrival of the tracer at the inguinal nodes,
depends on several factors: the capacity of the initial lymphatics to absorb the colloids,
the lymphatic load at the injected tissues, and the ability of the lymphatic vessels to
transport the tracer to these nodes at the root of the limb. Within the framework of
our lymphoscintigraphic protocol, the arrival of the tracer is considered normal if
observed within 30 minutes following the injection. The time to node should be
interpreted in relation to the subject’s biological context: It will be “faster” in cases of
heart failure, renal failure, or hypo-proteinemia.

It may be abnormal if:

* Tissue and/or lymphatic changes at the injection site are such that the tracer
stagnates there,

* Lymphatic lesions are observed.

A very rapid arrival (within 5-10 minutes following the injection) can sometimes
be observed. It is important first to ensure that the injection was indeed subcutaneous
and not intradermal (with the formation of a tense local papule). Such rapid arrivals in
the context of the limb should raise suspicion of one of the following situations at the
injection site:

* An anomaly in the venous return of the limb and/or
* A hyperemic inflammatory process at the distal part of the limb and/or

* A deep lymphatic network that is hypo-functional or non-functional, resulting in
rerouting of the deep lymphatic load to the superficial network.

3.4.2 The analysis of tracer accumulation in lymph nodes during the tip-toeing exercise
(phase 2)

Performing tip-toeing for 5 to 15 minutes (phase 2) leads to the opening of the
initial lymphatic junctions, the entry of interstitial fluids and the tracer into the
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Figure 4.

Dynamic imaging centered on the inguinal arveas during 15 minutes with tip-toeing from the 6th to the 10th
minutes and the time activity curves generated from areas of interest drawn on and including all the visualized
Lymph Nodes.

collecting lymphatics, their loading, the activation of their contractions (also within
the framework of underlying tissue movements), and the propulsion of the tracer into
the lymph nodes where it penetrates and is partially accumulated with kinetics per
node reaching a plateau corresponding to its saturation.

In the case of normal limbs, the kinetics of activities in the LN and their
curves (when compared) are “parallel” (see Figure 4) with an -normal- asymmetry that
should not exceed a 25% difference from the average of their sums in terms of total
accumulated activity (in all the LN seen) at the end of the examination.

In some cases, a curve may not show a plateau but rather a decrease after reaching
a maximum. This situation is observed when there is an intra-nodal lymphatic-venous
shunt. It corresponds to the drainage of the nodal content of the tracer by the nodal
veins, and at the same time, a signal may appear in the liver. This situation occurs in
the case of a nodal block upstream.

Note: A frequently observed error in these analysis is drawing the region of interest (ROI)
on only one (often the first) inguinal lymph node. This ROI should cover all lymph nodes
observed at the end of this phase.

3.4.3 The activities in the inguino-Ilio-lumbo-aortic LN (phase 3)

Similarly, the presence of LN, the activity seen in the inguino-ilio-lumbo-aortic
lymph nodes (and when present in the intra-thoracic LN) and in the liver, should be
understood as follows:
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* The observed activity depends on what has been able to exit from the injection
site,

¢ It will be higher when the lymphatic system is normal,

* It will be lower when the conditions at the injection site are such that extraction is
further reduced,

¢ It will also be lower when anomalies in tracer distribution are observed (more or
less extensive DBF),

e It will also be decreased if lymph nodes are observed “intercalated” in the limb.

It should be noted that factors such as a subject’s obesity will provide an attenuated
image of the ilio-lumbo-aortic lymph nodes and hepatic activity without allowing for
“pathological” conclusions to be drawn.

3.4.4 Visualization of the liver (and sometimes the spleen and more rarely the bone
marrow): The whole-body lymph system colloidal index?

Visualization of activity in the liver and spleen and sometimes the bone marrow is
normal. It corresponds to the uptake of colloids by the reticuloendothelial cells of
these organs, to the part of the colloids that have traveled from the foot through the
entire lymphatic vascular axis to the opening in the left subclavian vein AND that
have not been captured in the lymph nodes themselves.

r.3.4.4.1 It is not normal to visualize hepato-spleno-medullary activity on phase 1
WABS. This image most often results from an intravenous (IV) injection of colloids at
one or both feet. Residual venous transit above the foot or on the first pictures of the
dynamic acquisition centered on the inguinal nodes may also then suggest this IV
injection.

r.3.4.4.2 Hepatic activity may sometimes be observed on phase 2 or 3 images when
the tracer has reached only the inguinal nodes WITHOUT the overlying nodes being
observed. This image should then suggest the presence of an intra-nodal lymphatico-
venous shunt [32].

3.5 BeSL transport index (severity score) classification for LLLE based on the
interpretation of the 3-phase LySc (BeSL LLLE-SS v3:07/2025)

Based on the images from three-phase lymphoscintigraphy examinations of the
lower limbs, it is proposed to calculate an evaluation score of the lymphatic situation.
This index is inspired by the one proposed by Kleinhans et al. [5]. It is certainly more
complex but more comprehensive, taking into account various parameters not clearly
addressed by these authors. The value of this score (resulting from the summation of
the different parameters listed below) will be higher as the lymphatic condition is
more advanced or deteriorated.

This index has prognostic value regarding the progression of the clinical situation
and can be used to monitor the response to treatment.

This index (like the TNM of various cancers) will likely be subject to adaptations as
new studies will published, analyzing its prognostic and/or predictive values in vari-
ous forms of lower limb lymphedema.
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3.5.1 The “functional” parameters
3.5.1.1 “T'ime to” inguinal LN

0 = Inferior inguinal LN are well seen after phase 1 and activities in the LN are
symmetric

1 = Inferior inguinal LN are faintly seen after phase 1

+1 = Inferior inguinal LN are seen after phase 1 but activities in the LN are
asymmetric => value +1 is given to the limb with the lowest activity

2 = Inferior inguinal LN are seen only after phase 2 and activities in the LN are
symmetric

+ 1is added to the limb with the lowest activity if activities in the LN are asym-
metric = value +1 is given to the limb with the lowest activity

= Inguinal and at least iliac LN are seen after phase 3

+ 1is added to the limb with the lowest activity when activities in the LN are
asymmetric => value +1 is given to the limb with the lowest activity

10 = Inguinal and iliac LN are not seen after phase =» value +10 is given to the limb
without LN

3.5.1.2 “Superficial LV (sLV) at the level of the limb”

0 = sLV are well seen bilaterally after phases 1, 2, and 3 and activities in the LV are
symmetric p

1 = sLV are faintly seen after phase 1

+1 = if activities in the LV are asymmetric after phase 1 = value +1 is given to the
limb with the lowest activity

2 = sLV are seen only after phase 2

+1 = if activities in the LV are asymmetric after phase 2 =» value +1 is given to the
limb with the lowest activity

3 = sLV are seen only on WBS after phase 3

+1 = if activities in the LV are asymmetric after phase 3 => value +1 is given to the
limb with the lowest activity

+5 if sLV are faintly seen after phase => value +5 is given to the limb with the
lowest activity

+10 if sLV are not seen after phase 3 =» value +10 is given to the limb without sLV
visualization

3.5.1.3 Popliteal LN and deep LV-L drainage

+6 if pop LN are seen after phase 1

+4 if pop LN are seen after phase 2

+2 if pop LN are only seen and clear after phase 3

+1if pop LN are only seen but faint on spect-ct after phase 3

3.5.1.4 Activities in the inguino-Ilio-lumbo-aortic LN and in liver

11BLN are seen after phase 1 and activities are symmetric
+1 = if activities in the LN are asymmetric = value +1 is given to the limb with the
lowest activity
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+2 if LN are not seen after phase 1

0 if activities are increasing symmetrically after phase 2

+1 = activity does not increase at the level of one limb

+1 = if the increase of the activities in the LN are asymmetric => value +1 is given
to the limb with the lowest activity

+ 3if LN are not seen after phase 2 =» value +1 is given to the limb without LN

Activities are increasing symmetrically after phase 3

+1 = activity does not increase at the level of one limb (added to the limb without
increase)

+1 = if the increase of the activities in the LN are asymmetric => value +1 is given
to the limb with the lowest activity

+ 6 if LN are not seen after phase 3 => value is given to the limb without LN

+ 20 if intra-abdominal LN are not seen after phase 2 and/or 3 on one side
+ 40 if intra-abdominal LN are not seen after phase 2 and/or 3 on both side

3.5.1.5 Extraction (E.)

0 if extraction at the end of the exam is normal (= or > 30%)
+3 if extractions are higher than 30% but asymmetric (see 3.4.2) = value +1is
given to the limb with the lowest E

+1if extraction is under 30% but higher than 24%
+2 if extraction is under 25% but higher than 19
+4 if extraction is under 20% but higher than 14%
+7 if extraction is under 15% but higher than 9%
+11 if extraction is under 10%

3.5.1.6 The dermal back flow-s in our VLM index

We consider the presence and location of these DBFs as one of the important
factors in our classification, and we therefore have five situations leading to five
corresponding indexes:

* An index for cases without DBF
* An index for pure dDBF
* An index for pure pDBF
* An index for isolated sDBF
* An index for mixed situations
3.5.2 BeSL transport index (severity score) classification for LLLE with sDBF on LySc

+ 10 per sDBF level identified on LySc

+ S if segmental rLV at the origin-responsible of the sDBF is identified after phase 1
118segmental rLV at the origin-responsible of the sDBF is identified after phase 2
+ 1.1 segmental rLV at the origin-responsible of the sDBF is identified after phase 3
+ 4 per additional segment above and/or under the original segment
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3.5.3 BeSL transport index (severity score) classification for LLLE with dDBF on LySc

per dDBF level identified on LySc

+ 20 if dDBF is identified after phase 1

+ 10 if dDBEF is identified after phase 2

+ 5 if dDBF is identified only after phase 3

+ per segment progression only at the level of the foot
+2 if only distal third of the foot

+4 if mid part of the foot

+6 if the whole foot

+ 8 if progression at the ankle

+20 if progression up to the groin

3.5.4 BeSL transport index (severity scove) classification for LLE with pDBF
on LySc

+ 20 if pDBF is identified after phase 1
+ 10 if pDBF is identified after phase 2
+ 5if pDBF is identified after phase 3

+ 2 per segment distal progression toward the foot
+ 4 per segment progression at the homo- and/or hetero-lateral (buttock) and/or
“upward” (pelvis, abdomen, ...) part-s of the body

3.5.5 LN and/or LN “aplasia-hypoplasia” in the BeSL transport index (severity score)
classification

3.5.3.1 After interdigital injection for the patients with suspected primary LLE, only
deep lymphatic vessels (dLV) are seen at the level of the calf with
intercalated lymph nodes, sometimes without inferior inguinal LN:
superficial lymph-angio-aplasia or sLVA = +20

3.5.3.2 After interdigital injection for the patients with suspected primary LLE,
inguinal and/or iliac LN are not seen: “Lympho-Nodal-Aplasia” (or LNA)
= +5per LN “groups” as defined in figure 3

3.5.5.3 After injection [18] in the retro malleolar anterior space of the triceps surae
tendon (Kager’s triangle), no deep lymph vessels are seen running deep in
the calf: sometimes with increased lymph flow at the level of the superficial
LV of the edematous limb when compared to the normal limb (10): deep
lympho-nodal “ aplasia ” or dLNA = +5

3.5.5.4 After interdigital injection for all patients, both deep and superficial LVs are
observed with popliteal and/or sural intercalated LN: “superficial and/or
deep lymph-angio hypoplasia” or sSLVH-dLVH = +5

3.5.5.5 After interdigital injection, inguinal and/or iliac LN are seen hypoactive at
the level of the limb-s (see Figure 3): “Lympho-Nodal-Hypoplasia” (or
LNH) = +1 (per limb)
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3.5.5.6 After interdigital injection for all patients, the tracer does not reach the
inferior inguinal LN after phase 1 (See Figure 2) and/or after phase 2 and/or
extraction is decreased under the value of 30% and/or extractions, nodal
accumulations of the tracer after phase 1 and/or 2 (see Figure 2) show
significant asymmetry: “Lymph-System-Hypoplasia” or LSH = +5

3.5.5.7 After interdigital injection for all patients, inguinal and iliac LN are well seen
but pLVR are seen: “proximal Lympho-Nodal-Hypoplasia” (or pLNH) =
+10 per limb with pLVR.

3.5.6 Regarding the “specificity” of the different parameters of this index?

In our first series of studies on normal limbs [7], we observed that among 20 young
(age under 30 years old) and healthy subjects with limbs without edema and pre-
sumed normal, the “time to node” after phase 1 was abnormal for one limb in just one
case, and the extraction at the end of the examination was equal to or greater than 30%
for all subjects. In a recent series of 60 young volunteers without edema in their lower
limbs (unpublished data), the investigation of their lymphatic systems suggested the
presence of deep lymphatic drainage from the injection point in two cases. This
observation suggests that “abnormal” variants might be present, latent, and “innate”
in a small percentage of cases. Additionally in a recent retrospective review of 41
patients (mean age = 51.1 years, range 24-75 years) who were identified in our data-
base who had been operated for one melanoma at the level of one lower limb and
undergone routine, clinically indicated lymphoscintigraphy when they developed
lower limb edema at the level of their operated limb but no symptom and/or sign at the
level of their non-operated one (unpublished data), popliteal LN were seen in four
cases (in 10% of the limbs), the tracer did not reach the first inguinal lymph nodes in
11 out of 41 cases (or 27%: by the end of phase 1, in 6 out of 15 or 40% for left limbs,
and in 5 out of 26 or 19% for right limbs) and the extraction was abnormal in 8 subjects
out of 41 (or 25% but for 5 of 15 left limbs or 33% and 3 of 26 right or 11.5%). These
observations in this series may appear somewhat “disturbing” if it is not hypothesized
that these anomalies are observed in subjects who developed edema in the operated
lower limb. These anomalies in their non-operated limb might actually indicate a pre-
existing latent insufficiency in their lymphatic system revealed by the operation.

3.6 Summary of the approach for using the BeSL VLM (-TNM like)
“classifications” of the lower limb lymph-edemas

Our classification of lower limb lymphedema (LLLE) corresponds to a logical and
rational “sequential” approach that is based first on clinical data and then on the
results of imaging examinations of the lymphatic system.

(1) Step 1: Consider that there are several different types of lymphedema based on
the clinic (see Table 1).

See Table 4.
Step 1 Syndromic lary 2ary Lipedema NOC
Congenital Ca.Rel. L
Praecox Phlebo. L

Tarda Neuro. L
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Step 1 Syndromic lary 2ary Lipedema NOC
“ sporadic ” Inf. L
“ familial ” Bone Arth. L
Syst. Dis L
Table 4.

The BeSL “clinical” classification of the lower limb lymph-edemas (LLLE).

(2) Step 2: Then consider that the location and clinical extent of the edema repre-
sent different situations (see § 2.2.1 “From T-nm to V-Im” and Figure 1).
See Table 5.

Step 2 vd Vp Vsl VsX Vw

Table 5.
Definitions of the location and extent of the edema (see § 2.1.1).

(3) Step 3a: Take into account the classification of these edemas proposed by the
ISL, particularly in aspects corresponding to tissue changes.
See Table 6.

Step 3a ISL St. 0 ISL St. 1 ISL St. 2 early ISL St. 2 late ISL St. 3

Table 6.
ISL classification of the LLE (1).

Step 3b: Apply the BeSL Classification (“Typology”) for the tissues of the edema-
tous limb (see Tables 2 and 3).

See Table 7.
Step 3b BeSL BeSL BeSL « type » 2 BeSL BeSL BeSL
Segments?  «type » 0 «type»1  Distal Segmental «type»3 «type»4  «Type»5
Distal Proximal Distal
Segmental
Table 7.

BeSL Classification for the tissues of the edematous limbs (see Tables 2 and 3).

(4) Step 4: When no DBF is observed, we arrive at a classification based on the
images of lymphatic vessels (LV) and lymph nodes (LN) within the framework of
their sequential appearance as proposed in the 3-phase approach.

See Table 8.

Step 4: sLVA* sLVH-dLVH LNA* LNH LSH Deep LL pLNH
LV and/or LN A or Hypo “Plasia” — LNA’

“use specifically the term “aplasia” to describe the lymphatic structures when primary LLLE are suspected.

Table 8.
Lymph Vessel and/or Lymph Node Aplasia or Hypoplasia Classification (see § 2.1.2).
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(5) Step 5: Then base your approach on the absence or presence of dermal backflow
(DBF) on lympho-scintigraphic images (see Figure 1 to determine-define the
segment-s and their extension-s).

See Table 9.

Step 4 No DBF dDBF pDBF sDBF mDBF

Table 9.
About Dermal Back-Flows (see § 3.3.3.2).

(6) Step 6: our Transport Index / Severity Score can then be used in our analytical
grid for LLLE (see Table 10): Faced with the lymphoscintigraphic images of a patient,
record your observations in Table 10, sum the numbers, and you will obtain the
Severity Score according to the BeSL.

Group?
ISL? BeSL? ISL? BeSL?
Ve Ve
Right LL LV-LN A-/Hypo Left LL LV-LN A-/Hypo
Phi  Ph2  Ph3 “plasia” Ph1 Ph2  Ph3 “plasia”
Time to Ing LN
sLV

Deep L (pop LN)

Extraction

pDBF

sDBF

dDBF

Sum

Conclusion

Table 10.
Analytical grid proposed to be used for LLLE (BeSL LLLE LySc v3-27,072,025).

4. Conclusions

The medical management of patients presenting with edema of one or both lower
limbs has given rise to numerous articles with varied data, the reading of which often
leaves even the most persistent readers with an impression of “chaos.” This literature
is also often lacking in details, as well as in clear (images and) definitions. In the
chapter developed here for this book, members of the Belgian Society of Lymphology
revisit, clarify, and detail the methodology adopted by the Belgian Society of Nuclear
Medicine for imaging lower limb edema (and by Belgian healthcare authorities for
defining these edemas as lymphedemas and for the reimbursement of their treat-
ments). The definitions of the images thus obtained for the various structures
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composing the lymphatic system are specified and detailed, along with useful remarks
for their proper use. Different terms frequently used in the workup of these edemas
(such as aplasia, hypoplasia, dermal reflux...) are precised. This methodological
approach also provides functional information, which is likewise detailed and clarified
with useful comments for appropriate application. Just as there is not one cancer but
many cancers, the members of the Belgian Society of Lymphology also consider that
there is not one lymphedema but many lymphedemas, each of which should be
considered as a unique and singular entity. They therefore propose the so-called
“VLM?” classification of this form of lymphedemas, analogous to the TNM classifica-
tion for cancers. Ultimately, this results in what we believe to be a more rational
approach to these edematous situations, both for use by front-line clinicians in their
diagnostic workup and by therapists who will subsequently manage them [33-39].
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